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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 heathcare
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 providedinWeb 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 fromtwo 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 articlewas digiblefor 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. Tablel
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.

| 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. Tablel
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-anaysisof 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 birthweight 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| Characteristics of Included Sudies

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 VAP

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),
FiO02>40%, pH<7.2, base excess>-10
Positive blood culture

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

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 Il 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%Cl) OR 95% CI 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

INDIAN PEDIATRICS

1064

FAcTORSASSOCIATED WITH NEONATAL PNEUMONIA

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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WebAppendix 1
Search Srategy 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 ((((C(CCCCCCCcccececciPreumoniar)
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

Sear ch strategy for PubMed (factor srelated to mortality dueto 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 (((((CCCCCCCcccececcccc(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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