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EDITORIAL

Childhood Pneumonia Research in India: Current and
Future Perspectives

JOSEPH L. MATHEW
Professor (Pediatric Pulmonology), Advanced Pediatric Centre, PGIMER Chandigarh.
dr.joseph.|.mathew@gmail.com

ildhood community acquired pneumonia

(CAP) continues to remain a problem of great

clinica and public hedth dgnificance. Its

impact on individual children, the community,
and the healthcare system, is probably unrivalled by any
other childhood disease. For several decades, Indiahasbeen
faithfully following the forma and informal guidance
provided by international agencies including the World
Hedth Organization (WHO), reputed globa funding
agencies, and prestigious universities/ingtitutions/organi-
zations promoting research. Local data has generally been
limited intermsof quality aswell asquantity. Inthat context,
itislaudablethat Indian Pediatrics hasfocused thisissueon
research and topics related to childhood pneumonia. This
has been possible largely through the support of the
International Clinical Epidemiology Network (INCLEN)
based inNew Delhi, whichinitiated and executed anational -
level research program on childhood pneumonia.

This issue of the Journa carries seven publications
flowing from this initiative [1-7], besides two other
independent research studies[8,9]. An external eval uation of
the entire initiative, by a team of globaly renowned
researchers, isaso presentedinthisissue[10]. Someof these
studieshave provided confirmation of known results, butin
the Indian context. Most have used standard methods and/
or tools to re-explore issues that are generally accepted or
expected.

This begets the question of what has been achieved
throughtheexcedlent effortinitiated by INCLEN. First, amost
al the studies [1-7] highlight considerable attention to
methodological rigor, including clearly articulated research
questions, appropriate study designs, a priori sample size
cal culations, multi-centric natureof somestudies, fairly large
samplesizes, and effortsto limit some sources of bias. This
clearly reflects the role of INCLEN, in terms of design,
execution, mentorship, and oversight of theresearch studies.
Thesecond, and perhapsgresater, gainistheestablishment of
anetwork of institutions and researchers across the length
and breadth of the country (except Eastern region), with an
interest in childhood pneumonia. This bodes well for the
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reasons highlighted subsequently. Third, previous
experiencewith INCLEN supported research studies, shows
that this prestigious agency continues working beyond the
completion of the research studies, towards widespread
dissemination of thedata, advocacy with policy-makersand
other key decision-makers, and trand ating theevidenceinto
actionable plans. Thus, INCLEN hasacted much more, and
much better than atraditiona “funding agency”. Its efforts
will provide great thrust not only to research on childhood
CAR butitspractical trandationto policy and practice.

Although the external evaluation [10] identified that the
program met its objectives, some areas of concern remain.
The program itself was funded by the Bill and Melinda
Gates Foundation, hence the selection of research project
proposals was based on alignment to the priorities of the
Foundation, not necessarily our country. This raises the
issue of what our country’s priorities should be, in the area
of childhood CAP research. To my mind, the following
questions provide abroad outline:

« What is the microbia etiology of pneumonia in
individual children in the community (and not
hospitalized childrenaone)?

* Howtodistinguish bacteria from non-bacterial etiology
inindividua children with CAP, at presentation, and at
the point-of-care?

e Which features in individual children, at presentation,
and at the point-of-care, are associated with clinical
deterioration and/or adverse outcome?

* What toolsand support can be provided to (community)
healthcare workers for appropriate (i.e., not merely
empiric) management of children at the point-of-care?

e What is the impact of environmental (external and
internal) factorsin theinitiation, progression, and fina
outcomeof childrenwith pneumonia?

*  Whichinternal host factorsinfluence the onset, course,
and outcome, of pneumonia (beyond the well-
recognized macro-level factors such as nutritional
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status, breastfeeding, vaccination, exposure to smoke,
ec)?

»  What istheprevaence, pattern and outcome of CAPIn
infantsyounger than 2 month and older than 5 year?

e Given that meades pathophysiology starts with lower
respiratory tract infection, what strategies could/should
beusedtorapidly eliminate mead esin the country?

*  What is the burden of RSV infection in childhood
pneumonia (distinct from bronchialitis), and can we
rapidly generate evidenceto manageit appropriately?

These questions reflect three important facts. First,
hospital -based studies may be inappropriate to address the
questions related to disease affecting children in the
community. Second, thefocus of research should shift from
cohortstoindividua children. Third, research needstofocus
on host and environmental issues rather than microbes
alone. Additionally, the first two questions are criticd to
evolve appropriate treatment and prophylaxis decisions,
rather than indiscriminately following the approach handed-
down by external agencies.

Current global research has already shifted focus from
Pneumococcus to RSV [11-15], setting the ground for the
anticipated roll-out of vaccines and/or other prophylaxis
strategies. Therefore, the last question highlighted above
needsurgent answers, lest Indiabe caught inthe unenviable
position of lacking local data, but facing pressureto initiate
expensive prophylaxisprograms. Previousexperienceof our
country with several other vaccines suggests that this
scenarioisvery likely torecur.

Although the program did not address any of these
crucial issues, it till carriesgreat potential, provided (i) the
network of ingtitutions and individual researchers can be
preserved despitethe completion of the studies; (ii) thesites
inthetertiary-careinstitutions can begin engaging with the
local community for future community-based research; (iii)
funding can be attracted from loca and international
agencies;(iv) additional ingtitutions along with their
satellites can beadded; and (V) thesamelevel of mentorship,
oversight, and monitoring can be maintained. | believethat
thiswill not only make our country self-reliant in evidence-
based policy and practice decision-making for childhood
pneumonia, but pavethepathfor smilar saf-reliancein other
areasof child healthalso.

Funding: None. Competinginterest: Nonestated.
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INCLEN - BMGF Research Program to Emphasize Context Sensitive
Approaches for Addressing the Challenges of Childhood Pneumonia in India

MaNo0JA KUuMAR DAS, NARENDRA KUMAR ARORA*
TheNCLEN Trust International, New Delhi.
“nkarora@inclentrust.org

cuterespiratory infection (ARI) and pneumonia

scenario in children have changed enormously

inthelast 20 years; thereisglobal reductionsin

its morbidity and mortality, and changes in
aetiology due to introduction of effective vaccines and
improvements in case detection and management.
Notwithstanding these gains, huge variation in pneumonia
morbidity and mortality emerge between, and within,
different countries. In 2015, Indiawasthetop contributor to
pneumonia disease burden globally (32%) [1]. During the
Millennium Development Goa era (2000-2015), India
contributed to the highest to the clinical pneumoniaburden
globally (32%) and observed only 3% declineinthe number
of pneumoniaepisodes|1,2]. Noticeable socio-cultural and
economic changes have occurred in India since the 90s:
lifestyle changes, urbanisation, migration, and, aspiration
for better living conditions. Vaccines for H. influenza and
Pneumococcus have been introduced in addition to
expanding coverage for meades as part of the Meades
Rubella Elimination campaign. These contrasting
observations emphasize importance of context-sensitive
control strategiesand focusfor equity if the country desires
to witness decline in the pneumonia burden and related
deaths.

To support and accelerate Indias efforts towards
reducing pneumoniadeathsand emphasizeitspublic health
significance, aresearch program was supported by Bill and
Mélinda Gates Foundation (BMGF) through the INCLEN
Trust International . Thisresearch program aimedto provide
catalytic support to the Indian investigatorsand ingtitutions
for generation of context specific evidence and knowledge
on childhood pneumonia that has policy and program
relevance. This childhood pneumonia research programin
India was coordinated and managed by INCLEN under
guidanceof aJoint Working Group (JWG) with membership
(14 members) from Ministry of Health and Family Welfare,
Department of Biotechnology, Indian Council of Medical
Research, and Government of India, World Health
Organisation (WHO), Unicef and technical experts of
national and international repute. Seven focus aress for
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funding were findized: (i) determinants of pneumonia
burden and deaths; (ii) improving case management with
better access that mitigates barriers to care seeking; (iii)
aetiology, determinants and outcome of neonatal
pneumonia; (iv) diagnostictoolsand point of carediagnoss;
(V) respiratory syncytia virus pneumonia, particularly in
neonatal and early infancy; (vi) pneumococca conjugate
vaccine scheduling and immunogenicity; and (Vi)
epidemiological tools for monitoring and surveillance of
pneumonia and ARI program and impact assessment of
different interventions. Overarching expectation fromthese
studies has been of understanding subnational variation
and contextual factors.

A multidisciplinary Technica Advisory Group (TAG) (n-
32) including national and international expertsfrom child
health, pneumonia, microbiology, public health, socia
science, biogtatistics, health economics, and health program
reviewed 94 concept notes, down selected 29 applicantsfor
full proposal submissionand finally, approved ten proposals
for funding. The selected proposals were not only from
established researchers from leading ingtitutions, but also
included innovative ideas from four young and less-
experienced investigators. Hand-holding and mentoring
framework was embedded in to program governance
particularly for young and new investigators. The TAG
membersdesignated for specific projectsprovided technical
mentoring through progress review and ste vidts. The
investigatorswere provided opportunity to attend Research
LAMP (Leadership and Management Program) conducted
regularly by INCL EN; oneresearch methodol ogy workshop
wasa so organised for theyoung investigatorsand research
team members. Theyoung investigatorswere a so supported
for datamanagement, analysisand manuscript writing.

The ten supported studies focused on care-seeking
behavior and determinants, case diagnosis and
management, impact of aternate vaccine schedule, and cost
effectiveness and etiology of neonatal pneumonia. It is
interesting that the research projects supported under this
program overlapped with seven priority research domains
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identified in a recent ARI and pneumonia review
commissioned by maternal, neonatal, child and adol escent
health (MNCAH) division of WHO for exploring
contextual challengesto decrease ARI related morbidities
and mortality [3].

From theseten supported projectsunder thispneumonia
research program, 29 manuscriptswere submitted. While 14
articles have been aready published in other international
and national peer reviewed indexed journals [4-17], Six
research articles and one systematic review areincluded in
this issue. Eight additiond articles are under review. Two
investigators have strengthened the research infrastructure
at their ingtitutions, and seven investigators have generated
new research proposals catalysed by thisprogram.

Anexternal eva uation of the program was conducted by
a threemember team to assess the public hedth
appropriateness, program implementation and contribution
totheresearch pool inIndian context[18].

The BMGF-INCLEN program was conceived in
alignment withthemissionandvisionof TheINCLEN Trust
International. We expect this model of targeted research
investment attempting to answer local challengesaongwith
proactiveeffortsto expand thepool of young researcherswill
gimulatesmilar programsinfutureaswell.

Funding: This project was supported by the Bill and Melinda
GatesFoundation, USA to TheINCLEN Trust International (grant
number OPP1084307). Thefunder or itsrepresentativehad norole
in the design of the study and collection, analysis, and
interpretation of dataand writing the manuscript.
Competinginterest: Nonestated.
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Objective: To evaluate factors associated with risk of
hospitalization in children with community-acquired pneumonia
(CAP).

Design: Prospective cohort study.
Setting: Multi-site hospital based study.

Intervention: A separate acute respiratory tract infection (ARI)
treatment unit (ATU) was established. The revised WHO case
definition for ARl was used across all the study sites to ensure
uniformity in management of ARI patients (2-59 months). Clinical
history, examination findings and investigations of enrolled
patients were recorded on a predesigned case record form.
Children were followed up at 1 week (+ 1 day).

Main outcome measure: Risk factors for hospitalization among
pneumonia patients.

Results: A total of 7026 children with the diagnosis of ARI were
enrolled. Pneumonia was diagnosed in 938 (13.4%) patients
(median (IQR) age: 15 (8, 25) months; 63.5% boys). Hospitali-
zation was needed in 56.8% of pneumonia patients. On multi-
variate analysis, factors associated with risk of hospitalization
were: Oxygen saturation on pulse oximetry (SpO,) <92% in room
air (OR 7.04; 95% CI 1.6, 30.8, P=0.01), procalcitonin level >0.5
ng/mL (OR: 7.5, 95% CI: 1.0, 57.7, P=0.05), and lower weight for
height z-score (OR 0.8; 95 % CI: 0.6, 0.9, P=0.02).

Conclusion: Present study found SpO,, <92% at room air, serum
procalcitonin level >0.5 ng/mL and lower weight for height z-score
to be predictors for risk of hospitalization in under-five children
presenting with community acquired pneumonia. These factors
can be utilized to assess a child with CAP regarding the need of
hospitalization.

Keywords: Hypoxia, Outcome, Procalcitonin, Underweight.

ommunity-acquired pneumonia (CAP) is one

of the leading causes of morbidity and

mortdlity in under-five children [1]. CAP is

more common in the developing world,
accounting for 95% of al cases[2]. InIndia, an estimated 4
lakh pneumonia deaths occur annually [3]. Efficient case
management is a cornerstone of pneumonia control
strategies. Simple clinical signs like rapid breathing, chest
in drawing and general danger signs have been used by
WHO to classify the severity of pneumoniain under-five
children[1].

WHO revised case definition for CAP in under-five
children hastwo categories—‘ pneumonia , whichistreated
at homewith ord amoxicillinand * severe pneumonia, which
requireshospitaization and parental antibiotics. Despitethe
improvement in case management of childhood pneumonia,
mortality and morbidity still remains high, especialy in
resource-constrained settings. The early identification of
important risk factors for hospitalization among these
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patients could help to prioritize the management and
potentially increase their likelihood of surviving. This
prospective study was conducted to evaluate the factors
associated with risk of hospitalizationin childrenwith CAP.

METHODS

This was a multisite prospective cohort study conducted
from June, 2016 to May, 2018 in following tertiary care
hospitals of India: i) Sher-e-Kashmir Ingtitute of Medical
Sciences(SKIMS), Srinagar, i) All Indialnstituteof Medical
Sciences (AIIMS), Jodhpur, iii) AlIMS, Bhubaneswar, iv)
Karnatakalngtitute of Medical Sciences, Hubballi, andv) MP
SahaMedicd College, Jamnagar. AIIMS, New Delhi wasa
coordinating center for thestudy. Prior ethical approval was
obtained fromindtitutiona EthicsCommitteeof AIIMS, Delhi
andall other fivestudy sites.

Previoudy healthy children, 2to 59 monthsof age, with
acute respiratory infection (ARI) of less than 2 weeks
duration were assessed for inclusion in the study. Children
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suffering from chronic respiratory diseases (asthma, cystic
fibrosis, bronchopulmonary dysplasia (BPD), airway
anomalies), congenital heart disease, gastroesophaged
reflux disease (GERD)/recurrent aspirations, suspected/
known immunodeficiency, patient living outside the city
where the study site was based, history of radiologicaly
confirmed pneumoniain last 2 months, and very sick child
requiringimmediatel CU care, wereexcluded.

A separate acute respiratory tract infection treatment
unit (ATU) was established to manageall ARI patients. The
ATU team comprised of apediatricianand atrained nurse. All
children between 2 monthsto 59 months of agewith history
of ARI weredirected to attend ATU during working hours of
the hospital. Therevised WHO case definition for ARl was
used across dl the study sites to ensure uniformity in
management of ARI patients. The revised classification
includes two categories of pneumonia; ‘ pneumonia with
fast bresthing and/or chest in drawing, and ‘severe
pneumonia,’ pneumoniawith any general danger sign [1].
Children were enrolled in the study after obtai ning written,
informed consent from parentsor legal guardians. A detailed
history was taken, and physical examination, including
respiratory rate, presence of chest in drawing, pulse,
temperature, oxygen saturation by pulse oximetry and
anthropometry was done by the research nurse under the
supervision of research officer. Each child’srespiratory rate
was counted for afull minute when the child was calm and
quiet. If the child presented with fever and fast breathing,
appropriate paracetamol dosewasgiven and respiratory rate
was reassessed after 30 minutes. Children presenting with
wheeze and fast breathing were administered salbutamol
nebulization (0.15 mg/kg single dose) and respiratory rate
wasreassessed after 10-15 minutes. Weight wasmeasured to
the nearest 0.1 kg using cdibrated electronic scales, and
height was measured to the nearest 0.1 cm using a
standardized stadiometer. If achild waslessthan 2 years of
age, recumbent length was measured by using an
infantometer. Clinical history and examination findings of
enrolled children wererecorded on apredesigned caserecord
form.

Every fifth childwithARI underwent achest X-ray. The
chest radiographswereinterpreted by siteinvestigator at the
time of enrolment, thereafter, either original filmsor digital
copies were sent to the coordinating centreat AlIM S, New
Ddhi. All chest X-rays were read by two independent
pediatricians, who wereblinded for theclinical diagnosisof
the patient. In case of disagreement about the presence or
absence of pathology, chest X-rays were read by a third
pediatrician without knowledge of the previousevaluations
andfinal findingsmatching for two of themwere considered
for purpose of analysis. Patientswith suspected pneumonia
underwent serum quantitative procalcitonin  (PCT)
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egimation. All childrenwerefollowedtill 7 days(+1 day) after
enrolment. Parentswere given reminder telephone call one
day prior to the anticipated follow-up. All admitted patients
wereexamineddaily until discharge.

Management of children with pneumonia was done
according to the WHO recommendations[1]. Any childwith
severe pneumoniawas hospitalized; thetreating physicians
assessment was the deciding factor in other cases.

Theaimwasto enral about 4000 children per sitegivinga
total data of about 20000 children across al the sites. Of
these 30-40% may be because of respiratory problems.
Approximately 6000-8000 children with ARI, i.e
approximately 1200-1500/sitewere expected to beenrolled.
About 10% children with acute respiratory infection may
devel op pneumonia. Asthe primary aim of the ATU project
wasto improvise clinical case definition (combine clinical
features) of CAP with a sensitivity and specificity of 80%
(sensitivity of tachypnea with/without chest indrawing is
about 69%) and precision of 5%, we needed atotal of 256
childrenwith pneumonia. We expected that thissamplesize
could beeasily achieved.

Satistical analysis: A data entry program in Microsoft
Accesswasdeveloped at AlIMS, New Delhi. Thedatafrom
al thestudy sitesweresent toAlIM Sfor analysis. Children
with CAP (asper WHO criteria) needing hospitdizationwere
compared to those who did not, by univariate anaysis,
followed by multivariateanalysisusing alogistic regression
model; the dependent criteria was whether hospitalization
occurred or not, independent covariatesweretheoneswhich
emerged Satistically significantinunivariateanalysis. Thez-
scoresfor weight for age, height for ageand weight for height
were calculated using the WHO Anthro software.

RESULTS

A total of 18159 under-five children were screened; 7026
(39% of screened) children assessed to have ARI were
enralled in the study. Using the WHO criteria, pneumonia
was diagnosed in 938 (13.4%) patients; remaining 6088
patients were labelled as having upper respiratory tract
infection. Hospitalizationwasneeded in 533 (56.8%) children
with pneumoniaincluding 7 patientswhowereinitialy given
ambulatory treatment and were later admitted in view of
deteriorating respiratory distress. Four hundred and five
(43.2%) children with pneumonia received ambulatory
trestment. The baseline demo-graphic and clinica
characterigticsof the study populationareshownin Table 1.
Amongst children with pneumonia, reportable chest X-rays
wereavailablein 563 cases(total X-rays571).

Factors associ ated with hospitalization in children with
pneumoniawereyounger age, lower weight- and height-for-
age z-scores, higher PCT levels, lower SpO,, and higher
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percentage of significant pathology in chest-X-rays as
compared tothosereceiving ambul atory treatment (Table IT).

On multivariate analysis, factors associated with
hospitalizationwere o0, <92%inroomair [OR (95%Cl) 7.04
(1.6-30.8); P=0.01], PCT level >0.5ng/mL [OR (95%Cl) 7.5
(1.0-57.7); P=0.05] and low weight for height z-score[OR
(95%C1)0.8(0.6-0.9); P=0.02).

DISCUSSION

In this multi-site prospective observationa  study,
hospitalization was needed in 56.8% of patients diagnosed
with pneumoniaasper current theWHO criteria. Risk factors
associated with hospitalization were SpO,< 92% onroomair,
serum PCT levels>0.5ng/mL, and lower weight for height z-
score.

Magjority of the patientsof ARI can bemanaged safely in
the community [5,6]. Hospita admission in revised WHO
case definition for CAP management in under-5 childrenis
recommended when the childisbrought with general danger
signslikenot abletodrink, persi stent vomiting, convulsions,
lethargy or unconsciousness, stridor inacam child or severe
malnutrition [1]. TheWHO recommendations; however, do
not include several parameters which have been proven to
predict severity of pneumoniain under-five children more
accurately [7,8]. Studies from different parts of the world
have observed that hypoxic children are more likely to die
than adequately oxygenated children[9,10]. Inasystematic
review, the median prevadence of hypoxemia in WHO-
defined severe and very-severe pneumoniawas 13% [11].
The British Thoracic Society guideline recommends that
SpO2 below 92% in childhood CAP warrants hospital
admission and optima management [5]. We have utilized
pul seoximetry for measurement of SpO2in our study, which
has been recommended asastandard point of carefor SpO2
monitoring in children with pneumonia [12,13]. A recent
meta-analysis also concluded that the pulse oximetry is a
useful toal for hypoxemia screening and optimal oxygen

Risk oF HOSPITALIZATION IN PNEUMONIA

Table I Demographic and Clinical Details of Children with
Community-acquired Pneumonia (N=938)

Characterigtics Values
Age, mo? 15(8,25)
Boys 596 (63.5)
Weight for age z-score? -1.34(-2.5,-0.18)
Height for age z-score? -1.2(-2.6,0.12)
Weight for height z-score? -0.77(-1.96,0.3)
Respiratory rate/min, mean (SD) 54(11)
Chest indrawing present 455 (48.5)
SpO, %, mean (SD) 94.3(5.1)
Procalcitoninlevel, ng/mL (n=12)2 0.1(0.05, 0.44)
Significant pathology in CXR (n=563) 331(58.8)

\Values in no. (%) or 2median (IQR). CXR: chest X-ray.

supplementation to prevent pneumonia deaths in children
[14]. Our sudy findings corroborates with these
observations. Detection of hypoxemia by pulse oximetry
should beanimportant component for assessment of achild
with CAP so that a decision regarding the severity of
pneumoniaand need for hospitalization can betaken.

Serum PCT level > 0.5 ng/mL had a higher odds of
hospitalizationin our cohort of childrenwith CARP. Multiple
studiesin both adults and children have shown that serum
PCT is a surrogate tool to differentiate between vira and
bacterial pneumonia, and thelatter hashigher probability of
hospitalization [15,16]. Serum PCT levelscan beused asa
point of carediagnostic tool to assessseverity of pneumonia
in children with CAP as this investigation is becoming
increasingly available even in smaller hospitals in our
country.

Malnourished children have a higher incidence and
severity of CAP. Mortality increases proportionately with
severity of malnutrition [18]. We aso found significantly
increased risk of hospitalization among children with

Table II Factors Associated With Hospitalization in Community-acquired Pneumonia (N=938)

Characteristics

Hospitalized children (n=533)

Ambulatory treatment (n=405)

Age, mo? 12(7,20) 18(9,35)
Boys, n (%)P 342(64.2) 254(62.7)
Weight for age z-score? -1.67 (-2.75,-0.53) -0.84(-2.02,0.22)
Height for age z-score? -1.37(-2.72,-0.12) -0.9(-2.46, 0.6)
Weight for height z-score? -1.11(-2.36, 0.03) -0.27(-1.43,0.54)
Significant pathology in CXR, n (%)° 268(63.9) 63(43.7)
Procalcitoninlevel, ng/mLd 0.14(0.05, 0.54) 0.05(0.05,0.07)
SpO, %, mean (SD) 93(5.9) 95.9(3.1)

Values are expressed as median (IQR) unless specified. All P<0.001 except 2P=0.008 and bp=0.65. CChest X-ray available in 563 (419
inpatients and 144 out patients; 9dprocalcitonin levels available in 312 (284 inpatients and 28 outpatients).
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mortality.

WHAT IS ALREADY KNOWN?

« Delayed hospitalization in children with severe community-acquired pneumonia is associated with increased

WHAT THIS STUDY ADD?

« Hypoxia (SpO2 <92% in room air), higher serum procalcitonin levels (>0.5 ng/mL) and lower weight for height
z-score can predict hospitalization in under-five children with community-acquired pneumonia.

undernutrition. The variable used was weight for height
z-score. With one unit increase in weight for height z-score,
the odds for hospitalization was 0.8. Our study has some
limitations. Since the readmission rate was very low in our
study, no meaningful analysis of factors determining
hospitalization after starting ambul atory treatment could be
done.

To conclude, our study found SpO2< 92% by pulse
oximetry, serum procalcitonin level >0.5 ng/mL, and low
weight for height z-score asimportant predictorsfor risk of
hospitalization in under five children presenting with CAP.
Routine monitoring of SpO, by pulse oximetry and serum
PCT leves can be used to identify high risk patients who
would requireinpatient care.
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CLIPPINGS

% Antimicrobial therapy for pediatric community-
acquired pneumonia — The SAFER randomized clinical
trial (JAMA Pediatr. 2021;175:475-482)

Optimum antibiotics duration for community-acquired
pneumonia (CAP) is not established, with lot of variation in
management practices. Short-CourseAntimicrobial Therapy for
Paediatric Respiratory Infections(SAFER) Tria, anon-inferiority
randomized clinical trial, was conducted in 281 children (6 months
to 10 years) at the emergency departments of two pediatric
emergency departmentsin Canadato determine non-inferiority of
5 days high-dose amoxicillin compared to 10 days regimen in
uncomplicated CA P being managed on outpatient basis. Primary
outcomewasclinical cureat 14 to 21 days(defervescencewithin
thefirst 4 days, no morethan 1 additional fever spikeafter day 4,
improvement inwork of breathing, resol ution of tachypneaand no
need for additional antibiotics/hospital admission). Secondary
outcomes included duration of absence from school/daycare,
caregiver work disruption, mild/serious adverse drug reactions,
adherence and recurrence. Per-protocol (PP) analysis revealed
clinical curein88.6% childreninthe5-day armvs90.8%inthe 10-
day arm (risk difference-0.016, 97.5% Cl —0.087). Inintention-to-
treat (ITT) analysis, clinical curewasseenin 85.7%in the 5-day
arm vs 84.1% in the 10-day arm (risk difference 0.023; 97.5%
confidence limit —0.061). Median caregiver absenteeism was
shorter in intervention group than control group (2 days vs 3
days). Though noninferiority could not be concluded in PP
analysis, ITT analysis found short-course treatment to be
statistically noninferior, concluding that 5-day course may benon-
inferior to 10-day course. An ongoing multicenter, randomized
superiority trial Short Course vs Standard Course Outpatient
Therapy of CAPin children (SCOUT-CAP) will providefurther
evidencefor thesame.

The influence of chest X-ray results on antibiotic
prescription for childhood pneumonia in the
emergency department (Eur J Pediatr. 2021;180:2765—
772)

This study was doneto evaluate influence of chest X-ray (CXR)
results on antibiotic prescription in children suspected of lower
respiratory tract infections (LRTI) in the emergency department
(ED) and included 597 children (1 month to 5 years) with
uncomplicated LRTI. Fifty five percent were hospitalized and
30% were prescribed antibiotics. CXR wasdonein 18% children
and showedfocal infiltratesin 48%, diffuseor perihilar findingsin
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28% and no abnormality in 24%. Of the 48% showing focal
infiltrate on the CXR, all but ninereceived antibiotics. Morethan
half (56%) of the children with diffuse/perihilar or no
abnormalitieson CXR received antibiotic treatment. Overall 69%
children prescribed CXR received antibiotics compared to 21%
who were not. CXR as part of the diagnostic work-up was
associated with more frequent antibiotic prescription and this
association remained after correcting for hospita variation, clinical
signs and symptoms and result of the CXR. The study showed
that antibiotic prescription decisions depend on the physician's
overal clinical assessment rather than CXR result. Routineuse of
CXRinnon-complicated LRTI in ED should be discouraged.

Antibiotic therapy versus no antibiotic therapy for

% children aged 2 to 59 months with WHO-defined non-
severe pneumonia and wheeze (Cochrane Database Syst
Rev. 2021;1:CD009576)

Current WHO guidelines recommend treating non-severe
pneumonia, defined as acute episode of cough or difficulty in
breathing with fast breathing and/or chest indrawing, with oral
antibiotics. However, pneumoniais more commonly caused by
viruses that do not warrant antibiotic therapy. This systematic
review wasdoneto eval uate efficacy of antibiotic therapy versus
no antibiotic therapy for children aged 2-59 monthswith WHO-
defined non-severe pneumoniaand wheeze. Three multi-centre,
double-blind, randomised, placebo-controlled trialscarried outin
Malawi, Pakistan, and India, involving 3256 children with non-
severe pneumonia with wheeze were included for analysis.
Children were treated with athree-day course of amoxicillin or
placebo. Primary outcomeswereclinica cureand treatment failure
while secondary outcomeswererelapse, mortality and treatment
harms. Antibiotic therapy resulted inno differencetoclinical cure
(RR 1.02, 95% CI 0.96 to 1.08; 1 trial; 456 participants;
moderate-certainty evidence), relapse (RR 1.00, 95% CI 0.74 to
1.34; 3 trias; 2795 participants; low- certainty evidence) and
treatment harms (RR 0.81, 95% CI 0.60 to 1.09; 3 trials, 3253
participants; low-certainty evidence). Though the results showed
reduction of treatment failure by 20% (RR 0.80, 95% CI 0.68 to
0.94; 3tridls; 3222 participants) in intervention group, certainty
of evidencewasfound to below. So authorsconcluded that wedo
not have enough evidenceto support or challenge continued use of
antibioticsfor treatment of non-severe pneumoniawith wheeze.
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Role of Clinical Criteria and Oxygen Saturation Monitoring in Diagnosis
of Childhood Pneumonia in Children Aged 2 to 59 Months
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Background: Current WHO algorithm has retained the signs and
symptoms used in the older version for classifying severity of
childhood pneumonia.

Objective: To study the role of clinical features (including that of
current WHO criteria), and oxygen saturation (SpO2) in the
diagnosis of childhood pneumonia.

Study design: Multicenter prospective cohort study.

Participants: Children, 2 to 59 months of age, suffering from
acute respiratory infection (ARI).

Outcome measures: Sensitivity, specificity, and likelihood ratios
were calculated for clinical features, and SpO2.

Results: Of a total 7026 children with ARI enrolled, 13.4% had
pneumonia (37% of them had severe pneumonia), according to
WHO criteria. Based on any abnormality on chest x ray (CXR),
46% had pneumonia. The sensitivity and specificity of the existing

WHO criteria for diagnosis of pneumonia was 56.5% and 66.2%,
respectively, when compared against abnormalities in CXR.
Cough and fever, each had sensitivity of >80%. Audible wheeze
and breathing difficulty, each had a specificity of >80%. Sensitivity
and specificity of tachypnoea were 58.7% and 63.3%,
respectively. None of the clinical features alone had a sensitivity
and specificity of >80%. Addition of SpO2 of <92% to chest
indrawing alone or WHO criteria increased the likelihood of
diagnosis of pneumonia.

Conclusions: Current WHO criteria based on rapid respiratory
rate and/or chest indrawing has modest sensitivity and specificity,
considering CXR abnormalities as gold standard for diagnosis of
pneumonia. Addition of SpO2 of <92% to chest indrawing alone or
WHO criteria increases the probability of pneumonia diagnosis,
and is important in the management of a child with pneumonia.

Keywords: Acute respiratory infection, Sensitivity, Specificity.

eumonia is a leading cause of death in under-

ive children [1,2]. Over 80% children with

community acquired pneumonia (CAP) present

with cough and fever, while other features like

breathing difficulty, nausea, vomiting, and poor feeding are

seenwithvariablefrequencies[3]. Oneof themagjor issuesof
CAPiInchildrenismaking acorrect diagnosis.

For uniform management of childhood acute
respiratory infection (ARI) including CAP, WHO (World
Hedlth Organization) developed an agorithm based on
evidences generated in the early 1980s [4]. The clinica
criteriaadopted in thisWHO agorithm used acombination
of clinical manifestationsincluding fast breathinginachild
with cough and/or difficult breathing for diagnosing
pneumonia[4]. The sensitivity of the WHO agorithm was
found to range between 59-81% and there has been concern
about its specificity, resulting in unnecessary use of
antibiotics[3,5-11].
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TheWHO dgorithmfor pneumoniawasrevisedin 2014,
combining severe and very severe pneumonia as one
category, with pneumonia being defined as fast breathing
and/or lower chest indrawing (LCI) [12]. However, this
revised algorithm retained the signsand symptomsused in
the older version for classifying severity of pneumoniain
children. Asper arecent systemeatic review, absenceof cough
wasasignificant negative predictor, while SpO2 of <95% or
increased work of breathing (nasal flaring, grunting or lower
chest indrawing) were significant diagnostic predictors of
pneumonia [3]. There is as yet no study from the Indian
setting, ng the diagnostic accuracy of clinical signs
and symptoms(including WHO criteria) of pneumonia, with
or without SpO2 measurement.

METHODS

Thisprospective, multicentric cohort study wasconductedin
tertiary careteaching hospitalsinfive sitesin Indiaover a2
year period (June 2016 to May 2018). Children aged 2-59
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monthswithARI (any cough and/or breathing difficulty for
<2 weeks) were enrolled. Those with chronic respiratory
diseases (asthma, cystic fibrosis, broncho-pulmonary
dysplasia, airway anomalies), congenital heart disease,
gastro-oesophageal  reflux/  recurrent  aspirations,
immunosuppression, radiol ogicaly confirmed pneumoniain
last 2 months, residing outside the study city, and who were
criticaly ill (impending respiratory failure, cyanosisat room
air, shock), were excluded. The study was initiated after
clearance by the respective Ethics Committees of al five
study sites. Children were enrolled after obtaining written,
informed consent from parentsor lega guardian.

Details regarding clinica features, nutritional and
immunization status, trestment history, demographic
information, and examination findingswererecorded. A staff
nurse was trained to assess breathing difficulty by counting
respiratory rate, and identifying chest indrawing under
supervision of a trained research officer. Ausculta-tory
findingswered sorecorded. Fever wasdefined asan axillary
temperatureof >37.5 °C. Tachypneawasdefined and clinical
diagnosis of pneumoniawas made as per the WHO criteria
[12]. SpO2 was recorded using Nellcor portable pulse
oximeter (measurement range 60% to 100%). As previous
studies had reported an SpO2 of <92% to indicate
pneumoniawith good sensitivity and specificity, weused the
same cut-off in the present study [3,13]. Antipyretic was
given for fever and respiratory rate was reassessed after 30
minutes. |n case of wheezing, salbutamol nebulization (0.15
mg/kg/dose) was administered and respiratory rate
reassessed after 10-15 minutes.

A chest X-ray (CXR) was obtained in al children
clinically assessed to have acute lower respiratory tract
infection (ALRI/pneumonia) asper theWHO criteria. CXR
was also obtained in every fifth child assessed as no
pneumonia (URI) [14]. Radiographic findings were
recorded in a standardized form based on previoudy
published WHO dsandards and definition  for
epidemiological studies[15]. Thedigital CXR filmsor hard
copies of CXRs were sent to the co-ordinating center. All
CXRswereread by twoindependent pediatricians, whowere
blinded for the clinical diagnosis of patients. In case of
disagreement, CXRs were read by a third pediatrician
without knowledge of the previouseval uations, and findings
matching with previous two were considered final.
Radiographic pneumonia was diagnosed if there was
agreement on presence of any abnormality (pulmonary
infiltrate or pleural effusion) in two independent
assessments. Thedteinvestigator managed the patient asper
hisinterpretation based on WHO guidelines[16].

To improvise clinica case definition CAP with a
sensitivity and specificity of 80% (sensitivity of tachypnea
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with/without chestindrawingisabout 69%) and precision of
5%, atotal of 256 children with pneumonia were needed.
Considering that 10% children with ARI have a probability
of pneumonia[17], 2560 children with ARI were needed to
be screened.

Satistical analysis: For analysis, the datawere entered into
Microsoft excel sheet and analyzed using Statav.14 (Stata
Corp LLC) satisticd software. Categorical data were
analyzed by Chi-square test. For studying the association
between WHO pneumoniacl assification and CXRfindings,
risk ratio (RR) with 95% confidenceinterval (95% Cl) was
caculated. Sensitivity, specificity, likelihoodratio (LR), and
post-test probability were calculated. A P value <0.05 was
takenassignificant.

RESULTS

Out of atotal 18 159 children screened across 5 sites, 7026
children with ARl were enralled. According to WHO
criteria, 938 (13.4%) and 6088 (86.6%) of the enrolled
children had pneumonia and no pneumonia (URI),
respectively. Severe pneumoniawas diagnosed in 347/938
(36.9%) children. Basdline demographic and clinica
characterigtics of theenrolled children aregivenin Table 1.
The study flow chart as per the STARD (Standards for
Reporting Diagnostic accuracy studies) guiddine is
provided in Fig. 1. A total of 6,341 (90%) children were
managed on ambulatory basis while 685 (10%) required
hospitalization, seven of whomdied.

Using the rertcorded information, the enrolled patient
were re-classified, based on the WHO criteria, and 938

Table I Baseline Demographic and Clinical Characteristics of
Enrolled Children (N=7026)

Characteristics Value
Age(mo) 23(10,40)
Boys? 4251 (60.5)
Weight for age z-score -0.69 (-1.83,0.35)
Height/L ength for age z-score -0.76 (-2.36,0.77)
Weight for height z-score -0.29 (-1.14,0.53)
Mid upper arm circumference z-score -1.47 (-2.13,-0.8)
Cough? 6995 (99.6)
Fever? 3998 (56.9)
Audiblewheeze? 512 (7.3)
Fast breathing post-nebulization? 938 (13.4)
Chest indrawing? 478 (6.8)
Clinical URI2 6021 (85.7)
Clinical LRTI2 1005 (14.3)

Valuesin median (IQR) or 2no. (%). URI/LRTI: upper/lower respiratory
tract infection.
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(13.4%) werefound to have pneumonia. Of the 1308 CXRs
available, abnormalities were reported in those films
(n=1273), which were either adequate (features allowing
confident interpretation of primary end-point aswell asother
infiltrates) or suboptimad (featuresallowinginterpretation of
primary end-point but not of other infiltratesor findings) for
reading. Rest 35 CXRswereun-interpretable. The presence
of any abnormality on CXR was considered as the gold
standard for diagnosisof pneumonia. Abnormalitiesin CXR
were identified based on points published by WHO:
consolidation (alveolar shadows), infiltrates(small infiltrates
involving multiple segments), interdtitial shadows, and
pleural effusion[15]. Around 46% (586/1273) children had
pneumonia based on these criteria. The crude agreement
between the two readers of CXR was 80.5% (kappa=0.6,
P<0.001). Asshownin Table II, achest X-ray showing any
abnormdl finding, consolidation, and alveolar infiltrateswas
found to be significantly associated with a pneumonia
diagnosismadeasper WHO criteria.

The diagnostic accuracy of clinical parameters and
SpO2 for pneumonia is detailed in Web Table 1. Neither
cough nor wheezehad asignificant LR for rulinginor ruling
out the diagnosis of pneumonia. The parameters like
breathing difficulty, fast breathing, chest indrawing, existing
WHO criteriafor pneumonia, SpO2 <92%, existing WHO
criteria+ SpO2 <92%, existing WHO criteriaand/or SpO2
<92%, chest indrawing + SpO2 <92%, existing WHO
criteria present and SpO2 <92% applied serially had a
significant positive LR aswell asnegative L R (except fever,
which had a significant negative LR only). Positive LR
among confirmed pneumonia cases ranged from 1.5 (for
breathing difficulty) to 2.7 times(for chest indrawing +
Sp0O2 <92%) in confirmed pneumonia cases compared to
those without. Negative LR ranged from 0.85 (for chest
indrawing + SpO2 <92%) to 0.64 (for fever, and existing
WHO criteria and/or SpO2 <92%, both) in those with
pneumoniacompared to thosewithout. Thepreval ence(pre-
test probability) of pneumoniain the present study was46%.
Wecal culated the post-test probability for parametershaving
aLR+ of >2.0 and/or aL R—of <0.5. Addition of a SpO2 of

CLINICAL CRITERIA AND SPO2 IN PNEUMONIA DIAGNOSIS

<92% increased the post-test probability of diagnosing
pneumonia to 66% in case of existing WHO criteria, and
69%in caseof chestindrawing.

DISCUSSION

In this multi-center hospital-based observationa study
across five sites in Indig, none of the clinical parameters
(either single or in combination) had a senditivity and
specificity of >80% for diagnosisof childhood pneu-monia.
Theoveral analysissuggeststhat, thecurrent WHO criteria
for pneumonia have modest senstivity (56.5%) and
specificity (66.2%), whichisin agreement with thefindings
of apreviousmeta-analysis[8].

Theprevalenceof radiological pneumoniainthepresent
study was46%, similar to previousstudies[ 13]. Primary end
point pneumonia is usudly defined as presence of
consolidation or pleural effusion with or without other
infiltrates(e.g., intergtitia infiltrates/thickening, atelectasis,
peri-bronchia thickening, and aveolar infiltrates not
aufficient torefer asaconsolidation) [8]. Other infiltratesare
commonly seeninvird or atypical pneumonia. Inthe present
study, only consolidation and aveolar infiltrateswerefound
to besignificantly associated with WHO pneumonia, which
probably meansthat majority had bacteria pneumonia[13],
which is congstent with the finding of a relatively high
proportion of severe pneumonia cases, in the present study
(37%) [18].

Asper the WHO agorithm, fast breathing/tachypneais
animportant indicator of childhood pneumonia, and studies
from developed countries also support this[19,20]. In the
present study; however, the WHO defined fast breathing had
a sensitivity of 58.7% and specificity of 63.3%. In astudy
from Mexico, WHO defined tachypneaasasoleclinical sign
had 74% sensitivity and 67% specificity for the diagnosisof
radiological pneu-monia[19]. The sensitivity wasreduced,
and specificity was increased (84%) when other clinical
signswerecombined. Anadditiona observationinthisstudy
wasthat, in children with pneumoniaof <3 days’ duration,
tachypneahad asensitivity and specificity of 55% and 64%,

Table II Association Between WHO Pneumonia Classification and Chest X-Ray Findings (N=1273)

Chest X-ray findings Pneumonia No pneumonia Relativerisk (95%Cl)
Any abnormal finding (n=586)2 331 (56.5) 255 (43.5) 1.64 (1.45-1.85)
Consolidation (n=112)2 75 (67) 37(33) 2.56 (1.75-3.73)
Alveolar infiltrates (n=396)2 243 (61.4) 153(38.6) 2.0(1.69-2.37)
Peribronchial thickening (n=104) 52 (50) 52 (50) 1.26 (0.87-1.82)
Interstitial thickening (n=41) 19 (46.3) 22(53.7) 1.09 (0.6-1.99)
Atelectasis(n=5) 3(60) 2 (40) 1.89(0.32-11.28)

All values expressed as n (%). 2P<0.001. WHO: World Health Organization.

INDIAN PEDIATRICS

1026

VoLuME 58—NovEMBER 15, 2021



CLINICAL CRITERIA AND SPO2 IN PNEUMONIA DIAGNOSIS

DAS, ETAL.

"Meyo mojy Apnis 1 314

809=U || €/¢=U || GGp=U || Z€Z=U | | 9€G=U || TST=U || 9€G=U || TSGT=U | | GGT=U || 2€G=U | | GG9=U || ge=u || T=u || ¥89=U
NL dd NL dd NL dd NL dd NL dd NL dd NL dd
T89=U J9=U Gep=u 19=U 9G=u —u
%c6> BLRILO OHM Buiyresiq Buimesp /89=u azeauM m%m
z0ds Bunsixg 1324 OHM -U1sayo B4 a|qIpny Honeo
T T T T T T T
809=U || €/2=U | | GG¢=U || TEE=U | | Z¥g=U || #¥E=U || 0EE=U || 9G¢=U || ¥8=U || 20G=U | | L9G=U || 6¢=U || T=u || G8G=U
NL dd NL dd NL dd NL dd NL dd NL dd NL dd
Ggg=u 985=u 985=u /8G=u _ 98G=u _
%26> 2LRIH OHM BuIyaIq Bumelp o azsaUM s
200 Bunsixg 324 OHM -ul1s8yd ||apny H
T T T T T T T
\—/
_ - 98G=u
Se=u 98G=u
9AISN[OUOJU | eluownaud oN eluownaud
T T T
\—/
80€T=U
(fe1-x s9U0)
pJepuess aouaJe Joy

S lted papnjoxg

€560T=U

QUEN L ENG ]

9¢0.=u

65T8T=U
a|qBI3
Aljenuelod

VoLuME 58—NovEMBER 15, 2021

1027

INDIAN PEDIATRICS



DAS, ETAL.

CLINICAL CRITERIA AND SPO2 IN PNEUMONIA DIAGNOSIS

WHAT IS ALREADY KNOWN?

« Current WHO case definition based on rapid respiratory rate and/or chest in-drawing has modest sensitivity
and specificity considering CXR abnormalities as gold standard for diagnosis of childhood pneumonia.

« Addition of SpO2 <92% to chest indrawing alone or to WHO criteria increases probability of diagnosing pneumonia.

respectively. In a recent systematic review, presence of
tachypnea (respiratory rate >40 breaths/min) in children
beyondinfancy, wasnot strongly associated with pneumonia
diagnosis [3]. It is important to note that, absence of
tachypnea does not rule out the diagnosis of pneumonia. in
children under-fiveyearsof age[8,20].

Fever, which iscommonly seenin pneumonia[21, 22],
had a sensitivity of 85.7% and specificity of 26.6% for
diagnosing pneumonia in the present study. The British
Thoracic Society (BTS) Guidelinementionsthat, in children
below 3 years, high fever along with chest indrawing and
tachypnea (>50/min) is suggestive of pneumonia[22]. On
the contrary, a systematic review showed that temperature
>37.5°Cwasnot strongly diagnostic of pneumonia[3]. Chest
signson auscultation (e.g., crackles, rales, or rhonchi) were
neither sensitivenor specific for pneumonia[3].

A LR+ of >2.0and aL R <0.5 hasbeen shownto change
the post-test probability of disease appreciably. Inthe present
study, neither cough nor audiblewheeze (7.3% children) has
a significant LR for ruling in or ruling out pneumonia
diagnosis. Thisis an interesting observation, as cough has
been the most sought symptom of pneumonia. A recent
systematic review [3] found that none of the features
including cough, audible wheeze, poor feeding, breathing
difficulty, or duration of illness >3 days had a significant
likelihood for diagnosing pneumonia, though absence of
cough had asignificant negative LR (LR 0.47; 95% Cl 0.24
t00.70) inruling out thediagnosisof pneumonia Also, SpO2
<95% and increased work of breathing (nasal flaring,
grunting or lower chest indrawing) (LR+ 2.1) had a
significant likelihood to diagnose pneumonia. Studiesusing
other cutoff SpO, values (i.e., 96%, 92%, and 90%) had
lower LR+, whereas, SpO2 >96% had aL R—of 0.47[3,23].
The poor diagnostic performance of auscultatory findings
(e.g., presenceof wheezeor crackles) could bebecausethese
are subjective parameters. The present study showsthat the
probability of having pneumoniaimproved to 66% among
thosetested positivefor WHO criteriawith aSpO2 of <92%,
and to 69% among those with chest in-drawing and a SpO2
of <92%. None of the parametersin the present study were
found to have negative LR of <0.5, thus making them
inappropriate for ruling out the pneumonia diagnosis. Our
findings are different from previoudy published studies
[3,8], probably because of variation in the age of included
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children (only few studiesincluded children >5 years age),
geographical location (e.g., highatitude, urban/rurd), care-
seeking behavior, duration of disease, and prevaence of
malnutrition.

The limitation of the present study is that we could not
carry out subgroup analysis of factorslike age, duration of
symptomsat presentation and severity, which are known to
modify the diagnogtic performances in a previoudy
published study [19].

To conclude, current WHO criteria based on rapid
respiratory rate and/or chest in-drawing has modest
sensitivity and specificity, taking CXR abnormalitiesasgold
standard for diagnosis of pneumonia. Addition of SpO2 of
<92%to chestindrawing aoneor toWHO criteriaincreases
the probability of pneumoniadiagnosis, and isimportant in
themanagement of achildwith pneumonia.
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Web Table I Diagnostic Accuracy of Different Parameters for the Diagnosis of Pneumonia
Against Any Abnormality on Chest X-Ray as Gold Standard (N=1273)

Parameters Number | Sensitivity, % Specificity, % LR+ LR- Post-test
(n) (95% CI) (95% CI) (95% CI) (95% CI) probability
(% change)?
Cough 1271 99.8 (99.04 — 0.15(0.03-0.82) | 1.0(0.99-1.0) | 1.2(0.07-18.7) | -
99.97)
Audible wheeze | 61 493.5-17.0) 95.3(93.5-96.7) | 1.1 (0.65-1.7) | 0.99(0.97-1.0) | -
Difficulty in 254 24.1 (20.8-27.7) | 83.5(80.6—86.1) | 1.5(1.2-1.8) 0.91 (0.86 — -
breathing 0.96)
Fever 1034 85.7(82.6 —88.3) |22.6(19.6-25.8) | 1.1(1.0-1.2) 0.64 (0.5-0.81) | -
Fast breathing® | 596 58.7 (54.7-62.6) | 63.3(59.7-66.8) | 1.6(1.4-1.8) 0.65 (0.58 — -
0.73)
Chest in- 407 43.7(39.7-47.7) | 78.0(74.8—80.9) | 1.9(1.7-2.4) 0.72 (0.67 — -
drawing 0.78)
Pneumonia® 563 56.5(524-60.4) | 66.2(62.6—-69.7) | 1.7(1.5-1.9) 0.66 (0.59-0.73) | -
Sp0O2 <92% 213 23.9 (20.6 —27.5) | 89.3(86.7-91.4) | 2.2(1.72—-3.0) | 0.85(0.81-0.9) | 66% (+20%)
(n=1266)
Existing WHO 196 22.2(19.0-25.8) | 90.3(87.9-92.3) | 2.3(1.7-3.0) 0.86 (0.82-0.9) | 66% (+20%)
criteria + SpO2
<92% (n=1266)
Existing WHO 580 58.2(54.2-62.1) | 65.2(61.6—68.7) | 1.7(1.5-1.9) 0.64 (0.57 — -
criteria and/or 0.71)
SpO2 <92%
Chest in- 184 21.9(18.7-25.4) | 91.8(89.5-93.6) | 2.7(1.9-3.6) 0.85(0.81 — 69% (+23%)
drawing + SpO2 0.89)
<92%
Existing WHO 196 393(34.2-44.6) | 71.3(652-76.7) | 1.4(1.1-1.7) 0.85(0.76 — -
criteria +ve and 0.96)
Sp02<92%°
(n=561)

“Fast breathing as per who criteria ®"WHO criteria for pneumonia are presence of fast breathing for age and/or chest in-
drawing.first the children were classified into pneumonia or no pneumonia according to WHO criteria as explained above; in the
children who had pneumonia, SpO2 was used to determine presence or absence of pneumonia (Sp0:<92%: pneumonia, SpO;
>92%: no pneumonia). “Post-test probability was calculated for parameters having a LR+ of > 2.0 and/or a LR— of < 0.5
considering the prevalence (pre-test probability) of pneumonia to be 46% (586/1273). LR + : Likelihood ratio for positive test; LR
— : Likelihood ratio for negative test
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Objective: This study examined the pattern of care-seeking
behavior for childhood pneumonia and factors influencing it, in
Madhya Pradesh (MP), Uttar Pradesh (UP) and Tamil Nadu (TN).

Methods: Using a mixed-methods design, consenting mothers of
children less than 5 years with probable pneumonia participated in
a household survey to assess their care-seeking behavior. A
purposively selected sub-sample participated in semi-structured
interviews (SSIs) to understand their perceptions on care sought,
decision making abilities and cultural influences that governed
these behaviors. Health care providers (HCPs) participated in
SSils and focus group discussions.

Results: A total of 2194 children were identified with probable
pneumonia during the survey. 40 mothers and 41 HCPs
participated in semi-structured interviews and focus group
discussions. In MP, utilization of private allopathic care was high

at 74%, about 8% went to unqualified care providers. In UP, 71%
went to unqualified care providers and 5% did not seek care at all.
In TN, 75% went to private allopathic doctors, and utilization of
government care was higher (19%) compared to MP and UP.
Qualitative findings revealed that cultural beliefs coupled with
poor decision making abilities, poor understanding of iliness and
inappropriate care-seeking practices resulted in delays in care
seeking, particularly in MP and UP. Inadequacies in government
health infrastructure also contributed to their poor utilization.

Conclusion: Promoting health literacy in communities and
strengthening the reach of government health facilities will help in
optimizing appropriate health care utilization for childhood
pneumonia.

Keywords: Health literacy, Health service utilization, Respiratory
tract infection.

eumonia contributes to about 15% of all
leaths among children below 5 years of agein
Indiaand thusisamajor public health problem
for the country. Apart from enhancing health
care infrastructure and personnel, research is also
emerging regarding the care seeking behavior of families,
which is a key towards formulating strategies for
reducing pneumonia-related childhood morbidity and
mortality [1,2]. Faith in supernatural causes, poor
understanding of the disease and use of home remedies
haveledto delaysin care seeking by familiesin India. In
addition, poor recognition of danger signs/symptoms of
pneumonia and seeking care from unqualified rural
medical practitioners, have been shown to cause undue
delay in care seeking by families in India [3-5].
Considering the recommendati onsby WHO and UNICEF
[6] about the need to enhance capacities of families to
seek prompt care in order to reduce mortality and
morbidity from pneumonia, a deeper understanding of
the socio-cultural influences that govern these
behaviors and issues related to availability, accessibility
and affordability of health systems are needed.
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Using the Andersen and Newman framework [7] for
health service utilization we examined factors influencing
care-seeking behavior for childhood pneumonia in the
community towards gaining insights into optimizing
hedthcare utilization. The framework is based on three
characterigtics, namely predisposing factors, enabling
factors and need factors. Predisposing factors refers to
culture, decision making abilities and knowledge and
attitudesof individual stowardsthe hed th system. Enabling
factorsreferstothelogisticsof obtaining care. Need factors
include perceived need by families- how people understand
their iliness -and eval uated need by health care providers -
judgment about peopl€'s health status and need for medical
cae.

METHODS

This paper is part of alarger study [8] carried out in three
districtsin the states of Tamil Nadu (TN), Madhya Pradesh
(MP) and Uttar Pradesh (UP) from 2016-2017. WhileUPand
MPwerechosen becauseof highinfant mortaity rate(IMR),
TN served asacomparator onaccount of itslower IMR. The
selection of districtswasmadefollowing consultationswith
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thestatehealth authoritiesand after reviewing theprevailing
IMR in these districts. Probable pneumoniawas defined as
the presence of fast breathing with or without chest in-
drawing, stridor/grunt in a child <5 years of age occurring
over thepreceding threemonths[9], withthe mother serving
as the respondent. Considering ‘ not sought care’ in about
30% of population [4], taking a5% absol ute margin of error
and a design effect of 2, a sample size of 740 children <5
years, per state (250 per district), with probable pneumonia
wasobtained. Fromthelist of hedth sub-centers(HSCs)ina
district, 30 per district were sdected using population
proportionateto sizemethod. Thelist of eligiblechildrenin
each HSC was obtained from the field health worker and a
household survey was undertaken until the desired sample
size of 8 children with probable pneumonia per HSC was
achieved.

Mothersconsenting for participationswereadministered
a structured questionnaire to assess their care-seeking
behavior. A sub-sample of these mothers was purposively
sdlected to participate in semi-structured interviews to
understand the cultural and familia influencesthat governed
their care-seeking behaviors. We aso conducted semi-
structured interviews (SSIs) and focus group discussions
(FGDs) with hedthcare providers (HCPs), such as doctors
fromthe privateand public sector, community healthworkers
(CHWs) and wherever possible with untrained care
providers (UCPs). State and district level governmental
permissions and ethics approva were obtained by each of
the respective site investigators.

Satigtical analysis: Statistical analyses of the quantitative
datawasdoneusing SPSSsoftwareversion 16.0 (SPSSInc).
Data on type and time of seeking care was recorded as
frequenciesand percentages. All quditativedatawereaudio
recorded, transcribed verbatim into (Hindi for MPand UR,
and Tamil for TN), trandated into English and entered into
NVIVO, a quditative andysis software. A framework
analytical approach [10] was applied which began with
gaining familiarity with thedatathrough repested readingsof
thetranscripts. Following acareful review of thedata, themes
were identified, quotes were sorted and placed under
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appropriate thematic categories and fina interpretations
weremade.

RESULTS

Out of atotd of 13,544 househol ds, weidentified 729, 752 and
713 childrenwith symptomsof probablepneumoniafromthe
statesof MP, UPand TN, respectively. Forty mothersacross
thethreestatesparticipated inthe SSIs(12 fromMP; 11 from
UPand 17 from TN). Mothers, aged 20to 35 years, included
10 non-literate women (4 from MP and 6 from UP). While
majority were housewives, 7 were engaged in farming or
casudl labor (4-MP, 2-UR, 1-TN). Forty oneHCPsfromthe
three states participated, including 25 doctors from the
government and 10 from the private sector. Six UCPs
participated, none of whom were from TN. Thirteen FGDs
were conducted with CHWSs across the three states (MP-3;
UP5; TN-5).

Health service utilization: In MP, utilization of private
alopathic care was highest at 74% with 12% seeking care
from government health facilities (Table I). InUP, majority
(71%) went to UCPs with only 5% not seeking carefor their
child. Mothersin TN predominantly sought carefrom private
allopathic doctors (75%0). Utilization of government carewas
higher compared tothe other two statesat 19.6, but no mother
reported goingtoaUCP Databy district ispresentedin Web
Table I. Morethan half thesampleof mothersfrom each state
(59%-MPB, 70%-UP, 80%-TN) sought care for their child
within 24 hours of symptom presentation (Table II). As
compared to UP where 70% went to UCPs, inMPand TN,
private alopathic care was the preferred choice (75% and
74%, respectively). Going to government health facilities
washighestin TN at 18.9%. Databy districtsispresentedin
‘Web TablelI).

Factors influencing health service utilization: Cultural
practices, either personal, or duetofamilia pressure, in TN,
included exposing the child to incense fumes (Sambrani),
feeding aconcoction madefrom Tuls (Basil), application of
Karpuravalli Thaillam(ail extracted fromamedicinal herb),
seeking the blessings of priests and tying a sacred thread
around the babies wrist or waist. However, these mothers

Table I Care-Seeking for Childhood Pneumonia in Three States in India, 2016-2017

Sate (no. with probable pneumonia) Type of healthcare sought No care sought
Allopathiccare Carefrom n=119
Government, n=282 Private, n=1203 UCP, n=590
Madhya Pradesh (729)2 89(12.2) 541 (74.2) 57(7.8) 42(5.8)
Uttar Pradesh (752)P 53(7) 127 (6.9) 533(70.9) 39(5.2)
Tamil Nadu (713)¢ 140 (9.6) 535 (75.0) 0 38(5.3)

Data provided as no. (%). Numbers in each district: @8Bhopal-247, Panna-237, Satna-245; PKanpur Nagar-254, -Shravasti-267, Faizabad-
231; CErode-149, Tirunelveli-314, Krishnagiri-250.UCP-Unqualified care provider.
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Table II Health Service Utilization: Sought Care Within 24 hours in Three States in India, 2016-2017

Sate (no. with probable pneumonia)
within 24h, n=1551

Takento health facility

Allopathic care UCP, n=495
Government, n=199 Private, n=915

Madhya Pradesh, (n=729) 428 (58.7)
Uttar Pradesh, (n=752) 530 (70.5)
Tamil Nadu, (n=713) 593 (83.2)

57(13.3) 357 (83.4) 10(2.3)
30(5.7) 99(18.7) 395 (74.5)
112(18.9) 459 (77.4) -

Data provided as no. (%). Row totals do not match as data was missing for 4, 6 and 22 children in MP, UP and TN, respectively. UCP -

Unqualified care provider.

simultaneously sought care from qualified alopathic
doctors. Bdiefs in culturad and traditiona practices were
moreprevaentin MPand UR, with mothersresortingtohome
remedieslikeuseof mustard ail, Ajwain (carom seeds), hing
(Asfoetida), haldi (Turmeric), for treating cough or cold. Oil
massages using mustard oil and barasingha (apiece of deer
horn that isfinely ground) were believed to be effectivein
treatment of chest in-drawing Jhaad phoonk (a type of
exorcism) was seen to protect the baby against the evil eye.
These were usualy the first steps taken by mothers when
their child fdl ill. If thisfailed, care was sought from acare
provider.

Decision making: Mothersin TN reported having higher
autonomy and decision-making capacity. They had the
support of their in-laws and eders in the family who
encouraged themto seek appropriate carefor their child and
would even accompany them to the hospital if required.
Instances of joint decision making with the husband were
also reported. On the other hand, decisions regarding care
seekingin MPand UPweremostly made by family eldersor
husbands, with mothers usualy acquiescing to such
decisions. In nuclear families decisions were either made
jointly by hushand and wife or elseonly by the husband.

Enabling factors: The health system infrastructure in TN,
both government and private alopathic sector, is well
developed and fairly equitably distributed across the
districts (Web Table III). Added to this, the presence of
private carefacilities providesrural folk with an aternative
choice. In contrast, the numbers of primary health centers
(PHCs) and community health centers(CHCs) inMPand UP
aredistinctly inadequatefor their large popul ations. Besides
Bhopal inMPand Faizabad in UP, thenumber of government
hospitals are exceedingly low in these states. Private
allopathic healthcarefacilitiesarea so few. The presence of
UCPswas ubiquitousin these digtricts, athough we do not
haveany reliabledataontheir numbers.

Our qudlitativeinterviewswith mothersreveaedthatin
TN, both government and private carefacilitieswereequaly
accessible. Preferencesfor private carewereclearly evident
with families switching between doctors depending on how
well the child responded to treatment. Doctorsinthe private
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sector were believed to be more effective, easily accessible
andavailabletill lateintheevenings. They aso administered
injections, believed to bring about rapid cures. Further,
doctorsand paramedical staff in government hospitalswere
perceived asunfriendly providing unsatisfactory answersto
queries unlike in the private sector. Despite this preference
for doctors in the private sector, severa mothers gave
positive feedback regarding care provided in government
hospitals. They described it asbeing affordable, accessible,
of good quaity and comparableto that of private facilities.
Others spoke of the CHWs who made home visits and
provided advice regarding the health of their child. Use of
government health facilitiesfor seeking carefor childrenwas
moreevidentin TN ascompared to thestatesof MPand UP.

In MP and UR, need for travelling long distances to
access care in government health services, coupled with
unavailability of doctors in these facilities, acted as mgjor
deterrents to care seeking. Connectivity was particularly
poor in Shravasti (UP). Seeking care from the jhola chaap
(UCP) was common in UP as compared to MP, where they
were easily ble, were cheaper than private doctors,
made home visits and usualy dispensed alopathic
medicines. In MP, preferencesfor seeking carefrom private
care providersdominated as mothers considered the money
well-spent. However, we were unable to ascertain if these
private care providers were qualified or unqualified. The
belief that government facilitieswerelackingin cleanliness
and competent doctors, involved long waiting time and had
inadequate supply of drugs, added to the general negative
opinion. Mothers in UP said that even the 24-hour
government facilities did not have doctors, thereby
defeating the purposefor which they were set up.

Per ceived need: Regarding the ‘ need factor’, we found that
in TN motherswereunfamiliar withtheterm pneumoniaand
unaware of its cause or presenting symptoms. Although
symptoms of fever, cough and cold were well understood,
mothers rarely reported seeing cases of pneumonia. Only
those who had sought care for treatment of pneumoniafor
their child or whase child had died following pneumoniahad
better awareness about the condition. In MPand UP, some
motherswerereasonably aware of pneumoniaand described
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a range of symptoms. Others spoke of the importance of
vaccination and cleanliness as protection against
pneumonia, indicating satisfactory awareness about the
disease. If the child's cold and cough was perceived to be
very heavy, it wasreferred to as* double pneumonia . Some,
while unfamiliar with the term, were nevertheless aware of
symptomslike chest indrawing and appreciated the need to
seek care for its treatment. Others subscribed to the
traditional belief that children were at risk for contracting
pneumoniaif they had“ coldintheir bodies’ ascomparedto
“heat” . Difficultiesin recognizing severity of illnesswere
also expressed.

Evaluated need: In TN, the HCPs sated that though
awarenessabout pneumoniawas poor inthecommunity, the
ability to recognize symptoms of respiratory distressin the
child wasadequate, whichinfluenced timely and appropriate
careseeking. They believed that therewasnot muchdelay in
careseeking among familiesand asaback-up, familieskept
paracetamol syrup and nasal dropsat homefor usein caseof
such symptomsoccurring. Doctorsinthe government sector
appreciated the sustained hedlth literacy effortsprovided by
CHWSs during antenatal visits. They aso credited
government run school health programs for increasing
hedlthliteracy among mothers. Although therewasatrend of
preferring private over government facilities, especialy
during an emergency for reasons of faster accessibility, for
regular care, families would go to government facilities.
According to the CHWSs, negative beliefs about the poor
quality of health careand long waiting timeinthegovernment
hospitals influenced many to seek care from the private
sector, evenat great financial cost. Seeking carefor their child
from UCPshowever, wasnot reported. InMP, careproviders
in the government sector, felt that awareness about
pneumoniain the community was good perhaps dueto its
high prevalence. They fdt that it wasrarefor familiesnot to
seek care however, the type of care sought was not always
appropriate and often delayed due to use of home remedies
and magico-religious practices. The CHWs said that many
poor familieschoseto seek carefrom UCPswhowereeasily
accessible, dispensed dlopathic medicines and gave
injections. Physicians, both public and private, agreed that
there was a preference for private over government care
because of the distances involved in accessing these
facilitiesand because doctorsin government hospitalswere
not always available. They aso said that decision making
concerning care-seeking for children remained with the
elders of the household or with the woman’s husband. The
HCPsin UPfdlt that, awareness about pneumoniawas poor
and. care was sought only when symptomsbecame serious.
Resorting to home remedies was usudly the first step. The
CHWssaidthat the easy availability of UCPscombined with
thefaith people had intheminfluenced peopl€e spreferences
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for them. They a so spoke of peopl €' spreferencesfor private
care as against government care as it was believed to be
better and more prompt. In addition, women's dependence
on their husbands or elder members in their household to
make decisions on care-seeking contributed to delays in
care- seeking.

DISCUSSION

Three key findings emerge from our study. Firstly, cultura
beliefs, color attitudes and practices, which coupled with
poor understanding of ilinessand their gppropriatetreatment
seemtodeay care seeking. Secondly, women, particularly in
MP and UP have poor decision making capabilities
contributing to delays in appropriate care seeking. Thirdly,
inadequacies in the number and infrastructure of primary
health-care facilities have created a negative impression
regarding their effectiveness and quality in MP and UP
resulting in their poor utilization. Although government
hedth infrastructure and its utilization are better in TN, the
preferred choiceof carewas<till the privatecare provider.

Cultura beliefsregarding useof homeremediesfor child
carein Indiaare deeply venerated, have been practiced for
generations and play an important role in the lives of most
Indianfamilies. Earlier studies[2,3,11], too have described
their usein the management of symptomsof pneumonia. In
our study thiswasevident in the states of MPand UPwhere
homeremediesand magico-religiouspracticeswereoftenthe
firss and only steps adopted by mothers towards
management of symptoms of probable pneumonia. InTN,
resorting to homeremedieswasmuch lessand usually done
alongside of alopathic care. Early care-seeking practicesin
TN can be explained by better awareness promoted by
effective educational messagesprovided by thegovernment
hedthfacilitiesspecificaly the CHWSs. Other studies[12] too
have demongtrated the role of the lady hedth worker in
bringing about better hedlth literacy among mothers
regarding newborn care. Adedokun, et al. [ 13] reported that
increased exposure to mass media resulted in greater
utilization of health care services. Inadditionto highlighting
the value of seeking care within 24 hrs of symptom
presentation, health messages need to be simple, easy to
remember and must be constantly reiterated to ensure their
better retention.

Thefindingsfrom our study that mothersfrom MPand
UPhad littleto norolein decision-making concerning care-
seeking for their child has been corroborated by other
studies [14,15]. A study from Nigeria [16] described two
scenarios leading to negative consequences. when fathers
had norolein child rearing mothersdid not have support for
their decision making and when mothers were restricted in
movements and social interactionsthey did not seek timely
and appropriate care. In contrast, mothersfrom TN, in our
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WHAT THIS STUDY ADDS?

« Strengthening government health infrastructure and its reach, improving health literacy targeting communities,
families and mothers will optimize health care utilization.

study, had more autonomy in decision-making regarding
child care and were better informed due to the information
provided by the CHWsand other health personnel resulting
intimely and appropriate allopathic care for their children.
Health carefrom UCPswasnot sought and homeremediesif
used, werealwaysa ongsideallopathic care. Thesefindings
underscore the vaue of women's empowerment in the
context of child care.

The presence of a good network of well equipped,
functioning, and well-connected health carefacilitiesin the
government sector in TN has significantly contributed to
their better utilization as well as towards a more positive
attitude towards them unlike what was observed in MP and
UP. Chandwani and Pandor [17] highlighted the lack of
accountability among HCPs, and poor credibility of the
public health facilities as reasons contributing to their poor
utilization. Further, respon-dents from MP and UP had to
contend with poor road connectivity to access government
health facilities and frequently with non-availability of
doctors and medicines which served as major deterrentsto
their use. The under-utilization of public sector heath-
servicesasobserved inMPand UP, iswell acknowledgedin
resourcepoor countries[18,19]. Theprivatehealth sector on
theother hand, hasshown remarkablegrowth and utilization,
attributabletoitseasy access, availability of adequatehealth
personnel and medicines[20]. Giventhehigh cost of carethat
the poor areforced to bear, acoordinated effort to strengthen
government health systemsintermsof both availability and
accessihility of manpower and appropriate treatment will
greatly improvehedth careutilizationinthissector.

In terms of limitation, our study could perhaps have
benefited frominterviewswith family members, whoplay a
critica roleindecision-making for seeking care

Toconclude, government health facilitiesin UPand MP
are under-utilized, a feature that could be addressed if
infrastructure is strengthened and facilities made more
accessible. With UCPs praliferating in these states, these
would be critical steps to attract appropriate care seeking.
Secondly, promoting hedlth literacy using smple easy to
follow messages among familiesincluding motherswill be
another important strategy considering the key role family
membersplay indecision making. Thesecould help optimize
careseeking for childhood pneumonia.
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CARE-SEEKING FOR PNEUMONIA

‘Web Table I Health Service Utilization- Type of Care Sought by Districts in Three States in India, 2016-17

District Casesof probable Allopathy Unqualified Not sought care
pneumonia Government Private careproviders

Madhya Pradesh

Bhopal 247 26 (10.5) 172 (69.6) 39(15.8) 10(4.0)

Panna 237 28(11.8) 181 (76.4) 16 (6.8) 12(5.1)

Satna 245 35(14.3) 188 (76.7) 2(0.8 20(8.2)

Uttar Pradesh

Kanpur Nagar 254 19(7.5) 69 (27.2) 160 (63.0) 6(2.4)

Shrawasti 267 23(8.6) 13(4.9) 212(79.4) 19(7.1)

Faizabad 231 11 (4.8) 45(19.5) 161 (69.7) 14(6.1)

Tamil Nadu

Erode 149 28(18.8) 111 (74.5) 0 10(6.7)

Tirunelveli 314 64 (20.4) 244 (77.7) 0 6(1.9

Krishnagiri 250 48(19.2) 180 (72.0) 0 22(8.8)

Valuesinno. (%).

Web Table II Health Service Utilization- Sought Care Within 24 hours by Districts in Three States of India, 2016-17

District/ Sate Casesof Takento health Allopathy Unqualified  Not sought
probable pneumonia  facilitywithin24h  Government Private careproviders care
Madhya Pradesh
Bhopal 247 172 (69.6) 21(12.2) 142 (82.6) 7(4.1) 0
Panna 237 116 (48.9) 14(12.1) 101(87.1)  1(0.9) 0
Satna 245 140 (57.1) 22(15.7) 114(81.4)  2(L4) 2(L4)
Uttar Pradesh
Faizabad 231 175 (75.8) 7(4.0) 36 (20.6) 128 (73.1) 4(2.3)
Shravasti 267 169 (63.3) 14(8.3) 7(4.) 148[87.6] 0
Kanpur Nagar 254 186 (73.2) 9(4.8) 56 (30.1) 119[64.0] 2(11)
Tamil Nadu
Tirunelveli 314 262 (83.4) 55(21.0) 205(78.2) 0 2(0.8)
Krishnagiri 250 234 (93.6) 46 (19.7) 168 (71.8) 0 20(8.5)
Erode 149 97 (65.1) 11 (11.3) 86 (88.7) 0 0

Valuesinno. (%).
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Web Table III Health System Infrastructure in Study
Districts in Three States of India, 2016-17

Districts Population? PHC CHC Gout.

Private

hospitals hospitals

Madhya Pradesh

Panna 1016520
Satna 2228935
Bhopal 2368145
Uttar Pradesh

Faizabad 2470996
Kanpur Nagar 1794184
Shravasti 1117361
Tamil Nadu

Krishnagiri 1879809
Tiruneveli 3322644
Erode 2251744

14
a4
9

33
31
12

46
70
68

6 1
8 11
3 41
6 46
6 2
6 1
10 11
19 14
14 8

13
22
100

40

36
110
139

das per Census of India, 2011. PHC

community health center.
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Web Box I Selected Quotes from Focused Group Discussions of Mothers of Children With Pneumonia and Healthcare Providers

Predisposing Factors

Cultural beliefswe don’'t follow any of the Siddha or Ayurvedic medicines. We take only what is given in the hospital. | don't believe
in al that because | am scared that it might produce side effects or harmful effects. All those primitive methods are not followed
nowadays . Everyone goes to the hospital for treatment... though we are uneducated, we know this (Krishnagiri —TN).

| gave oil massage for 8 days. In the village everybody said to get ‘jhad phookh’done, the child would be cured. We went to ‘maulna
hakim'.he did ‘jhad phookh’ but the ‘pasli chalna (chest in-drawing) did not get better. Then we saw ‘ki pasli bohat tez cha rahi
hai’ (fast breathing) and was not getting better so we took him to another doctor. (Shravasti-UP)

We believe exorcism helps...it helps in improving the health of the baby. We give dhuni to the baby where he is exposed to smoke
from this burning wood. Recently when he fell sick, we took him to a healer who did jhaad phoonk where holy ash is blown over the
baby. (Bhopal- MP)

Decision-making

They don’t expect me to get permission from them. My husband has never accompanied me to the hospital. If my children fal sick,
| take them.... They will scold me only if | fail to take the children to hospital. (Krishnagiri- TN).

My husband only takes all the decisions. Usually he [husband] decides about going to the doctor and | do not go against him or suggest
otherwise because if something happens to the baby or she does not get relief then everyone will say you told this that’s why she was not
relieved (Faizabad- UP)

Mother in law takes decision regarding yasodha (child). Father in law is not there. If husband is available then he also takes. | also say my
opinion (Satha- MP).

Enabling factors

If the baby doesn’t recover then we take him to aprivate hospital. If we go to government hospital (GH) for treatment, baby isnot recovering....
If we go for treatment of phlegm GH is good. But for fever, it is not good. Though we give medicine... they don't put injection. They give
only tonic. No result in giving tonic. So we go to a private hospital (Erode-TN)

They take money in private but they do proper check-up. In government there is only one doctor or none. Keep standing in the queue such
that the child gets serious. There should be good doctors and good medicines should be available. And if patients go then they should be
properly heard and checked. (Satha- MP)

Here at the crossroads of our village thereis ajholachaap, who else would be found here! Thisisclosefor us and where we have been benefited
we will go there only (Shravasti-UP).

Need factors

Perceived need (community perspective):

If he has phlegm and runny nose, he will start to develop fever. At that time itself | will keep in mind that this should not escalate,
I will be careful. My child also tends to becomes weak after the fever. So looking at all this | will take him to the government hospital
immediately.  (Tirenelveli-TN)

Usually when my child has cold, hot fomentation will be done, if not cured then a village doctor comes then we consult him. When
he had panjar (chest in-drawing), | applied oil and did hot fomentation for 1-2 days. When it didn’t get relieved then we took him
to the doctor. Firstly we consulted here in the village to the ‘jhola chhap doctor’ (quack), and then took child to private doctor.
(Shravasti-UP)

Whenever we feel something, we apply balm and give syrup which is kept at home so she gets better. If she doesn’t get better with
home remedy then we take her to the doctor. | don't go outside the house so how do | ask the ASHA or the ANM. | take her to the
doctor only when it is serious. (Panna-MP)

Evaluated need (health care provider perspective):

Even when the baby has cold, they bring the baby. And when the baby is making Karrrrr sound. Even when there are no symptoms
or signs also.... when they feel like there is some sound.... They bring the patient. (PHC MO, Krishnagiri-TN)

They do Jhaad phoonk, in the name of God. They do oil massage and keep them under the sun. R: They give home remedies like
asafoetida, turmeric mixed in warm milk etc so that the child gets relief. R: Sometimes the child’s condition deteriorates as they take
the child to untrained doctors. First they worsen the condition and then they tell us that we have given many medicines but there
is no relief. (FGD CHWSs, Satha- MP)

When the child is unable to breathe, they come to us mostly in that condition. Yes they keep them at home only, they give the child

oil massage at home, they go to the quacks and to magico-religious healers.If the fever is not high enough they don't consider it as
fever.. (Private Doctor, Faizabad- UP)
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Objective: To identify the risk factors for pneumonia and severe
pneumonia in children.

Design: Prospective cohort study.
Setting: Five tertiary-care teaching hospitals in India .

Participants: Children 2 to 59 months of age suffering from acute
respiratory infection (ARI).

Main outcome measures: Risk factors for the development of
WHO defined pneumonia and severe pneumonia.

Result: A total of 18159 children screened, and 7026 (39%)
children with ARI were enrolled. According to the WHO criteria,
938 (13.4%) and 6088 (86.6%) of the enrolled children had

pneumonia and no pneumonia, respectively. Out of 938 children
with pneumonia, 347 (36.9%) had severe pneumonia. On
univariate analysis, younger age, male gender and low weight for
height, were significant risk factors for pneumonia. On
multivariate analysis, one-unit increase in age in months (OR =
0.97; 95% CI: 0.97-0.98) and weight for height z-score (OR =
0.76; 95% CI: 0.72-0.79) had a protective effect.

Conclusions: Young age and undernutrition (low weight for
height/length) in children are significant independent risk factors
for pneumonia.

Keywords: Acute respiratory infection treatment unit, Under
nutrition.

cute respiratory infections (ARI) are the most

common cause of morbidity and mortdity in

children under five years of age. WHO

estimate indicates 156 million new cases of
pneumonia occurring annualy worldwide in under-five
children, with 95% of these occurring in developing
countries[1,2]. Pneumoniaaccountsfor 15% of al deathsin
under-fivechildrenglobally [3].

It is important to understand the risk factors of
pneumonia at the global, regional, and nationd levels.
Identification of risk factors is important for enhancing
insight into the etiology of pneumonia, prevention, and
adequateandtimely diagnosis[4,5].

Thereisawidevariationintherisk factorsfor pneumonia
inthe published studies. Mot of the studiesfor risk factors
of pneumonia were hospital-based and represented only a
small proportion of pneumonia cases. Few studies had
focused on the risk factors that were associated with
progression to severeor very severepneumonia[6-8].

Theidentified risk factorsfor childhood pneumoniaare
undernutrition, incompleteimmunization, useof solid fuelsin
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the houschold, over-crowding, lack of exclusive
breastfeeding, low degree of maternal education, and limited
access to secondary care. These risk factors are
characterigtics of low socioeconomic status and are inter-
related. However, due to the linear relation of these risk
factors, itisdifficult to estimatetheir individual risk [9]. To
study this problem, we conducted a large multi-center
prospective study to determine the risk factors for the
devel opment of pneumoniaand severe pneumoniain under-
fivechildren.

METHODS

This multi-centric study was part of a large prospective
cohort study that was designed to develop acuterespiratory
infection treatment units (ATUs) and assess their utility in
improving healthcare and research in pneumonia-related
morbidity and mortality inIndia. Thestudy wascarried out at
thefollowingfivedifferent sitesinIndia: i) Sher-e-Kashmir
Ingtituteof Medica Sciences(SKIMS), Srinagar; i) All India
Ingtitute of Medical Sciences (AIIMS), Jodhpur; iii) All
Indialngtitute of Medical Sciences(AlIMS), Bhubaneswar;
iv) Karnateka Ingtitute of Medica Sciences (KIMS),
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Hubbali; and v) MP Shah Medica College, Jamnagar. All
India Institute of Medical Sciences, New Delhi, was the
coordinating center for the study. Ethical clearance was
taken from theingtitutiona ethical committeesfrom all the
study sites.

Previoudly healthy children of either gender, 2 monthsto
59 months of age attending the Pediatrics outpatient
department were recruited over 24 months (June, 2016 to
May, 2018), with ARI — defined as any cough and/or
breathing difficulty, for lessthan 2 weeks[10]. Childrenwith
any of thefollowing wereexcluded fromthestudy, a) Petients
with chronic respiratory diseases (such as asthma, cystic
fibrosis, bronchopulmonary dysplasia, airway anomalies),
diagnosed in a hedth care facility; b) Patients with
congenital heart disease (suspected based on the history of
the suck-rest-suck cycle and cyanosis) — confirmed by
echocardiography or presence of murmur; ¢) Patients with
GERY/ recurrent aspirations (based on the history of choking
or coughing whilefeeding or barium swallow/GER scan); d)
Known or suspected HIV positive/ immunocompromised
patient — based on the history of recurrent, documented
multisite infection or on immunosuppressive therapy; €)
Place of residence outside the city where the study site is
based; f) Unable to attend follow up; g) History of
radiol ogically confirmed pneumoniainthelast 2 months; h)
Terminally sick children - impending respiratory failure,
cyanosisat roomair and shock.

Thestudy wasinitiated after clearance by therespective
Ethics Committees of all five study sites. All children who
fulfilled the case definition of ARI [10], wereenrolled inthe
study after writteninformed consent from parentsor legally
authorized representative. Children were assessed for a
history of cough or breathing difficulty by counting
respiratory rateand presenceof chestindrawing by atrained
study staff nurse under the supervision of the doctor. A
detailed clinical history and examination findings of the
enrolled patient wererecorded on apre-designed caserecord
form beforeany radiol ogical investigation. An X-ray film of
the chest was abtained in every fifth child assessed to have
ARI.

The outcome variablewasthe diagnosis of pneu-monia
defined by WHO criteria[11] ascough or difficulty breathing
and age-specific tachypnea (>60 breaths per minute for
childrenlessthan 2 monthsof age, >50 breathsper minutefor
children 2-11 months of age and >40 breaths per minute for
children 1-5yearsof age). Severe pneumoniawasdefined as
oxygen saturation <90%, severe respiratory distress,
inability to drink or breastfeed or vomiting everything,
altered consciousness, and convulsions [11]. Variables
examined asrisk factorswere age, gender, nutritional status,
and immunization status.
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Satigtical analysis: Data were recorded on a pre-designed
proforma and managed on an Excel spread-sheet. All the
entrieswere doubl e-checked for any possibletypographical
error. Data anaysis was performed using STATA 11.0
(STATA Corp). Categorica variableswere analyzed using
both absoluteand rel ativefrequencies; continuousvariables
were analyzed based on the median. Pearson chi-squareand
Fisher exact tests were used to compare the categorical
variables. Numerical variables were analyzed using the
nonparametric Mann-Whitney U test. The odds ratio with
95% CI werecal culated for risk factor for pneumoniawhich
were identified as those with P <0.05 in the univariate
analysis. They were selected for inclusion in a stepwise
forward logigtic regresson modd to determine the
significant independent risk factorsfor pneumonia. z-scores
for weight and height for age were cdculated using WHO
Anthroplussoftware[12].

RESULTS

A total of 18159 children were screened, and 7026 (39%)
children (4251 boys) with ARI wereenrolled. Among them,
938 (13.4%) and 6088 (86.6%0) had ‘ pneumonia and ‘no
pneumonia , repectively, and 347 of the 938 (36.9%) children
had severe pneumonia. Themedian (IQR) ageof theenrolled
childrenwas 23 (10,40) monthswith basdinecharacterigtics
shownin(TableI).

Therisk factorsfor pneumoniawereeval uated asseenin
(Table IT). Onmultivariateanalysisone-unitincreasein agein
months(OR=0.97; 95% Cl: 0.97-0.98) and weight for height
(OR =0.76; 95% ClI: 0.72-0.79) led to a decreased odds of
developing pneumonia. Therefore, younger age and low
weight for height were considered as an independent risk
factor for pneumonia. Inthecaseof Hibvaccination, positive
vaccination history increased the odds of developing
community acquired pneumonia

Therisk factorsfor devel oping severe pneumoniawere
evauatedinunivariateanaysis(Table I1I).

Table I Baseline Demographic and Clinical Characteristics
of Enrolled Children (N=7026)

Values

-0.69(-1.83,0.35)
-0.76(-2.36,0.77)
-0.29(-1.14,0.53)
-1.47(-2.13,-0.8)

Characteristics

Weight for age, z-score?

Height/length for age, z-score?

Weight for-height, z-score?

Mid-upper arm circumference, z-score?

Cough 6995 (99.6)
Fever 3998 (56.9)
Audiblewheeze 512(7.3)
Fast breathing® 715(10.2)
Chestindrawing 478 (6.8)

All values are n (%) or @median (IQR). bas per WHO criteria.
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DISCUSSION

In this multi-center prospective cohort study across five
sites in India, younger age and low weight-for-height
z-scorewereindependent determinants of pneumonia.

Younger children were more prone for pneumonia
possibly because of arelatively immatureimmune system
inyounger children[13,14]. Ma e gender wasfound to be
significantly associated with pneumonia in univariate
analysis, but notin multivariateanalysis. Similar findings
werereflectedintheearlier study [15,16]. It may bebecause
males are more vulnerable to pneumonia and are given
more preference for hospitalization. Females may have a
greater resistance due to their enhanced Thl immune
response[17]. Undernutritionisasignificant risk factor for
thedevel opment of pneumoniain children[18] asal so seen
by us. Undernutrition is associated with secondary
immunedeficiency and anincreasein therisk of infections,
including pneumonia[19,20].

Vaccination with Hib reduces the incidence of
pneumonia in children [21], unlike the results of the
present study. The possible reason may be the higher
number of viral pneumoniathan bacterial pneumoniainthe
present study as the etiology of pneumonia was not
investigated. Pneumococca and influenza vaccines are
also associated with a decrease in the incidence of
pneumonia[22,23]. Inview of very few childrenimmunized
with these vaccinesin this study, we were not ableto find
any significant association with these vaccines.

Risk FACTORS FOR PNEUMONIA

Themagjor strength of thisstudy wasthat it wasamulti-
centric study and conducted in the different geographic
areas of the country with large sample size. This study has
severd limitations. First, childrenwho did not haveARI were
not compared. Second, some potentia risk factors like
exposure to smoking, indoor environment, use of cooking
fuel werenot studied. Moreover, X-ray chest wasnot donein
all enrolled patients.

We conclude that younger and malnourished children
are a increased risk of developing pneumonia. Further
studies are required from devel oping countries considering
host factors, etiology, including viral causes, and theeffect of
vaccination to understand therisk factorsfor pneumoniaand
severe pneumoniain children. At the sametime, it isalso
important to address undernutrition in children, to reduce
pneumonia-related mortality, and ensure their growth and
development.
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Table II Risk Factors Associated With Development of Community-Acquired Pneumonia

Characteristics No pneumonia Pneumonia Pvalue? OR (95%ClI) PvalueP
n=6088 n=938

Age(mo)° 24(11,42) 15(8,25) <0.001 0.97(0.97,0.98) <0.001
Boys, n (%) 3655 (60.0) 596 (63.5) 0.04 1.12(0.97,1.29) 0.13
Weight for height/length z-score® -0.24(-0.99,0.56)  -0.77(-1.96,0.3)  <0.001 0.76(0.72,0.79) <0.001
Vaccination, n=5687

Influenza, n (%) 15(0.31) 4(0.48) 0.51

Pneumococcd, n (%) 15(0.31) 6(0.72) 0.07

H. influenzae, n (%)° 3781(77.9) 681 (81.7) 0.01 1.81(1.53,2.13) <0.001

Community-acquired pneumonia defined as per World Health Organization guideline. @Univariate analysis; PMultivariate analysis.

Table III Risk Factors Associated With Severe Community-Acquired Pneumonia

Characteristics Pneumonia Severe pneumonia P value? OR (95%Cl) P value?
n=591 n=347

Age,mo 16 (8,28) 12(7,24) 0.001 0.99(0.98, 0.99) 0.04

Male, n (%) 374(63.8) 222(63.9) 0.83 1.03(0.78,1.36) 0.82

Weight for height/length z-score -0.98(-2.2,0.26) -0.46(-1.48,0.33) 0.001 1.12(1.04,1.21) 0.002

Values are median (IQR) unless specified. @Univariate analysis; "Multivariate analysis.
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Risk FACTORS FOR PNEUMONIA

WHAT IS ALREADY KNOWN?
« Undernutrition, younger age, lack of immunization are well-known risk factors for community-acquired pneumonia
WHAT THIS STUDY ADDS?

« Risk factors for community-acquired pneumonia are reiterated through a large multi-centric study.
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Acute Respiratory Infection Treatent Unit Study Group:
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Background: Neonatal pneumonia contributes significantly to
mortality due to pneumonia in the under-five age group, but the
predictors of mortality are largely unknown.

Objective: To evaluate the clinical and microbiological charac-
teristics and other risk factors that predict mortality in neonates
admitted with pneumonia in tertiary care centres.

Study design: Prospective observational cohort study.

Participants: Term and preterm (32 weeks to 36 ©7 weeks)
neonates (<28 days of life) admitted with clinical and radiological
features suggestive of pneumonia.

Intervention: Baseline sociodemographic data, clinical details,
blood culture and nasopharyngeal swabs for virologic assay (RT

PCR for RSV, Influenza) were collected at admission and the
neonates were observed throughout their hospital stay.

Outcome: The primary outcome was predictors of mortality in
neonatal pneumonia.

Results: Five hundred neonates were enrolled in the study. Out of
476 neonates with known outcomes, 39 (8.2%) died. On
multivariate analysis, blood culture positive sepsis was
independently associated with mortality (adjusted OR 2.51, 95%
Cl1.23t05.11; P-0.01).

Conclusion: Neonates with blood culture positive pneumonia
positive are at a higher risk of death.

Key words: Burden, Early onset sepsis, Outcome, Risk Factors.

ith a mortality rate of 37/2000 live births,

India ranks among the top five nations

with high under five mortality rates.

Neonatal mortality, comprising 60% of
under-five mortality, is markedly higher than that in any
high-income group country [1]. Neonatal sepsis, the third
most common cause of neonatal deaths, has a significant
impact on long term neurodevelopment. Neonatal
pneumoniaa oneaccountsfor 2% (0.136 million) of under-
fivemortality inchildrenintheworld[2].

Though the incidence of neonatal sepsisamong NICU
admissions in our country is reported to be 14.3%, the
occurrence of neonatal pneumonia and the factors
predicting mortdity are not well studied [3-7]. Ventilator
associated pneumoniaiscommon among preterm, low birth
weight or mechanically ventilated newborns [7]. In this
study, we evauate the clinica and microbiological
characteristicsand other risk factorsthat predict mortality in
term and preterm (32 to 36 7 weeks) neonates admitted
with pneumonia, in tertiary care public sector pediatric
hospitals, catering predominantly to outborn neonates.
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METHODS

This multi-centre, prospective, cohort study, conducted in
twotertiary level public sector hospital's, included neonates
having tachypnea, respiratory distress (chest retractions/
grunting) and evidence of pneumonia on chest X-ray [8].
Neonates having meconium aspiration syndrome, or
respiratory distress developing within first 2 hours of life
and improving within 12 hours of life or those with major
congenital malformations or those admitted for >24 hours
in another hospital or received antibiotics prior to
admission, were excluded. Nodular or coarse, patchy non-
homogenous infiltrates, air broncho-gram, lobar, multi
lobar or segmental consolidation were considered as
radiological evidence of pneumonia. Eligible infants were
enrolled after obtaining consent from either parent. Blood
culture and nasopharynged aspirates was taken at
admission and case details, clinical courseand the outcome
datawererecorded in apredesigned proforma. Theclinical
staff weretrained to interpret X-rays and the diagnosiswas
made by the resident involved in study, was confirmed by a
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consultant, and the neonates were managed as per standard
treatment guidelines [9]. Echocardiography was done only
whenclinically indicated.

The primary outcome was predictors of mortality in
neonatal pneumonia. Predictors evaluated included socio-
demographic factors, materna age, materna fever, parity,
mode of delivery, theclinical featuresat admission[10] and
during the course of hospitaization as wel as
microbiological characteristics of the isolates. The
secondary outcomes included overal blood culture
positivity rate in neonatal pneumonia, the distribution of
microbiological causes, the need for higher respiratory
support and complicationsof pneumonia.

To ensure quality, the microbiological samples were
processed at a NABL accredited laboratory with an active
externa quality assessment program. Apart from this, the
unusua bacterial organisms and fungd isolates were
confirmed using MALDI TOF assay at an another NABL
accredited |aboratory. Further, interlab comparison of 10%
of dl positiveand negativevira isolatesweredone. All data
collected were cross-verified by the ste investigators
periodically.

Assuming a10% prevaenceof any of thepredictors, an
oddsratio of 2.5 for mortality and amortality rate of 8% in
neonatal pneumonia[11], the number of babies expected to
die due to pneumoniawas 121. To realize this target, 1500
neonates needed to be enrolled. In view of the dow
recruitment and time constraints, an interim anaysis was
done on the data until June 2019 (353 neonates were
enrolled till then) and using the proposed predictors, the
sample size was revised to 606. Nasopharyngeal swabs
were also collected form 100 healthy term neonatesto |ook
at the pattern of asymptomatic viral colonisation.

The study was approved by the individua ethics
committeesof the participating hospitals.

Satistical analysis. Comparison of categorical variables
was done by Chi square test, while continuous variables
were compared using Student t-test. Risk ratio along with
95% CI was presented. Univariate and multivariate binary
logistic regression anadysis was performed to test the
association between possible risk factors and outcome
variables. Variables with statistical significance (P value
<0.1) in univariate andysis were used to compute
multivariate regression anaysis. Adjusted odds ratio with
95% Cl wascalculated, taking P value< 0.05 asstatistically
significant. All statistical anaysiswas done on IBM SPSS
verson22.

RESULTS
Out of atota of 915 eligible neonates, 500 were enrolled
(Fig. 1). The mean (SD) birthweight of the neonates was
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2635.16 (533) g with 8 (1.6%) being very low birthweight
(VLBW). The mean (SD) gestational age was 37.29 (1.9)
weeks, with 130 (25%) being preterm. Most of the families
(52%) belonged to upper lower socioeconomic class
followed by lower middle socioeconomic class (41.7%).
Out of 476 neonates with known outcomes, 39 (8.2%) died.
The comparison of parameters between surviving and non-
surviving neonates is shown in Table I. There were
significantly higher proportions of VLBW and preterm
neonates in the non-surviving group, compared to
survivors.

Onset of symptoms occurred at a mean of 5.6 days of
life in the neonates who died, compared to 12.5 days in
those who survived [mean difference 6.9 (95% CI 3.7, 10);
P<0.001]. The most common presenting symptom was
difficulty infeeding seenin 219 (46%)] neonates, followed
by fever, noted in 110 (23%) of the neonates. The most
common sign was tachypnea, mean (SD) respiratory rate
being 63.7 (6.8) breaths per minute and the median
Silverman Anderson scoreat admissionwas4 (IQR 3,6). At
admission, 302 (60%) neonates required oxygen, with 143
(28%) being started on CPAP, and 55 (11%) requiring
intubation. The comparison of clinical features and course
between surviving and non-surviving neonatesis shownin
Table Il

While blood culture positivity rate was significantly
higher among neonates who died, vira isolates in the
nasopharynx was significantly higher among survivors,

Eligible neonates (n=915) |

No. of neonates excluded 415
Received prior antibiotic 329

—| Meconium aspiration 3
Chest X- ray negativefor pneumonia 75
Death prior to sample collection 8

No of enrolled neonates

n=500
No. of neonates excluded 24
—>| LAMA 20
Absconded 4

Neonatesincludedinthe
outcome analysis(n=476)

5 \J

Neonateswho Neonateswho died
survived (n=437) (n=39)

1041

Fig. 1 Study flow chart.
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Table I Comparison of Sociodemographic, Antenatal and Birth Parameters Between Surviving and Non-Surviving Neonates

Survivors (n=437) Relativerisk (95%Cl)

Parameters Non-survivors (n=39)
Birthweight (g)2¢ 2403 (622)
Birthweight >1500 g® 3(7.7)
Gestational age (wk)2 36.72(2.69)
Preterm birth 16 (41.0)
Malegender 32(82.0)

Vaginal delivery 21(53.8)
Primigravidamother 38(97.4)
Antenatal visits? 4(3,4)

Maternal feverd 1(2.6)

Apgar score (1 min)P 5(5,5)

Apgar score (5 min)f 8(8,9)

Weight at admission (g)2¢€ 2382.44 (628.47)
Ageat admission (h)&€ 136.46 ( 173.07)
Hospital stay &9 5.9(6.8)

2639 (515) 235.6(63.4,407.8)°
5(1.1) 6.29 (1.88, 21.07)
37.29 (1.93) 0.88(0.77, 1.01)
111 (25.4) 1.91 (1.04, 3.50)
331(75.7) 1.42 (0.65, 3.14)
218 (49.9) 1.14(0.61, 2.14)
382 (87.4) 4.99 (0.69, 36.32)
3(34) 0.95(0.76, 1.19)
11(2.5) 1.07 (0.15, 7.79)
5(5,5) 0.81(0.54, 1.19)
8(8.,8) 0.65 (0.47, 0.89)
2691.68 ( 569.66) 309.12 (120.6, 497.6)°
301.67 (232.74) 165.2 (90.03, 240.3)°
7.81(5.6) 1.9(-0.02, 3.84)

Values in n (%),2mean (SD) or Pmedian (IQR). mean difference (95% Cl). 9maternal fever within 1 week prior to delivery. €P<0.001, fP=0.007,

9P=0.05.

RSV B being the most common. (Table III). Overall blood
culture positivity ratewas 19.2%, Gram negative organisms
wereisolated in 45 (47%) and Gram-positive organismsin
23 (24%) neonates. Klebsiella was the commonest
organism isolated and was seen in 22 neonates (23%).
While 27 (28%) neonates showed fungal growth with
Candida species, 190 (38%) neonates were positive for
viral PCR. Among 100 healthy term neonates, 7 werefound
to have asymptomatic vira colonisation (Influenza B — 5,
HAIN1-1, bothinfluenzaA and B -1)

On multivariate anaysis, positive blood culture
(adjusted OR 2.51, 95% Cl 1.23 to 5.11; P=0.01) emerged
as the independent predictor of mortality in neonates with
pneumonia.

DISCUSSION

Inthisstudy the mortality rate dueto neonatal pneumonia
wasfound to be8.2%. Theblood culture positivity wasan
independent predictor of mortality, though the type of
organism did not affect mortality. The mortality rate is
less than that reported (12%) in the multicenter national
neonatal perinatal database report [11]. In the DeNIS
cohort [3] though the overall blood culture positivity
among neonates with pneumonia was almost similar to
our study (15% vs 19%, respectively), the mortality rate
was |lower (45% vs 16%, respectively) and was probably
due to differences in inclusion criteria and the higher
prevalence of multidrug resistant organisms. In the
present study, 50% of the bacterial isolates were Gram
negative, Klebsiella being the commonest organism
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reflecting community prevalence. On the other hand,
two-third of the culture positive isolates were Gram
negative in DeNIS study, Acinetobacter being the
commonest isolate [3]. Sreptococcus pneumoniae,
increasingly found in possible serious bacterial infections
(pSBI) among young infants, has been reported to
contribute to mortality [12]. However, we did not isolate
any S. pnemoniae, possibly due to inherent difficulty in
isolating in blood cultures and the need for additional
techniques. The overall microbiological yield was 53%,
which is double than that reported in community-
acquired serious bacterial infections[12].

The incidence of community-acquired fungal
pneumoniain our cohort, confirmed by molecular diagnosis
(MALDI TOF), was very high (25% of culture positive),
compared to other studies [3,12], athough this did not
trandateinto higher mortality. Thisisintriguing as none of
the neonates received any antibiotic nor were admitted in
any hospital prior to enrolment.

Theviral positivity ratein our study (38%) wassimilar
to that of a community-based surveillance study (42%)
involving infantswith respiratory illnessfrom Bangladesh,
but neonatal pneumonia congtituted only 11% in their
cohort [13]. Severa hospital based studies in neonates,
from Asia, have reported 30% incidence of vird lower
respiratory tract infections, especially dueto RSV [14]. The
in-hospital case fatality rate of viral pneumoniawas 0.2%
which is significantly lower than the reported incidence in
LMIC countries[5-3% (95% Cl 2-8t0 9-8)] possibly dueto
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Table II Comparison of Clinical Features and Course of Illness Between Surviving and Non-Surviving Neonates and Survivors

Parameters Non-survivors (n=39) Survivors (n=437) Relativerisk (95%Cl)
Cough 2(5.13) 65 (14.87) 0.34(0.08, 1.40)
Running nose (cold) 1(2.56) 38(8.7) 0.29(0.04, 2.15)
Fever 7(17.95) 103 (23.57) 0.73(0.32, 1.66)
Breathing difficulty 33(84.62) 398 (91.08) 0.58(0.25, 1.39)
Apnead 5(12.82) 14(3.2) 3.35(1.31,857)
Coldtotouch® 7(17.95) 26 (5.95) 2.99 (1.32,6.79)
\omiting 4(10.26) 32(7.32) 1.43(0.51, 4.02)
Diarrhea 0 6(1.37) -
Feeding difficulty 22 (56.41) 197 (45.08) 1.53(0.81, 2.88)
Seizures? 8(20.5) 33(7.6) 2.74(1.26, 5.97)
Movement only with stimulation® 10 (25.64) 46 (10.53) 2.58(1.26, 5.29)
Heart rate>180/min 4(10.26) 46 (10.53) 0.96(0.34,2.71)
SASscore®P 5(4,6) 4(3,5) 1.278 (1.054, 1.550)
Grunting 26 (66.67) 226 (51.72) 1.77 (0.91t0 3.45)
CFT>3seconds 5(12.82) 48 (10.98) 1.19(0.47,3.04)
Temp>37.5°C 4(10.2) 101 (23) 0.40(0.16, 1.03)
Temp<36.5°C 4(10.26) 17(3.89) 2.48(0.88, 6.99)
Cyanosis® 8(20.51) 16 (3.66) 4.71(2.16, 10.24)
SpO2< 90% 23(59) 205 (46.9) 1.56 (0.84, 2.88)
Bulging anterior fontanelle 2(5.13) 23(5.26) 0.91(0.22,3.78)
Lethargy 18 (46.15) 150 (34.32) 1.56 (0.83,2.94)
Abdominal distension? 6(15.38) 22(5.03) 2.95(1.24,7.05)
Hepatomegaly 4(10.26) 51(11.67) 1.19(0.47,3.04)
Morethan one skin pustule 1(2.56) 1(0.23) 6.55 (0.90, 47.73)
Respiratory support at admission

Oxygend 14 (35.9) 272 (62.24) 0.37(0.19, 0.69)
Intubation® 16 (41.03) 38(8.7) 6.28(3.06, 12.86)
CPAP 9(23.08) 127 (29.06) 1.36(0.6, 3.14)

Valuesin (%) or 2median (IQR). °P=0.01; ¢P<0.001; P=0.002. CPAP: continous positive airway pressure; SAS Slverman Anderson score.

Table III Comparison of Microbiological Parameters Between Surviving and Non-Surviving Neonates

Parameters Non-survivors (n=39) Survivors (n=437) Relativerisk (95%Cl) Pvalue
Blood culture positive 15(38.4) 78 (17.8) 2.63(1.38-5.01) 0.003
Gram positive 251 20(4.5) 0.52(0.12- 2.25) 0.38
Gram negative 8(20.5) 38(8.7) 0.49(0.06-3.71) 0.49
Fungal 5(12.8) 20(4.5) 1.46(0.41-5.12) 0.56
Viral PCR positive 4(10.3) 177 (40.5) 0.18(0.06 - 0.525) 0.001
RSV B 3(7.7) 118 (27) 0.24(0.07- 0.79) 0.01

Valuesinn (%). RS: respiratory syncytial virus.

better management in tertiary care centers[15]. Moreover,
neonateswith vira pneumoniahad higher body weight and
presented at alater agein the neonatal period, which could
possibly explain better outcome., The most common viral

isolate in the present study was RSV, consistent with the
global burden, but unlike the usua pattern, type B strain
was dominant, which could be another reason for better
survival [14-16].
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WHAT IS ALREADY KNOWN?
¢ Predictors of moratality in neonatal pneumonia are largely unknown.
WHAT THIS STUDY ADDS?
« Blood culture positivity independently predicts mortality in neonatal pneumonia.

« High prevalence of RSV B and Candida was seen in neonatal pneumonia.

The symptomsand signsused in our study weresimilar
to those in integrated management of neonatal and
childhood illness (IMNCI) and young infant study [17,18].
Though they have been shown to predict the occurrence of
pBSl, our data failed to show their association with
mortality.

The strength of our study was the use of a very strict
case definition, which, to the best of our knowledge, isthe
first and largest of itskind. The limitation of the study was
theinability to enroll theoriginally planned 1500 neo-nates,
due to logistic constraints. Other etiologica agents like
Mycoplasma, Chlamydia, and Pneumococcus requiring
specid techniques for isolation, were not evaluated. The
investigatorsinvolved in the inter-pretation of X-rayswere
not blindedto clinical features.

In conclusion we found blood culture positivity in
neonatal pneumonia as an independent predictor of
mortality. The role of fungus in community acquired
neonatal pneumonia needs further exploration and thereis
need to be vigilant and consider early antifungal therapy
especialy in those who do not seem to respond. The high
incidence of viral pneumoniasin our study emphasizesthe
need to consider nasopharyngeal swab in the neonatal
pneumoniawork up. Vaccination against RSV immediately
after birth may beapotentia strategy tolower the burden of
neonatal pneumonia. [19]
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Background: Improving health education of the mother by
providing community-based interventions is known to help control
pneumonia.

Objective: To determine the effect of behavior change
communication (BCC) activities for mothers in reducing the
incidence of childhood pneumonia.

Design: Open-label cluster randomized controlled trial.
Setting: Urban slums and villages in two districs of Maharashtra.

Participants/Cluster: Under-five children and their mothers from
households in the randomly selected 16 clusters out of total 45
clusters, stratified into Pune and Sangli districts and further into
rural and urban areas before randomization.

Intervention: Three forms of BCC activities were imparted, viz.,
interactive sessions of education using pictorial mothers’ booklet,

screening of a audio-visual film, and virtual hand wash
demonstration and use of flashcard. Routine care under the
National health program was provided by the Accredited Social
Health Activists (ASHA) workers in both the arms.

Outcome: The primary outcome was pneumonia as per the
IMNCI criteria assessed during fortnightly visits of the ASHA/
anganwadi workers to the houses of under-five children, who
received at least one follow-up visit in a period of one year.

Results: The incidence of pneumonia in 1993 and 1987 under-
five children in the intervention and control arm was 0.80 and 0.48
episodes per child per year, respectively (P=0.03).

Conclusion: BCC for mothers is not sufficient to reduce the
incidence of childhood pneumonia.

Keywords: Community intervention, Health education, Mothers,
Surveillance.

Trial Registration: CTRI/2017/12/010881

eumonia is one of the commonest cause of
nder-five mortality [1] with estimates showing
that 23% of global pneumonia cases (around 43
million cases) occur inIndiaannually [2,3]. Lack
of exclusive breastfeeding, under-nutrition, low birth-
weight, overcrowding, lack of immunization and poor
healthcare-seeking behavior are afew of theleading risk
factorsfor pneumoniain Indiaand other low and middle-
income countries (LMICs) [4,5]. Only one in five
caregivers in the developing world know the two key
symptoms of pneumonia-fast and difficult breathing [6,7].
One of the recommended critical activitiesinWHO’sand
UNICEF's Globa Action Plan for the Control of
Pneumoniaand Diarrheaisimproving health education of
the mother by providing community-based interventions
(CBI) [8,9]. Our study was conducted to determine the
effect of behavior change communication (BCC) activities
directed at mothersin reducing theincidence of childhood
pneumonia.
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METHODS

An open-label cluster randomized control tria was
conducted between December, 2015 and March, 2018 in
Pune and Sangli districts of Maharashtrain the urban and
rural field practice areaof two medical colleges. Approval
wasobtained fromingtitutional ethicscommittee, and written
consent from the mothers was obtained prior to the
enrolment.

Based on the reported incidence of childhood
pneumonia of 0.2-0.5 per child per year in under-five
children[10], and assuming the coefficient of variation (k) to
be 0.4, the sample size was calculated as 15 clusters.The
study enrolled sixteen clusters to cover for unforeseen
eventudlitiesprecludingthe BCC activitiesinany cluster.

A cluster was defined as one of the 45 notified dumsor
revenuevillagesinthefield practice areaof thetwo medical
colleges. Thed5digibleclusterswerefirst sratified intotwo
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districts, further into urban and rural clusters, urban clusters
were stratified based on the East or West. Therural clusters
were dtratified based on the primary hedlth center (PHC).
These clusterswere then randomized in to intervention and
control arms, based on acomputer-generated randomization
schedule and two clusters per site were randomly selected,
thus 16 clusterswereincluded. Participantswereunder-five
children and their mothers from the households in the
selected clusters(Web Fig.1).

Familiesresiding for more than six monthswith under-
five children wereincluded in the study. All the under-five
children and their mothers (including expectant mothers)
were enrolled as study participants. Fig. 1 shows the
participant flow diagram. The new births were enrolled
throughout thetrial period ensuring that they receiveat least
nine months of surveillance. We excluded those children
who completed five years of age during the surveillance
period fromfurther visits. All the children who had received
atleast onefollow-up visit wereanayzed. Theliteracy status
of themother wasreported asper the censusdefinition[11].
Ventilation status of the house was assessed using the
availability of per capitafloor space[12]. Dueto the nature
of the intervention provided, alocation concealment and
masking werenot possibl e after randomization.

The total study period included the following phases:
preparatory (2 months), baseline survey and enrollment (3
months), intervention (4 months), and surveillance (12
months).

The componentsof theBCC activitiesfor themothersin
theintervention arm consisted of imparting knowledge about

| Assessed for dligibility (n=3973)

BEHAVIOR CHANGE COMMUNICATION FOR PNEUMONIA

child feeding, including the importance of feeding of
colostrum, exclusive breastfeeding till six months of age,
gradua introduction of food from the age of six months,
causes of malnutrition among children, the importance of
taking weight and plotting of growth chartsin anganwadi;
imparting knowledge about steps to prevent pneumoniain
their children, such ascompleteimmunization, prevention of
indoor air pollution, the practice of cough etiquettes; hand
hygiene including occasions and steps of hand wash; and,
providing information about the signs and symptoms of
pneumonia.

The BCCinterventionwasadministered by trainedfield
supervisorsto aninvited group of 8-10 mothersat atime, in
aninteractivemanner using avalidated mothers' booklet, and
a hand wash demonstration. The second BCC activity was
imparted by screening an audio-visua filmfor alarger group
of 15-20 mothers and virtud hand wash demonstration.
These two BCC activities were separated by a gap of two
months. ASHAs and anganwadi workers were involved in
planning and coordinating the BCC activities, thereby
ensuring maximum cooperation of the mothers. The third
BCC or continued intervention, through the house-to-house
visit, wasdonethreemonthsafter thesecond BCC activity by
using flashcards. A total of eight trained field supervisors
were involved in imparting the BCC activities, under
supervision of the siteinvestigators. Routine care under the
national health program was continued in both the arms of
thestudy.

The primary outcome wasthe incidence of pneumonia.
Trained doctors confirmed the episode of pneumoniausing

| Excluded since declined to participate (n=212) |

Randomized (n=3671)
| |

Allocation

|

| Allocated to control group (n=1924)

Allocated to intervention group (n=1747) |

Follow-Up

Added dueto birth (n=255)
Lost to follow-up (uncooperative) (n=9)

Added dueto birth (n=71)
Lost tofollow-up (uncooperative) (n=8)

Received at |east onefollow up visit
and analyzed (n=1993)

Received at |east onefollow up visit
and analyzed (n=1987)

Fig. 1 Study flow chart.
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WHO Integrated management of neonatal and childhood
illnesses (IMNCI) guidelines [13]. The outcome was
assessed by fortnightly visits conducted for one year by the
respective ASHAS of each cluster, except in Pune (urban),
whereanganwadi workersenquired about the current status
of the child’s health from the mother during the house-to-
house surveillance visits. For labeling a new episode of
pneumonia in the same child, a symptom-free period of a
minimum of 14 dayswas considered essential, otherwise, it
was presumed to be continuation of the preceding episode
[14]. Besides, information about other illnesses and death
among under-five children was collected by the field
SUpervisors.

Quality checksweredonerandomly by siteinvestigators
and field supervisors. Site investigators conducted once-a-
week field visits or as and when a case of pneumoniawas
suspected. For dataentry, thecritical fieldsin thetoolswere
identified as a proxy to completeness and accurecy —
discrepancy up to 0.1% and 1%, respectively were
considered acceptable. Additionally, alternate forms were
physically cross-checked for discrepancies related to data
entry.

Satigtical analysis: Intention to treat analysis was done to
analyze the incidence of pneumonia (as episodes per child
per year follow-up) intheinterventionand control arm. The
relative risk was caculated to compare the incidence
betweentwo arms. Pvalue<0.05wasconsdered statistically
sgnificant.

RESULTS

Sixteen clusters were randomly selected out of the 45
clusters, eight wereintheinterventionarm, and eight werein
the control armi.e., four in each urban and rural area of the
two districts. The under-five children enrolled in the
interventionarmwere 1747 (20.1% aged <1 year) andinthe
control arm 1924 (20.8% aged <1 year) (Fig. 1). A total of
39391 fortnightly follow-up visits were conducted in
intervention and 40 288 in the control arm during one year.
Basdline household and other demographic characteristics
weresimilar between the armsexcept for higher uncleanfuel
usein control arm (20.1% vs 10.3%; P<0.05). Information
related to the child was obtained from the mothers i.e,
exclusive breast feeding for children between 6-12 months,
primary immunization for children between 12-24 months,
birthweight for children upto 6 monthsof ageetc., hencethe
denominators varied as per the number of mother-child in
that group (TableI).

There were atotd of 5505 episodes of illnessesin the
intervention arm and 6436 episodesin the control arm. Of
these, there were 44 and 31 episodes of pneumoniain the
intervention and control arm, respectively, constituting an
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Table I Baseline Characteristics of Households and Under-
Five Children Enroled in the Study
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Characteristics Interventionarm Control arm
n=1448 n=1374
Household characteristics
Joint family 871/1448 (60.2) 812/1373 (59.1)
Hindureligion 1278/1448 (88.3) 1166/1374 (84.9)
SC/ST caste 387/1448 (26.7) 333/1374 (24.2)
Literate mother 1295/1367(95.7)  1334/1413(94.4)
Overcrowding? 906/1444(62.7) 839/1371 (61.2)
Inadequate ventilation? 1349/1408 (95.8) 1289/1315 (98.0)
Smoking indoor 33/1442 (2.3) 52/1368 (3.8)
Unclean fuel® 149/1448(10.3) 277/1374(20.2)
Child characteristics  n=1747 n=1924
Malesex 925/1747(52.9) 1014/1924(52.7 )
Age(y)? 2.38(1.36) 2.39(1.37)
Birthweight (kg) 2.51(0.61) 2.72 (0.60)
(n=293) (n=371)
Received colostrum®  313/330 (94.8) 333/370 (90.0)
Exclusivebreast- 86/172 (46.0) 111/249 (44.4)
feedingtill 6 mo 309/335 (92.2) 296/304 (97.4)
Fully immunized
Nutritional statusof the child9
Wasting 295/1678 (17.5) 309/1852 (16.7)
Stunting 720/1685 (42.7) 916/1878 (48.8)
Undernutrition 565/1693 (33.3) 694/1864 (37.2)

Date presented as number/total number (%). @Number of family members
per room criteria was used; PInadequate ventilation was defined as
households with less than 100 sg. ft. of floor area per person with, or
without a fan; Unclean fuel included biomass, coal stove, stove with
kerosene for cooking purposes for most of the days of the week by the
household; 9This informationwas collected from mothers of infants upto
one year of age only to remove the possibility of recall bias, and the
intention was to assess the most essential i.e., primary immunization;
€ nformation was analyzed for infants between >6 mo to one year of age
only; flmmunization information was analyzed for children with cards
and aged between 12-23 months. 9WHO classification was used; results
presented for <-23D. Child characteristics are based on children
enrolled during baseline phase only.

incidence of 0.80 and 0.48 episodes of pneumoniaper child
per year, respectively in the two arms [RR (95% CI) 1.66
(1.05-2.62); P=0.03]. Threechildrenintheinterventionand
two inthe control arm had two episodes each. Therewasno
caseof severe pneumoniaand very severe disease. Twenty-
six (59.1%) episodes in inter-vention arm and 21 (67.7%)
episodesin control arm werereported inboys[RR (95% Cl)
0.87(0.62-1.23); P=0.77]. For 93.2% of pneumonia
episodesin theintervention arm, children weretakento the
health care provider asthefirgt action, in contrast to 54.9%
from the control arm [(RR (95% ClI) 5.06 (2.58 to 9.92);
P<0.001)] (Table II). None of the children required
hospitalization for pneumoniain both thearms. Therewere
two deaths reported in each study arm, unrelated to
pneumonia. Thenumber of pneumoniaepisodeswashighest
inthewinter season (51%).
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Table II Episodes of Common Illnesses in the Intervention and Control Groups

IlInesses/action taken Interventionarm, n=1747 Control arm, n=1924 RR(95% Cl) Pvalue
Number of Incidence Number of Incidence
episodes (per child pery) episodes (per child pery)
Total illness episodes 5505/39391 13.98 6436/40288 15.97 — —
documented /total visits
Pneumonia 44 0.80 31 0.48 1.66 (1.05t02.62) 0.030
Cold/cough 2738 49.74 2770 43.0 1.15(1.11t01.20) <0.001
Diarrhea 128 2.32 242 3.76 0.62 (0.50t0 0.76)  <0.001
Vomiting 52 0.94 88 1.37 0.69 (0.491t0 0.97) 0.03
ContactingaHCP? 41/44 - 7/31 - 5.06(2.57t09.92) <0.001

Symptoms were assessed from mothers of the children,only pneumonia was diagnosed using IMNCI criteria. #Contacting a health care provider as

afirst action taken in case of pneumonia episodes.

Out of al theepisodesof illness, diarrheacontributed to
2.32 and 3.76 episodes per child per year intheintervention
and control arm, respectively (P <0.001).

DISCUSSION

Our study shows that the incidence of al illnesses taken
together, was significantly lesswith BCCintervention. The
low incidenceof pneumoniain boththearmsof thestudy was
comparable to that reported in South East Asian countries
[10,13]. This low incidence may reflect the fact that
Maharashtrahasbetter health indicators, compared to other
statesof India[14]. A three-year follow-up study completed
in2008inaSouthern state of Indiareported anincidencerate
of 0.4 (95% CI=0.3-0.7) initsfirst year [15]. However, the
incidence of pneumoniain the current study was higher in
children less than one year of age compared to thosein 1-5
year age group, similar to the findings reported by other
studies[16,17].

Likeother studies, thefortnightly follow-upvisitsinthe
current study, for one calendar year, took into account the
seasona variation in the incidence of pneumonia[18,15].
Possibly, amore extended follow-up period or revisiting the
clustersafter agap of two yearsmight berequired to observe
benefits from these activities on health outcomes [19].
Though the WHO IMNCI tool for confirming pneumonia
lacks specificity, it is the best measure of reporting
pneumonia in children under five years of age [20]. The
possibility of overdiagnosisof pneumoniaby non-physician
healthworkers was addressed by confirmation of these
episodes by an expert. The seasonal trend of pneumoniain
the current study was similar to those reported by other
studies[15,21,22].

The care-seeking pattern for illnesswas similar in both
groups with the commonest healthcare provider contacted
being private practitioners. These findings are smilar to
other studies in India [23-26]. The current study reported
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fewer hospital admissionsfor pneumoniacompared to other
studiesinIndia[15]. It may bedueto early casedetectionand
ambulatory management of pneumonia. Another study from
Indiahad concluded that trust in the public health system is
essential for making the community-based pneumonia
management program successful [27].

The overal morbidity and diarrhea episodes during
follow-up were less than other studies in India [20]. The
incidence of pneumonia was dightly higher in the
intervention than the control arm, probably reflecting higher
reporting by mothersabout illnessepisodeintheir childrenin
the intervention arm than in the control arm. There were
significantly fewer diarrheaepisodesintheinterventionarm
thaninthecontrol arm.

Thecurrent study hasthe potentia for generdizability as
the community health workersi.e., ASHA and anganwadi
workers, were involved in surveillance visits. Routinely,
ASHA and Anganwadi workers ddiver incentive-based
maternal and child health - related work, but inthistrial, they
received surveillance-related training, enabling them to
timely identify sicknessinachild asrecommended by WHO
[28]. It adso helped to gain cooperation from mothers and
other family members. However, externa validity islimited
to states with similar hedth parameters. BCC may be
valuablein stateswith high under-fivemortality, but further
studiesneed to be conducted in these states. Thelimitation of
the present study was arelatively short follow-up duration,
which may be inadeguate to observe the impact of BCC
activities.

BCCaoneisunlikely to beeffectivefor thereduction of
theincidence of pneumonia. Thereductionintheincidence
of pneumonia is influenced by factors such as economic
status, birthweight, overcrowding, joint family, typeof fuel,
etc. So, intervention in the form of BCC activity may need
support of additiona strategies to reduce the incidence of
pneumonia
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pneumonia in under-five children.

WHAT IS ALREADY KNOWN?

« Behavior change communication (BCC) interventions, alongwith efforts towards improving the immunization
status of children and breastfeeding promotion, are documented to be efficient, cost-effective, and sustainable
interventions in reducing the burden of childhood pneumonia.

WHAT THIS STUDY ADDS?

* BCC intervention alone, aimed towards mothers, was not found to be sufficient to reduce the incidence of
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Objectives: To evaluate the correlation between the Respiratory Index of Severity (RISC)
scoring system and the World Health Organization (WHO) interpretation of chest
radiographs, and to evaluate the RISC scoring system in the diagnosis and assessment of
severity of pneumonia in children against chest X-ray. Methods: 241 children presenting to
a tertiary care center with a clinical diagnosis of pneumonia that necessitated a chest
radiograph to be taken, were enrolled. The RISC scoring was done for all participants by a
single pediatrician and chest X-ray graded by a single radiologist as per the WHO
interpretation of chest radiographs. Results: There was a statistically significant positive
correlation (P=0.02) between the two scores. RISC score of >1 had a sensitivity of 80.3%,
and score >3 had a specificity of 88.3%, positive predictive value of 61.3% and negative
predictive value of 76.8% for diagnosis and to predict severity of pneumonia. Conclusion:
In a resource-limited setting, RISC scoring can be used to diagnose and predict the severity
of childhood pneumonia.

Keywords: Community-acquired pneumonia, Severity, X-ray chest.

he Respiratory Index of Severity (RISC) scoring

was formulated in South Africa to provide a

standardized means of quantifying severity of

respiratory illness among children during
epidemiologic studies[1]. Thisscore hasanegative score
for wheezing, which potentially excludes children with
wheezing, a probable drawback of the Integrated
Management of Childhood IlIness (IMCI) developed by
theWorld Health Organi zation (WHO).

The gold standard for diagnosis of pneumonia is the
chest X-ray (CXR). Inan attempt toimprovetheconsistency
of CXRinterpretation between epidemio-logical studies, the
WHO sandardized the interpretation of CXRs for the
diagnosis of pneumonia in children [2,3]. The CXR
interpretation exercise was done and vaidated under WHO
[4]. If theRISC scoring system correlateswel | with CX R, this
scoring system could be of use in resource-poor settings
where CXRisnot routinely available. Theaim of the study
was to evauate the correlation between the RISC scoring
system and the WHO interpretation of chest radiographs. It
also aims to evaluate the RISC scoring system in the
diagnosis and assessment of severity of pneumonia in
childrenby vaidatingit against the CXR.

METHODS

This descriptive study was undertaken at a semi-urban
tertiary carehospita in Indiafrom 1 February, 2018to 31 duly,
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2018. The study was approved by the institutional ethics
committee and informed consent from parents was taken
prior to enrollment. Consecutive patientsaged 1 monthto 12
years, who visited the pediatric OPD and/or got admitted in
thepediatricward with aclinica diagnosisof pneumoniaby
the treating doctor, and which necessitated a chest
radiograph to betaken, wereenrolled for thestudy. Exclusion
criteria were subjects with documented congenital heart
disease, chronic respiratory illness, congenita lung
problems, immunosuppressive conditionsor knownto have
neuromuscular disorders with  respiratory system
involvement.

For calculation of samplesize, prevaenceof lower acute
respiratory infection was taken as 28% [5]. At significance
level of 5%, with 20% relative precision, and power of the
study 80%, sample sizewas calculated as 240. To allow for
potentia recruitment failurerate, 285 childrenwereassessed
for digibility for enrollment inthestudy.

A detailed history was taken and respiratory system
examination donefor al subjects, and RI SC scoring for HIV
non-infected children [1] was done by the principa
investigator. Variablesinthethe RISC scorerepresent known
risk factors for severe outcomes of pneumoniain children,
withamaximum scoreof 8 points.

CXR scoring wasdone by asingleradiologist, asper the
WHO interpretation of chest radiographs[2,4] .
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Satigtical analysis: Analysiswas done using Spearman rho
(R) correlation to assessthe correl ation between RI SC score
and WHO CXR score. We divided the children into two
groupsby usingthe WHO CXR scoreof 3 (lobar pneumonia
on X-ray) as a cut off. Group A with CXR score <3 were
clinically suspected by physician but CXR was not
suggestive of pneumonia, and group B with CXR score >3,
clinically suspected by physician and also CXR suggestive
of pneumonia. By plotting the receiver operating
characterigtic (ROC) curve, we calculated specificity and
sengitivity to determine the appropriate RISC score to
diagnose and predict the severity of pneumonia. Analysis
wasdoneby Statistical Software Packagefor Socia Sciences
Verson23(SPSS23)

RESULTS

A total of 285 childrenwith physician-diagnosed pneumonia
wereassessed for digibility to beenrolledin the study (Fig.
1). Out of these, 20 wereexcluded based on exclusion criteria
and 18 were excluded asa CX R was not taken/available. A
total of 241 childrenwerefindly includedinthestudy.

Basdineclinica characteristicsarepresentedin Table 1.
Of thestudy subjects 34 (14.1%) had aRI SC score>3 and 61
(25.3%) hadaCXR score>3.

Therewasastatisticaly significant positive correlation
between RISC score and WHO CXR score (r=0.144,
P=0.025). TheROC curvewasplotted (Fig. 2). TekingWHO
CXR score of >3 (lobar pneumonia score 3) as severe
pneumonia, aRI SC scoreof >1 had asenstivity of 80.3%and
specificity of 26.1%, suggesting it is a moderate screening
test for pneumonia. A RISC score of >3 had a sensitivity of
21.3% and specificity of 88.3% for diagnosisand to predict
severity of pneumonia(Table IT).

Physician diagnosed pneumonia
assessed for eligibility

J
|£285

Excluded, n=20
* Morethan 1 episode of wheeze, n=15
* Nephrotic syndrome on steroids, n=3

* Congenital heart disease, n=2
n=265
No chest X-ray
done, n=18

n=247
RISC scoring not fully done

aschild not co-operative, n=6

Fig. 1 Study flow chart.

INDIAN PEDIATRICS

1053

DIAGNOSISAND ASSESSMENT OF SEVERITY OF PEDIATRIC PNEUMONIA

Table I Clinical Profile, Respiratory Index of Severity
(RISC) score, and Chest X-ray Score of Children With
Physician-Diagnosed Pneumonia (N=241)

Characteristics No (%)
Male 142(58.9
Age
1mo-1y 96 (39.8)
1ly-5y 112(46.5)
5-12y 33(13.7)
Symptoms
Fever 205(85)
URI symptoms 223(92)
Breathlessness 40(16.5)
Feedrefusal 219(90.8)
Immunization asper NIS 239(99.2)
Disease severity based on treatment
Outpatient treatment 90(37.3)
Admission as inpatient 140(58.1)
Pediatricintensive care unit admission 11(4.6)
CXRscore
1 141(58.5)
2 39(16.1)
3 42(17.1)
4 16(6.5)
5 3(1.2)
RISC score
1 59 (24.6)
2 148(61.2)
3 6(2.5)
4 26(10.9)
>5 2(0.8)

URI-Upper respiratory tract infection.

DISCUSSION

Therearehardly any scoring systemswhich arevaidated for
community-acquired pneumonia (CAP) in Indian children
that would have high utility in resource-limited settings. We
demonstrated astati stically signi-ficant correl ation between
RISC scoring system [1] and the WHO interpretation of
chest radiographs[2].

Limitations of the study were that RISC score is not
useful to differentiate between types of pneumoniabased on
etiology. RISC scoreis not useful to monitor resolution of
symptoms. A negative scorefor wheeze (-2) may encourage
fal se negatives. When devel oping detection tests, abaance
must be chosen between risks of false negatives and fase
positives.

Themajor scoring systemsdesigned to predict mortality
risk and serve as guides for admission in community-
acquired pneumonia(CAP) arefor adults[6], and such scores

VoLUME 58—NoVEMBER 15, 2021



PiLLAI,ETAL.

DIAGNOSISAND ASSESSMENT OF SEVERITY OF PEDIATRIC PNEUMONIA

WHAT THIS STUDY ADDS?

« In aresource-limited setting, where chest X-ray is unavailable, RISC scoring can be used for diagnosing and
predicting the severity of community-acquired pneumonia.

ROC Curve
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Fig. 2 ROC curve for Respiratory Index of Severity (RISC)
scoring systemin pediatric pneumonia.

for children are scarce [7,8]. Only the modified
predisposition, insult, response and organ dysfunction
(PIRO) scorehassofar been appliedtochildrenwith CAP[6].
Weused the RISC scorefor our study asit hassix predictors
for assessing the severity of pneumonia (hypoxia, chest
indrawing, feed refusal, wheeze, malnutrition, age) and is
easy to administer. Other risk models [9,10] are relatively
cumbersometo administer.

The WHO introduced the Integrated Management of
Childhood Illness (IMCI) to standardize and improve
treatment and thus prevent major causesof deathin children
<5years[10]. Thefirst drawback of IMCI diagnostic criteria
isof over-diagnosing pneumoniaby including childrenwith
wheezing. In our study too, 36.5% of patientshad awheeze
on presentation. However, the RISC scoring system
overcomesthishy giving anegativescorefor wheezing. The
second drawback of IMCI isamissed diagnosis, asit hasa
low sensitivity [11,12].

Hoali, et a. [13] did an external validation of RISC by
caculated classification performance measures at
thresholds of 3 and 4. Using a RISC score of 3 had a
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Table II Test Characteristics of the Respiratory Index of
Severity (RISC) Score (N=241)

Characteristics? RISC threshold RISC threshold

score>1 score >3
Sensitivity (%) 80.3 21.3
Specificity (%) 26.11 88.3
PPV (%) 259 61.7
NPV (%) 79.6 76.8
Accuracy (%) 39.8 713

aUsing CXR WHO score 3 as diagnosis of lobar pneumonia.

sengitivity of 59% and specificity of 78%. With a score
threshold of 4, the sengitivity was 32.6% and specificity was
93.1%. A median RISC scoreof 1 corresponded with arisk of
mortality of 0% (95%Cl: 0%-0.6%) inthestudy by Reed, etd.
[1]. In our study, using a RISC score of >1 had a higher
sengitivity and was a moderate screening test to predict
pneumonia.

Validation of Bacterial pneumoniascore(BPS) scorewas
donewith multiplex PCR examinationsof blood specimensby
Imilda, et d. [14]. BPS had 69% sensitivity and 60%
specificity, 42% positive predictivevalue, and 81% negative
predictive vaue. In our study, which was vaidated with X-
ray chest, a RISC score of >3 had a higher specificity and
positive predictive vaue and amost similar negative
predictive value for diagnosis and to predict severity of
pneumonia.

To conclude, we proposethat RI SC scoremay beused for
diagnosing pneumonia in resource-constrained areas to
supplement IMCI protocols. Assessment of a combination
of the two in community-based studies may provide
additional information on thisaspect.

Ethics clearance: Amda Ingtitute of Medical Sciences; No.
AIMSIEC/05/2018 dated January 22, 2018.

Contributors: KP: concept and design of thestudy; ERS: analyzed
and collected data; drafted the manuscript; TPL: anayzing data;
VKP: supervised cognitiveand behaviora assessments. All authors
approved thefinal version of manuscript, and are accountable for
all aspectsrelated to the study.
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Objectives: To investigate clinical characteristics and risk factors for atypical community-
acquired pneumonia (CAP) in children. Methods: Multiplex polymerase chain reaction and
specific IgM determination were used to detect atypical bacteria in 661 hospitalized children
aged 1-15 years with CAP. Clinical and epidemiological patterns were compared between
typical and atypical CAP. Results: Children in atypical CAP group manifested significantly
lower rates of wheezing, bronchial rales, and interstitial pneumonia and showed higher
rates of asthma history, headache, chest pain, and lobar pneumonia . Age group, season of
disease onset, asthma history, duration of symptom onset to hospital admission, and
radiological findings were the significant risk factors for atypical CAP on multivariate logistic
regression analysis. Conclusions: The clinical characteristics and risk factors can be
used to identify a child at high risk of atypical CAP.

Keywords: Asthma, Evaluation, Identification, Lower respiratory tract infection.
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hildhood pneumonia is a considerable public
heath problem worldwide [1]. Atypica
athogens are increasingly being recognized
as important causes of community acquired
pneumonia(CAP) [2-4]. Sincetheseatypical bacteriacannot
be cultured using standard methods [ 5] and microbiological
diagnosis of atypical CAP has been limited due to
inadequate laboratory diagnostic facilities in developing
countries, the clinical practice guidelines highlight the
importance of signssuspiciousfor atypical CAPinchildren
tohelp guideantibiotic selection[6,7]. However, suchsigns
have not been well defined yet. The aforementioned
problems prompted us to conduct the study to identify
clinical characteristicsof atypica CAPandtheimportant risk
factors which help pediatricians predict children with
atypica CAP.

METHODS

The study was conducted at the National Hospitad of
Pediatricsfrom July, 2010 through March, 2012. The study
proposa wasapproved by the Research Ethics Committee of
the hospital. The detailed methodol ogy hasbeen previously
reported [4]. In summary, the socio-demographic
characteristics and potential risk factors were collected on
standardized questionnaires by interviewing the patient’s
parents. After evaluating clinical manifestation and chest X-
ray, bronchoalveolar lavage and two blood samples were
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takenfromall therecruited patientsfor |aboratory diagnosis.
Multiplex polymerase chain reaction [8-10] and IgM/IgG
antibody-based enzyme-linked immunosorbent assay were
used to detect Mycoplasma pneumoniae, Chlamydophila
pneumoniae and Legionella pneumophila [4]. Of the total
722 children aged 1-15 yearswith CAP, 661 childrenwithout
mixed typica and atypica pneumonia were the study
subjects.

Satigtical analyss: Multivariate logistic regression
analyseswith backward stepwise method were performed to
test several models for identifying risk factors of atypica
CAP The finad model presented the most significant risk
factorsfor atypical CAP. Theareaunder areceiver operating
characteristic curve(AUC) wasca culated[ 11]. Thesdlection
of anoptimal threshold wasbased onthe Youdenindex [12],
and the sensitivity and the specificity of the modd were
calculated. Thenomogramfor identifying anindividua with
high risk of atypica CAP was constructed based on the
variableegtimatesfromthefind mode. A P valueof lessthan
0.05 was considered statistically significant. The statistical
procedureswereperformed using SPSSversion 16.0 (SPSS,
Chicago, USA) and Rdtatisticsversion3.5.3[13].

RESULTS

There was no datistical difference between atypical and
typical CAP in socioeconomic status except for age group
and season of diseaseonset (Web Table ).
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Table I showstheclinical and |aboratory characteristics
among childrenwith atypica andtypical CAP. Fever (or high
fever), cough, sore throat, and tachypnea were the most
common signs and not different between atypica and
typica CAP. Children showed significantly lower rates of
wheezing, bronchia breathing, leukocyte counts, and
intergtitial pneumonia and higher rates of asthma history,
headache, chest pain, and lobar pneumoniain atypica CAP
comparedtotypical CAP.

Thepotentid risk factorsfor atypica CAPwereanadyzed
using multivariate logistic regression including factors
found significant on univariate analysis. The fina model
involved the most significant risk factorsfor atypical CAP
including age group, season of disease onset, asthma
history, duration of symptom onset to hospital admission,
and radiological findings (Table II). Based on parameter
estimates of the final model, the prediction nomogram was
constructed for individualizing the probability of atypical
CAP(Web Fig.1). Thefind modd had AUC of 0.736(95%Cl

Table I Clinical Pattern and Laboratory Values in
Vietnamese Children With Pneumonia (N=661)

ATYPICAL PNEUMONIA IN VIETNAMESE CHILDREN

0.691-0.781), theoptimd cut-off valueof 17.8%, sengitivity of
79.9% and specificity of 57.0%.

DISCUSSION

The present study depicted the clinical patterns of atypica
CAP compared with typical CAP. The risk factors and
nomogram for identifying achild with high risk of atypical
CAPwerea soreported.

To date, there have not been many reports on clinica
signs suggestive of atypical CAP. In adults, the guidelines
set up parametersand criteriafor thedifferentia diagnosisof
atypical pneumonia and bacteria pneumonia based on
clinical symptoms, physical signsand laboratory data[14]. In
children, such parameters and criteria have not been well
defined yet. We previoudly reported theclinica patternsof 52
childrenwith atypical pneumoniacaused by M. pneumoniae
[15]. Inagreement with our finding, astudy in Thailand [16]
reported that |obar pneumoniawas associated with atypical
CAPin children. Age hasalso been found as an important
risk factor for atypica pneumoniain severd studies[16,17].

Thestrength of thestudy was prospectiverecruitment of
alargesampleof childrenwith CAPthrough four seasonsof

Characteristics Community-acquired pneumonia the'year. Moreover, theinvestigations combining serologic
Typical Atypical and molecular tests were performed to maximize the
(n=507) (n=154) diagnosticyield of atypical CAP. Thestudy limitationswere

— no urine test for detection of L. pneumophila antigen, and

Clinical low sensitivity and specificity of the prediction model.

Fever 476(93.9) 145(94.2)

Highfever (>38.5°C) 345(68.0) 113(73.4) ) o o )

Cough 498(98.2) 151 (98.1) Table IT Risk Factors on Multivariate Logistic Regression

Sorethroat 404 (79.7) 123(79.9) for Atypical Pneumonia in Vietnamese Children (N=661)

Tachypnea 406 (80.1) 128(83.1)  |ndependent risk factor OR (95% Cl) Pvalue

Wheezing® 392(77.3) 97 (63.0)

Moist rales 364(71.8) 98(63.6)  Agegroup

Bronchial breathing? 334(65.9) 86(55.8) 1-<2y 1.0 -

Headache® 79(15.6) 48(31.2) 2-<5y 1.50(0.96-2.36) 0.07

Chest paind 69 (13.6) 32(208)  5-<10y 5.63(3.14-10.1) <0.001

Chest indrawing® 177(38.7) 38(35.5) >10y 2.65(0.94-7.48) 0.06

Diarrhea 178(35.1) 49318)  geaeon

Skinrash 51(10.1) 24.(15.6) ,

i o Spring 1.0 -
Radiological findings Summer 0.59(0.34-1.03) 0.06
Interstitial pneumoniaPe 95(18.7) 14(9.1) Fall 0.46(0.27-0.77) 0.004
L obar pneumoniad 128(25.2) 54(35.1) Winter 0.40(0.22-0.72) 0.002
Asthm.'?\c _ 24(4.7) 24(15.6) Asthma 4.63 (2.39-8.99) <0.001
C-rea(_:tl veprotein(mg/L)2  18(6-36) 24(10-36) Radiological findings
Anemia 229 (45.2) 82(53.2) » ,

Count Interstitial pneumonia 1.0 -
Leukocytes (X 10%L)2 14(10-19) 12(85-18.5) Broncho-aveol |.t|s 2.00(1.03-3.87) 0.04
Neutrophils (%)? 58 (43-69) 56 (43-67) L obar pneumonia 2.48(1.23-5.01) 0.01
Lymphocytes (%)2 30(20-43) 31(21-43) Pleuropneumoniaand others 2.80(0.86-9.15) 0.09
Eosinophils (%6)2 0(0-1) 1(0-2) Duration between symptomonset and hospital admission

Platelets (X10%L)2 328(259-399)  334(259-422)  <1wk 1.0 .
Data shown as no. (%) or 2median (IQR); PIn children aged<5 y; 1-2wk 1.84(1.21-2.78) 0.004
¢P<0.001; dp< 0.05; ©P=0.005. >2 wk 0.51 (025-103) 0.06
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ATYPICAL PNEUMONIA IN VIETNAMESE CHILDREN

WHAT THIS STUDY ADDS?

« Age group, season of disease onset, asthma history, duration of symptom onset to hospital admission, and
radiological findings identify a child at high risk of atypical community-acquired pneumonia.

Further independent studies should be conducted to
validate and evauate the performance of the prediction
modd.

In conclusion, the study indicated the clinical
characterigtics of atypical CAP in comparison with typical
CAP. Age group, season of disease onset, asthma history,
duration of symptom onset to hospital admission, and
radiological findings were the independent risk factors for
atypical CAPin children. Thenomogram constructed from
therisk factorsmay beused to identify achild at high risk of
atypical CAP,; dthough, confirmation of the findings from
studiesinvariousregionsarerequired.
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Instructions for usage: Locate an individual value on each variable axis (season, admitted day, age, asthma, X-ray finding). Draw a vertical
line from that value to the top “ points’ scale to determine the number of points assigned by variable value. Sum the points from each variable
value. Mark the sum on the “total points’ scale. Draw a vertical line down to meet the “risk of atypical pneumonia” axis to obtain a

personalized risk of atypical pneumonia.

Web Fig. 1 Nomogram to identify an individual at high risk of atypical pneumonia
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‘Web Table I Socio-Demographic Characteristics of Study
Groups

Characterigtics Community-acquired pneumonia
Typical Atypical
(n=507) (n=154)
Agegroup
1-<2y 276 (54.4) 53(34.4)
2-<5y2 181(35.7) 54(35.1)
5-<10y 38(7.5) 40(26.0)
>10y 12(2.4) 7(4.5)
Season of disease onset?
Spring 97(19.1) 46(29.9)
SummerP 119(235)  37(24.0)
Fall 180(35.5) 43(27.9)
Winter 111(21.9) 28(18.2)
Femalegender 216 (42.6) 69 (44.8)
Residence
Rura 235 (46,4) 60 (39.0)
Mountain 43(8.5) 16 (10.4)
Urban 229(45.2) 78 (50.6)
Mother education
Elementary and intermediate 120(23.7) 47 (30.5)
Secondary 240 (47.3) 62 (40.3)
Post-secondary 147 (29.0) 45(29.2)
Mother occupation
Unemployed 122(24.1) 31(20.1)
Farmer 116 (22.9) 45(29.2)
Office staff 192 (37.9) 59(38.3)
Other 77(15.2) 19(12.3)
Incomelevel®
First quartile (lowest) 170(33.5) 61 (39.6)
Second quartile 79(15.6) 22(14.3)
Third quartile 175(34.6) 45(29.2)
Fourth quartile (highest) 83(16.4) 26(16.9)
Having air-conditioning 231 (45.6) 71(46.1)
Living condition polluted by dust 216 (42.6) 70(45.5)
Contact with tobacco smoke 169(33.3) 54(35.1)

Data are shown as no. (%). 2P<0.001; °P=0.03. @North \Vietnam
has 4 different seasons in a year: spring (February, March, and
April); summer (May-July); fall (August-October) and winter
(November-January). PAverage income per person/month in the
previous year was calculated and classified into 4 categories based
on IQR: first quartile (<1 mil VND), second quartile (1-1.8 mil
VND), third quartile (1.8-3.0 mil VND), and fourth quartile (>3.0
mil VND).
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SYSTEMATIC REVIEW
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Background: Neonatal pneumonia remains a significant contributor to infant mortality in India and responsible for increased prevalence
of infant deaths globally. Objective: To identify risk factors associated with neonatal pneumonia and its mortality in India. Study
design: A systematic review was conducted including both analytic study designs and descriptive study designs, which reported a
quantitative analysis of factors associated with all the three types of pneumonia among neonates. The search was conducted from
August to December, 2016 on the following databases; CINAHL, EMBASE, Ovid MEDLINE, PubMed, ProQuest, SCOPUS, Web of
Science, WHO IMSEAR and IndMED. The search was restricted to Indian setting. Participants: The population of interest was
neonates. Outcomes: The outcome measures included risk factors for incidences and mortality predictors of neonatal pneumonia.
These could be related to neonate, maternal and pregnancy, caregiver, family, environment, healthcare system, iatrogenic and others.
Results: A total of three studies were included. For risk factors, two studies on ventilator-associated pneumonia were included with
194 neonates; whereas for mortality predictors, only one study with 150 neonates diagnosed with pneumonia was included. 11 risk
factors were identified from two studies: duration of mechanical ventilation, postnatal age, birth weight, prematurity, sex of the neonate,
length of stay in NICU, primary diagnosis, gestational age, number of re-intubation, birth asphyxia, and use of nasogastric tube. Meta-
analysis with random-effects model was possible only for prematurity (<37 week) and very low birth weight (<1500 g) and very low
birth weight was found to be significant (OR 5.61; 95% CI 1.76, 17.90). A single study was included on predictors of mortality. Mean
alveolar arterial oxygen gradient (AaDO2) >250 mm Hg was found to be the single most significant predictor of mortality due to
pneumonia in neonates. Conclusion: The study found scant evidence from India on risk factors of neonatal pneumonia other than
ventilator-associated pneumonia.

Keywords: Alveolar-arterial oxygen gradient, Respiratory distress, Risk factors, Ventilator-associated pneumonia.

Protocol registration: PROSPERO 2016 CRD42016044019 (risk factors); PROSPERO 2016 CRD42016045398 (mortality)

eonata pneumonia accounts for 6.1% of total

globa neonatal mortality whereas it contri-

butes 5.1% to neonatal mortality in India and

5.6%in SouthAsia[1]. Thereisnointernational
consensus regarding definition, diagnostic criteria and
management of pneumoniaamong neonates|2, 3]. National
nosocomial infectionssurveillance (NNIS) 1996 and original
Centers for Disease Control (CDC) guidelines (pediatric
modification) are commonly followed for diagnosis of
neonatal pneumonia.

It has been observed that poverty, limited healthcare
accessihility, and improper child-rearing practicesaresome
of therisk factorsfor pneumoniainyoung children[4]. Other
factorsrelated to devel opment of pneumonia, particularly in
India, arefinancia status, malnutrition, poor immunization
status, and household air pollution [5]. In South East Asia,
poor prenatal care, home delivery, fever at birth, maternal
urinary tractinfections, prolonged ruptureof membranewere
found asnotablerisk factorsof neonatal pneumonia[6,7].
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There is scanty information available on neonata
pneumoniafrom India. | dentification and elimination of risk
factorsassociated with neonatal pneumoniaisimperativeto
reduce its high prevalence and associated mortdity, and
implementing appropriateinterventionstoimprove neonatal
survivad. Withthisreview weintended toidentify risk factors
and mortality predictors associated with neonatal
pneumoniainthelndian context.

METHODS

Protocol for these systematic reviews were registered with
PROSPERO [8,9] and published as separate publications
[10,11] where methodology is described in detail. Ethical
clearance was obtained frominstitutional ethics committee
of the host ingtitution.

Studies reporting dl types of neonata pneumonia
published in English language in journals, irrespective of
peer reviewed or not were digiblefor inclusion. Studieson
neonatal sepsiswere aso searched to verify the presenceor
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absenceof a‘ pneumonia subgroup aspneumoniaisusually
considered under the umbrella of neonatal sepsis. To be
eligible for inclusion, these articles had to mention the
outcomes specificaly for neonatal pneumonia.

Both analytic study designs (case-control studies,
cohort studies, cross-sectiona studies) and descriptive
study designs (case series, cross-sectional studies) which
report a quantitative analysis of factors associated with all
thethreetypesof pneumoniaamong neonateswereeligible
for inclusion. Letters, editorials, commentaries, reviews,
meta-analysis, qualitative research, conference papers and
reportswereexcluded.

Neonates diagnosed with any form of pneumonia
including community acquired pneumonia, congenital
pneumonia and hospital acquired pneumonia (ventilator
associated pneumonia) were included. The outcome
measuresincluded risk factorsfor neonatal pneumoniaand
itsmortality. These could berelated to neonate, maternal and
pregnancy, caregiver, family, environment, hedthcare
system, iatrogenic and others.

Searchmethods: Articleswereidentified from ninedatabases
(CINAHL, EMBASE, OvidMEDLINE, ProQuest, PubMed,
SCOPUS, WHO IMSEAR, Web of Science and IndMED)
and government websites without time restriction. A
separate search was undertaken to identify risk factors and
mortality predictors associated with neonatal pneumonia.
Detailed search termsand strategy for PubMed for both the
outcomeshasbeen providedin Web Appendix 1. Thesearch
on al the databases was conducted from August to
December, 2016. Some of the search termsincluded were:
“Risk factor” OR “determinant” OR “risk” OR “predictor”
AND “Mortality” OR “fatal” OR “casefatality” OR “case
faality rae” AND “Neonate’” OR “childhood” OR
“neonatal” OR “newborn” AND “Pneumonia’ OR “hospital
acquired pneumonid’) OR  “community-acquired
pneumonia” OR “ventilator associated pneumonia’ OR
“early onset pneumonia’ OR “late onset pneumonia.”
Additionally grey literature search and snowballingwerea so
conducted to find out potentialy relevant studies. The
authors were contacted in an attempt to retrieve missing
information on important methodologica aspects or
OUtCOMES Measures.

Data extraction and quality assessment: Considering
inclusion and exclusion criteria, three review authors (SM,
MG and TL) worked intwo teamsto screen, extract dataand
quality assessment of identified literature. The consensusfor
any discrepancies were sought through discussion with
senior reviewers(NSN, LL, and BTV). A Preferred Reporting
Iltems for Systematic Reviews and Meta-Analyses
(PRISMA) chart was generated to summarize the study
sdlection process. Characteristics were summarized and
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results were reported using tables and accompanied by a
descriptive summary that compared and evaluated the
methods and results of included studies. The results of the
search were managed and screened using Endnote (v. X7).
Microsoft Excel 2007 wasutilized for dataextraction.

Satigtical analysis: Depending on methodological hetero-
geneity, a random-effects model was used. The summary
measures were pooled based on study design. A Forest plot
wasgenerated and pool ed estimateswere reported with 95%
Cls. Based on the availahility of data, a subgroup analysis
was also planned apriori with respect to study design, type
of neonatd pneumonia, study setting, and onset of
pneumonia. However, the subgroup analysis was not
possible due to non-availability of relevant data. For meta-
analysis, datawereavailableonly from two studieson VAP
(ventilator-associated pneu-monia) and meta-analysis was
possibleonly for two factorsi.e., very low birth weight and
prematurity. Depending on data availability, a sensitivity
analysis and meta-regression was planned but could not be
performed dueto limited data. Reporting bias could al so not
be assessed asincluded studieswere lessthan 10.

The reporting has been done in accordance with the
Preferred Reporting ltemsfor Systematic reviewsand Meta
Anaysis(PRISMA) guiddlines[12] andtheMeta-analysisof
Observationa Studiesin Epidemiology (MOOSE) guiddines
[13]. Quality assessment was done at the study level using
the modified Quality Assessment Tool for Systematic
Reviews of Observational Studies (QATSO) tool [14].
STATA (v.13) wasused to perform statistical analyses.

RESULTS

A total of 8754 citationswere subjected totitle screening, and
finaly two articles were found to be eigible and were
included for the meta-analysis (Fig. 1). For mortality
predictors of neonatal pneumonia, atotal of 6,955 citations
wereidentified, of which, 303 articleswere screened for full
text and only one article was eligible for inclusion (Fig. 2).
Meta-analysis was not possible as there was only one
digiblestudy.

For risk factors, two studies[15,16] wereincluded with
datafrom atotal of 194 neonates. For mortality predictors,
only onestudy [17] with 150 neonateswasincluded. Table I
liststhe characteristicsof included studies[18].

Both studiesused (NNIS) 1996 guidelinesin conjunction
with pediatric modification of theoriginal center for disease
control guidelines. [15,16]. Both studies(risk factors) found
Klebsiella species as the most predominantly isolated
organism from the endotrachedl aspirate of neonates with
ventilator associated pneumonia. None of the studies
reported the soci o-demographi ¢ characteristics of neonates
with or without ventil ator associated pneumonia. Web Table
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Fig. 1 PRISMA flow chart depicting the study selection process
for risk factors of neonatal pneumonia.

I describes in detail diagnostic criteria used for ventilator
associated pneumonia[15,16] and neonata pneumonia[17].
The study on mortality predictors did not specify the
guidelinefollowed for diagnosisof neonatal pneumonia, the
authors reported the use of the National Neonatology
Forum (NNF) todiagnose‘ respiratory problems' . Inboththe
studies[15,16] no primary criteriafor mechanical ventilation
was provided in the methodology; however, in one of the
study results indicated four conditions for mechanical
ventilation namely pneumonia, pnea, poor respiratory effort
andHyalineMembraneDisease[15].

Intotd, 11 risk factorswereidentified from two studies
and six of them were common across both studies. Table I
providesarisk factor profileof theincluded studies[ 15, 16]. A
random effectsmodel wasused for themeta-andysis. Meta
anaysiswascarried out for only twofactorsfromtwo studies
namely very low birthweight (VLBW) and prematurity. In
both theincluded studies, asignificant association wasfound
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Fig. 2 PRISMA flowchart depicting the study selection process
for factors associated with mortality.

between development of ventilator associated pneumonia
and duration of mechanicd ventilation and number of re-
intubati ons; however, therewasmissing dataand attemptsat
reaching the authors were unsuccessful, therefore a meta-
analysiscould not be performed for thesefactors.

Pooled ORfor very low birthweight from random effects
meta-analysisof two studies[15,16] isdepictedinFig. 3. The
forest plot show that neonateswith VLBW (<1500 g) were
more likely to develop ventilator associated pneumonia
compared to neonates who were normal to low birthweight
(OR5.61; 95%Cl 1.76, 17.90). Very low hirthweight wasfound
to be significant risk factor for development of ventilator
associated pneumonia. Pooled OR for prematurity isdepicted
inFig. 4 [15, 16]. The Forest plot showsthat neonateswith
estimated gestational age <37 week or premature neonates
were more likely to develop ventilator associated
pneumonia compared to term neonates (OR 2.76; 95% Cl
0.98,7.73).
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Table I Characteristics of Included Studies

Sudy,year Studydesign Location & setting

Sudyduration Outcome Riskfactorsand mortality predictors

Cross-sectional
study

Tripathi,
2010[15]

Lucknow, Uttar Pradesh
NICU, tertiary careteaching
hospital

Mir, Cross-sectional
2015[16] study

Srinagar, Kashmir
NICU, teaching,
referral hospital

New Delhi
Referral neonatal
unit of ateaching
hospital

Cross-sectional
study

Mathur,
2002[17]

1y VAP

10mo

Not specified NP

Riskfactors

Duration of mechanical ventilation (h)
Postnatal age (admission)

Birth weight

Prematurity

Sex of theneonate

Length of NICU stay

Primary diagnosis

Gestational age

Number of re-intubation

Riskfactors

Duration of mechanical ventilation (h)
Postnatal age (initiation)
Birthweight

Prematurity

Sex of theneonate

Length of NICU stay

Primary diagnosis

Number of re-intubation

Birth asphyxia

Useof Nasogastric tube

Mortality predictors

AaDO2 gradient > 250 mmHg
Birthweight <2000,

Gestation <34 weeks

Ageat presentation

Lethargy

Absent neonatal reflexes,

Shock

Silverman score (410 6),
FiO2>40%, pH<7.2, base excess>-10
Positive blood culture

CRP positivemean arterial alveolar
tensionratio (a/A ratio) <0.25
positive ventilatory support

VAP

NICU-newborn intensive care unit, VAP-ventilator-associated pneumonia, NP-neonatal pneumonia.

Only one study [17] reported mortality predictors to
neonatal pneumonia. The authors did not specify thelist of
independent and confounding variables considered as
predictors for fatality due to pneumonia in neonates.
However, they provided only P vaues for significant
predictors which they considered for multiple logistic
regression. These predi ctorsincluded: <birthweight 2000 g,
gestation <34 week, age at presentation, lethargy, absent
neonatd reflexes, shock, Silverman score(4to06), FO2>40%,
pH<7.2, baseexcess>-10, positiveblood culture, C-reactive
protein (CRP) positive, mean aveolar arterid oxygengradient
(AaD0O2) >250 mmHg, mean arterid aveolartensonratio (&
A ratio) <0.25 and positiveventilatory support. Theauthors
found only AaDO2 gradient >250 mmHg as a significant
predictor of mortality due to pneumonia with respiratory
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digtressinneonates(OR 71.1; 95%Cl 1.1, 4395).

Publication bias could not be assessed as there were
fewer than 10 studies. Web Table II depicts quality
assessment of studies using the QATSO Tool [14]. Four of
the five items on the scale were used to assess (i) Externa
validity, (ii) Reporting, (iii) Bias and (iv) Confounding.
However, no scoring was done. For studies on risk factors,
the measurement of pneumonia was only found to be
objectiveinonestudy [15] i.e., clinical recordsor |aboratory
tests. Neither study reported any response rate. Regarding
the control of confounding factors when analyzing
associations, only onestudy partially accounted for this[15],
whilethe other did not report adequately on the handling of
variablesduringtheandysis[16].
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Study ID N OR (95% CI) OR 95% ClI Weight %
Mir2015 96 1454 (1.67,126.72) - 27.88
Tripathi2008 98 3.88 (1.04,14.41) — 7212
Overall 194 561 (1.76,17.90) Q 100.00
Heterogeneity (I-squared = 4.4%, p = 0.308)

]

1 No VAP 1 VAP 10

Fig. 3 Forest plot showing the effect of very low birthweight on ventilator-associated pneumonia.
Study ID N OR (95%Cl) Weight %
Mir2015 96 4.61(1.67,12.72) . 51.18
Tripathi2008 98 1.61 (0.56, 4.66) 48.82
Overall 194 2.76(0.98, 7.73) O 100.00
Heterogeneity (I-squared = 49.1%, p = 0.161)
P NoVAP 4 VAP i

Fig. 4 Forest plot showing the effect of prematurity on ventilator-associated pneumonia.

For study on mortality predictors [17] dose response
relationship could not be determined. The oddsratio in the
study was very large with large confidence intervals (71.1;
95%Cl 1.1,4395). Noevent rateswerereported for both the
groups. Discrepancies exist in the numbers of participants
included in the study. The authors mention the presence of
two groups. respiratory distress with pneumonia and
respiratory distress without pneumonia. However,
information on socio-demographic characterigtics, clinical
and other important exposure and confounding information
for thetwo groupswasmissing.

DISCUSSION

We conducted a series of systematic reviews to determine
the risk factors associated with development of neonatal
pneumoniaanditsmortality predictorsinindia. Literatureis
widely available on pneumoniain general and on neonatal
sepsis. However there was near absence of dataon neonatal
pneumonia particularly with respect to its risk factors and
mortality predictorsinIndia. Only two studieswereincluded
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for risk factorsand only one study on mortality predictorsof
neonatal pneumonia. Meta-analysisfor prematurity and low
birth weight wascarried out and | ow birth weight wasfound
to be significant for the occurrence of neonatal pneumonia.
Only dveolar-arterid oxygengradient (AaDO2) >250mmHg
was found as a significant predictor of mortality due to
pneumonia with respiratory distressin neonates in present
review.

To the best of our knowledge this systematic review is
thefirstin Indiastudying factorsassociated with pneumonia
and itsmortality in neonates. A rigorous effort was made to
searchtherelevant studieswithout timerestrictionin Indian
context by means of conducting search on nine electronic
databases, hand searching, grey literature, by contacting
authors and in consultation with clinical expertsto include
every possible study. Screening and data extraction was
carried out independently by two authorsand discrepancies
were resolved by mutual discussion and by getting experts
opinion.
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Considering thelimited evidencein thisreview, studies
on neonatal sepsiswereincluded up to full text screeningto
verify the presence or absence of asubgroup for pneumonia
but no clear underlying etiology as risk factor for neonatal
pneumonia was mentioned in these studies. Consequently
we have excluded studieswhere pneumoniawas part of the
condition but further description for neonatal pneumonia
washot given separately.

Another limitation of thereview wasthelack of response
from authors of studies of neonatal sepsis that did not
explicitly provide dataon the pneumoniacomponent of their
sepsiscases. Dueto lack of datainthe papers, meta-anadysis
for all the identified risk factors was not possible. Results
from our study on risk factors pertain only to cases of
ventilator associated pneumonia, which is a subgroup of
neonatal pneumonia, and therefore, the findings could not
beextrapolated toall the cases of neonata pneumonia.

Themajor limitation for mortality predictorsof neonatal
pneumoniawasthat wefound limited evidencefromasingle
study that was not sufficient to conclude despite the
comprehensiveness of our search. One of the potentia
limitation could be the language as we have restricted the
search only to articlespublishedin English. Nonetheless, we
might have not missed any relevant studies on neonatal
pneumoniaasscientificliteraturein Indiaismostly published
inEnglish.

Both the studies [15,16] in our review investigated
ventilator-associated pneumonia in neonates that required
mechanical ventilation for 48 hour or more as observed in
other studies[19-23]. Inour review theincidenceof ventilator
associated pneumoniaranged from 22 to 68 cases per 1000
MV dayswhereasin another study from Chinait was27.33
per 1,000 ventilator-days[21]. In contrast, in a study from
USA, VAPrateswereaslow as 6.5 and 4 per 1000 ventilator
daysfor patientswith EGA <28 week and EGA >28 week,
respectively [22]. Both the included studies [15,16] found
Klebsiella species as the most predominantly isolated
organism from the endotracheal aspirate of neonates with
VAP Similarly in studiesfrom Egypt [ 23] and Western India
[24], K. pneumoniaewas al so found to be the most common
organism.

High AaDO2 was found as a significant predictor of
mortality due to pneumonia. Similarly, in a study from
Bangladesh, high AaDO2 was one of the factors
significantly associated with changein antibioticsdueto the
worsening condition of the neonates diagnosed with
pneumonia[25]. However, they did not specify thelimit to
describeAaDO2 ashighwhereasAaDO2 > 250 mm Hgwas
considered as high in the included study [17]. In a
multivariate logistic regression, VAP was the single most
important factor found to be significantly associated with
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mortality, whereas marginally significant association was
found with presenceof an arterial catheter [22].

In contrast to our meta-analysis findings and few other
studies[19,20,22,26-28], there is one study [29] where the
occurrenceof VAPwasnot associated with low birth-weight
(<1500 g). Resultsfrom meta-analysisof two studies[15,16]
found birth-weight of <1500 g asasignificant risk factor to
developVAP(OR5.61; 95%Cl 1.76, 17.90) Our meta-andysis
findings are comparable to a study from China where low
birth weight and premature infants had more chances of
developing VAP[28].

Differences in birth weight were observed amongst
different studieswhen it comesto definingweight at birth as
low. Onestudy inour review [15] defined VLBW aslessthan
15009. Theother study [16] defined it asin between 1000to
1500 g and excluded extremely low birth weight babiesless
than 1000g weight. However, astudy from Thailand reported
aneonatal birthweight lessthan 750g asanindependent risk
factor for VAP[19] and another study established that VAP
rateswere high among extremely preterm neonates but birth
weight was specified as <2000g [22]. A retrospective
observational study conducted in Taiwan found that higher
gestational age and weight at birth were significantly
associatedin bringing downthe VAPoccurrence[ 20].

Likeother studies[27-29], duration of NICU stay and MV
werefound astherisk factors but dueto lack of data, meta-
analysis for these factors was not possible for our review.
Someintervention studiesfocused on the association of the
infection control program and VAP prevention [21, 23, 30]
and NICU stay [23]. However, one possible explanation for
this association could be the usage of humidifiers and
closed-circuit ventilation in NICU which provide a major
sourcefor growth of microorganisms[28, 31]. Hence, NICU
environment itself can be a determining risk factor for
development of VAP,

Risk factors that other studies have attributed to
neonatal pneumoniacf early onset but were absent from our
review wereantacid therapy [29], abnormal gastric aspirate,
and low APGAR score among high-risk infants [32].
However, it hasal so been reported that oftenrisk factorsare
absentin pneumoniaof early onset, and that sudden onset of
preterm labor by its very nature; is considered as an
important risk factor [33].

Pneumoniaisoneof theleading causes of death among
neonatesin India. Thus, factorsthat affect neonatal mortality
dueto pneumoniaand itsoccurrenceare of great importance
for any effort toimprovechild surviva . However our review
concludesthat dataand primary studiesitsalf isnegligibleto
substantiate a holistic view on factors associated with
incidencesand mortality of neonatal pneumonia. Thereisno
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conclusive evidence on risk factors of neonatal pneumonia
other than ventilator associated pneumoniaand henceitis
recognized with thisreview that neonatal pneumonia, which
comprises the majority of the burden of neonatal sepsis,
continuesto bean understudied issuein the Indian neonatal
health scenario. To conclude, we can say that there is an
emergent need to prioritize research toward generating
evidenceon neonatal pneumoniaand determining factorsfor
itsdevelopment and mortality.
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Web Appendix 1
Search Strategy for PubMed (Risk Factors)

(((("Risk factor" OR determinant* OR risk* OR predictor* OR "relativerisk" OR "oddsratio" OR "attributablerisk" OR
"population attributablefraction"))) AND ((Neonate* OR childhood OR neonatal* OR newborn* OR "younginfant” OR
child OR pediatric* OR "neonatal period" OR infant* OR "newborninfant™))) AND ((((((CCCCCCCcccececcciPreumoniar)
OR Pneumon*) OR "community acquired pneumonia') OR "congenital pneumonia') OR "hospital acquired pneumo-
nia") OR "nosocomia pneumonia') OR "ventilator associated pneumonia’) OR "early onset pneumonia’) OR "late
onset pneumonia') OR "infective pneumonia') OR "infectious pneumonia') OR "meconium aspiration syndrome") OR
"meconium aspiration") OR "lipoid pneumonia’) OR sepsist) OR "acute respiratory infections') OR "early onset
sepsis') OR "chemical pneumonia') OR "aspiration pneumonia’) OR "late onset sepsis’) OR infection*) OR "nosoco-
mial infection") OR "early onset infection") OR "late onset infection") OR "acute lower respiratory infection") OR
"hospital acquired infection") OR "congenital infection") OR "viral pneumonia’) OR "gastro esophageal reflux dis-
ease") OR "cystic fibrosis')

Filter: India

Search strategy for PubMed (factors related to mortality due to neonatal pneumonia)

((((("Risk factor" OR determinant* OR risk* OR predictor* OR "relativerisk" OR "oddsratio" OR "attributablerisk" OR
"population attributablefraction"))) AND ((Mortality* OR death* OR fatal* OR "casefatality” OR "casefatality rate")))
AND ((Neonate* OR childhood OR neonatal* OR newborn* OR "young infant" OR child OR pediatric* OR "neonatal
period’ OR infant* OR "newborninfant™))) AND (((((CCCC(CCcccceecccccc(tPneumoniar) OR Pneumon*) OR "community
acquired pneumonid') OR "congenital pneumonid') OR "hospital acquired pneumonia') OR "nosocomial pneumonia’)
OR "ventilator associated pneumonia') OR "early onset pneumonia') OR "late onset pneumonia') OR "infective pneu-
monia") OR "infectious pneumonia"') OR "meconium aspiration syndrome") OR "meconium aspiration") OR "lipoid
pneumonia') OR sepsis*) OR "acute respiratory infections") OR "early onset sepsis’) OR "chemical pneumonid') OR
"agpiration pneumonia') OR "late onset sepsis') OR infection*) OR "nosocomial infection) OR "early onset infection")
OR "late onset infection") OR "acute lower respiratory infection™) OR "hospital acquired infection™) OR "congenital
infection™) OR "viral pneumonia') OR "gastro esophageal reflux disease") OR "cystic fibrosis")

Filter: India
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CLINICOPATHOLOGICAL CONFERENCE

Persistent Pneumonia in an Infant
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An eight month old boy presented with a subacute febrile iliness and radiological evidence of multifocal cavitatory consolidations in the
lungs. He continued to worsen despite multiple oral and intravenous antibiotics. Preterminally, he developed respiratory distress,
hepatosplenomegaly, bicytopenia, and hepatic dysfunction. Investigation for cause of persistent pneumonia resulted in a diagnosis of
chronic granulomatous disease on the basis of Dihydrorhodamine assay and genetic analysis. Postmortem blood culture grew
Burkholderia cenocepacia. Autopsy revealed necrotizing granulomatous inflammation with massive necrosis and abscesses in
bilateral lungs. No organism could be identified by traditional stains on autopsy. Conventional PCR targeting 16S ribosomal DNAyielded
Nocardia pseudobrasiliensis. In conclusion, an unusual course of pneumonia warrants invasive investigations for isolation of
underlying organism, which not only provides guidance to choice of antimicrobials but also provides clue to an underlying disease.

Keywords: Autopsy, Burkholderia cenocepacia, Chronic granulomatous disease, Nocardia pseudobrasiliensis.

CLINICAL PROTOCOL

History and examination: An 8 month old boy presented
with history of fever and insidious onset cough for 1 month.
He was asymptomatic till the age of 7 months when he
devel oped fever lasting for a week, for which he received
oral antibiotics. After an afebrile period of 1 week, hestarted
having intermittent epi sodes of fever upto 101°F. Child had
loose stools transiently for 3 days. Subsequently, he
developed cough which worsened gradually. He had
received 1 week of ord amoxicillin-clavulanic acid and 2
weeksof intravenous ceftriaxoneand amikacin without any
response, beforebeing referred to our centre.

Hewas second born to anonconsanguineoudy married
couple, immunized for age, as per National immunization
schedule, with a normal development. During this
admission, he weighed 7.5 kg with length and head
circumferenceof 79 cmand 45 cm, respectively. Vitadswere
stableand systemic examinationwasunremarkable.

Course and management: Based on clinicd and
radiological investigations, the patient was treated aong
the lines of pneumonia, with presenteral meropenem and
vancomycin for 3 weeks, asthe child had already received
first and second-lineantibioticsearlier. In spite of persisting
fever, patient wasdischarged on parental request, only to be
readmitted after 5 dayswith worsening respiratory distress.
During the second admission, he was found to have
hepatosplenomegaly and investigations showed severe
anemia, thrombo-cytopenia, coagulopathy with very low
fibrinogen and high d-Dimer, high serum ferritin and
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transaminitiswith conjugated hyperbilirubinemia(Table I).
In view of persistent pneumonia, immuno-deficiency was
considered and investigationswere sent accordingly (Table
II). His condition deteriorated fast and despite antibiotics,
antifungals and supportive therapy, the child died.
Preterminally he developed hypotension, hypo-glycemia
and left pneumothorax. A family history of chronic
granulomatous disease (CGD) in a paternal second-degree
femalecousinwasdlicited just prior todemise.

Unit's final diagnosis: Burkholderia cenocepacia sepsis
with pneumonia (bacterial or fungal) with left
hydroureteronephrosis (infective or obstructive due to
granulomatous inflammation) and secondary hemo-
phagocytic lymphohistiocytosis (HLH), with underlying
autosomal recessive (AR) CGD (p67 deficiency).

DISCUSSION

Important points of discussion in the index child are
whether CGD could have been considered in the first
admission, reason for a relatively early fatdity and
explanation for the other findings such as Ieft
hydroureteronephrosisand preterminal events.

The index child presented with fever and insidious
onset, progressive cough for 1 month. Investigations
revealed leucocytosis, thrombocytosis, sterile blood and
urine cultures, nonprogressive left hydronephrosis and
radiological evidence of consolidation in both lungs.
Consolidation is suggestive of an infectious pathology, and
common bacteria responsible for community-acquired
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Table I Hematological and Biochemical Laboratory Parameters

Day of hospitalization Day5 Day 27 Day 32 Day 42
Hemoglobin (g/dL) 6.3 6.6 71 47
Total leukocyte count (/uL) 21530 37,000 14,960 14,000
Platelets(/uL) 5,64,000 4,25,000 2,28,000 90,000
Differential count (%) PasLarMsEo 2 P3slsoM2.9F0.2 Ps7L3sMe.1Eo.7 Ps7L3sMe.1Eo 7
PT/APTT (9) 15/29.5 37/70.5
Fibrinogen (g/L) - - - 0.48
d-Dimer (ng/ml) - - - 1194
CRP(mg/dL) 125.4 231 - 107
Procalcitonin (ng/mL) 0.749 -

Sodium/Potassium (mEg/L) 132/4.5 129/4.4 129/4.6 138/2.6
BU/Creatinine(mg/dL) 15/0.08 14/0.1 12/0.08 56/0.3
AST/ALT/SAP(U/L) 83/40 66/24/209 154/58 821/319/171
Bilirubin(mg/dL)? 0.33 0.66 0.68/0.20 3.3/24
Total protein/albumin (g/dL) 6.3/3.1 6.8/3.0 5.6/2.8 3.7/15
Triglycerides(mg/dL) - - 307

Ferritin (ng/mL) - - 376 4000

PT-prothrombin time; APTT-activated partial thromboplastin time; BU-blood urea; AST-aspartate amino transferase; ALT-alanine

aminotransferase; SAP-serum alkaline phosphatase. @second value, when given, is conjugated bilrubin.

Table II Other Investigations in the Index child

Urine microscopy
Blood culture

Urineculture
Fluorodeoxygl ucose positron emission tomography
(FDG-PET)- CT scan (16.10.19)

USG abdomen (1.10.19, 5.10.19)

USG abdomen (02.11.19)

Mantoux test

Gastriclavagefor acid fast bacilli

Parents’ chest X-ray

Echocardiography

HIV serology

Serum IgG (04.11.2019)

Serum1gA (04.11.2019)

Nitroblue tetrazolium (NBT) test (04.11.2019)
Dihydrorhodamine 123 assay (DHR) (05.11.2019)

b558 expression on gated neutrophils (05.11.2019)
Targeted next generation sequencing (NGS)

Plasmasoluble CD25 (pg/mL)(05.11.2019)

No cells(30/9, 6/10, 31/10)

Sterile (30/9, 06/10, 26/10, 30/10);

Burkholderia cenocepacia (06/11, postmortem culture)
Sterile (30/9, 6/10, 31/10)

FDG avid consolidationsin thebilateral lungs

FDG avid mediastina lymph nodes

Left hydroureteronephrosis

Left hydronephrosiswith anteroposterior diameter 0.9-1.2 cm with few
internal echoesand dilated | eft upper ureter

Liver 8cmwith no space occupying lesion;

Gall bladder edematouswall;

Spleen 7 cmwith multipletiny hypoechoicfoci;
Left kidney mild fullnessof pelvis

Not reactive

Both smearsand cultures: Negative (30/10, 01/11, 02/11)
Normal

No evidenceof infectiveendocarditis

Not reactive

841 mg/dL (referencerange 300-1000 mg/dL)
56 mg/dL (referencerange20-70 mg/dL)

No reduction seen

A Meanfluorescenceintensity (MFI) 471.58, Stimulationindex (SI) 2.75
(AMFI 70286, Sl 272.4in control)

Normal

Homozygous mutation ¢.835_836del AC, p.Thr279fsin Neutrophilic
cytosolic factor-2 (NCF2) geneencoding for p67 component of phagocyte
oxidase

49 670 (Normal 400-2600)
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pneumonia (CAP) a this age, ae Sreptococcus
pneumoniae, Saphylococcus aureus, Moraxella
catarrhalis and Hemophilus influenzae [1]. Usually, CAP
respondsto antibioticslikeamoxycillin-clavulanic acid and
ceftriaxone, unless complicated with empyema or lung
abscess. Since the child had an indolent course with onset
of respiratory distress two months after onset of fever and
did not respond to usua antibiotics, CAP is unlikely and
causes of persistent pneumonia need to be considered [2].
Though Mycobacterium tuberculosis is an important
causeof persistent pneumonia, early cavitationisextremely
rare in infants [3]. This suggests possibility of infections
due to unusua organisms such as opportunistic bacteriaor
fungi. Clinical manifestations and radiology both lack
specificity for underlying organism and yield of blood
cultureislow at 10-30% [2]. In the absence of fine needle
aspiration cytology (FNAC) from lung lesions or
bronchoalveolar lavage, whiledive, itisdifficult to pinpoint
etiologic organismfor persistent pneumonia.

Recurrent/persistent infections in one lobe of lung can
occur due to congenital malformations (sequestration,
bronchogenic cysts, cystic adenomatoid malformation) and
external or internal compression of airway by lymph nodes,
foreign body, or tumours. However, these were unlikely in
theindex case, because he had multifocal consolidationsin
both lungs. Recurrent/persistent infec-tionsin bilateral lung
fields occur in a setting of congenital heart disease,
aspirations, impaired mucociliary clearance (ciliary
dyskinesia, cystic fibrosis) and immunodeficiency. While
humoral immunodeficiencies are usualy associated with
infections due to community acquired bacteria, which
respond to usua antibiotics, pneumoniain cystic fibrosis,
combinedimmunodeficiency and phagocytic defectsmay be
dueto opportunistic pathogens[4,5]. HIV infectionwasruled
outintheindex case.

Normal lymphocyte count rules out severe combined
immunodeficiency. As the index child had evidence of
phagocytic defect documented by no reductionin NBT test
and negligible stimulation index on DHR assay, CGD is
likely. Further investigations showed norma b558
expression ruling out the possibility of X-linked CGD and
AR-CGD due to p22 deficiency. Diagnosis was further
confirmed by genetic andysis which showed a
homozygous mutation (¢.835_836ddlAC; p.Thr279fs) in
NCF2 gene which encodes for p67 component of phago-
cytic oxidase. Thus the index child was convincingly
provento haveAR-CGD caused by p67 deficiency.

The index child succumbed to the disease during
infancy. While X-linked CGD isassociated with more severe
disease, severity is variable in AR-CGD due to variable
phagocyte oxidaseactivity [6, 7]. Severediseaseintheindex
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child can be explained by near absent activity of phagocyte
oxidasewith Sl of 2.75.

Most infectionsin CGD are caused by catalase positive
organismsincluding fungi such as Aspergillusand bacteria
such as Saphylococci, Burkholderia, Serratia and
Nocardia. Enterobacteriaceae and Candida are other
important pathogens [5,6]. After introduction of
cotrimoxazole anditraconazol e prophylaxis, infectionswith
Aspergillus, Burkholderia species and Nocardia have
beenonrise[6]. Nearly 80% patientswith CGD haveat |east
one episode of pneumonia, with  Aspergillus,
Saphylococci, Burkholderia, and Nocardia being
responsible for two-thirds of the organisms[6]. In contrast
to bilateral lung involvement in theindex case, Aspergillus
pneumonia in CGD typically involves one lobe with
contiguous spread to pleura, ribsand vertebrae[g].

B. cenocepacia found in post-mortem blood culture, in
the index case, is a signature organism in both cystic
fibross and CGD [4,6]. However, there are marked
differences between the infection pattern in cydtic fibrosis
and CGD. In cystiic fibrosis, this organism causes
colonization of thetracheobronchial tree [9] and can rarely
cause invasive cepacia syndrome. These patients are not
ableto clear the colonized organisms and hence, spectrum
of Burkholderia species is narrow. Isolation from sputum
helpsin diagnosis.

In contrast, this organism causes bronchopneumonia
with central cavitationin patientswith CGD [9]. Tissuefrom
lungsis required for isolation of organism. Antibiotics can
eradicate this organism but reinfection with same or

-

Fig. 1 A. Chest X-ray showing bilateral air space consolidations
(right > left); B. Chest X-ray onemonth later showing progression
of consolidations; C and D. PET-CT images showing pleura
based cavitating nodul es.
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different Burkholderia species is common. Invasive
diseasewith secondary bacteremiahas been described with
high mortality. The clinico-radiologic profile in the index
childisconsistent with B. cenocepaciainfection.

Left-sided hydroureteronephrosis, seen in this case,
could be due to granulomatous inflammation, a known
causeof obstruction of urinary tract ininfantswith CGD [5].
Anemiaand thrombocytosis, early inthe coursewerelikely
to be multifactoria, related to both iron deficiency anemia
and chronic inflammation [5]. Preterminaly, this child
devel oped hepatosplenomegaly, bicytopenia,
coagulopathy with very low fibrinogen and high d-Dimer,
high serum ferritin and transaminitis with conjugated
hyperbilirubinemia. All thesefeatures could be explained by
secondary HLH [10], whichisfurther supported by thehigh
plasma soluble CD25 levels. Left-sided pneumo-thorax
could be due to rupture of cavitating consolidation or as a
complication of ventilation.

Gagstroenterologist: The diagnosis of CGD is confirmed,
though the organism causing consolidation may be
debated upon.

Pulmonologist 1: Was Mucor considered in view of
cavitatory consolidations?

Clinical discussant: Though Mucor is an important
differential in patients with cavitatory consolidations, it is
not atypica organismin CGD.

Pediatrician 1: Why Gaactomannan elevation is not
commoninCGD?

Clinical discussant: InCGD, Aspergillusislocally invasive
and hematogenous spread is rare, thus making
galactomannan and B-D glucan eevations uncommon in
patientswith Aspergilluspneumoniain CGD [8].

Micraobiologist 1: Galactomannan in bronchoalveolar
lavage fluid may be more sendtive than serum
gaactomannanin CGD.

PATHOLOGY PROTOCOL

A partial autopsy was performed. All serous cavities were
normal.

Both lungs together weighed 220.5 g. Pleura surface
was dull and outer surface of both lungs showed multiple
nodules of varying sizes with predilection towards lower
lobes. Multiple lymph nodes measuring 0.5-1 cm were
present in pretrachea and paratracheal regions.
Tracheobronchial mucosa was congested. Cut surface of
lungs showed similar nodules (Fig. 2A). Central area of
large nodules showed necrosis with abscess formation.
Some nodul es showed evidence of rupture of abscesswall.
Microscopy showed large irregular geographic areas of
necrosislimited by interlobar septee (Fig. 2B). Necrosiswas
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palisaded by denseinflammatory infiltraterichin epithelioid
histiocytes (Fig. 2C), with well-formed epithelioid cell
granulomas, and numerous giant cells were also noted in
some places. Numerous micro-abscesses surrounded by
similar inflammatory infiltratewere observed (Fig. 2D). No
fungd profileswereidentified on PAS and Groccot stains.
Gram stain and Ziehl-Neelsen stain did not reveal any
organisms. Adjoining aveolar spaces were densey
infiltrated by neutrophils and macrophages. There was
evidence of diffuse acute alveolar damage in the form of
homogenous, eosinophilic hyaline membrane aong the
alveolar ducts and alveoli at some places (Fig. 2E). Other
areas showed proliferative phase of diffuse aveolar
damage. There was extensive fibrinous pleuritis. Lung
tissue was subjected to conventional PCR targeting 16S
ribosoma DNA region followed by Sanger sequencing.
Nucleotide sequence obtained was matched with gene
bank, which reveded presence of Nocardia
pseudobrasiliensis. PCR for M. tuberculosis and non-
tubercular mycobacteriawasnegative.

Liver and spleenweighing 490 g and 186 g, respectively,
had an unremarkable capsule with mottling on the cut
surface of liver and prominent white pulp and few greyish
white lesions in cut surface of spleen. Peripancreatic and
perisplenic lymph nodes were enlarged. Microscopic
examination of liver showed preserved architecture,
centrizonal  hepatocyte necrosis, dense infiltration of
sinusoids by histiocytes and micro-abscesses with central
necrosis surrounded by palisading histiocytes (Fig. 2F).
Microscopic examination of spleen showed similar
abscesses. No organism could beidentified by Gram stain,
Ziehl-Nedlsen stain, PASand Groccot stains.

Both kidneysweighed 121 g with unremarkablecapsule.
Left ureter was grossly dilated throughout its length (Fig.
2G). Cut surface of left kidney showed minimally dilated
pelvis, the latter showing attenuated transitional lining
microscopically. No abscess or granuloma was seen in
kidneys. Tubular necrosis was seen in greyish-white
lesionsof |eft kidney. Sectionsfrom vesicouretericjunction
and urinary bladder showed invagination of surface
mucosa into lamina propria. Lamina propria showed mild
mixedinflammatory infiltrateof histiocytes. Nowell-formed
granulomaswere seen.

Small intestine showed prominent Peyer’'s patches.
Focal loss of intestinal folds was seen in large intestine.
Microscopically, granulomas were seen in lamina propria
palisaded by lymphomononuclear cells. Characteristic
pigmented histiocytes were seen in some of these
granulomas(Fig. 2H). Therewasno evidenceof cryptitisor
crypt abscesses. Peyer’s patches showed similar granuloma
without necrosis.
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Fig. 2 A. Cut surface of both lungs shows greyish white nodules of variable size with central necrosis in larger nodules (Gross
photograph); B. Large geographic typenecrosisof lung parenchymalimited by interlobular septae (20X, H& E); C. Necrosisispalisaded
by epithelioid cell granulomawith giant cell formation (200X, H& E); D. Abscessformation with dense neutrophilsrichinflammationin
adjoining alveolar spaces (200X, H& E); E. Glassy eosinophilic membrane noted along alveolar wall indicating diffuse al veolar damage
(200X, H& E); F. Microscopy of liver showing necrosiswith palisading epithelioid histiocytes (200X, H& E); G. Left ureter isdilated
fromvesico-uretericjunctionto renal pelvis. Cut surface of left kidney showsmildly dilated pelvicalyceal system (Gross photograph);
H. Microgranulomaswith pigmented histiocytesare seen inthelaminapropriaof largeintestine (200X, H& E); 1. Bonemarrow shows
increasein number of histiocyteswith significant hemophagocytosis (100X, H& E).

The sinus spaces of lymph nodes were markedly
distended and infiltrated by benign histiocytes. Well-
defined granulomas without centrd necrosis and
occasional multinucleated giant cellswere seen.

Bone marrow was hypercelular with increased
higtiocytes, and hemophagocytosis of  neutrophils,
lymphocytes and RBC in histiocytes (Fig. 2I). Focd
hemophagocytosiswas observedinliver, spleen and lymph
nodes.

Other organs such as heart, thymus, testis, adrenal and
skeletal musclesweregrossly and microscopically normal.

Find  autopsy diagnosis was  necrotizing
granulomatous inflammation with massive necrosis and
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abscesses (N. pseudobrasiliensis), diffuse alveolar damage
in the lungs with necrotizing granulomatous inflammation
and microabscessesin liver and spleen with granulomatous
colitis  with left sided  hydro-ureteronephrosis,
granulomatous cystitis and granulomatous lymphadenitis.
The overal pathologic features are consistent with a
diagnosisof CGD with featuresof shock and HLH

OPEN FORUM

Microbiologist 1: Nocardia pseudobrasiliensisis usualy
multidrug resi stant and only cotrimoxazole may work inthis
infection[11,12].

Pathologist 1: What istheroleof FDG-PET insuchachild?
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Clinical discussant: FDG-PET is done in a child with
prolonged fever with no obvious cause on routine
investigations. The index child had evidence of bilateral
consolidation during first admission. CT scan of chest may
have served the purpose of delineating the consolidations
better and to decide on invasive invegtigations for
microbiologic diagnosis.

Pediatrician 2: Could the choice of antibiotics have been
different?

Clinical discussant: Empiric therapy for infections in a
patient with CGD includes staphylococca cover (cloxacillin
or vancomycin) and cover for gram negative bacteria
(carbapenam or fluorogquinolone) [13]. Antifungal cover
may be added if the patient issick. Changein regimen may
be required once an organism is isolated from clinical
specimens[13].

Pharmacologist 1: Ceftriaxone and cotrimoxazole could
have been good choiceinthischild.

Gynecologist 1: What counsellingwasdonefor thefamily?

Clinical discussant: Parents have been counseled about
the disease, need to investigate elder sibling and risk of
recurrence of 25% in any pregnancy. They have been
counseled regarding need of chorionic villous sampling at
9-10weeksof gestationfor prenatal diagnosis.

DISCUSSION

Microbiological identification of organismrequiresinvasive
investigations in a child with persistent pneumonia as
clinical and radiologica profiles lack etiologic specificity
and yield of blood culture is extremely low [2]. An early
FNAC from lung lesions may have dtered the outcome in
the index child. Identification of organism is not only
important for appropriate antimicrobialsbut a so givesclue
regarding underlying disease.

CGD is a prototype phagocytic defect due to reduced
phagocyte oxidase activity. Genetic defects can cause
deficiency of any of thefour componentsnamely gp91, p22,
p47 and p67 of phagocyte oxidase[13]. Reduced activity of
phagocyte oxidase results in defective phagocytosis and
consequent infection with catalase positive bacteria and
fungi. Pneumonia, lymphadenitis, subcutaneus or visceral
abscesses, and osteomyelitis are frequent infections.
Bacteremiaand fungimeaarelessfrequent. Initid infection
with unusua organisms such as Burkholderia, Nocardia,
Serratia and Aspergillus should raise the suspicion [14].
Recurrent degp staphylo-coccal infections should aso
warrantinvestigation.

Besides infections, hyperinflammation can result in
failure to thrive, hepatosplenomegaly, lymphadenopathy,
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anemia, thrombocytoss, and raised inflammatory
parameters[5]. Organ specific inflammation can present as
colitis, granulomatous cydtitis, gastric outlet obstruction,
and hydronephrosis [5]. Diagnosis is clinched by
demonstration of reduced phagocyte oxidase activity by
NBT or DHR assays [5]. Expression of b558 helps in
demonstrating gp91 and p22 components of phagocyte
oxidase. While X -linked CGD dueto gp91 deficiency isthe
commonest typeintheWest [6], thesameisnot truein other
countries [7]. Owing to frequent consanguinity, AR-CGD
contributesto 50-60% of al CGD patientsin Asia. Severity
of disease depends on residual activity of phagocyte
oxidase|[7]. Cotrimoxazoleand itraconazol e prophylaxiswith
or without interferon-a have resulted in significantly better
outcomes [13]. Failure of the prophylaxis warrants
hematopoietic stem cell transpl antation.

Both Burkholderia and Nocardia are signature
opportunistic organismsin CGD. Pulmonary involvement
due to Nocardia can present with focal or multifocal
consolidations with central cavitation and pleura
effusions[11,12]. Most Nocardia species are susceptible
to sulphonamides, linezolid, amikacin, imipenam,
minocycline, and moxifloxacin  with  Nocardia
pseudaobrasiliensis being more resistant [11]. Prolonged
combination therapy with 2-3 drugs is preferred for
invasive disease. Steroids have been used in combination
with appropriate antibiotics in CGD patients with
Nocardiainfections[15].

In conclusion, we need to be more invasive for
microbiologic diagnosis when the clinical course does not
suggest CAP. Isolation of organism not only provides
guidance to choice of antimicrobials but also provides clue
to underlying disease.

Funding: None; Competing interests: None stated.
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Objective: An independent external evaluation of the International Clinical Epidemiology Network (INCLEN) research program to
emphasize the public health significance of childhood pneumonia in India. Method: An independent evaluation based on desk reviews
of available documents and reports, site visits to study sites, and structured interviews with study investigators, technical advisory
group (TAG) members, INCLEN staff and the donor agency. Findings: The program elicited responses from a range of investigators
across India. The selection process was transparent and objective, and the selected projects were of public health significance. The
support provided through the program strengthened research capacity and improved study outputs. However, the available expertise
was not fully exploited and protocol deviations in a few studies resulted in suboptimal outputs. Conclusions: The program
represented a new and positive paradigm for research support in India, though a few improvements may result in greater impact for

future programs.

Keywords: Assessment, Child Health, Health Program, Respiratory infection.

heInternational Clinical Epidemiology Network

(INCLEN) established a research program to

emphasize the public health significance of

childhood pneumoniainIndia[1]. A grant from
the Bill and M elinda Gates Foundation (BM GF) was used
to provide catalytic funding to Indian investigators to
conduct research to generate data of public health
importance on childhood pneumoniain India. In addition
to financial support, the program also provided technical
support to improve the design, management and
implementati on of the research studiesthrough two expert
bodies, the Joint Working Group (JWG) and the Technical
Advisory Group (TAG). The WG consisted of 14 national
and international expertswho guided the devel opment of
the program evaluation framework and identified the
research prioritiesto be supported. The TAG consisted of
32 nationa andinternational expertsrepresenting different
field of research. Its role was to review and select the
research projects, support capacity strengthening of the
study investigators and institutes, and guide the analysis
and dissemination of research outputs. The INCLEN
secretariat closely monitored the implementation of each
study through the review of regular progress reports and
guarterly phone callswith each project team.

An external evaluation of the Program was conducted
to obtain an independent, objective and credible
assessment of the strengths and weaknesses of the
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program that would help INCLEN and BMGF in making
amendments to their programmatic operations, and to
also enable other stakeholder and research funders to
take informed decisions in supporting future research
projects in India. This report briefly summarizes the
methods, key findings and the recommendationsfromthe
evaluation.

METHODS

The authors of this paper were part of the three-member
external evaluation team, which conducted the evaluation
from 1-10 April, 2019. The evauation focused on
addressing the following four questions related to the
overall program objectives. i) Was the research
conducted under the Program of public health relevance?
ii) Were the outputs from the Program likely to influence
public heath policy and programme planning and
implementation?iii) Did the Program result in broadening
of the researcher pool? iv) Did the Program strengthen
research capacity inIndia?

The evauation consisted of a desk review of al
available documents and reports provided by the
INCLEN secretariat, visits to seven of the ten research
sites, telephone or Skypeinterviewswith investigators at
thethreeremaining research sites (Fig. 1), and interviews
with asample of TAG members, membersof theINCLEN
secretariat, and BMGF.
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Fig. 1 Sitevisitsand interviewswith researchinvestigators.

FINDINGS

Based on the geographic spread and the range of
investigators who responded to the Request for
applications (RFA), it appears that this process was
successful and achieved its objective of securing
applicationsfrom around the country.

The evaluation indicated that the processes for the
selection of research projects was transparent and
objectivefor thefirst round of application. Thechoiceof a
single study in the second round was influenced by the
funder’s priorities. The process managed to draw in less-
experienced investigators and strengthened their capacity
to conduct high-quality research. The provision of
financial support to institutionsthat did not have clearance
from the government under the Foreign Contribution
Regulation Action (FCRA) to accept international funds
was a significant achievement of this program, which
enabled researchers from such institutions to carry out
more substantive research projects, which they may not
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otherwise have been able to conduct.

All the selected proposals were of public health
relevance in India. The close engagement and support
provided through the WG and TAG resulted inimproved
study design and implementation of most of the studies.
The program al so created anew paradigm for the conduct,
oversight and engagement with individua research
studiesin Indiato optimize their outputs and impact. The
support from the INCLEN secretariat, both technical and
administrative, was greatly appreciated by all the
investigators. The INCLEN secretariat also conducted a
Research leadership and programme management (LAMP)
workshop, which benefited many of the new researchersin
theprogram.

The program did haveafew weaknesses, primarily that
the expertise of the WG and TAG was not fully expl oited.
Closer engagement of these two bodies during the
implementation of the Program may haveresulted in better
outcomes for a few of the studies. While the TAG was
closaly involvedin the process of selection of projectsand
in the finalization of study design, its engagement
thereafter in the monitoring process was patchy. In
addition, protocol deviations or changeswere not always
conveyed to or endorsed by the TAG as envisaged. The
monitoring by theINCLEN secretariat largely servedtokeep
theprojectsontrack and facilitated support for overcoming
procedural bottlenecks. However, thisoversight missed a
few technical issuesand protocol deviationsthat impacted
the study outputsin afew projects.

Capacity strengthening was animportant contri-bution
made by the program. From all reports, the process and
support provided far exceeded that provided by other
national and international grant-making bodiesand served
inimproving the design and implementation of the studies
and resulted in better outputs. Thiswas especially truefor
the less experienced investigators, though even the more
experienced investigatorsreported having benefited from
their participationinthe program.

Of the ten research studies, seven are likely to make
significant contributionto public health policy and program
implementationin India. However, INCLEN may need to
play a greater role in disseminating the results to
policymakers and program managers to promote the
trand ation of the study resultsinto public health policy and
practice. Four studieseval uated care-seeking behavior for
pneumonia, of which two have been published[2,3]. Two of
them, which were mixed-method studies, found that
knowledge about pneumonia was poor and care was
mostly obtained from private service providerswho were
not knowledgeable about pneumonia case management.
Two other studies evaluated the impact of behaviour

VoLUME 58—NoVEMBER 15, 2021



CHERIAN, ET AL.

change communications (BCC), one which looked at its
impact on the incidence of childhood diseases including
pneumoniaand the other that combined BCC with capacity
strengthening for case management in primary care
facilitiesin the public sector. Takentogether, thefindings of
these studies can make important contributions to
improving care-seeking and the quality of care for
childhood pneumonia if it is possible to trandate the
findingsinto public health practice.

A fifth study evaluated the use of high flow nasal
cannuladelivery of oxygen for children with pneumonia
and found that the technique and could beimplemented in
first referral level facilities could reduce the need for
invasiveventilation, whichisonly availableintertiary care
facilities. The sixth study used mathematical modelling to
estimate the state level burden of pneumococcal disease
and the cost-effectiveness of pneumococcal conjugate
vaccine (PCV). The preliminary findings from this study
informed the policy recommendationsfor theuseof PCV in
India. A seventh study, which is yet to be completed, is
alsolikely toinform both global and national policiesonthe
useof PCV.

RECOMMENDATIONS

Theevaluation team made recommendation rel ated to the
current projectsaswell asfor future projects supported by
INCLEN; theseare summarized bel ow.

Recommendations for the Current Program

a) Explorepossibilities, in consultationwiththe WG and
TAG to maximizereturnsfromtwo studieswhichwere
not completeat thetime of evaluation.

b) The IWG/TAG should have afinal closed meeting to
review and score each project in terms of output and
impact at the compl etion of the project and follow this
up with a stakeholder meeting at national level to
translate research to policy and practice.

¢) INCLEN secretariat should al so facilitate engagement
and advocate with state and district officias to
promotetranslation of study findingsto programmatic
action, especially where site investigators are facing
difficultiesor did not have adissemination plan.

Recommendations for Future Programs

d) Consider higher weightage or special consideration to
studies from under-researched areas/ populations on
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topicsthat constitute important public health gaps.

e) Provide only conditional approvals for proposas
where TAG proposed major revisions, with final
approval by TAG prior to study initiation.

f) Provide greater oversight through TAG in study
implementation, supplemented with mid-level
researchers who can provide more regular
handholding.

0) Ensurethat all changesin protocolsarecommunicated
toand approved by the TAG.

h) Implement quarterly formal site audits to assess
adherence to protocol, progress against defined
milestones (e.g. enrolment rates) using structured
checklists.

i) Allow time and promote/ encourage networking at
investigators meetings to facilitate research
collaborations.

h) Make engagement with local level programme
managersarequirement for studieswith programmatic
implicationsprior to study initiation.

k) Makedissemination meetingsarequirement for studies
where the study results have a contribution to
programme management.

Contributors: TC, PG, KT: evaluation undertaken and findings
wereandyzed and interpreted; TC: initia draft report was penned;
KT,PG: intellectua inputs. All authors have approved the final
report and take full responsibility for its contents.

Funding: This work was supported by Bill and Melinda Gates
Foundation through The INCLEN Trust International (Grant
number: OPP1084307). Thefunding source had no contribution
in study design, implementation, collection and interpretation of
dataand report writing. Competing interest: None stated.

REFERENCES

1. Research program to emphasize public hedth significance of
childhood pneumonia in India. 2017 [cited 2019]. Available
from: http://inclentrust.org/inclen/resear ch-program-to-empha
size-public-health-significance-of-childhood-pneumonia-in-
india/. Accessed 17 December, 2019.

2. Awasthi S, Verma T, Agarwal M, Pandey CM. To assess the
effectiveness of various communication strategies for impro-
ving childhood pneumonia case management: Study protocol of
a community based behavioral open labeled tria in rural
Lucknow, Uttar Pradesh, India BMC Pediatr. 2018;18:279.

3. Mohanrg) R, Kumar S, Jayakumar S, Agarwal M, Dhingra B,
Jeyaseelan V, et al. Where do mathers take their children for
pneumonia care? Findings from three Indian states. PLoS One.
2019;14:e0214331.

INDIAN PEDIATRICS

1076

VoLUME 58—NoVEMBER 15, 2021



REVIEW ARTICLE

Feasibility of Pediatric Non-Invasive Respiratory Supportin Low- and
Middle-Income Countries

KRISHNA MOHAN GULLA, SUSHIL KUMAR KABRA, RAKESH LODHA

FromDivision of Pediatric Pulmonol ogy and Intensive Care, Department of Pediatrics, All India I nstitute of Medical Sciences, New
Delhi.

Correspondenceto: Dr Rakesh Lodha, Professor, Division of Pediatric Pulmonology and I ntensive Care, Department of Pediatrics,
All IndiaInstitute of Medical Sciences, New Delhi, Ansari Nagar, New Delhi, 110 029. rakesh_lodha@hotmail.com

Non-Invasive respiratory support can be viewed as mechanical respiratory support without endotracheal intubation and it includes
continuous positive airway pressure, bi-level positive airway pressure, high flow nasal cannula, and non-invasive positive pressure
ventilation. Over past few years, non-invasive respiratory support is getting more popular across pediatric intensive care units for
acute respiratory failure as well as for long-term ventilation support at home. It reduces the need for invasive mechanical ventilation,
decreases the risk of nosocomial pneumonia as well as mortality in selected pediatric and adult population. Unfortunately, majority of
available studies on non-invasive respiratory support have been conducted in high-income countries, which are different from low-
and middle-income countries (LMICs) in terms of resources, manpower, and the disease profile. Hence, we need to consider disease
profile, severity at hospital presentation, availability of age-appropriate equipment, ability of healthcare professionals
to manage patients on non-invasive respiratory support, and cost-benefit ratio. In view of the relatively high cost of equipment, there is
a need to innovate to develop indigenous kits/ devices with available resources in LMICs to reduce the cost and potentially benefit
health system. In this review, we highlight the role of non-invasive respiratory support in different clinical conditions, practical problems
encountered in LMICs setting, and few indigenous techniques to provide non-invasive respiratory support.

Keywords: Continuous positive airway pressure, High flow nasal cannula, Low- and middle-income countries, Non-invasive ventilation.

on-invasive respiratory support (NRS) is

defined as delivery of respiratory support

without use of an invasive atificia

airway such as endotrachea or tracheostomy
tube. It can be delivered using negative pressure or positive
pressure. In negative pressure ventilation, pressure
surrounding the chest wall is lowered to decrease intra-
pleurd pressureand thus, tidal volumeisdeliveredto patient.
Ironlung, whichwasused in polio epidemic six decadesago
isan exampleof negative pressureventilation [1]. Inpositive
pressure non-invasiverespiratory support, pressureisapplied
at the mouth and/or nose in spontaneously breathing
patients. Continuous positive pressure ventilation (CPAP),
Non-invasive positive pressure ventilation (NIPPV) and
High flow nasal cannula (HFNC) are examples of positive
pressure non-invasive respiratory support [2]. These
modalitieswork by stabilizing chest wall, unloading of
diaphragm and accessory musclesof respiration, increasing
tidal volume/minute ventilation, maintaining functional
resdua capacity (FRC) to prevent atelectasis and
maintaining patency of upper as wel as lower
airways|[3]. These may aso help to avoid complications
associated with invasive ventilation such as infection,
ventilator-induced lunginjury, and airway edema[3]. Apart
from supporting respiratory  system, non-invasive
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respiratory support aso supports cardiovascular system [4].
Non-invasive respiratory support reduces the need for
invasive mechanical ventilation, especially in mild to
moderate cases of acute respiratory distress syndrome
(ARDS) andacutelunginjury [5-7]. InLMICs, cogt-€ffective
indigenously developed CPAP systems have been shown
toreduce mortality and referral totertiary care neonata
intensive care units (ICUs) interm and preterm babieswith
respiratory distress syndrome [8-10]. Though pediatric
critical careiswell devel opedin high-incomecountries, it il
remainsinitsearly stagein most LMICsduetolack of well-
equipped intensive care units, trained staff, rapid accessto
necessary medications and supplies. Complications and
mortaity from high burden diseaseslike severe pneumonia,
severe maaria and diarrhea can be reduced by training
hedthcare providers, sdecting resource-appropriate
effective indigenous equipment and co-operation from
governing bodiesand industry [11]. Thisreview isaimedto
addressfew issuesrelevant tothe LMIC settings.

Are children from LMICs with specific respiratory
problems likely to benefit from non-invasive
respiratory support?

NRS can be safely used in clinica conditions such as
pneumonia, bronchiolitis, asthma exacerbation, post-
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extubation airway problems, acute respiratory failure in
immuno-compromised children, post-operative respiratory
failure (cardiac as well as non-cardiac), neuromuscular
weakness, and obstructive deep apnea[2] (Box I). Non-
invasive respiratory support in pediatric acute respiratory
failure is associated with improvement in physiological
parameterssuch asheart rate, respiratory rate, saturation and
decreased need for invasive mechanical ventilation [12].
HFNC was associated with higher ventilation free days at
day 28 in children with acute hypoxemic respiratory
fallure[5]. Few chart reviews and proceedings from the
PediatricAcute L ung Injury Consensus Conference suggest
that NRS can be safely used in children with mild to
moderate- acute respiratory distress syndrome [13-15].
A recent systematic review on bubble CPAP (bCPAP) and
HFNC therapy in children (day 1 to 12 years) with severe
pneumonia and hypoxemia in developing countries
concluded that bCPAP may be effective and the use of
HFNC therapy isvery limitedinLMICs[16]. Non-invasive
respiratory support is also commonly used in critically ill
children with congenital or acquired heart disease with
respiratory distress and was found to decrease both
intubation re-intubation rates [17-19]. Non-invasive
respiratory support is being used as first line therapy to
correct hypoxemia/hypercarbia in immunocompromised
children, especialy thosewith mild to moderateARDS and
stable hemodynamic status[20-22]. In the recent past, there
has been atrend towards NRS use even in obstructive lung
diseases such as status asthmaticusin children[23-25].

Non-invasive respiratory support also hasarole to
support respiratory systemin children with neuro-muscular
disease (NMD). Inaprospective study, wherechildrenwith
NMD (Duchenne muscular dystrophy, spina muscular
atrophy, limb girdle muscular dystrophy, congenita
myopathy) and acute respiratory failure were treated with
combination of NRS and mechanica in-exsufflator during
hospital stay, physiologic indices such as PaO,, PCO,, pH,
and PaO,/FiO,improved in al patients without any
mortality; thishighlightstheroleof NRSinNMDs[26]. NRS
isalso commonly used in children to prevent re-intubation
during post-extubation period in high-risk patients[27-30].
Summary of studies on utility of non-invasive respiratory
support in pediatric respiratory failure is shown in Web
Tablel.

A recent systematic review on non-invasive ventilation
in children and adults in LMICs, mostly from South Asia
included 10 pediatric studies (N=1099). Pneumonia, malaria
and dengue shock syndrome were the most common
conditions requiring NRS. CPAP and bubble CPAP were
commonly used NRS modes. Pooled risk for mortality was
9.5% (95% Cl 4.6-14.5) and NRSfailurewasseenin 10.5%
(4.6-16.5). Successratesof non-invasiverespiratory support
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Box I Indications of Non-Invasive Ventilation

Clinical conditions with pulmonary shunt

Pneumonia

Acute lung injury
Inhalational injury
Pulmonary edema

Difficult intubation

Restrictive lung diseases

Scoliosis

Chest wall restriction

Interstitial lung diseases

Hypoventilation

Weaning from anesthesia

Neuromuscular disorders like spinal muscular atrophy and
Gullian Barré syndrome

Upper airway obstruction

Obstructive deep apnea

Altered mental status

Upper airway edema

Chronic lung disorders with increase/retained secretions
Cystic fibrosis

Primary ciliary dyskinesia

Pdliation therapy for respiratory support

ranged from 57 to 96% and were higher in patientswith acute
asthma compared to pneumonia. Pooled risk of facia skin
sores and pneumothorax were 2.4% (95% Cl 0.8-3.9) and
1.9%(95%Cl 0.1-3.9), repectively [31]. Apart fromknowing
the conditions where NRS can be successful, it is aso
equally essential to know the conditionswhereitislikely to
fail andiscontraindicated. Noninvasiverespiratory support
is likely to fail in conditions when mean airway pressure
(MAP) >11.5 cmof H,O, FiO,> 0.6, thereislessor minimal
decrease in heart rate/respiratory rate after 1-2 hours of
initiation, presence of other organ dysfunction, or presence
of severe disease (high PRISM/ Pediatric logistic organ
dysfunction scores) [32-35]. Absolute contraindicationsare
respiratory arrest, facial traumalburns, upper airway
obstruction, comatose patients, intolerance, intestinal
obstruction and Gullian Barré syndrome (GBS) with absent
gag reflex. From the a&bove discussion, we
can say that common diseases in our settings such as
pneumonia, dengue, malariaarelikely to benefit from non-
invasive respiratory support, particularly in areas where
ICU fadilitiesarelimited/ not available. Complicationsrelated
toNRSare: Barotrauma: canlead to tension pneumothorax,
pneumomediastinum, or mass ve subcutaneousemphysema
especialy when the child is very agitated; Aspiration: may
occur due to gadtric distension and vomiting; Skin break
down: facial skinirritation and ul ceration are seenwith nasal
or oronasal masks; Nasal mucosal trauma: use of nasal
masks or nasal prongs abstruct nostrils and may lead to
epistaxis in case of inadequate humidification; Gastric
distension: when inspiratory pressures exceed lower
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esophageal sphincter pressure (normally 10 mmHg) or when
thepatient swallowsair (eg, during crying), it leadsto gastric
distension; Eyeirritationor injury: ocular trauma, primarily
corneal abrasion or ulceration, can occur if the edge of the
mask is in contact with the eye surface. A flow chart on
initiation and monitoring of NRSisshowninFig.1.

Whether suitable indigenous equipment for
providing non-invasive respiratory support are
available? If not, is there a need to modify
existing imported design of NRS machines for
theirusein LMICs?

Components required for NRS are interface, ventilator/
equipment and humidifier. Interfacesinclude nasal pillow,
nasal cannula, oro-nasal mask, full-facemask, helmet (Fig. 2).
In LMICs, availability and cost of interfaces are mgjor
hurdlesto provide non-invasiverespiratory support evenin
eligiblechildren. Childrenwith severewasting usualy have
lessbuccal pad of fat, making fit of masksdifficult. Another
important equipment for non-invasiverespiratory support is
ventilator/specific equipment. Classical ICU ventilators or
transport ventilators provide poor leak compensation and

PeDIATRIC NON-INVASIVE RESPIRATORY SUPPORT

need separate air and oxygen source. Ventilatorswhich are
designed specificaly for non-invasiveventilationareusudly
portable, do not need separate air source and compensate
well for air leak. However, the machines available in the
market deliver minimumtida volumeof 100-150mL whichis
much higher thantidal volumeof infantsand small children.
Another important issue to consider isthecost of
equipment. In authors experience, cost of portable
ventilatorsused for homeventilationininfantsand children
isgpproximately INR 400 000- 500 000 (USD 5700-7200) gpart
from costs of the interface (e.g., mask), ventilator circuit
tubing, humidifier, etc.; these costsmay not beaffordableby
most families in a LMIC. Few BiPAP ventilator
machines, which aredesigned for obstructiveleep apneain
adult population areavailableat somewhat lower costs, may
be used in older children and adolescents. However, these
mechineshaveinherent problemslikeinability totitrate FHO,,
lack of adequate battery backup, high inspiratory time,
ineffectivehumidification, etc. ForaPICU inaLMIC offering
invasive mechanicd ventilation, it may be desirable to have
non-invasive modes in the same mechanica ventilator. In
addition, low cost HFNC and bubble CPA Pequipment may

Oxygen administration by nasal prongs2- 3L/minor
facemask 6-8L/min

Assessfor target achievement i.e,,
» Reduced work of breathing
* Sp0O,>94% in 30 minutes

\

J

| Target achieved |

| Regular monitoring every 1 hour |—)| Target not achieved |

| Continue same and regular monitoring every 1 hour |

HFNC settings

Flow Rate: 2L/kg/min

FiO2: start with 100% and wean to
<60%, if target achieved

CPAP settings

CPAP: 5cmH20 upto7 cmH20
NIMV settings

PEEP: 5-8 cmH20

PS: 8-10cmH20

FiO2: start with 100% and wean to
<60%, if target achieved

If there is marked worsening, child may
require intubation and mechanica
ventilation at any time point

!

| Initiate HFNC and escal ateif required |

| If noimprovement/worsening |

Initiate CPAP

| If noimprovement/worsening |

| Initiate NIMV using oronasal mask |

| If noimprovement/worsening |

| Initiateinvasivemechanical ventilation |

HFNC-High flow nasal cannula;
CPAP-Continous positive airway pressure;
NIMV-Non-invasive mechanical ventilation;
PEEP-Positive end-expiratory pressure.

Fig.1 Flow chart of initiation and monitoring of non-invasive respiratory supprt.
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A B
Fig. 2 Interfacesused for NIV (a-nasal cannulg; b- nasal pillow; c- oronasal mask; d-helmet).

also be added. For units which do not have mechanica
ventilators or inadequate numbers of ventilators, stand-alone
low-cost HFNC and bubble CPAP equipment should be
consideredfor installation.

Is there a need to have innovations in provi-
ding non-invasive respiratory support in LMICs?

INnLMICs,inorder to overcomethecosts/availability i ssues,
we may prepare indigenous equipment/devices to deliver
NRS. Indigenously made CPAP equipment, bubble CPAR,
have been used successfully in Indian PICUs. In a
retrospective study from India, 60 children with acute
hypoxic respiratory failuredueto swineflu weretreated with
indigenous nasa bubble CPAP (NB-CPAP) (Fig. 3), which
provided expiratory positive airway pressure of 5cmH,0
and delivered FiO, of around 70%. All patients tolerated
CPAPand nonerequired endotracheal intubation [36].

In another study from India, indigenous CPAP was
provided through flow inflating device-Jackson-Reescircuit
(JR)/Bain circuit and using face mask asinterface (Fig. 4).
This study included 214 children and CPAP through flow
inflating device was successful in 89.7% of cases, of which
bronchialitisaccounted for 98.3%. A prolonged duration of
CPAPsupport of >96 hwasrequired in pneumonia. CPAP
failure was noted in 10.3% of cases, the mgjor risk factors
being children <1 year and pneumoniawith septic shock [37].
Jayashree, et d. [38] enrolled 330 children aged 1 month-12
years, withclinica pneumoniato bCPAPgroup (deliveredvia
an underwater ‘T’ tube through nasal prongs) and nasa
prongs group, and found that nasal CPAP is safe and
effective. IndigenousHFNC circuit can aso be prepared by
using O,/O,-air mixture (blender) source, servo-control
humidifier (heated wire humidifier), corrugated tubing and
nasal prongs (Fig. 5). A blender can used to regulate
FiO,. Onehasto beinnovativeto assemblelocally available
equipment in their hospitals to prepare indigenous non-
invasive ventilation equipment. However, one has to
remember that quaity of indigenous equipment for NRS
needs to be assessed by treating physician.

INDIAN PEDIATRICS
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Training healthcare professionals to provide non-
invasive respiratory support

Training of hedth care personnel (doctors, nursing staff,
technicians) isequally important for successful outcome of
non-invasive ventilation in intensive care. An important
aspect of training isto choose right patient at right time for
initiation. Apart from initiation, other important aspect isto
closaly monitor andidentify early failurewithin 1-2 hoursof
initiation and step up the respiratory support in a timely
fashion to improve outcome. In LMICs, where the nursing
staff to patient ratioisofteninadequate, early identi-fication
of failure poses an important challenge. The intensity/
frequency of monitoring may actually be greater for achild
undergoing non-invasive ventilation than invasive

[Izm:

Fig. 3 Assembly of indigenous CPAP.

1- Oxygen supply through flow meter; 2- Nasal cannula; 3-
Intravenoustubing cut and one end is attached to nasal cannula
and other end isinsertedin normal salinebottleto exert CPAP; 4-
Normal saline bottle showing bubblesduring exhalation.
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Fig. 4 Flow inflating bag used for providing continuous positive
airway pressure.

ventilation. So, having adequately trained man-power is
critical for safe application of non-invasive respiratory
supportincriticalyill children.

Will non-invasive respiratory support be cost
beneficial in these countries?

A study from India[9] evaluated the cost effectiveness of

PepIATRIC NON-INVASIVE RESPIRATORY SUPPORT

locally assembled low-cost CPAP system in neonates with
respiratory distress, and found that neonatal mortality could
be reduced using this CPAP system with cost of only 160
INR per one CPAPsystem.

Inanother study fromMa awi [8], low-cost bubble CPAP
system was used to treat neonatal respiratory distress
and led to 27% absoluteimprovement in the survival when
compared to standard care. A study on adults in India did
cost-effective  analysis of ward-based non-invasive
respiratory support plus standard treatment with standard
trestment aone in chronic obstructive pulmonary disease
(COPD) with respiratory failure and found that ward-based
NRStreatment increased thesurvival of patientswith COPD
respiratory failure, when ICU is not available, a alesser
cost [39]. Thus, non-invasive respiratory supportin LMICsis
not only cost-effective but also improves the outcome of
patients requiring respiratory support.

Although India has now become a globa market for
many biomedical equipment and established itself as
comptitor for multinational counter parts, unfortunately
hardly any of the NRS equipment or their parts are
manufactured in India. So, there is an urgent need for
establishing highly effective physician-engineer-industry
collaborationsfor manufacturing cost effective, high quality
non-invasive equipment as good as their multi-national
counter parts. Often there are concerns about the quality of
indi genous equi pment; there hasto be enough effortsput in
by the manufacturersto ensure a certain level of quality of
products, particularly for the safety features.

Indeveloping countries, achildislikely to suffer around
0.3 episodesof pneumonialyear, andin devel oped countries
itis0.03 episodesper child/year [40]. Based onthis, Indiais

Fig. 5 Indigenous high flow nasal cannula; a) Oxygen source and flow meter; b) Servo humidifier; c) connection of nasal prongsto
corrugated tubing from humidifier; d) Nasal prongsplacedin nasal cavity and should be of appropriatesizeto alow leak.
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predicted to have about 700 million episodes of acute
respiratory tract infectionsand about 52 million episodes of
pneumoniaevery year [41]. For example, Broor, et d. [42] had
reported 43 episodes, 536 episodes, and 2387 episodes of
severe acute lower respiratory infections, acute lower
respiratory infectionsand acute upper respiratory infections,
respectively per 1000 child yearsfrom northern India. This
showsthat mgjority of children with acute respiratory tract
infection need home based care or isolation, few children
may need hospital careand very few of them need either high
dependency unit (HDU) careor ICU care. Hence, thereisa
need to invest more in development and procurement of
devices providing ssimple oxygen therapy or non-invasive
respiratory support as most children with acute lower
respiratory tract infection can be managed with them if
intervened early and invasive ventilation is needed only in
few. A pyramid depicting burden of respiratory illness and
requirement of respiratory support hasbeen showninFig. 5.
Hence, in contrast to the usual tendency of clinicians and
hospital administrations for having more high-cost
equipment for invasive mechanical ventilation, thereis a
needtoinvestin procuring more of non-invasiverespiratory
support systemsfor possibly abetter cost-effective solution
inLMICs

Role of non-invasive
COVID-19 pandemic

Children of any age can beinfected with COVID-19, but the
severity seemsto be lessthan that in adult population. Ina
systematic review, children accounted for 1-5% of total
diagnosed COVID-19 cases[43]. Asof April 2, 2020, among
the 1,49,760 |aboratory-confirmed casesreported tothe US
CDC (United States Centers for Disease Control and
Prevention), children of lessthan 18 years congtituted only
1.7% (N=2572) [44]. Among thesechildren, 147 (range5.7%-
20%) werereported to be hospitalized, with 15 (range 0.58%-
2.0%) admittedto ICU.

respiratory supportin

Level of care

ARI:

Persistent
hypoxemia

Invasive ventilation/ICU

ARI: Pneumania with
oxygen requirement [
increased work of
breathing

HDU/Oxygen/NIRS

. Home care
ARI: Upper respiratory tract
infection Qr0

Disease severity

Fig. 4 Depiction of disease severity with level of care provided.
ARI-acute respiratory infection; HDU-High dependency unit;
ICU-Intensive careunit; NRS-Noninvasiverespiratory support.
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Inanother report from China[45], out of 728 |aboratory
confirmed casesin children, 21 (2.9%) wereeither severeor
critically ill. Children with severe/critical disease need
respiratory support. When the respiratory statusworsensin
patients with non-COV D pneumonia, physicians use non-
invasive ventilation without hesitation provided clinically
appropriate. However, when noninvasive venti-laion is
conddered in patients with COVID pneumonia, there are
concerns about aerosol generation, which may cause
contamination of ICU environment and staff. There is an
ongoing debate on whether to use HFNC/NIV in patients
with COVID pneumonia [46]. Appropriately fitted interfaces
in HFNC/NIV may restrict direct release of air during
expiration into the environment. However, in our set-up,
limited availability of appropriate-sized interfaces for
children, lack of negative pressure isolation rooms in al
health carefacilitiesand limited availability of high quality
persona protective equipment to health care workers make
pediatric intensivists not to use HFNC/non-invasive
respiratory supportin this scenario. Despite the
apprehension associated with use of these moddlities, 137
out of 1287 |CU admitted patients(11%[95% Cl, 9%-12%)),
weretreated with non-invasiveventilaioninltay [47].Ina
reportfrom Ching, 61 out of 84 patientswith COVID-19ARDS
received non-invasive ventilation [48]. However, there are
no datadescribing whether thesemodalitieswere successful
a avoidingintubation. Hence, the decisiontoinitiate HFNC
or NIV in COVID-19 patients should be taken by balancing
therisks and benefits to the patient, the risk of exposure to
healthcareworkers, and avail ability of resources.

Monitoringon HFNC/NIV: If HFNC or NIV isadminis-tered,
vigilant monitoring with frequent clinical (respiratory rates,
retractions, cyanosis, sensorium) and arterial blood gas
evaluation every one to two hours is needed to ensure
efficacy and safety. Somephysicianstry HFNC/NIV while
the patient is in the prone position, though there is no
evidencefor thesame.

Precautions: Airborne precautions should be undertaken.
Whileusing HFNC, additional surgical mask can beplaced
on the patient face and lowest effective flow rate should be
used. When NIV isinitiated, afull-face mask rather than a
nasal or oronasa mask is preferred to minimize particle
dispersion. The mask should have a good sea and should
not haveanexitvave. For older children, heimet can beused
as an interface. Dua limb circuit with avira filter on the
expiratory limb on routine ICU ventilator is preferred
comparedtosinglelimb circuit on portable BIPAPmachines.
Itispreferabletotitrateventilator setting tolowest effective
pressures (e.9., 5-10 cm H,0). Innovations are also being
tried using aconstant flow canopy over the upper part of the
patient bed, thusbuilding arestricted areaaround the patient
where non-invasive respiratory support can be safely used.
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with respect to clinical outcomes are needed

« Noninvasive respiratory support is feasible in LMICs
« Clinician-industry-government collaboration is needed to design indigenous devices

KEY MESSAGES

« Studies on comparing indigenous devices with standard non-invasive respiratory support machines/ devices

« High quality of indigenous devices needs to be ensured
¢ Close clinical monitoring is the key for success of non-invasive respiratory support

This canopy system consists of flexible plastic canopy that
covers the upper part of the body, fan filtering unit (FFU)
using high efficiency particulate air (HEPA) filters and an
exhaust system creating negative pressure and transferring
thefiltered air out to the open atmosphere [48].

India has diverse health facilities and facilities should
have its own guideline whether to provide NRS to patients
with COVID-19 pneumonia depending on availability of
appropriate interfaces, personal protective equipment,
negative pressure rooms, adequate staffing, etc. We need to
strike a balance between benefit to the patient and risk to
health careworkerswhileproviding NRS.

CONCLUSION

Greater use of indigenousnon-invasive respiratory
support equipment, adequate training of healthcare
providersto useand monitor and commitment from hospital
administration are important steps to improve outcomes of
childrenin LMICs. Though HFNCisapromising therapy, it
has not been adequately studied in LMICs and requires
further studies prior to its widespread use. Cogt-effective
evaluation including assessment of optimal professiona
staffing level s should be addressed in future studies of non-
invasive respiratory therapies in LMICs. To fill up the
existing huge demand supply gap of non-invasive
ventilation equipment, there is a need to develop high
qudity, locally manufactured, affordable non-invasive
respiratory support equipment by facilitating partnership
between governing agencies and industry.
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idea, reviewed manuscript and heisthe corresponding author.
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Web Table I Summary of Various Studies on Use of Non Invasive Respiratory Support in Children

Author, year Population Methodology Intervention Objectives/Outc | Results Conclusion
ome variables
Yanez et al., Imonth -15 years RCT Study group Primary Intubation rate was NIV improves
2008 (12) Children with Study group received inspiratory | outcome: Need significantly lower in hypoxemia, signs and
(N=50) respiratory failure (N=25): pressure:12-18 cm to intubate, study group (28% vs symptoms of acute
based on FiO2 NIV plus standard H20 expiratory Secondary 60%,p=0.045) respiratory failure and
requirement >50% to therapy positive airway outcome: Heart rate and also prevents
maintain SPO2 >94%, | Control pressure 6- 12 cm improvement in respiratory rate were endotracheal intubation
with moderate to group(N=25): H20 vital signs and significantly lower after
severe respiratory Standard therapy Control group: gas exchange for | 1 hr of treatment
distress mask oxygen at 48 hrs compared with
FI02 >50% to keep admission in study
saturation at >94% group.
Fortenberry et Children <18 years Retrospective All children Respiratory rate Non-invasive nasal
al, 1995 (13) with signs of received BiPAP decreased significantly positive pressure mask
(N=28) respiratory distress through nasal mask with BiPAP(45+18 ventilation can be safely
who are likely to get breaths per minute to and effectively used in
intubated or re- 33+11, p<0.001). pediatric patients to
intubated PaO2 improved (71£13 improve oxygenation in
mm Hg to 115+55), mild to moderate
PaCO2, pulse oximetry hypoxemic respiratory
saturation, and pH all insufficiency and it also
improved significantly avoids reintubation.
(p<0.01)
Only 3 of 28 patients
required intubation or
re-intubation.
Essouri et Children treated by Retrospective Nasal or facial Failure of NPPV | 77% were successfully NPPV could be
al.,2006 (14) Non invasive positive masks were used defined by the treated by NPPV proposed as a first-line
(N=114) pressure with dual limb necessity of without intubation treatment in children
ventilation(NPPV) circuit endotracheal The success rate of with acute respiratory
over five consecutive Mode used: intubation during | NPPV was significantly | distress, except in those

years sksin PICU

Pressure support
with positive end
expiratory pressure

the PICU stay

lower (22%) in patients
with acute respiratory
distress syndrome (p<
0.05)

high PRISM II and
PELODS at admission
were associated with
unsuccessful NPPV
9.6% who received
NPPV died

with a diagnosis of
acute respiratory
distress syndrome.

Essouri et al.,
2015 (15)

Children(1month — 18
years) with acute
respiratory distress
syndrome(ARDS)

Systematic review
on non invasive
ventilation in
children with
ARDS

NPPV can improve gas
exchange and
potentially prevent
intubation and
mechanical ventilation
in some children with
mild pARDS

NPPYV is not indicated
in severe pARDS

An oronasal interface
provides superior
support, The efficacy of
high-flow nasal cannula
compared with
noninvasive positive
pressure ventilation is
unknown

NPPV can be beneficial
in children with
pediatric acute
respiratory distress
syndrome, particularly
in those with milder
disease.

INDIAN PEDIATRICS

VOLUME 58—NOVEMBER 15,2021




GULLA, ET AL. PEDIATRIC NON-INVASIVE RESPIRATORY SUPPORT
Gupta P et al., Children between the Retrospective Prophylactic group: | To identify the 221 events were NIV can be safely and
2012 (17) ages 1 day and 18 NIV was given predictors of included successfully applied in

years with acute directly after NIV success in 172 responders (77.8 %) | critically ill children
respiratory failure who extubation preventing and 49 non-responders with cardiac disease to

required NIV in a
cardiovascular
intensive care unit
(CVICU)

Non- prophylactic
group: NIV was
given after signs
and symptoms of
respiratory failure
developed.

Modes of NIV used
were CPAP and
BiPAP.

CPAP or EPAP was
initiated with 4-5
cm H2O for all and
maximum of 10-12
cm H20 IPAP was
initiated at 6-8 cm
H20 and maximum
of 18-20cm H20
was given

extubation failure
in critically ill
children with
heart disease.

To assess the
efficacy of
prophylactic NIV
therapy

To determine the
characteristics,
outcomes, and
complications
associated with
NIV therapy in
pediatric cardiac
patients

(22.2 %) were noted
201 events received
CPAP with 156(78%)
responders,

20 events received
BiPAP with 16(80%)
responders

58 events (26.3 %) were
assigned to the
prophylactic group and
163 events (73.7 %) to
the nonprophylactic
group.

The prophylactic group
experienced
significantly shorter
CVICU stay (median,
49 vs 88 days; p = 0.03)
and hospital stay
(median, 60 vs 103
days; p=0.05)

prevent extubation
failure

Fernandez, et Children 3days — 16

Retrospective

Physician driven

Duration of NIV was 3

NIV is increasingly

al.,2016 (18) years age requiring observational study | use of NIV days (median) being used in the
(N=200) NIV after heart comparing the first (CPAP/BiPAP) Mortality rate was postoperative period of
surgery in a PICU over | 6 years of the study 3.9%. heart surgery
12 years with the last 6 The use of NIV was It is associated with a
years. increased from 13.2% in | lesser need for invasive
first 6 years t0 29.2% in | mechanical ventilation
the second 6 years (p CPAP was the most
<0.001). common modality and
CPAP was the most in the in the latter years,
common modality of the use of BIPAP has
NIV (65.5%). increased significantly
The use of BiPAP
increased from 15% in
first 6 years 42.9% in
the second 6 years
period (p <0.001)
NIV failed in 15% of
patients.
The mortality rate did
not change between the
two periods
Kovacikova L Children l1day — 18 Prospective NPPV with pressure | NPPV was used Within the first hour of NPPV improved oxy-

etal, 2013 (19)
(N=82)

years age with
congenital heart
disease (post

observational study

support and/or
pressure control
mode was applied

(1) in patients
with hypoxemic
or hypercarbic

NPPV, partial pressure
Pa02/Fi02 was
increased, and pCO2,

genation and decreased
respiratory effort in
pediatric cardiac

operative) Median PEEP used | respiratory RRwere decreased. patients,
10 cm H20 (4-12) failure or those In 59.8 % of cases, A high-complexity
Median maximum who were likely NPPV prevented surgical score, presence
IPAP used was to require tracheal intubation of infection, residual
21 cm H20 (10-28) | intubation based The Aristotle Basic cardiac defect, and pH
Interfaces used on clinical signs; | Complexity score, <7.36 in the first hour
were (2)asa presence of infection, are predictors of NPPV
Naso-pharyngeal preventive residual cardiac defect, failure
tube, Oro-nasal measure in and pH <7.36 in the first
mask, or helmet patients with hour were independent
high risk for predictors of NPPV
extubation failure | failure
Pancera CF et Immunocompromised Retrospective The NIV mode used | To evaluate the 1/4%of the patients from | NIV can be used as
al. 2008 (20) children with acute Two groups was pressure feasibility of the NIV group first- line treatment in
(N =239) respiratory failure I.NIVgroup(N=120 | support with NPPV in PICU subsequently required children with
), defined as positive end- To assess the intubation. malignancies who
children who expiratory pressure. | clinical Independent predictive develop acute
received NPPV as Nasal mask was efficacy of factors for intubation respiratory failure,
the first choice for used NPPV were solid tumors except those with severe
at least 24 hours Decision to initiate To identify cardiovascular hemodynamic

2. Invasive

NIV was by the

predictive factors

dysfunction and

compromise
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ventilation
group(N=119)
defined as children
who received
conventional MV as
the first choice sk}

physician

for endotracheal
intubation

therapeutic intervention
scoring system score
(TISS) >40 points

Piastra et al., Immunocompromised Retrospective Mode: pressure To evaluate the Early and sustained NIV administration is
2009 (22) children with acute support mode or feasibility of improvement in P/F feasible and well
(N=23) respiratory distress pressure controlled non-invasive ratio were observed in tolerated in
syndrome (ARDS) Interface: ventilation (NIV) | 82 and 74% of cases, immunocompromised
face mask/helmet in respectively. children with ARDS.
immunocompro 13 out of 23 (54.5%) A short NIV trial can be
mised children avoided intubation and used to verify the
with ARDS were discharged from usefulness of the
the PICU technique.
PICU and intra-hospital
mortality was higher for
NIV-non responders (p
<0.001)
PICU stay was shorter
for NIV responders (p =
0.03).
Basnet et al., Children age 1-18 RCT BiPAP mode with Improvement in Improvement in clinical | Early initiation of non

2012, (23) years admitted to NPPV plus standard | face mask/nasal the clinical asthma score was invasive positive
(N=20) PICU with status treatment versus mask was used asthma scores significantly greater in pressure ventilation,
asthmaticus with standard treatment Inspiratory positive non invasive positive along with short acting
a clinical asthma score | alone airway pressure was pressure ventilation B-agonists and systemic
3-8 after receiving one gradually increased group compared to steroids, can be safe,
dose of to 8 cm H20 to standard group at 2 hrs, well-tolerated, and
methylprednisolone, 1 achieve a tidal 4-8 hrs, 12-16 hrs, and effective in the
hr of continuous volume of 6-9 24 hrs after initiation of | management of children
albuterol (SABA), and mL/kg and end- interventions (p<0.01). with status asthmaticus
three doses of expiratory positive There were no major
ipratropium bromide airway pressure to 5 adverse events related to
cm H20 NPPV.
9 out of 10 patients
tolerated NPPV through
the duration of the study
Thill et al., Children admitted to RCT, cross over Group 1: 2 hrs of Improvement in Non invasive ventilation | Non invasive ventilation
2004 (24) the pediatric intensive NIV followed by clinical asthma decreased signs of work | can be an effective
(N=20) care unit with acute crossover to 2 hrs of | severity (CAS) of breathing compared treatment for children
lower airway standard therapy score with standard therapy with acute lower airway
obstruction Group 2: 2 hrs of obstruction
standard therapy There was no serious
followed by 2 hrs of morbidity associated
NIV with noninvasive
BiPAP was used ventilation.
using nasal mask
IPAP of 10 cm H20
and an EPAP 5 cm
H20, were used
Pilar et al., Children (1.5 - 14 Retrospective For NIV, BiPAP Primary outcome | 22 received NIV Early initiation of NIV
2017 (25) years) with acute Patients were given | mode was used with | measure was 20 received HFNC is a safe and feasible
(N=42) severe asthma high flow nasal full face masks or failure of initial The mean EPAP was initial alternative for the

admitted to PICU

cannula (HFNC) or
non invasive
ventilation (NIV) as
per physician
discretion

oronasal masks as
interface

IPAP of 8 cmH2 O
and EPAP of 4
cmH20 were used
to achieve a tidal
volume of 6-9
ml/kg. IPAP and
EPAP were titrated
based on tidal
volume, saturation
and clinical signs

For HFNC, flow
rates: 2 L/kg/min
for the first 10 kg
plus 0.5 L/kg/min
for each kg above
that (maximum

respiratory
support (need to
escalate from
HFNC to NIV or
from NIV to
invasive
ventilation).
Secondary
outcome
measures were
the duration of
respiratory
support and
PICU length of
stay (LOS)

S5cmH20 (4-7) and the
mean IPAP was
12ecmH20 (8-17)

No treatment failure in
NIV group

8 children (40%) in the
HENC group required
escalation to NIV.

The PICU length of stay
was similar in both the
groups.

HENC failure subgroup
had longer respiratory
support duration and
longer PICU stay
compared to HFNC
success subgroup.

treatment of severe
asthma exacerbation.
HFNC could potentially
delay the initiation of
NIV in severe cases and
result in longer PICU
stay, and the consequent
morbidity and cost

INDIAN PEDIATRICS

VOLUME 58—NOVEMBER 15,2021




GULLA, ET AL. PEDIATRIC NON-INVASIVE RESPIRATORY SUPPORT
flow 50 L/min)
Fioretto et al., Children aged lmonth | RCT NIV group(N=55): Reintubation rates in No differences were
2015 (27) to 3 years who were NIV was provided NIV group was 9.1% seen between groups.
(N=108) intubated and using conventional and in standard group The number of excluded
mechanically ventilator with PC- was 11.3%(p=>0.05) patients was high
ventilated for 48 hours SIMC-PS mode. No difference in length
Initial PEEP of 5 of PICU stay or hospital
cm H20, IPAP of stay
15 cm H20, PS of
10 cm H20, and
FiO2 of 50%
Maximum PEEP of
10cmH20
Maximum IPAP of
20cmH20 and
maximum PS of
15cm H20 were
used
A nasal or facial
mask was used as
interface.
Standard group
(N=53):
Oxygen by nasal
cannula
Juan P. Bonora Children aged 1 month | Retrospective NIV modes To determine the | The rates of success in The use of post-
etal., to 18 years old who multicenter included pressure rate of post- rescue and elective NIV | extubation NIV may be
2018 (29) required post Rescue NIV support ventilation, extubation NIV were 68.8% and 72.7%, | auseful to prevent re-
(N=255) extubation NIV (N=112): pressure- success and the respectively intubation
implementation of assist/control factors associated | Mortality was higher
NIV within 48 ventilation, bi-level | with failure or among patients in whom
hours of extubation | pressure support, success rescue NIV failed
due to respiratory continuous positive
failure airway pressure
Elective NIV
(N=143):
implementation of
NIV
prophylactically
after extubation
Mayordomo- Children admitted to Prospective BiPAP was used To determine rescue and elective NIV | Post-extubation NIV
Colunga J et al., | PICU who had observational study | Nasal mask, facial post- had success rate of 50% | seems to be useful in
2010 (30) invasive ventilation for | Types of NIV mask/helmet were extubationNIVch | 81% respectively(p = avoiding reintubation
at least 12 hours and elective NIV: when | used as interface aracteristics and 0.037). when applied
then extubated the patient was In elective NIV, to identify risk immediately after
extubated directly EPAP was set at 1-2 | factors of extubation
to NIV c¢cmH20 higher than | postextubation

rescue NIV: when
the child developed
respiratory failure
within 48 hours
ofextubation

previous PEEP
during invasive
ventilation. In
rescue NIV, initial
EPAP was 4-5
cmH20

IPAP was started at
6-8 cmH20 in both

NIV failure.
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Sleep-related breathing disorders (SRBD), also referred to as sleep-disordered breathing (SDB), are common sleep disorders in
children. They can be broadly divided between central and obstructive sleep-disordered breathing with or without associated
hypoventilation. In most cases, SRBD are associated with adenotonsillar hypertrophy (obstructive SDB) which are classified as
simple. SRBD can co-exist with an underlying condition like obesity, genetic syndromes or neuromuscular disorders which are
classified as complex. Polysomnography (PSG) is the gold standard for diagnosing sleep disorders. However, it is time-consuming and
requires trained technician to acquire and interpret signals. Attended in-lab respiratory polygraphies are easier to conduct and provide
respiratory data equivalent to a PSG. Similar to adult sleep services, overnight unattended home respiratory polygraphies are becoming
more widely used. These require careful patient selection and good parental education programs to be most successful in children.
Overnight oximetry has limitations but can be a useful tool for screening children with obstructive sleep apnea and prioritizing treatment.

This review aims to discuss these various diagnostic methods to assess sleep disorders in children.

Keywords: Adenotonsillar hypertrophy, Diagnosis, Polysomnography Sleep-related breathing disorders.

he International Classification of Seep

Disorders 3 (ICSD-3) broadly classifies deep

disorders into insomnia, sleep-related breathing

disorders (SRBD), centra disorders of hyper-
somnolence, circadian rhythm deep-wake disorders,
parasomnias, deep-related movement disorders and other
deepdisorders[1].

Sleep-related breathing disorders (SRBD) commonly
referredtoasdegp disordered breathing (SDB) isanumbrella
term for chronic conditions with partial or complete
cessation of breathing occurs many times throughout the
night. This leads to deep fragmentation and impacts gas
exchangewith night-timesymptoms, daytimesymptomsand
long-term deleterious health effects. SDB is divided into
obstructive seep disordered breathing and central seep
disordered breathing with or without hypoventilation. The
subtypesof SDB arenot exclusive and severd subtypescan
be presentinachild depending ontheclinical situation.

Thecommonest typeof SDB isobstructived eep apneas/
hypopneas syndrome (OSAHS). OSAHS is a disease
spectrumvarying from prolonged partid airway obstruction
(snoring and upper airway resistance) to intermittent
completeupper airway obstruction (obstructive s eep apnoea
or OSA). OSAHS can be classfied as smple or
uncomplicated when it occurs only in association with
adenotonsillar hypertrophy. It can be classified ascomplex or
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complicated when it is associated with other medical
disorders (e.g., neuromuscular diseases, chronic lung
diseases, sicklecdl|l disease), genetic syndromes(e.g., Down
syndrome, obesity syndromes, craniofacial anomdlies, Pierre
Robin sequence) and other high risk comorbidities such as
obesity.

Children with complex OSAHS often have multilevel
airway obstruction related to their craniofacial morphology
and upper airway tone. Morphologica features include
midface hypoplasia, flat nasa bridge, retrognathia,
glossoptosisamongst others. Inthiscomplex group, itisnot
unusud to haveamultifactorial complex SDB picturewitha
combination of obstructive, central and hypo-ventilation
components[2].

Sleep negatively affects control of breathing, lung
mechanics and respiratory muscle contractility with
reduction in functional residua capacity and minute
ventilation. Upper airway resistance a so increases during
deep. Hence, SDB is seenin many chronic illnesseswhere
detailed deep evaluation and management should be
considered. These include intrinsic cardiopulmonary
disorders (advanced cystic fibrosis, bronchiectasis,
bronchialitis obliterans etc), chest wall abnormdlities like
kyphoscoliosis or thoracic dystrophy, neuromuscular
diseases, spinal cord injury or genetic disorderslike Prader
Willi syndrome[3/4].
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EVALUATION

Evduation and diagnosis of childhood dleep disorders may
includedeep questionnaires, degp diaries, actigraphiesand
deep studies. Thisreview will detail thesewith an emphasis
on pragmatic deep diagnostic tool sfor devel oping countries.

Sleep Questionnaire

Many questionnaires have been used for diagnosis of
simple OSAS, with pediatric degp questionnaires (PSQ) by
Chervin, et d. [5], being used most widely. PSQ has a
sensitivity of 0.85 and specificity of 0.87 in otherwise well
children aged 2-18 yearsfor identifying SDB confirmed by
polysomnography. Others have shown a moderate
sensitivity and specificity to diagnose SDB. As such, they
areuseful asascreeningtool in primary care. However, itis
not agood screeningtool for OSASin childrenwith complex
underlying disorderse.g., neuromuscul ar disorders, cranio-
facial anomdiesand Down’'ssyndrome[8].

Sleep Diary

Seepdiary isasmpleandinexpensivescreening tool where
parentsmakeatwo week daily record of thechild'sdaily deep
routine and dleep related activity. This is done by shading
times where child is adeep including during the day and
adding visua aids to see when the child went to sleep or
woke up. This provides interesting and useful visual
representation of deep. Any additiond information provides
auseful complement e.g., how refreshing thenight deepwas,
the amount of exercise or medications and caffeine/food
intakeparticularly inthe period beforebedtime. Seepdiary is
also auseful tool to measuretrestment outcomes. However,
deep diaries have their limitations as self-reporting has a
subjectiveelement proneto systematic biases. For example,
parents had reported total seep times (TSTs) that were
significantly higher (by an average of 1-2 hours) than those
reflectedinactigraphy recordingsof their child[7]. They are;
however, easy to implement and can be useful in
understanding sleeping patterns. Salient points to be noted
onapediatricdeepdiary areshownin Web Fig. 1.

Actigraphy

Actigraphy devices are worn on the wrist and record
movements(movementsand light exposure bothinthemore
modern devices) that can be used to edtimate deep
parameters (sleep onset, deep duration, wake time) with
specialized dgorithmsin computer software programs. It has
the advantage of providing objective information on deep
habitsinthepatient’snatura deep environment.

Actigraphy iswell validated for the estimation of night-
time deep parameters across age groups. In patients
reporting significant deep disruption, it can objectively
document sleep patterns and evaluate treatment outcomes.
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They provide a visua map of achild's deep and are less
biased than the deep diary. Typically two weeks of
recording is recommended; however, this may vary
depending upon the slegp parametersto be eva uated. Once
themonitoring periodisover thedeviceisremoved and data
downloaded for evaluation. Actigraphy can be quite useful
in evauating hypersomnias, insomnias and circadian
rhythmdisorders[8].

SLEEP STUDY

A deep study isatest that records physiological parameters
whilethechildisadeep. Itisusualy doneinaspecia deep
laboratory with the equipment to measure all the various
physiological parameters including good video and audio
recording. ldeally, atrained deep physiologist sets up the
study and monitors the child during the complete study. A
good deep study should haveatotal deeptimeof at least six
hours [9]. Sleep study using a hon-standard equipment or
untrained technicians have poorer data quality and are not
routinely recommended. Unobserved studiescurrently have
poorer data quality which may be overcome with the
development of trained home deep services.
Recommendations for pediatric deep investigations are
currently the subject of British Thoracic Society guidelines
with releaseexpectedinthe near future.

Broadly, deep studies can be classified asdiagnostic or
ventilation titration studies[non-invasive (NIV) or invasive
viatracheostomy (longtermventilationor LTV)]. Diagnostic
studies include simple overnight oximetry, oxy-
capnography, cardiorespiratory polygraphy (RPG) or a
complete polysomnography (PSG). Details of how these
studies are performed, scored and interpreted are available
fromtheAmericanAcademy of SegpMedicine(AASM) [10].

Diagnostic Sleep Studies

Oximetry. Overnight oximetry studies are unobserved
downloadable studies done using atimed pulse oximeter.
Thesestudiesmight bedomiciliary or in-hospital. Theuseof
an appropriate oximeter is paramount for accurate data
interpretation. For example, averagingtimeisacrucia setting
in assessing the diagnostic efficiency of the oximeter.
Longer averaging times (8-16s) may reduce signal artefact
(e.g. from mation) but also reduce the ability to detect the
rapid changein saturation (SpO2) often seen with central or
obstructive events (apnealhypopnea). Therefore, a pulse
oximeter with an averaging time of 2-3 seconds should be
used to maximizediagnosisefficiency rather thantheroutine
ICU pulseoximeterswith usudly longer averagingtimes. The
oximeters should have the facility to download and review
datain away that isuseful for interpretation of SDB. These
studies are easy to perform and cost effective. They are
useful in evaluating oxygenation in children on domiciliary
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oxygen and hel pwith weaning supplementa oxygen. Recent
technical guidelines are available on overnight oximetry in
children[1]. Overnight oximetry can a so beuseful to screen
children with non-complex OSAHS for moderate to severe
diseaseand help prioritizetreatment. McGill’sscoring[12],is
doneusingthe pulseoximetry trace. At least three clusters of
desaturation events, and at least three SpO2 drops below
90% in a nocturna oximetry recording are indicative of
moderate-to-severe OSAHS [12]. Abnormal oximetry had
97% positive predictive value to detect OSAHS diagnosed
by in-laboratory PSG; however, sensitivity was 43%,
indicating that patientswith an inconclusive oximetry could
gtill have OSA. Therefore, in the context of significant
symptoms, an inconclusive oximetry is not enough to rule
out OSA [13]. Inchildrenwith OSAHS and co-morbidities,
positivepredictivevaueof theMcGill scoreissignificantly
lower. Thehigher number of false positivesin childrenwith
medical comorbiditiesmay bedue, to central apness.

Cardiorespiratory deep studies or respiratory polygraphy
(RPG): Thisisalimited channel study involving respiratory
channels (nasal airflow, thoraco-abdominal movements,
oximetry, end-tidal or transcutaneous CO2), cardiac channels
(ECG, pulse oximetry) and body position channedl. These
studies are technician attended in-lab studies with a full
audio and video recording and scored manually. Since the
number of channelsinacardiorespiratory study arereduced
[electroencephd ogram (EEG), e ectro-oculogram (EOG), chin
electromyogram (EMG)] it makesthe set up and scoring less
complex, lesstime consuming and providesa most thesame
respiratory information asacomplete PSG RPG canbescored
using adapted rulesas per theAASM 2012 guidelinesfor the
scoring of deep and associated events [10]. RPG have
previously been demonstrated to be an accurate tool for the
detectionof SDB[14]. Sleep stagesare scored aseither wake,
active deep or quiet deep in 30 second epochs by visua
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analysis of the cardiorespiratory parameters based on heart
rate and respiratory rate variability and amplitude of
breathing patterns [15]. It however, provides limited
information on dleep architecture. Recent evidence suggests
that unattended respiratory polygraphy after being set upin
doctor’s clinic is feasible, technically acceptable and
interpretable in between 81-87% of pediatric patients [16].
However, drawbacksfrom these particular studieswerethe
absence of audio, video recording, technician monitoring
and carbon-dioxide channdl. More evidence is currently
being collected about home respiratory polygraphies and
many centers, following the lead of adult sleep specialists,
arenow gathering experience[17,18].

Polysomnography (PSG): This is a complete study
involving the respiratory and cardiac channels previoudly
described for RPG with additiona neurological channels
(EEG EOG chinEMG leg EM G). Other channd slikeextended
montage EEG, 24h esophagea ph/impedance, digphragmatic
EMG can be added as per clinical need. The details of the
channelsused in both typesof studiesareshownin Table L.

Scoring aseep study involves scoring sleep stages and
then scoring respiratory events. Sleep staging involves
identification of REM and NREM stages (N1, N2, N3) and
arousas based on EEG EOG and chin EMG. Respiratory
scoring involves identification of apneas, hypopnesas, and
hypoventilation as per the AASM guiddines definitions
[10]. Apnea is defined as cessation of flow >90% of the
baseline for >2 breaths or >10 seconds while hypopneais
defined as flow reduction by >30% for >2 breaths or >10
secondswith either a>3% oxygen desaturation or an arousal
(on EEG). If the events are associated with snoring,
flattening of nasal flowsor thoraco-abdomina paradox they
are classified as obstructive events. Central, obstructive or
unclassified events are scored separately.

Table I Channels Used in Polysomnography and Cardiorespiratory Sleep Study or Respiratory Polygraphy

Channel Purpose Cardiorespiratory sleep study? Polysomnography
Nasal cannulaor thermistor or both Detects apnea and hypopnea Yes Yes
Thoracic and abdomina belts Respiratory effort Yes Yes
Body position sensor Body position Yes Yes
Microphone Snoring Yes Yes
Videorecording Body movements, position, etc Yes Yes
Electrocardiogram Cardiac rhythm Yes Yes
Oxygen saturation Desaturations Yes Yes
CO2: Transcutaneousor end tidal Hypoventilation Optional Optional
EEG, EOG and chinEMG Presenceand stage of sleep No Yes
LegEMG Periodiclimb movement No Yes

%r respiratory polygraphy. CO2-carbon dioxide; EEG-electroencephalogram; EOG-electro-oculogram; EMG-electromyogram.
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The most important parameter defining SDB in adeep
study (PSG or RPG) is the apnea hypopnea index (AHI)
which is defined as number of apneas and hypopneas per
hour of tota deep time [10]. The AHI can be further
subdivided in OAHI (obstructive apnea-hypopnea index),
CAHI (centra apnea-hypopnea index) and UAHI
(unspecified apnea-hypopnea index for events difficult to
characterize). An AHI<1 is considered normal, an OAHI
between 1-5 representsmild OSA, 5-10 moderate OSA, and
>10 severe OSA. Thisclassification only appliesto OAHI
and OSA and cannot be extrapolated to central SDB.
Additiond informationisavailablefromvideoand audiolike
snoring, gasps, pauses, apneas, work of breathing and deep
posture. Web Figs. 2-4 shows respiratory poly-graphy
epochs of obstructive apnea, obstructive hypopnea and
central apnea, respectively. Web Fig. 5 shows a

polysomnography epoch.
Non-Invasive Ventilation Titration Studies

Children deemedtorequire CPAPor aBi-level PAPrequirea
ventilation titration study to ascertain the adequacy of
ventilation (and optimize the CPAP or bilevel PAP support
(determination of optimal pressure settings and assessment
of synchronization with the ventilator). During the sleep
study, mask fitting and unintentional leak can also be
assessed. NIV titrations studies are ideally preceded by a
phase of mask fitting and acclimatization. Split night studies
arenot usualy doneinchildrenfor initiating NIV. They can
bedonein childrenwhenimprovement of underlying SDB is
suspected and removal of NIV isbeing considered. Most
NIV titration studies can be done as RPG or even oxy-
capnography in compliant patients.

Multiple Sleep Latency Test (MSLT)

MSLT isanother type of deep study performed to evaluate
children with excessive daytime deepiness (EDS) and are
often diagnostic for narcolepsy. It measures how quickly a
childfalsadeepinaquiet and dark environment during the
day (over 5 naps of 20 minutes separated by 2 hours break)
and how oftenand quickly they enter into REM deep during
those naps. This is usuadly done &fter a diagnostic
overnight PSG to confirm the absence of OSA asacause of
EDS and to ensurethe quality of deep the night beforewas
decent andwill not influencetheresult of theM SLT [20].

INDICATIONS

Currently, the mgjority of care givers make a diagnosis of
SDB or OSAHSondinica parametersthat includenight-time
and daytime symptoms of OSAHS in the presence of a
predisposing clinical condition like adenotonsillar hyper-
trophy, obesity, craniofacial syndromes etc. In this context,
deep studiesare sel dom used asthey are deemed expensive,
burdensomeand are often unavailablefor children.
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However, contrary to the generd belief, the correlation
between clinica symptoms and severity of OSA ispoor. A
meta-analysis on seven models of OSA questionnaires
presented moderate sensitivity (0.04-0.94) and specificity
(0.28-0.99). Someclinicd featuressuch asexcessivedaytime
somnolence and observed apneas had a better specificity
but have poor specificity unlike snoring and tonsillar
hypertrophy, which had poor specificity [21]. The gold
standard for diagnosing SDB and OSAHS isa deep study.
Deayed diagnosisof SDB and OSAHScansignificantly lead
to increased morbidity. The clinical signs and symptoms
further, have poorer sensitivity and specificity in children
withcomplex disorders.

The American Academy of Pediatrics recommends a
sleep study in children having regular snoring and any of the
additional complaints or findings suggestive of OSA like
|aboured breathing during deep with gasps/snorting noises/
observed episodes of apnea, deep enuresis, degping in a
seated position or  hyperextended neck posture, morning
headaches, excessive daytime somnolence, attention-deficit/
hyperactivity disorder and any learning problems. Exami-
nation findingsinclude being underweight or obese, having
tonsillar hypertrophy or adenoidal facies, micrognathia/
retrognathia, high-arched palate and/or hypertension [22].
Theszeof tonsilspoorly correlateswith SDB severity [23]. A
deep study is such situations clarifies the severity of SDB
and assiststherapeutic decisonmaking [24]. Theindications
for deep study are detailed in Box I and conditions with
complex degp apneasaredetailedinWeb Table L.

Symptomsof OSAHSIn childrenwith genetic syndrome
can often be subtle and non-specific. These children often
have multifactorial SDB and multilevel airway obstruction
indicativeof needfor anin-lab cardiorespiratory study (RPG)
or aPSGisrecommended [25]. Childrenwith neuromuscular
disorderswill often devel op nocturna hypoventilation early
which can eventually progress to diurnal hypoventilation.
Sleep study is an important component of their evaluation
andfollow up[26-29].

Most typical parasomnias like confusional arousals,
deep walking and night terrors can be diagnosed based on
clinicd presentationidedly supplemented with agood video
recording of the event. Sleep study is not necessary for
diagnosis. A comprehensive in-laboratory video-PSG is
recommended to eval uate parasomniaswhich are: i) unusua
or atypical because of the patient’s age a onset; the time,
duration, or frequency of occurrence of thebehaviour; or the
specifics of the particular motor patternsin question (e.g.,
stereotypical, repetitive, or focal); i) potentialy injuriousor
have caused injury to the patient or others; and/or iii)
potentially seizure-related but theinitial clinical evaluation
and astandard EEG areinconclusive.
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Complicated sleep disordered breathing in the setting of:

¢ Congenital muscular dystrophy: Ulrich, Rigid spine

« Myotonic dystrophy type |

¢ Congenital myasthenic syndromes

¢ Hereditary sensory motor neuropathy (HSMN)
« Mitochondrial  myopathy

inconclusive (expanded EEG montage)
¢ Periodic limb movement disorder (PLMD)

Box I Indications of a Diagnostic Sleep Study

Respiratory indications of a sleep study (respiratory polygraphy or complete polysomnography)
Suspected sleep disordered breathing in association with adenotonsillar hypertrophy

¢ Genetic syndromes like Craniofacial syndromes (Apert, Crouzon, Pfeiffer), achondroplasia, Down syndrome, Obesity syndromes
(e.g., Prader Willi), Mucopolysaccharidoses, Pierre Robin sequence etc.

« High risk groups like chronic lung diseases (eg CLD of prematurity, bronchiectasis, CF), obesity, Chiari malformation, sickle
cell disease, airway disease (vocal cord palsy, tracheo-bronchomalacia)

Neuromusular disorders with suspected nocturnal hypoventilation

¢ Spina muscular atrophy (SMA) Type 1, 2, 3, SMA with respiratory distress (SMARD)
¢ Duchenne muscular dystrophy (after loss of ambulation)

Congenital myopathies: minicore, nemaline rod, myotubular

Non-respiratory indications of a seegp study (complete polysomnography)
¢ Atypical or potentially harmful parasomnia vs nocturnal seizures when the initia clinical evaluation and standard EEG are

¢ Children suspected of having restless legs syndrome (RLS) who require supportive data for diagnosing RLS
« Hypersomnolence (suspected narcolepsy) (PSG followed by a MSLT)
¢ Insomnias and circadian rhythm disorders to confirm an underlying SDB, RLS or PLMD

Restlesslegs syndromein children can bediagnosed on
clinical presentation and a deep study is usualy not
necessary. Sleep study might be required to assess deep
qudity (including apnea) which may worsen RLS or to
assessperiodiclimb movementsin deep asasupportivetool
for making adiagnosis of RLS[29,30]. Mogt children with
insomniasand circadian rhythm disorders can be diagnosed
with a deep diary supplemented with an actigraphy. PSG
might be required to confirm an underlying SDB, RLS or
PLMD. Children with excessive daytime somnolence and
suspected narcolepsy requireaPSGto rule out aSRDB and
ensurequality of deep priortoaM SLT theday after.

LIMITATIONS OF A SLEEP STUDY

Often the deep study result of a single night is taken into
account for decision making. However, this may not be
reliable as the patient’'s deep can be affected by the
unfamiliar surroundings leading to apoor night deep. This
often requires a second deep study. Sporadic events like
parasomnias and seizures can aso be missed on a single
night study. The family and the child undergoing a deep
study have to remain in a deep laboratory hooked up on
deep study equipment that can sometimes affect deep
quality. Sleep studiesal so requirelaboratory set up, training
of deep technologists and adequate staffing to conduct,
score and report deep studies.

Pediatric deep centers require multi-disciplinary
involvement with a pediatric pulmonologist and deep
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specidist and ideally, apediatric neurologist, acraniofacial
surgeon, a pediatric ENT surgeon, a pediatric endo-
crinologist and apediatric cardiologist. It also requireswell
trained paraclinical team of deep physiologists, child
psychologists and play therapists. The diagnhostic options
needtobeprioritizedin clinical context for the best outcome

of adeep study.
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Web Table I Complex Sleep Disordered Breathing in Children

Condition

Factors predisposing to SDB

Recommendation for testing

Craniosynostosis and
Craniofacial syndromes
(Apert, Crouzon, Pfeiffer,
Muenke and Saethre
Chotzen)

Midface hypoplasia. Chiari
malformation is a frequent finding in
Crouzon (70%) & Pfeiffer (50%)
syndromes and can have associated
central sleep apnea

Yearly screening in patient with Apert,
Crouzon and Pfeiffer syndromes. Muenke and
Saethre Chotzen syndromes evaluate only if
they become symptomatic

Down’s syndrome

Relative macroglossia, midface
hypoplasia, reduced muscle tone, small
upper airway, adeno-tonsillar
hypertrophy, obesity

All children before age of 4 years. In all
children pre adenotonsillectomy

Cleft lip/palate

Small size of pharyngeal airways &
craniofacial dimensions. Oropharyngeal
musculature is disrupted by the cleft,
which impacts on speech and swallow,
as well as adversely affects maintenance
of airway patency during sleep.

Sleep study is recommended if child is
symptomatic, in the presence of syndromic
cleft lip/palate or pre pharyngoplasty and
pharyngeal flap surgery.

Syndromic micrognathia
(i.e. Pierre Robin
Sequence, Stickler
syndrome, etc)

Micrognathia, glossoptosis, midface
hypoplasia

All children should be screened

Obesity syndromes
(eg Prader Willi, Bardet
Biedl)

Obesity, hypotonia, micrognathia, small
naso and oropharynx, scoliosis leading to
OSA.

Central sleep apneas, nocturnal
hypoventilation,
hypersomnolence/cataplexy also seen

Yearly sleep studies are recommended. Sleep
study pre growth hormone therapy & post 3-6
m post therapy & afterwards if symptoms of
SDB reappear.

MSLT if hypersomnolence

Mucopolysaccharidosis

Cranial and spinal abnormalities (e.g.,
flattened nasal bridge, short neck,
mandibular abnormalities) and
glycosaminoglycans deposition in the
mouth, nose, throat

All patients should be evaluated at diagnosis

Achondroplasia

OSA: Facial hypoplasia, retruded
position of chin, adeno-tonsillar
hypertrophy. Central sleep apneas also
seen.

Should be screened at least once from 1 yr
and then subsequently (or prior) if symptoms
develop

Duchenne muscular
dystrophy, limb-girdle
muscular dystrophy,
fascio-scapulo-humeral

Decreased respiratory drive, muscle
weakness; pharyngeal muscle weakness,
scoliosis, obesity, recurrent lung
infections. OSA, central apneas &
hypoventilation seen

FVC <60% predicted, symptoms of nocturnal
hypoventilation or when children become
non-ambulatory. Follow up annually.

Spinal Muscular Atrophy
Congenital Myopathies
Congenital Muscular
Dystrophies

Myotonic Dystrophy
Congenital myasthenic
syndromes

Hereditary Motor Sensory
Neuropathy

Same as above. OSA, central apneas &
hypoventilation seen

Sleep study advised if: profound weakness
with non ambulation, weak cry, ineffective
cough, swallowing difficulties, repeated chest
infections, poor lung function, scoliosis &
chest wall deformity

Episodic apnoea of infancy and childhood
(sometimes life-threatening) described in
CHAT and RAPSN mutations. Progressive
respiratory muscle weakness in COLQ and
DOK?7 mutations. Sleep Study recommended
if these mutations present and symptoms
suggestive of SDB.

Required if weakness is severe and persistent
or if symptoms suggestive of SDB
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Name :

TWO - WEEK PEDIATRIC SLEEP DIARY

Mid
Doy  Date Night

1. Mark time child gets into bed with a down arrow ' 3. Shade in period when child is asleep |

2. Mark time child gets out of bed with an up arrow |

4. Mark W child was awakened by parent or alarm, or S if child awakened by self

Mid

lom 2em 3Jam 4aom Sem 6om 7em Bam 9Pom 10am 1lem 12pm lpm 2pm 3pm 4pm Spm 6pm 7pm  B8pm  9pm 10pm 11pm Night

Fri 1-27

leep 'W “W‘

MNap

Sat 1-28

Awoket [Exomple : 2-day record]
5 | 5

Record of sleep and naps in 24 hours; A record of 2 weeks is useful; Time at which child goes
to bed is marked as v; Time at which child gets out of bed as4; Time period during which child
is asleep is shaded; W signifies child is awake, either by parents or alarm or S if awakened by

self.
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Web Fig. 2 A 3 minute epoch of a Cardiorespiratory Sleep study showing multiple Obstructive Apneas (scored on the
nasal flow trace). Note the accompanying desaturations and paradoxical breathing in the thoraco-abdominal bands.
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Web Fig. 3 A 3 minute epoch of a Cardiorespiratory Sleep study showing obstructive Hypopnea. Note that the flow is
reduced >30% associated with desaturation and the thoraco-abdominal bands show paradoxical efforts.
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Web Fig. 4 A 3 minute epoch of a Cardiorespiratory Sleep study showing multiple Central Apneas. Note that
the thoraco-abdominal bands show no efforts compared to paradoxical efforts in obstructive apneas.
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Web Fig. 5 A 30 s epoch of a Polysomnography. Note the additional neurological channels (EEG, EOG and chin EMG)
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Clinical Manifestationsand Outcomes of
Respiratory Syncytial Viruslnfectionin
Children LessThan TwoYearsin
Colombia

This retrospective study describes the epidemiology and risk factors
associated with severe complications in lower respiratory tract
infection (LRTI) due to respiratory syncytial virus (RSV) in a
population of infants hospitalized in a tertiary care hospital in a
tropical region of Colombia. RSV was detected in 193 (46.3%) of 417
patients with LRTI. The average hospital stay lasted for 5.9 days.
Severe hypoxemia (SpO2 <90% in the emergency department) was
present in 57.5% of the patients. After controlling for potential
confounders, comorbidities bronchopulmonary dysplasia, congenital
heart disease, length of hospital stay, and alveolar infiltrates in X-ray
were independent predictors of severe complications in RSV LRTI.

Keywords: Complications, Outcome, Predictors.
Published online: August 29, 2020; PIl: S097475591600235

The epidemiology and severity of lower respiratory tract (LRTI)
due to respiratory syncytial virus (RSV) in tropical regions may
differ from that in other climates[1]. This study aimsto describe
the epidemiology and identify risk factors associated with severe
complicationsin RSV LRTI in a population of infants
hospitalized in a tertiary care hospital in a tropica region of
Colombia.

Thisreview of medical recordsincluded al infantsunder two
years of age in tertiary centers, in Rionegro, Colombia admitted
with RSV LRTI (ICD-10 code: J21.0) according to the National
clinica guidelineof bronchiolitis(first wheezing episode younger
than 24 monthsof age) [5] from January, 2015 to December, 2016.
Inclusion criteriawere defined as children younger thantwo years
of age admitted to the pediatric ward with a diagnosis of RSV
confirmed using direct immuno-fluorescence (Light Diagnostics
Respiratory Panel 1 DFA, Merck-Millipore Laboratory).
Patients without lower respiratory compromise, with positive
bacterial cultures on admission, confirmed whooping cough
(culture or PCR), referred from another hospita center were
excluded. The study protocol was reviewed and approved by the
ingtitutional review board.

Wecollected thefollowing variables: age, sex, weight, height,
signs and symptoms on admission (including fever, chest in
drawing, chest auscultation, oxygen saturation, respiratory rate),
history of prematurity, comorbidities [congenital heart disease
(CHD), neurologica disease, bronchopulmonary dysplasia
(BPD)], results of chest X-rays and other medical test, drugs and
other treatments, adverse drug reactions, and complications,
(pneumonia(5), atelectasis, sepsis, respiratory failure/I CU).

A composite outcome was used to define severe
complications associated with RSV (SCRSV). This composite
outcomewas defined asthe presence of oxygen saturation (SpO2)
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<90% intheemergency room and/or pneumoniaand/or atelectasis
and/or sepsisand/or respiratory failureduring hospitalization.

A samplesize of 123 patientswas estimated to find an OR of
a least 1.5 between the presence of complicated RSV and the
history of comorbidities with a 95% confidence level, 90%
accuracy, and a minimum comorbidity frequency in patients
without complicated RSV of 1%[3].

To identify factors independently associated with SCRSV,
we used ordered logistic regression modelsto adjust for potential
confounding variables. All tatistical testsweretwo-tailed, andthe
significance level used was P<0.05. The datawere analyzed with
Statistical Package Stata15.0 (StataCorporation).

RSV was detected in 193 (46.3%) of 417 patientswith LRTI
and 16% patients were younger than 6 months of age. Only 1
patient (with a history of congenital heart disease) had received
palivizumab. Themgjority (92%) required oxygen, and morethan
half had chest retractionsin the emergency department. A third of
all patientshad aradiologica abnormdlity (Tablel). Onanalyzing
the data about seasonal distribution of RSV infections, there was
two peaks of cases, the first between April and August, and the

Table | Characteristics of Children with Respiratory
Syncytial Virus Pneumonia (N=193)

Variable Frequency
Age(mo) , median (IQR) 5.66 (6)
Mae 113(58.55)
Prematurebirth 28(14.51)
Comorhidities(CHD or neurological) 11(5.71)
BPD 7(3.6)
Atopy 21(10.88)
Sp0O2%, median (IQR) 88(0.93)
02 support 178(92.33)
Clinical and laboratory parameters

Fever 53(27.46)
Chestindrawing 102 (52.85)
Tachypnea 30(15.54)
Rhonchi 78(40.41)
Crepitation 36(18.65)
L eucocytosis (>15000/mmd) 31(16.76)
Increased CRP (>4 mg/L) 59(44.81)
Chest X-ray

Normal 22(12.36)
Peribronchial thickening 63(35.39)
Hyperinflation 33(18.54)
Atelectasis 5(2.81)
Bilateral interstitial infiltrates 33(18.54)
Alveolarinfiltrates 22(12.36)

All values in no(%) or as stated. CRP: C-reactive protein.
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second between November to January; corresponding to the two
rainy seasoninthisregion.

The median hospital stay was 5.88 days [6]. Severe
hypoxemia (SpO2 <90% in the emergency department) was
present in 57.5% of the patients. Twenty three patients (11.9%)
had pneumonia, and 9 (4.7%) patients experienced sepsis, 5
(2.6%) had atelectasis and 3 (1.5%) had respiratory failure. No
patient had pneumothorax or died.

On hivariate analysis, the following variables presented a
significant association with SCRSV: age (OR 1.06, 95%Cl 1.08-
1.13), 02 support (OR 22.6, 95% Cl 2.91-176.12), chest in
drawing (OR 243, 95% ClI 1.35-4.37), crackles in lung
auscultation (OR 8.78, 95% Cl 2.51-30.70), and aveolar
infiltrates in X-ray (OR 8.78, 95% Cl 2.51-30.70), length of
hospital stay (OR 1.19, 95% CI 1.06-1.33), comorbidities (BPD,
CHD, neurologicad) (OR 0.59, 95% ClI 0.59-1.77). After
controlling for these potential confounders, comorbidities (BPD,
CHD, neurological), length of hospital stay, and dveolar infiltrates
in X-ray were independent predictors of SCRSV in our patients
(TableII).

In our study, the clinica characteristics and seasonal
distribution was similar to previous reports from tropical regions
[1,7,9]. Risk factors, including prematurity and underlying
chronic illness were similar to those observed in others
populations [8-12]. The reported complications were similar to
thosein previousstudiesranging between 6.5-23%[3, 9-11].

Since this study was based on medical records review, we
cannot included others varigbles such as passive smoking,
maternal breastfeeding, environmental pollution. The study was
conducted in atertiary referral hospital and therefore the patients
included represent the high severity, limiting the generalization of
results to other contexts. However, the similarity of our
population in term of clinical characteristics, risk factors and
seasondity of RSV with previous reports suggest strength and
consistency in our results.

RSV is an important cause of morbidity in children with
bronchiolitisin tropical areasduring therainy season. Identifying
groups at high-risk for severe complications, such patients with
underlying chronic illnesses are essentiad to plan future
interventionsto reducethe burden of diseaseintheseregions.

Table II Independent Predictors of Severe Compli-
cations Associated With RSV
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The Long-Term Effect of a Quality
Improvement Intervention in the
Management of Bronchiolitis

Quality improvement interventions have been shown to improve
adherence with bronchiolitis treatment guidelines; however, the long-
term effect of these interventions is unclear. We show that while such
an intervention led to a long-lasting change, this was attenuated with
time. Repeated interventions are required to maintain guideline
adherence.

Keywords: Emergency department, Management, Radiography.

Published online: August 09, 2020; Pll: S097475591600227

Bronchiolitis has a broad differential diagnosis but dternate
diagnoses can be distinguished by history and physical
examination aone [1]. Guidelines therefore state that clinicians
should not routinely order chest X-rays for the diagnosis of
bronchiolitis asfindings have no effect on patient management or
outcomes [2]. We previously conducted a successful quality
improvement (QI) intervention to decrease the use of chest X-ray
inbronchialitisat two medical centers, aso showing areductionin
hospitalization and use of unnecessary medication [3]. However,
asthe long-term effects of QI are unclear, and prior studies were
mostly limited to one season [4,5], we conducted the current
study to assessthelong-term outcomes.

This was a retrospective cohort study at the Hadassah
EinKerem and Mount Scopus Medica Centers in Jerusalem,
Isragl. In November, 2015 the pediatric and emergency
department (ED) staff participated in formal educational sessions
led by pediatric pulmonologists that focused on the guidelines,
emphasizing those sections on chest X-ray. Guideline cards were
positioned throughout the ED physician stations, with routine
follow-up during the 2015-16 bronchiolitis season [3]. The study
was approved by theingtitutional review board.

The current study compared patients with bronchiolitis seen
inthe ED during threetime periods. The historical group (prior to
the intervention) the early group (seen during the year of the
intervention) and the late group (comprised of patients seen the
following two bronchialitis seasons). A total of 1,115 caseswere
includedinthefinal analysis: 207 inthehistorical group, 298inthe
early group and asampleof 610inthelategroup. Thegroupswere
similar intermsof gender, vaccination status, background diseases
and family history of asthma. Patients were younger in the early
and late groups, with mean (SD) age of 5.7 (4.9) and 6.2 (5.4)
month, respectively, compared with the historical group, 7.9 (5.4)
month (P<0.0001). Symptomsand physical examination findings
weresimilar throughout thethree periods.

The rate of chest X-ray use decreased from 58.3% in the
historical group to 36.6% (P<0.001) in the early group but
increased to 44.6% (P<0.001) in the late group. There were no
significant differences between the two seasons included in the
late group, or the two centers. On multivariate analysis, only
belonging to the historical group predicted getting a chest X-ray
(OR=1.6, 95%CI 1.1-2.3; P<0.013). The proportion of abnormal
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chest X-rays increased from 28.4% in the historica group to
48.1% in the early group and dightly decreased to 31.5% in the
lategroup (P<0.001).

Analysis of secondary outcomes showed a decrease in the
hospitalization rate from 76.8% to 69.8% (P=0.05) in the early
group and 57.7% in the late group (P<0.001). The length of stay
was unchanged. The readmission rate was 2.9% and 2.7% in the
historical and early groups, respectively (P=0.89), but 8.4%inthe
late group (P=0.008). However, thiswasnot correlated with chest
X-ray use (P=0.34). Use of supplemental oxygen in the ED
increased over the study period. Therewasadowntrend intheuse
of antibiotics, bronchodilators, and hypertonic saline with no
changein corticosteroids. Fewer laboratory testswere performed;
71.7% in the historical group to 64.1% in the late group
(P=0.047).

Nose swab sampleswere drawn from 55.8% of the historical
group, 47% of the early group, and 40.7% of the late group.
Respiratory syncytia virus (RSV) decreased from 80.2% to
59.7% (P<0.001) and adenovirus from 21.6% to 10.9%
(P=0.007); human metapneumovirus (hMPV) increased from
6.9% to 14.1% (P=0.047). Having had a chest X-ray correlated
with positive findings on the nose swab (P<0.001), but not

specific pathogens.

We have shown that a focused intervention may lead to a
persistent effect; however, this is attenuated with time. While
chest X-ray rateremained lower than it wasbeforetheintervention
(44.6%vs. 58.3%), it increased by 22% compared withtheyear of
the intervention. Few studies have investi-gated the long-term
effects of QI in bronchialitis. Perlstein, et al. [6] showed partia
adherenceover threeyearsintheir study, while Tejedor-Sojo, et al.
[7] utilized periodic feedbacksto sustain momentum, and showed
improvement with time.

Themost plausible reason for theincreasein the rate of chest
X-ray in our study is the time lapse from the intervention.
However, our findings were suggestive of a more severe
bronchiolitis season during the study period, with an increasein
ED vidits, an increase in hMPV that may cause a worse illness
[89] and a decrease in RSV. Furthermore, oxygen
supplementation rates increased as did re-admission rates. One
may arguethat theincreasein re-admissionsreflectsan undesired
effect of the QI intervention. However, there was no statistical
associ ation between the decreasein chest X-ray and theincreasein
re-admissions.

To conclude, we have shown that a QI intervention led to
long-lasting change in management practices; however, the
improvement attenuated with time. We therefore recommend
conducting repeat interventions at the beginning of each
bronchiolitis season to maintain adherence.
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Vitamin A Supplementation in Children
in Guédiawaye Health District, Senegal

To assess the coverage rate of routine vitamin A supplementa tion, a
descriptive study was carried out in the Guédiawaye Health District.
The coverage rate for vitamin A supplementation was 48.6%. Age
over 24 months, uneducated father, maternal age over 25, and lack
of disease-related knowledge were factors associated with delayed
vitamin Asupplementation.

Keywords: Coverage, Health program, Under-5 children.

Vitamin A deficiency remains a public heath problem in
developing countries, particularly in Africa and the Indian
subcontinent. It affects young children, often associated with
protein-energy malnutrition, and pregnant women [1]. Vitamin
A supplementation is recommended in infants and children
aged 6-59 months as a public health intervention to reduce
child morbidity and mortality [2]. In accordance with this
guideline, Senegal adopted vitamin A supplementation as a
strategy during routine immunization activities and mass
campaigns, since 2013. The objective of this study was to
determine the coverage rate for vitamin A supplementation
among children 6-59 months of age in the Guédiawaye Health
District.

This community-based descriptive study was conducted
from 1 June to 30 November, 2018 in the Guédiawaye
district. The surveys relatingtothe characteristics of the
child, the family and knowledge about vitamin A
supplementation concerned the households drawn at the level
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of each stratum, using a systematic two-stage cluster random
sampling. The first stage consisted in selecting neighborhoods
within the geographical area of the district, and the second
stage in selecting househol ds within the drawn neighborhoods.
In each selected household, all children aged 6-59 months
were included in the survey. Data collection was carried out by
two trained investigators. Each investigator was accompanied
by a bajenou ngox, a neighborhood godmother, to facilitate the
interview. The parameters studied were: the individua
characteristics of the child (age, sex, position within sibling,
spacing interval between births), household characteristics, and
knowledge about vitamin A supplementation. A written
informed consent was obtained from the individua parent prior
tothesurvey.

The median age of fathers was 38 and that of mothers 28
years. The average household size was 7 people. Out of 366
children aged 6-59 months surveyed, 188 (51.4%) had not
received vitamin A. The coverage rate was higher for children
over 23 months of age (65.6%). Before 12 months, coverage
rate was 36.8% and between 12 and 23 months 64.6%. The
characteristics of the households surveyed are summarized in
Table I. Age over 24 months [OR (95% ClI) 3.41 (1.87-6.19);
P<0.001], father’s lack of education [OR (95% Cl)1.49 (0.91-
2.44); P=0.11], maternal age over 25 year [OR (95% Cl) 1.74
(1.01-3.02); P=0.04], and lack of knowledge of means of
protection against diseases [OR (95% CI) 1.43 (0.83-2.44);
P=0.19] were factors associated with delayed vitamin A
supplementation.

Improving the vitamin A status of under-5 children
increases their chance of survival by reducing mortality by
25% from childhood illnesses such as maaria, diarrhea, acute
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Table I Household Characteristics

Characteristics No. (%)
Interviewee:

Mother 182(96.8)
Married 176 (93.6)
Educated father 139(73.9)
Educated mother 90(47.9)
Mother employed 66 (35.1)
Fathersoccupation

Liberal profession 129 (68.6)
Civil servant 31(16.5)
Worker 18 (9.6)
Housing occupancy status

Tenant 109 (58.0)
Family property 47 (25.0)
Owner 31 (16.5)
Free accommodation 1(0.5)
Main source of income

Trade 146 (77.7)
Saary 35(18.6)
Other source 7(3.7)
Main source of stableincome 35(18.6)
Main source of regular income 35 (18.6)
Income amount per mo?

36000 — 72000 XOF 2(11)
Over 72 000 XOF 3(1,6)
Does not know 178(94.7)

grefused to answer. XOF — West African CFA Franc.

respiratory infections and measles [3]. Therefore, evaluating
the coverage rate for vitamin A supplementation and knowing
the factors associated with delayed supplementation help
reduce under-5 morbidity and mortality. A vitamin A
supplementation coverage rate of 48.6% was found in this
study. This rate is lower than that found in the 2017
demographic and health survey (57.4%) [7] and that of the
local vitamin A supplementation days (90.4% in June, 2011
and 93.5% in December, 2011) [8]. In Mali, Sangho, et a. [9]
found a 90% vitamin A supplementation coverage rate in
children. These higher coverage rates than that found in this
study do not reflect the results associated with routine vitamin
A supplementation because in these studies the surveys were
carried out immediately after supplementation campaigns.
This proves that routine vitamin A supplementation activities
alone do not achieve the expected coverage rates, hence the
need to couple them with mass campaigns. According to WHO,
vitamin A supplements should be given to children 6 to 59
months of age twice a year, during contact with the health
system[2].

Children between 12 and 23 months of age and those
between 24 and 59 months of age were 3.53 times and 3.41
times, morelikely respectively to receivevitamin A than infants
between 6 and 12 months of age, inthisstudy. Thiscould be due
to vitamin A supplementation being integrated into

immunization activities in Senegal, and that the older the child
the more contact he has with these services. Likewise, fathers
lack of education and knowledge of protective measures against
diseases were associated with no vitamin A supplementation.
Fathers education was previously aso reported to be
associated with vitamin A coverage of children in Mali [10].
Possibly therole of fathersin healthcare decisions, and parental
education promoting better adherence to interventions are the
reasonsfor thesefindings.

This study reveals that vitamin A supplementation
coverage in routine activity seems low in the study area
Educating parents and organizing mass campaigns could help
improve coverage rates.
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Congenital Diarrheal Disorders in
Neonates: A Single-Center Experience

Congenital diarrheal disorders (CDDs) are agroup of inherited
diarrheas with typical onset in the early neonatal period [1,2],
with most being gene specific [3]. Thereislimited literature on
the clinical spectrum and outcome of CDDs from India
Molecular genetic analysis has becomethe preferred diagnostic
modality inrecent years[4,5]. Herewereport acase seriesof six
cases of neonatal-onset chronic diarrhea (>14 days) with their
outcomesover a3-year period (2017- 2020) (TableI) [6].

Cases No. 1, 3 and 4: These patients were diagnosed with
congenital glucose-galactose mal absorption (CGGM). All three
developed diarrhea on exclusive breast feeds during the first
week of life. Case No. 1 presented with osmotic diarrhea,
hypoglycemia, hypernatremia and metabolic acidosis and
septicemia. Therewasno evidence of immunedeficiency. There
was no improvement on hypoallergenic formula and total
parenteral nutrition (TPN). The child eventually succumbed to
fungal sepsis without a diagnosis. Next generation sequencing
(NGS) sent 3 weeks prior to death provided the diagnosis of
CGGM posthumously. Parents were advised prenatal
counseling for the next pregnancy. Case No. 3 and 4 with
CGGM had a very similar presentation. Oral rehydration
solution (ORS) glucose challenge [8] was positive in both the
cases. Endoscopic biopsy and electron microscopy were
unremarkable. In view of history of consanguinity, lack of
response to amino acid-based formula (AAF) and a clinical
picture that resembled CGGM, they were commenced
empirically on fructose-based special formula (FBF) pending
the final reports of NGS (Next generation sequencing). There
was dramatic clinical recovery with complete resolution of

diarrhea within 48 hours and TPN was discontinued. Optimal
and consistent weight gain was achieved prior to discharge.
Molecular genetic analysis by NGS confirmed the diagnosis
during follow-up. Both children, when last assessed at 2 years
of age, were found to be thriving well and had achieved age-
appropriate devel opmental and social milestones.

Case No. 2 and 5: These two patients were diagnosed with
diacylglycerol acyltransferase (DGAT-1) deficiency. They
presented during the second week of life with feed refusal and
failure to thrive on exclusive breastfeeds. Formula feed
supplementation al so resulted in vomiting, dehydrating diarrhea
and hypoal buminemia. Continuous nasogastric infusion of AAF
did not resolve the symptoms. Investigations did not reveal any
evidenceof sepsisor immunedeficiency. Oral glucose challenge
was negative. Endoscopic biopsies appeared to show
nonspecific patchy villous atrophy with no viral inclusion
bodies. Electron microscopy was normal. They were started on
TPN whileawaiting agenetic diagnosis. NGS confirmed DGAT-
1 deficiency and they were treated with a special custom-made
fat freeinfant formula, fat solublevitaminsand MCT oil. These
children, in addition to dehydrating diarrhea and FTT, had
recurrent vomiting, hypoalbuminemia, hypertriglyceridemia
and occasiona bulky/greasy stool classical of DGAT -1
deficiency. Case No. 2 is currently aged 18 months and has
motor developmental delay. The child continuesto fail to thrive
on the fat-free specialy formulated diet. Case No. 5 aso
responded to fat-free diet and showed slow weight gain, but is
now lost to follow-up.

Case 6: This patient presented with neonatal cholestatic
jaundice, osmotic diarrheaon exclusive breastfeedsand failureto
thrive. The jaundice disappeared gradually but diarrhea and
failure to thrive persisted despite adequate breastfeeds. The
child continued to remain symptomatic even on supplemental

TableI Characteristicsof InfantsWith Congenital Diarrheal Disorders

CaseNo. | I " v \% Vi

Age(wk) 6 3 4 3 6 3

Ageof onset (wk) 1st 2nd 1st 1st 1st 1st

Gender F M F F M M

Consanguinity 2nd degree 3d degree 2" degree 3d degree 2" degree 3ddegree

Birthweight (kg) 312 3.00 3.00 325 3.70 2.90

Weight at admission (kg) 2.37 1.99 222 210 3.78 2.60

Dischargeweight (kg) NA 334 2.65 2.99 3.98 357

TPN/PPN (d) 48 68 10 22 20 7

Hospital stay (d) 122 104 21 42 45 14

Diagnosis Glucose DGAT1 Glucose Glucose DGAT1 Congenita
gaactose deficiency- galactose gaactose deficiency- lactase
malabsorption fat malabsorption malabsorption malabsorption fat malabsorption deficiency

Treatment Carbohydrate Fat free, protein  Carbohydrate Carbohydrate Fat free, protein  Hypoallergenic
free, fructose- richformula free, fructose- free, fructose- richformula formularich
based formula basedformula basedformula in MCT

All children survived except the first case.
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infant formula. Serumtotal IgE levelswereelevated, suggesting
atopy. The child improved dramatically on a trial of
hypoallergenic formularichin MCT. NGSreveaed an eventual
diagnosis of congenital |actase deficiency. The baby isgrowing
well and is now able to tolerate lactose-free cow milk protein
containing infant formulaat 9 monthsof age.

We, herein, describe the clinical spectrum of genetically
confirmed CDDs; though electron microscopy aided diagnosis
of MVID has previously been reported [9]. Our case series
showed that congenital brush border enzymedeficienciesarethe
most common form of CDDs rather than congenital
enteropathies or ion channelopathies. CGGM has autosomal
recessive inheritance with classical triad of hypernatremia,
hypoglycemia and metabolic acidosis [4,7]. All children with
CDDs were born of consanguinity and diarrheal onset was
within the first 2 weeks with classical triad. For DGAT-1
deficiency, literature cites resolution of diarrhea with fat free
formula and a possible need for fat soluble vitamin
supplementation and intra lipid infusions [10]. Both the
neonatesin our case series had resolution of diarrhea; however,
had slow weight gainonfat freeformula.

NGS has revolutionized the diagnostic approach to CDDs,
however, itisexpensiveand turnaround timeislate (4 weeks). It
is more precise and is reliable than stool microscopy and stool
electrolytes. The triad of clinical presentation, tissue electron
microscopy and NGS form the cornerstone for apt diagnosis of
CDDs. The management is individualized based on the
molecular and tissue diagnosi sand ranges from simple changeto
specialized specific diet to complex lifelong TPN.

Contributions: SSS,VHK: responsible for patient management,
datacollection and manuscript writing; NCK,SS: responsiblefor
drafting the paper; NCK will act asguarantor of the study; CSS:
hel ped in manuscript writing. Thefinal manuscript wasapproved
by all authors. Funding: None; Competing interest: None stated.

SHYAM SUNDAR SHARMA,! SRINIVAS

SANKARANARAYANAN,2 VAANATHI HEMENTHA KUMAR,!”
NATARAJAN CHANDRA KUMAR,! C SHANMUGA SUNDARAM!
FromDepartments of Neonatol ogy and 2Pediatric
Gastroenterol ogy,

Kanchi Kamakoti CHILDSTrust Hospital,

Chennai.

*vaanathihementh@gmail.com

REFERENCES

1. Guarino A, Spagnuolo M.I, Russo S, et al. Etiology and risk fac-
tors of severe and protracted diarrhea. J Pediatr Gastroenterol
Nutr.  1995;20:173-78.

2. Berni CR, Terrin, G, Cardillo G, et al. Congenital diarrhea dis-
orders: Improved understanding of gene defects is leading to
advances in intestinal physiology and clinical management. J
Pediatr Gastroenterol Nutr. 2010;50:360-66.

3. Ruemmele F.M. Chronic enteropathy: Molecular basis. Nestle
Nutr Workshop Ser Pediatr Program. 2007;59:73-85.

4. Terrin G, Tomaiuolo R, Passariello A, et a. Congenital diar-
rheal disorders: An updated diagnostic approach. Int J Mol Sci.
2012;13:4168 85.

5. Thiagargjah JR, Kamin DS, Acra S, et al. Advances in evalua-
tion of chronic diarrhea in infants. Gastroenterology.
2018;154:2045.

6. Younis M, Rastogi R, Chugh A, et a. Congenital diarrheal dis-
eases. Clin Perinatol. 2020;47:301-21.

7. Anderson S, Koniaris S, Xin B, et a. Congenital glucose—galac-
tose malabsorption: A case report. J Pediatr Health Care.
2017;31:506 510.

8. Lee WS, Tay CG, Nazrul N, et a. A case of neonatal diarrhoea
caused by congenital glucose-galactose malabsorption. Med J
Malaysia. 2009; 64:83-5.

9. Lingaldinna S, Sundaram M, Kamaarathnam CN, et
a. Congenital fatal diarrhea in newborns. Indian J Pediatr.
2017,84:953-54.

10. Van Rijn M, Ardy RC, Kulodlu Z, et al. Intestinal failure and
aberrant lipid metabolism in patients with DGAT1 deficiency.
Gastroenterology.  2018;155:130-43.

EVENTS

0 December 4-5,2021

East Zone PEDICON, Jamshedpur, Ranchi
at Wave International NH 33, Jamshedpur

Contact:

Dr AM Sinha,

President,

| AP Jharkhand Branch, Ranchi

For Registeration click onwww.ezap.co.in
For Accommodation - ezpedicon@ gmai.com
Mob 9835167975, 9204657193,9431172134

INDIAN PEDIATRICS

1097

VoLUME 58—NoVEMBER 15, 2021



OBITUARY

OBITUARY

Dr Gadadhar Sarangi

The sad demise of Dr. Gadadhar Sarangi isagreat |ossto the Indian pediatric fraternity aswell asthe state of
Odisha.

Bornon 1stApril, 1949in Odisha, hedid MBBSfrom Hamirpur (Odisha) in 1973; MD Pediatricsfrom PGIMER,
Chandigarh, in June, 1976; MNAMSin 1979; Fellow inMCH (Liverpool) 1990; FICMCH 1998; FIAPin 2005;
FPAI in 2015. He joined Odisha Medical Servicesin August, 77; Teaching faculty at Ingtitute of Pediatrics,
Cuttack; MKCG Medical College, Berhampur (1978 to 1999); Professor Pediatrics, Jagannath Institute of
Medical Sciences, Bhubaneswar (1999 - 2000). Hewas Chairman - Medical Director, Baidyanath Memorial
Hospital Bhubaneswar till theend.

He contributed sixty nine scientific papers in Indian Journals and presented forty seven papers in various
national and state conferences. He received many statelevel recognitionsfor child welfare activities.

He was advisory member of Indian Pediatrics and Indian Journal of Pediatrics; Chief Editor of Pediatric
Journal of Odisha; Single author books on Childhood Immunisation, Diarrhoeal diseases. Kidney diseases,
ABC of Neonatology & Practice of ECG He had a good knowledge of Hindu mythology and religious
sermons.

Hewas EB member two times. He had organized two state and two national conferences. Hewas Organising
Secretary of most successful Pedicon 2008 at Bhubaneswar and contributed a highest sumto |AP CO at that
time. Heisthefounder of Pediatric Association of India.

Hewasa perfect amalgam of knowledge, simplicity, humane nature and excellent teaching qualities. A great,
honest and bold administrator, and afirebrand teacher, hetaught and created ageneration of Pediatriciansfor
Odisha. Hewasalwaysavailablefor serviceto the childrenin resource restrained situations.

He breathed hislast on 8th September, 2021 with ashort illness of three days. He was clear hearted, lovable,
selflessand well wishing person. Hewill always be remembered and hismemorieswoul d be cherished aspride
possessionin our hearts. May hissoul restin eternal peace and family beableto bear thisloss.
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Protocol for Infant Massage in Home
Settings

Traditional infant careand child rearing practicesareknown to be
important determinants of child health. While some practices are
known to bebeneficial or harmful, for somethereislessscientific
knowledge. Infant oil massage is highly prevaent traditional
practicein India[1] and several developing countries[2]. Recent
evidence suggests beneficial effects of topical application of
vegetabledilsin preterminfantsin preventing invasiveinfections
[3]. It is often administered in neonatal intensive care units for
improved growth, hypothermia prevention and reduced hospital
stay. Massage in term infants seems to improve physica and
mental health; however, much remainsto beknown about this[4].
Although considerable variations exist in practice of infant
massage at homes, which may affect potentia for gainfharm,
massage being a cultural practice is ‘normaized’ and seldom
receivesprofessiona attention[1].

We recently conducted an e-Delphi study and developed a
protocol for massagein healthy infantsat homes|[5]. The protocol
providesastep-by-step guide for home care giversof infantsborn
beyond 37 weeks of gestation. It details aspects such as when
should massage be done or not, how to determinethat theinfant is
fit for massage, how to ensure the environment and time is
appropriate for massage, who should perform theinfant massage,
how often should massage be performed, what arethe appropriate
techniques for infant massage, and what are the recommended
substances/appropriate dil for infant massage.

The seventeen experts involved in the three round Delphi
study included neonatologists, general pediatricians, develop-
mental pediatricians, pediatric occupationa therapist, naturo-
pathy expert, ayurvedic pediatricians and specidists in

Panchakarma (includes massage therapy). The paper not only
reports consensus but aso non-consensus and stable
disagreement that are informative and highlight differences in
perspectives [5]. We fed that it would be a useful guide for
academiciansand cliniciansfor teaching and patient education, and
asastandard protocol for useby researchers.

Acknowledgements: Anil Kae, Aruna Pendse, Ashwini Kulkarni,
Deepali Ambike, Madhumita Krishnan, Manoj Gakwad, Monica
Mulay, Murlidhar Prabhudesai, Nilangi Nanal, Neglima Tillu, Pramod
Jog, Samina Jamadar, Sandeep Kadam, Sarvesh Kumar Singh,
Satyalakshmi Komargjju, Sudhir Mawade for participation in the e-
Delphi deliberations. Girish Tillu for design and execution and
Bhushan Patwardhan for conceptualization.
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First Aid Training to School Students:
Should Younger Children Be Trained?

We read with interest the recent article by Mehreen, et al. [1] on
the effectiveness of an educational school-based intervention
on injury prevention and first aid. The educational intervention
significantly increased the knowledge on the prevention of
unintentional injuries and first aid among students (mean age
15.9 years) [1]. In order for first-aid to be effective, continuous
training, practice and several trainees are required. Research
has demonstrated the ability of childrento providefirst aid after
recelving appropriate education [2]. Specialists or certified
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teachers are capable of teaching first aid and many countries
have introduced first aid training programs in schools [3].
However, most programs including the present study, focus
mainly on children aged 10-18 year, while younger agesreceive
much less attention [4]. We systematically reviewed the
literature and found only three studies of first aid programs
being delivered to children at preschool. Results showed that
the interventions improved preschool students' knowledge and
skillsof first aid.

It isimportant to educate children from an early age. Early
agetraining cultivatesskillsthat areretained for dmost alifetime
and can be easily retrieved from memory. Furthermore, young
children function as multipliers because their knowledge is
disseminated in the family and in their friend-circle. Finally, it
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cultivates social responsibility to the trainees, which is

necessary for the progress of the society. We strongly believe

that first aid training shall beincluded as part of basic education

as a compulsory module, that can be taught by trained school
teachers.
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Safety: A Primary Concern in
Thalidomide Use in Thalassemia

| reed withinterest thearticleby Chandra, eta. [1] publishedinthe
journa recently. Authors have presented their data on the efficacy
and safety of thalidomide in adolescents with transfusion
dependent thalassemia (TDT). It is an excellent effort and much
awaited publication keepingin view the quantum of thalassemiain
India, the high cost of bone marrow transplant (BMT), and the
scarcedataon useof thalidomidein TDT. However, | wouldliketo
highlight afew issuesin thestudy.

The primary concernwith useof thalidomidein TDT remains
safety rather than efficacy. A study period of six monthsistoo short
for adiseaserequiring long-term therapy with thalidomide. During
astudy of any new drug for adisease, the criteriafor stoppage of
trial are pre-defined for ensuring safety [2]. In their study, 8/37
devel oped infection with one death (dueto unrelated causes), and
10/37 developed neutropenia (one severe grade-111 neutropenia)
and onegrade-1V rend injury. Such ahighincidence of neutropenia
is unexplained by co-administration of deferiprone aone [3].
Considering the small sample size, continuing the tria despite
severeadversereactionsmay warrant moredetails.

Thevery low basdlinemean hemoglobin F (HbF) and the steep
rise in the study [1] is not supported by the literature. Mean
baseline HbF levelswere 2.95% and haverisen to 49.2% after six
months of thalidomide therapy. The baseline levels are generally
higher (10-60%) in adolescentsin the studies of HbF inducersin
thalassemia[4]. Alsoinclinical studies, onanaverage, a20%riseis
seeninrespondersof HbF-inducer agentsinthaassemia[5].

Thebaselinemean packed cell receivedinthe study cohort was
75 mL/kg in last 6 months, which seems quite modest for
adolescent children with thalassemia (12-18 years) as their
requirement is high due to growth and pubertal spurt. Even the
sample size calculation in the study was based on assumption of
220 mL/kg/year. Therefore, wasthereaselection biasasthe cases
wererandomly enrolled?
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Presuming themean hemogl obin (Hb) depictedin comparative
table Il are mean pretransfuson Hb (not mentioned in
methodol ogy); mean Hb at basdline was 9.45 g/dL and at end of
study was 8.89 g/dL . Were study children under-transfused during
study period of 6 months?Also, meanthalidomidedoseinbasdine
tablel is2.05 mg/kg/day, whichiswell below themean daily dose of
thalidomideinthreeresponsegroupsasdepictedinTablelll.
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REPLY

We are thankful to the reader for appreciating the need for
developing drugsfor thalassemia. Thelearned reader hasreiterated
the same safety issueswhich we had already mentioned inthelast
paragraph of our paper, including the need for larger studies
addressing safety of thalidomide[1]. Werestricted the study for 6
monthson account of financial reasons.

Asregards adverse effects (AES), reader’sattentionisdrawn
to arecent study on another fetal haemoglobin (HbF) inducer—
luspatercept. In this study, 96% patients had one or more AE
with 29% having AE grade 3 or more, 15% having seriousAE with
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several having infections. Even patients in placebo group had
severa infections [2]. High incidence of neutropenia is an
important finding and it wasrightly documented. Thereader has
quoted our previouswork, which looked at deferiprone safety in
young children. This study had children on deferiprone
monotheray [3].

The very low baseline mean HbF were on account of thefact
that the patientswere on regular transfusion at 2-3 weeksinterval,
with mean pre-transfusion Hb of 9-10.5g/dL , whichisexpected to
keep patients erythropoiesis under check. The study by Ren, et
al. [4] wasin patients with thalassemia intermedia, where higher
baseline HbF are noted as these patients are not regularly
transfused [4]. A good pre-transfusion Hb is aso the reason for
lower requirement of packed cell. Hb during the study is dightly
lower than baseline Hb but the difference is dtatigtically not
sgnificant. Thedoseof thaidomidein Tablel isthestarting dose.
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NEWS IN BRIEF

Sensing temperature and touch

The Nobel Prize 2021 in physiology or medicine has been jointly
awarded to David Juliusand Ardem Patapoutian for the discovery of
novel receptors involved in sensing temperature and touch by the
human body, respectively. Dr Julius, from the department of
physiology at the university of California, USA,whiletryingtofind
out how we perceive pain on coming in contact with capsaicin a
compound present in chili peppersdiscovered agenewhich encodes
anovel ion channel named as TRPV 1, heat sensing receptor which
gets activated at temperatures perceived as painful. Later, histeam
discovered another receptor TRPM8, which getsactivated by cold.

Ardem Patapoutian, molecular biologist at ScrippsResearchin
LaJolla, Californiastudied how mechanica stimuli get converted
into an electrical impulse responsible for sensing touch and
proprioception. Patapoutian and his team discovered novel ion
channelsnamed as Piezol and Piezo2, which getsdirectly activated
by the exertion of pressure on cell membranes. Both these channels
are involved in the regulation of blood pressure, respiration and
urinary bladder. Their findings also showed that Piezo2 iscritically
important in proprioception.

(Nobelprize.org 4 October 2021)

The malariavaccine

Almost a decade after the beginning of the trial RTS, SYASO1
(RTS,S) - Mdariavaccinerecently got theWHO' srecommendation
for its widespread use among children living in the sub-Saharan
Africa and other regions with moderate to high prevalence of
Pfalciparum maaria. RTS,S is not only the first antimalaria
vaccine but a so thefirst vaccine devel oped against any parasite.

The pilot program, which was started in 2019 in three African
countries — Ghana, Kenya and Malawi, had vaccinated almost
800,000 children by administering 2.3 million doses leading to a
significant (30%) reduction in the severe malaria in high P.
falciparum prevalence areas. Apart from this, the introduction of
RTS, S has been proven to be feasible through the routine
vaccination program with documented safety, efficacy and without
any compromise of the other routine maaria control
interventions. In areas of moderate to high transmissions of P.
falciparum, it has been proven cost-effective by significant
reduction in hospital admissionfor severemalariaor severeanemia
due to malaria. A four dose schedule has been recommended for
children aged 5 months or above, with 4 weeks gap between thefirst
threedoses and last doseto betaken after two years.

(who.int 6 October 2021)

Impact of COVID-19 — Do adults transmit influenza and
RSV?

Since the recognition as a human respiratory pathogens, the
seasona occurrence of epidemics of influenza and respiratory
syncytia virus (RSV) in children are causing significant morbidity
and mortality. Studies over the years have described the role of
children, especially the elder siblings, in the transmission of these
two. But recently, the incidence of the respiratory infections and

the role of children and adults have been reviewed. The results
showed asignificant decline (94-99%) in theincidence of RSV and
influenza cases compared to last few years (2012-2019) in the
winter monthsin Western Australia, New Zealand, Chile, European
and South African region. Initially thiswasthought to bean indirect
consequence of various measures taken to control COVID-19.
However, around September 2020, despite the reopening of schools
with the return of children including younger ones (<5 years) to
schools, sustained low incidence of these pathogens have
highlighted aprobablerole of adultsin transmission. Thechangein
adult behavior likesocial distancing, use of mask and hand hygiene;
due to current pandemic supports the role played by adultsin the
occurrence of theseillnessesin children, which hasto belooked into
actively.

(Pediatric Pulmonology 14 October 2021)

Vaccination for children

The subject expert committee has forwarded its recommendations
to the Drug Controller General of India (DCGI) for the use of
Bharat Biotech’s COVID-19 vaccine- “Covaxin” for use in the
children aged 2-18 years. After DCGI’sapproval thiswill bethefirst
COVID-19 vaccineworldwide, approved for theusein children aged
2-18 years. Recently ZydusCadila's DNA vaccine ZyCoV-D was
approved for the emergency use in children aged 12-18 years.
Though the results of the clinical trial by Bharat Biotech have not
been disclosed publically, but the documented efficacy in adultsis
77.8% against symptomatic infection. The availability of these
vaccines will likely pave the way for the reopening of schoolsand
return to normal life for children — full of outdoor activities and
social interaction.

(Print 12 October 2021)

Mask - the savior!

During the current pandemic, use of face mask along with social
distancing and hand hygiene have been suggested as the best
methods to avoid the virus. There have been news reports on
cautioning against the use of N95 mask while doing exercise in
adults, but what about children? Parents are worried that the use of
N95 mask can cause breathing difficulty or low oxygen levelsin
children.

An Italian study divided children into two groups to use N95
masks with and without exhalation valve, while being monitored
over 72 minutes initially without wearing a mask after that with
wearing amask followed by a12 minutewalk. The use of masksdid
not affect the oxygen saturation or pulse rate significantly in the
two groups, but the use of N95 mask without exhalation valve was
associated with the significant increase in Py, and respiratory
rate even without walking test. Thus, surgical mask isbelievedto be
the best option asfor usein children as the use of N95 mask could
potentially cause breathing difficulty, especialy if thechildisdoing
physical activity and the mask does not have an exhalation valve.
(Journal of Pediatrics October 2021)
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Congenital Milium of the Nipple

A 13-month-old girl, born of non-consanguineous marriage,
presented with complaints of pearl like lesion on right nipple
sincebirth. Thelesion had slowly increased to size of apea, but
was not associated with any pain or itching. Growth and
devel opment were normal . Examination showed 5x5 mm pearly
white nodule involving right nipple, with normal surrounding
skin (Fig. 1). There was no erythema, induration or tenderness
around the lesion. Left nipple was normal. A diagnosis of
congenital milium of nipple was made, and parents were
counselled about the benign and self-limiting nature of the
lesion.

Milia(singular, milium) areinclusion cystsin the epidermis.
The lesion develops due to entrapment of keratin. It appears as
yellow to pearly white papule on the skin. It can be primary
that arise spontaneously or secondary resulting from trauma
such as sunburns or bullous skin disorder. Primary congenital
miliaare common in neonate and may be seen in almost 40% of
full-term neonate. They generally appear over the cheeks, nose
or eyelids. Solitary and large miliumisseen over areola, scrotum
or vulva. Solitary milium should be differentiated from the other
lesions like syringoma, calcinosis cutis, trichoepithelioma and
fibroma. Milium of the nipple should also be differentiated from
witch's milk seen in some neonates due to maternal hormones,
and galactorrhea due to excessive secretion of prolactin.
Congenital milia resolve spontaneously but rarely may persist

Fig. 1 Pearly white nodule involving right nipple, with normal
surrounding skin.

for a long duration. Excision of the lesion in the nipple area
should be avoided as it can lead to functional and aesthetic
complications, especialy inafemalechild.

SHEKHAR NEEMA,! VIVEK KUMAR SINGH,2
SUBHASH CHANDRA SHAW3”

Departments of 1Dermatol ogy and 2Pediatric Surgery,
Armed ForcesMedical College, Pune, Maharashtra;
3Department of Pediatrics, Army Hospital R& R, Delhi.
*drscshaw@r ediffmail.com

Cutaneous Pili Migrans

A 2-year-old girl presented with ablack linear elevation of theskin
on the sole of the left foot. The child had no pain, itching
discomfort, and had no history of trauma. On examination, athin
black line of about 1.8 cm was observed on the sole of theleft foot
without erythemaor papulesonthe periphery (Fig. 1). After local
skin disinfection, we used a sterile needle in combination with
forcepsto extract it. It was observed under amicroscopeasahair
structure with no hair follicles at either end. A diagnosis of
cutaneous pili migrans was made. There was no recurrence on
follow-up.

Cutaneouspili migransisarareskin condition characterized by
afragment of hair embedded inthe epidermisor dermislayersof the
skin. Differentid diagnosisincludescutaneouslarvamigrans. If there
isahair follicleat oneend of thehair, it may be necessary to destroy
thehair folliclecompletely to prevent recurrence.

HONG-BO JIANG,* WEI-MIN SHEN
Department of Dermatol ogy,

Qingdao Women and Children’sHospital,
Qingdao University, Qingdao, China
*jianghb11@163.com

Fig. 1 A distinct, S-shaped black line on the sole of the left foot with
no signs of inflammation in the surrounding skin.
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Genital Bullous Impetigo in a Child

A 6-year-old girl presented to uswith a 7-day history of genital
eruption. She was initially diagnosed with eczema herpeticum
and treated with systemic acyclovir without any improvement.
On dermatol ogic examination, there were erosions and hematic
crustson the peri-nasal area, the chin, and the vulva. Thevulvar
area was erythematous with vesicles and crusted and eroded
erythematous plaques surrounded by a collarette of blister roof
(Fig. 1). The patient was afebrile and the remaining physical
examination, including lymph nodes, was normal. Bacterial
culture of vesicle fluid was positive for methicillin-sensitive
Saphylococcus aureus. A diagnosis of bullous impetigo was
made. The patient was treated with oral amoxicillin-clavulanic
acid alongwith chlorhexidine body wash. The lesions fully
resolved within four days.

Genital bullousimpetigo isan uncommon form of impetigo.
It can be misdiagnosed for other vesiculating rashes such as
varicella, eczemaherpeticum, andlinear IgA bullousdermatosis.
However, it isdistinguished clinically from these conditions by
thepresence of vesicles, flaccid blistersscaling in collarette, and
children are well-appearing even in case of widespread bullous
impetigo. Topical antibiotics are the first-choice trestment, and
systemic antibiotic therapy isrequired in disseminated cases.

Fig. 1 Vesicles, hematic crusts and scaling in a collarette over the
genital area.

L2* ANISSA ZAOUAK, 2 HounA HAMMAMIZ?

From 1Dermatol ogy Department,
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2University of Tunis El Manar, Faculty of Medicineof Tunis,
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AMAL CHAMLI,

Infantile Digital Fibromatosis

A 6-month-old femal e patient presented with swellingin afinger
of the left hand. Physical examination revealed a 1x1 cm firm,
painless, nodular mass on the medial aspect of thedistal phalanx
of thefourth finger. On pathological examination of the excised
mass, the patient was diagnosed asinfantiledigital fibromatosis
(IDF). Nine months later, soft tissue masses of 1x1 cm formed
at the operation site and also on the posterolateral surface of the
distal phalanx of the third finger (Fig. 1). No treatment was
administered since the tumor had a benign character, recurred
after surgical treatment, and did not cause pain or loss of
function.

Skin and subcutaneous nodul esthat occur among infantsare
typically benign, but malignant lesionslikerhabdomyosarcoma,
fibrosarcoma, neuroblastoma and congenital leukemia, may
occur aswell. IDFisarare benign childhood tumor that presents
amost exclusively in thefingers or toes. Thelesionistypically
firm and painless and presents on the dorsal, lateral, or ventral
aspect of afinger as an erythematous or skin-colored, solitary
papulelessthan 2 cmin diameter. Medical or surgical treatment
may be required for lesions causing functional impairment. In
medical treatment, topical steroids, intralesional steroids and
topical tacrolimus treatment are applied. Recurrence occursin
60-75% following surgical excision. As the lesions regress

Fig. 1 Skin-colored firm nodules on the distal phalanx of the third
and fourth fingers.

spontaneously over several months to years, observation is
recommended in caseswithout pain or dysfunction.

Zeynep Canan Ozdemir,” Ersin Toret

Department of Pediatrics,
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Toddler.
Suffers liver failure.
Critical. Undergoes
a liver transplant. Recovers.
Grows up. Enrols as
a medical student.
Becomes a doctor.

If there ever was an inspiring story,
Dr Shakthy Sanjay Kandasamy's
would be it.

q In 1998, 2-year-old Sanjay came to us at Indraprastha Apollo P '

' Hospitals with liver failure. He underwent India's first
¢ . successful pediatric liver transplant. 23 years later, |ndraprastha
~ . Sanjay is now registered as a medical practitioner. On
4 .\ his remarkable achievement, the entire Apollo family p
"\ congratulates him and wishes him all the success in OosP 'TALS
'-.\hisfurure‘ TOUCHING LIVES

400 pediatric liver transplants, and counting!

Indraprastha Apollo Hospitals, Sarita Vihar, New Delhi- 110076 | Call: 011-71791090/ 91 | Email: infodelhi@apollohospitals.com
3 ApolioHospitalsDelhi apollohospitalsdelhi https://delhi.apollohospitals.com
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