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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.
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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) AIIMS, 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 AlIMS, 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
enrolled 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 thestudy populationareshownin Tablel.
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 (Tablel 1).

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 observationd  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 -
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 prevaence 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
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Table | 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

Tablell Factor sAssociated 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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