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Abstract

Childhood pneumonia is still a significant clinical and public health problem. India contributes the highest number of deaths
due to pneumonia, accounts for about 20% of global mortality among under five children. Various etiologic agents includ-
ing bacteria, viruses and atypical organism are responsible for childhood pneumonia. Recent studies suggest that viruses
are one of the major causes of childhood pneumonia. Among viruses, respiratory syncytial virus has got great attention and
several recent studies are reporting it as an important organism for pneumonia. Lack of exclusive breast feeding during first
six months, improper timing of start and content of complimentary feeding, anemia, undernutrition, indoor pollution due to
tobacco smoking and use of coal and wood for cooking food and lack of vaccinations are important risk factors. X-ray chest
is not routinely performed to diagnose pneumonia while use of lung ultrasound is increasing to detect consolidation, pleural
effusion, pneumothorax and pulmonary edema (interstitial syndrome). Role of C-reactive protein (CRP) and procalcitonin
is similar, to differentiate between viral and bacterial pneumonia, however duration of antibiotics is better guided by pro-
calcitonin. Newer biomarkers like IL-6, presepsin and triggering receptor expressed on myeloid cells 1 are needed to be
evaluated for their use in children. Hypoxia is significantly associated with childhood pneumonia. Therefore, use of pulse
oximetry should be encouraged for early detection and prompt treatment of hypoxia to prevent adverse outcomes. Among
the available tools for risk of mortality assessment in children due to pneumonia, PREPARE score is the best but external
validation will be needed.
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Introduction

Childhood pneumonia is still a significant clinical and public
health problem. No other childhood ailment comes close
to its impact on the lives of children, community, and the
healthcare system. India contributes the highest number of
deaths due to pneumonia, which accounts for about 20% of
global mortality among under five children [1]. Pneumonia
is infective inflammation of lung parenchyma due to various
pathogenic organisms including bacteria, viruses, fungi and
parasites. The key symptom to suspect childhood pneumo-
nia is tachypnea. The World Health Organization (WHO)
has defined tachypnea as respiratory rate >60 per min for
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infants less than 2 mo, >50 per min for infants between 2
-12 mo and >40 per min for children 13 to 59 mo of age
[2]. WHO has categorised pneumonia in children under-
five years of age into two categories, pneumonia and severe
pneumonia. Tachypnea with or without chest retraction is
categorised as pneumonia while tachypnea with any danger
signs (unable to feed or drink, hypothermia, unconscious-
ness, convulsion, signs of hypoxia including cyanosis, grunt-
ing, groaning, head nodding) as severe pneumonia [2].

In India, childhood pneumonia contributes 14% of under-
five mortality and current mortality rate is 33 per 1,000 live
births [3]. Resource-poor nations, where the prevalence of
childhood pneumonia is approximately 15 times higher than
in resource-rich countries, bear a disproportionate share of
the worldwide burden [4]. The United Nations’ Organisa-
tion’s sustainable development goal (SDG) aims at reduc-
tion in under-five mortality to <25 per 1,000 live births by
2030 [5].
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Epidemiology
Burden

The incidence of pneumonia, in under-five children of
India, is not precisely known. There is a lot of variation
in its reported incidence among various studies because of
different definitions, diagnostic modalities and regional vari-
ations. In small-scale studies, the disease burden, measured
in terms of episodes per child per year, ranged from 0.03 to
0.52 [6, 7]. In India, annually, 3.6 to 4.0 million episodes of
childhood pneumonia are being reported along with 0.35 to
0.37 million deaths attributed to it [4, 8]. Pneumonia was
responsible for 22.5% of total deaths among 1 to 4 y old chil-
dren as shown by the RHIME study conducted in the year
2001-03 [9], while the Million Death Study showed 27.6%
contribution of pneumonia in total under-five mortality in
India for the year 2005 [8]. Among under-five children, case
fatality rate for pneumonia ranged from 2.5% to 11.8% [10,
11]. As age increased, the incidence of severe pneumonia
requiring hospitalisation considerably decreased [7, 10]. At
global level mortality is equal among boys and girls while in
India, mortality is 1.2 times higher in girls [1, 8].

Etiology

Various etiologic agents including bacteria, viruses and
atypical organisms are responsible for childhood pneumo-
nia. Identification of possible etiological organism of child-
hood pneumonia can be done by culture of the organism.
Limited availability, poor yield of blood culture and time
involved to get it reported are the main limiting factors for
its utilisation. The reported yield of blood culture ranged
between 2% to 27% in Indian studies [11, 12]. In recent
years, polymerase chain reaction (PCR) has gained a lot of
attention for etiologic evaluation of pneumonia on various
specimens as it has high sensitivity as well specificity. The
PCR is a quick and accurate approach for detecting bacte-
ria, even atypical ones, and viruses, but it has a high initial
equipment and training cost. Since lung aspirates are found
to be sterile in healthy children, culture and PCR evaluation
of lung aspirate could give a greater yield of the etiological
agent and can be specific. However, lung aspiration is an
invasive procedure and associated with serious side-effects
including pneumothorax, or pulmonary hemorrhage. There-
fore, it is rarely performed in pneumonia. Culture and PCR
of the nasopharyngeal aspirate (NPA) has higher yield and
therefore it can be utilised for possible etiologic evaluation
of childhood pneumonia but the NPA reflects the organ-
ism present in nasopharynx and does not necessarily reflect
the causative organism of pneumonia [13]. Using blood or
NPA samples, multiplex PCR platforms have been evaluated
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to distinguish between viral and bacterial etiology and can
identify more than one organism at the same time. Addition-
ally, the PCR approach has been used to attempt serotyping
of some microorganisms, such as Streptococcus pneumoniae
[14,15].

In order to diagnose Mycoplasma and Chlamydia infec-
tions, immune tests of serum for the presence of certain
antibodies have also been utilised. This is because culture
of these pathogens requires live tissue as a growth medium.
However, the interpretation of seropositivity is complicated
as antibodies develop 2 to 3 wk after primary infection and
remain elevated for 2 to 6 mo [16].

Attempts have been made to identify etiological agent of
pneumonia by detecting bacterial antigen in the urine [17].
However, due to kit to kit heterogeneity in detection rates,
urine tests for antigens of specific bacteria like Streptococ-
cus pneumoniae and Haemophilus influenzae have not been
widely accepted.

There were many Indian studies in the 1990s and early
2000s suggesting Streptococcus pneumoniae being as the
most common bacterial etiology (30 to 50%) followed by
Haemophilus influenzae type B (HiB) [4, 11-13]. Various
serotypes of Streptococcus pneumoniae are isolated form
Indian children. Serotypes 1 and 5 were most prevalent fol-
lowed by 4, 6A and 6B, 7, 12, 14, 15, 19F, 23 and 45 [18,
19]. However, recent studies are suggesting the increasing
prevalence of Staphylococcus aureus [18]. Other organisms
had also been reported like Acinetobacter in 20% and Kleb-
siella pneumoniae 3.3%- 20.5% [11, 12].

Global Burden of Disease 2015 Lower Respiratory Infec-
tion Collaborative Study revealed that deaths due bacterial
pneumonia, Streptococcus pneumoniae and HiB together
contribute 64.1% in under-five children [1]. Globally, attri-
bution of HiB pneumonia in under-five mortality decreased
by 38.6% but in India Hib is still responsible for 14.9%
under-five deaths due to pneumonia [1]. The conjugate
pneumococcal vaccine was introduced in India in a phased
manner in 2017. There was a dip in vaccine coverage during
the COVID pandemic. Hence, the impact of introduction of
conjugate pneumococcal vaccination on reduction in under-
five mortality is yet to be assessed.

Multi-country studies such as Pneumonia Etiology
Research for Child Health (PERCH) study and Global
Approach to Biological Research, Infectious diseases and
Epidemics in Low-income countries (GABRIEL) have
reported more than one microorganism, often combination
of bacteria and virus, isolated using molecular techniques
from the blood in children with pneumonia [14, 15]. Recent
publications have reported that viruses are common etio-
logical agents for pneumonia in developing countries, con-
trary to earlier belief that majority were caused by bacteria
only [20]. It has also been postulated that viral respiratory
tract infections open the gateway for secondary bacterial
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infections [21]. The focus of current international research
has already changed from Pneumococcus to respiratory
syncytial virus (RSV) as the proportionate contribution of
viral diseases like RSV is predicted to rise with the launch
and expansion of vaccinations against the primary causes
of bacterial pneumonia (Pneumococcus and Haemophilus
influenzae type B). Researches to develop vaccines and
immunoglobulins against RSV are going on. The global
data of various studies are suggesting increasing incidence
and prevalence of RSV as important etiology of childhood
pneumonia. Possible reason for these may be

I. True increase in the incidence and prevalence of RSV
pneumonia.
II. Increased availability of diagnostic modalities of viral
isolation (Multiplex PCR and culture).

III. With increased coverage of vaccination against Hae-
mophilus influenzae type B and Pneumococcus pneu-
moniae, prevalence and incidence of these organisms
are decreasing continuously. This may have led to
increase in viral pneumonia.

A recent systematic review by Shi et al. reported for the
year 2015, 33.1 million episodes of RSV acute lower respira-
tory tract infections (ALRTI) occurred in under-five children
globally and 10% (3.2 million) of these required hospitali-
sation, of which 59,600 died in the hospital [22]. Hospi-
talization as well as deaths were highest in infants below 6
mo of age across all regions. More than 93% of RSV ALRI
episodes and 99% of related deaths occurred in developing
countries [1, 22].

Among the under-five children, RSV is associated with
around 28% of all ALRTI episodes and 10 to 22% of all
ALRTI related deaths [1, 14, 22]. Approximately 10% of the
global burden of RSV ALRTT occurs in developed countries,
and rest 90% occurs in developing countries [1, 22]. About
20% of all RSV LRTI have lower chest indrawing (LCI)
while among hospitalised, 85% have LCI. Among hospi-
talised under-five children due to RSV ALRTI, almost 20%
showed hypoxemia, which increased the risk of death. It has
been reported that RSV subtype A was the most common
subtype and resulted in more severe disease and deaths.

The same group of investigators updated the review for
2019 and published their findings very recently in 2022,
which reported almost similar number episodes of RSV
ALRTT in under-five children occurred globally (33 mil-
lion) and almost similar proportion of more than 10% (3.6
million) of these required hospitalisation but there was lower
deaths (26,300) among hospitalised children [20]. Thus,
overall prevalence of hospitalisations increased margin-
ally while deaths are decreased by more than half of the
previous time period, possibly due to better health care.

Various Indian studies published from 1991 till the 2022
have reported a rise from 14% to 40.1% isolation/detection
of RSV (Supplementary Table S1).

Risk Factors

See supplementary file.

Clinical Features

See supplementary file.

Diagnosis

Pneumonia in children is primarily diagnosed clinically. A
peripheral blood smear typically reveals leucocytosis with
neutrophilic predominance. It is not always necessary to
diagnose childhood pneumonia using a chest X-ray. When
there is an uncertainty about the diagnosis, persistent symp-
toms, or there is suspicion of complications such as pleural
effusion or pneumothorax, an X-ray of the chest may be
necessary [23]. Since there is large inter as well as intra
observer variation in the interpretation of X-ray chest, WHO
categorised its abnormalities seen in childhood pneumonia
into pleural effusion, end point consolidation, and non-end
point infiltrates to reduce intra and inter observer variation
[24]. The ability of an X-ray chest to distinguish between
bacterial and viral pneumonia is generally poor [23]. How-
ever, the WHO states that end point consolidation and pleu-
ral effusion radiological findings are likely caused by bacte-
rial etiology [24].

There is growing evidence that lung ultrasound (LUS) has
potential to replace the X-ray chest not only at the point of
care but also in routine use [25, 26]. LUS has high sensitivity
and specificity for detecting consolidation (96% and 93%)
and pneumothorax (88% and 100%) [27].

Biomarkers

While pneumonia can be of bacterial or viral etiology,
only 5% of bacterial pneumonia are bacteremic and can be
termed as “pyogenic” pneumonia. Hence there is a diagnos-
tic dilemma in differentiating viral from bacterial pneumonia
which has led to investigating the role of various biomarkers
for this purpose.

C-reactive protein (CRP) and procalcitonin (PCT) are
the most widely used biomarkers in pneumonia. Interleukin
6 (IL-6) and presepsin has also been subjected to research
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works. PCT is a prohormone of calcitonin. Soon, after bacte-
rial infection, the CALC-1 gene is upregulated which stimu-
lates macrophage and monocytes to produce large amounts
of PCT [28]. Due to its cytokine like behavior, rise of PCT
is immediate and detected within 2-3 h, with a peak at 6 h
[28]. The limitation though is that diagnostic and predictive
value of PCT declines in severe sepsis and in localized infec-
tions, such as empyema [29]. Studies differ as to what are the
appropriate cut-off points for PCT [29]. A PCT level of 0.25
ng/ml has 90% sensitivity and only 25% specificity, whereas
value of 20 ng/ml has 90% specificity and 30% sensitivity
for pyogenic pneumonia in a systematic review [30].

In response to cytokines, especially IL-6, produced at the
infection site, CRP synthesis is quickly increased in the liver.
Thus, in comparison to fever and leukocytosis, CRP is a
superior biomarker for pyogenic infection but its secretion
begins relatively late, in 4-6 h, and peaks at 36-50 h, and
therefore it cannot be used for early detection of pyogenic
pneumonia [31]. A CRP level of >30 mg/L has 90% sensi-
tivity but <25% specificity and a cut-off of >300 mg/L has
90% specificity but only about 30% sensitivity for pyogenic
pneumonia [30]. To distinguish between bacterial and viral,
both CRP and PCT are similar but for detection of severity,
prognostication and guidance on use of antibiotics, PCT is
better than CRP [32, 33]. Instead of using a fixed cut-off
level of PCT, decrease from initial levels could be used to
determine when to stop using antibiotics altogether or to
gradually reduce their use [33].

IL-6 has also been investigated as a biomarker for pneu-
monia. IL-6 levels rise faster than PCT and CRP after infec-
tion [29]. IL-6 is a more sensitive biomarker of localized
infection such as effusions and empyema than PCT [29].
IL-6 has shown to have a utility as predictor of treatment
failure and mortality [34]. Elevated IL-6 predicts a higher
risk of 30-d mortality (84% sensitivity and 87% specificity)
and IL-6 levels have a good correlation with various clinical
severity scores such as pneumonia severity index in adults
but further studies are required in children [34]. There are
certain limitations to use IL-6 as a biomarker of pyogenic
pneumonia. It has very short half-life and decreases rapidly
even before clinical presentation [35]. It also lacks specific-
ity as it increases in non-inflammatory conditions including
connective tissue disorders and malignancies [36].

Presepsin, a fragment of monocyte lipopolysaccharide
receptor CD14, is released in the blood during phagocyto-
sis of bacteria. High levels of presepsin predict progression
to septic shock and severe pneumonia [37]. It can be used
with other biomarkers like PCT to increase the diagnostic
and prognostic precision [37].

Triggering receptor expressed on myeloid cells 1 (TREM-
1), a glycoprotein member of the immunoglobin family, is
upregulated in the presence of extracellular bacteria and
fungi [38]. Normally, TREM-1 is not detectable in healthy
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individuals, however, it becomes measurable in response to
infection [38]. Further studies are needed to establish the
diagnostic power of TREM-1 in pneumonia.

Despite research on biomarkers in pneumonia, prognosis
is related to individual characteristics, and thus an area under
the domain of precision or personalized medicine. This is
the area of future work. It includes measures such as early
clinical stability, inflammatory response and the response
to antibiotics, the host’s genetic and metabolic character-
istics, susceptibility to various organisms especially those
causing infection, and the saprophytic flora colonizing the
lower airways.

Management

The best methods to lower child mortality from pneu-
monia are early detection, rational use of antibiotics and
appropriate supportive care. Oral antibiotics are recom-
mended to treat non-severe pneumonia at home, but close
monitoring for appearance of danger signs at any time and/
or non-resolution of symptoms after 48 h of treatment and
prompt and appropriate referral, and follow-up are essential.
A recent Cochrane review concluded that oral cotrimoxa-
zole and amoxicillin had comparable treatment failure (OR
0.92, 95% CI 0.58-1.47), cure rate (OR 1.12, 95% CI 0.61-
2.03) and mortality (OR 2.08, 95% CI 0.22-20.06) in non-
severe pneumonia [39]. Similar findings are also reported
in another study conducted in 2008 [40]. The same review
also reported that cotrimoxazole vs. procaine penicillin and
co-amoxiclav vs. amoxicillin were comparable in terms of
cure rate, hospitalisation and mortality in non-severe pneu-
monia [39]. In severe pneumonia, chloramphenicol showed
greater treatment failure (OR 1.46, 95% CI 01.04-2.06 on
day 10) and higher mortality (OR 1.65, 95% CI 0.99-2.77)
in comparison to ampicillin plus gentamicin. WHO has rec-
ommended oral amoxicillin at a dose of 80 mg/kg/d for five
days to treat non-severe pneumonia in under-five children
as first-line treatment [2]. Children with severe pneumonia
should be treated by injectable ampicillin at a dose of 50
mg/kg or benzyl penicillin at a dose of 50,000 units/kg IV
or IM six hourly for a minimum duration of five days. Third
generation cephalosporin (e.g., ceftriaxone) should be used
as second-line of treatment in severe pneumonia if first-line
antibiotics have failed.

Hypoxia is an important determinant of mortality and
needs to be identified early and managed on priority. A
recent study done by Awasthi et al. reported 35.9% of 7196
under-five children hospitalised with WHO defined severe
pneumonia had hypoxia among those unvaccinated with
PCV13 [41]. Oxygen saturation <90% on pulse oximetry
or requiring oxygen therapy during hospital stay was con-
sidered as hypoxic. Adjusted odds ratio for mortality with
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hypoxia was 2.36 (95% CI: 1.42-3.92). The PERCH study
conducted in seven countries reported prevalence of hypoxia
as 35.8% in under-five children hospitalised with WHO
defined severe and very severe pneumonia [14]. Hypoxia
was more prevalent (42.3%, 748/1,769) among children with
abnormal X-ray chest. Pulse oximetry must be used for early
diagnosis of hypoxia because clinical signs and symptoms
have low diagnostic accuracy for predicting it [42]. Pulse
oximetry has demonstrated encouraging outcomes in the
early diagnosis and subsequent treatment of hypoxemia,
which reduce mortality due to pneumonia [43]. In situations
where pulse oximetry is not possible, certain clinical signs
of respiratory distress/failure (nasal flaring, grunting, and
head nodding, lower chest indrawing, and central cyanosis)
can be used as indicators for hospitalization and as predic-
tors of hypoxia as well as mortality due to it [44]. Addition-
ally, in cases of severe and very severe pneumonia, the WHO
advises oxygen therapy when pulse oximetry is not possible
and SpO, less than 90% at room air.

A risk assessment to predict childhood pneumonia related
mortality is urgently required for triage and treatment/refer-
ral. There are numerous risk assessment tools, but only
one, the Respiratory Index of Severity in Children-Malawi
(RISC-Malawi) score, has shown fair discriminatory value
(AUC 0.75, 95% C1 0.74-0.77), while the Respiratory Index
of Severity in Children (RISC) score and a modified Pneu-
monia Etiology Research for Child Health (PERCH) score
have limited discriminatory value in identifying hospitalised
children at risk of pneumonia related mortality (AUC 0.66,
95% C1 0.58 to 0.73%, and AUC 0.55, 95% C1 0.37 to 0.73,
respectively) [45].

The risk assessment instrument developed by the Pneu-
monia Research Partnership to Assess WHO Recommen-
dations (PREPARE) is relatively new and offers excellent
discriminatory power for identifying children at risk of
pneumonia-related in-hospital mortality [46]. The data from
11 studies, including pneumonia evaluations in children in
20 low and middle-income countries, were used in the PRE-
PARE study. The analysis involved a total of 27,388 children
with mean age 14.0 mo and pneumonia-related case fatality
ratio 3.1%. This tool has 200 repetitions to internal valida-
tion. Age, sex, weight-for-age Z-score, body temperature,
respiratory rate, unconsciousness or diminished state of
consciousness, convulsions, cyanosis, and hypoxemia were
baseline variables in the PREPARE risk assessment tool.
When internally tested, the PREPARE risk assessment tool
exhibited a good discriminating value (area under the curve:
0.83, 95% CI: 0.81 to 0.84). The PREPARE tool is therefore
the best risk assessment tool currently available for under-
five childhood pneumonia. External validation of PREPARE
tool is needed.

The Government of India's Ministry of Health and Family
Welfare recently started its Social Awareness and Action Plan

to Neutralise Pneumonia successfully (SAANS) in 2019 with
the goal of stepping up efforts to reduce pneumonia-related
mortality to less than 3 per 1000 live births by 2025 [47].
The remote health facilities must be equipped to manage
both outdoor and indoor pneumonia which includes (i) hav-
ing dispersible amoxicillin tablets for outdoor management,
(ii) having injectable antibiotics, pulse oximeter and oxygen
for better indoor management, (iii) having standard manage-
ment protocols available at every facility, and (iv) setting up a
SAANS booth at the facility's entrance to provide counselling
and messaging for childhood pneumonia [47].

Conclusions

Even though there has been a reduction in the global inci-
dence and corresponding mortality due to pneumonia in
children under-five years of age, yet concentrated efforts
are required at global and country levels, health systems
strengthening and operations, implementation as well as
basic research aimed at surveillance for etiology of pneumo-
nia, vaccine development and identifying point of care tests,
perhaps by using novel biomarkers with clinical signs, to dif-
ferentiate viral from bacterial pneumonia to ensure rational
use of antibiotics and prevent development of antimicrobial
resistance. In addition, improved nutritional status through
appropriate feeding practices, immunization coverage, envi-
ronmental and hand hygiene etc. will have to be augmented
along with improved case management algorithms and
health systems preparedness to fight pneumonia.
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