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Pneumonia is a leading cause of death in under-
five 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
seen with variable frequencies [3]. One of the major issues of
CAP in children is making a correct diagnosis.

For uniform management of childhood acute
respiratory infection (ARI) including CAP, WHO (World
Health Organization) developed an algorithm based on
evidences generated in the early 1980s [4]. The clinical
criteria adopted in this WHO algorithm used a combination
of clinical manifestations including fast breathing in a child
with cough and/or difficult breathing for diagnosing
pneumonia [4]. The sensitivity of the WHO algorithm was
found to range between 59-81% and there has been concern
about its specificity, resulting in unnecessary use of
antibiotics [3, 5-11].

The WHO algorithm for pneumonia was revised in 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 signs and symptoms used in
the older version for classifying severity of pneumonia in
children. As per a recent systematic review, absence of cough
was a significant 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, assessing the diagnostic accuracy of clinical signs
and symptoms (including WHO criteria) of pneumonia, with
or without SpO2 measurement.

METHODS
This prospective, multicentric cohort study was conducted in
tertiary care teaching hospitals in five sites in India over a 2
year period (June 2016 to May 2018). Children aged 2-59
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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.
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months with ARI (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, radiologically confirmed pneumonia in
last 2 months, residing outside the study city, and who were
critically ill (impending respiratory failure, cyanosis at room
air, shock), were excluded. The study was initiated after
clearance by the respective Ethics Committees of all five
study sites. Children were enrolled after obtaining written,
informed consent from parents or legal guardian.

Details regarding clinical features, nutritional and
immunization status, treatment history, demographic
information, and examination findings were recorded. 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
findings were also recorded. Fever was defined as an axillary
temperature of ≥37.5 ºC. Tachypnea was defined and clinical
diagnosis of pneumonia was 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
pneumonia with good sensitivity and specificity, we used the
same cut-off in the present study [3,13]. Antipyretic was
given for fever and respiratory rate was reassessed after 30
minutes. In case of wheezing, salbutamol nebulization (0.15
mg/kg/dose) was adminis-tered and respiratory rate
reassessed after 10-15 minutes.

A chest X-ray (CXR) was obtained in all children
clinically assessed to have acute lower respiratory tract
infection (ALRI/pneumonia) as per the WHO 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 previously
published WHO standards and definition for
epidemiological studies [15]. The digital CXR films or hard
copies of CXRs were sent to the co-ordinating center. All
CXRs were read by two independent pediatricians, who were
blinded for the clinical diagnosis of patients. In case of
disagreement, CXRs were read by a third pediatrician
without knowledge of the previous evaluations, 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. The site investigator managed the patient as per
his interpretation based on WHO guidelines [16].

To improvise clinical case definition CAP with a
sensitivity and specificity of 80% (sensitivity of tachypnea

with/without chest indrawing is about 69%) and precision of
5%, a total 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.

Statistical analysis: For analysis, the data were entered into
Microsoft excel sheet and analyzed using Stata v.14 (Stata
Corp LLC) statistical software. Categorical data were
analyzed by Chi-square test. For studying the association
between WHO pneumonia classification and CXR findings,
risk ratio (RR) with 95% confidence interval (95% CI) was
calculated. Sensitivity, specificity, likelihood ratio (LR), and
post-test probability were calculated. A P value <0.05 was
taken as significant.

RESULTS

Out of a total 18 159 children screened across 5 sites, 7026
children with ARI were enrolled. According to WHO
criteria, 938 (13.4%) and 6088 (86.6%) of the enrolled
children had pneumonia and no pneumonia (URI),
respectively. Severe pneumonia was diagnosed in 347/938
(36.9%) children. Baseline demographic and clinical
characteristics of the enrolled children are given in Table I.
The study flow chart as per the STARD (Standards for
Reporting Diagnostic accuracy studies) guideline is
provided in Fig. 1. A total of 6,341 (90%) children were
managed on ambulatory basis while 685 (10%) required
hospitalization, seven of whom died.

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)
Boysa 4251 (60.5)
Weight for age z-score -0.69 (-1.83,0.35)
Height/Length 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)
Cougha 6995 (99.6)
Fevera 3998 (56.9)
Audible wheezea 512 (7.3)
Fast breathing post-nebulizationa 938 (13.4)
Chest indrawinga 478 (6.8)
Clinical URIa 6021 (85.7)
Clinical LRTIa 1005 (14.3)

Values in median (IQR) or ano. (%). URI/LRTI: upper/lower respiratory
tract infection.
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(13.4%) were found 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 as well as other
infiltrates) or suboptimal (features allowing interpretation of
primary end-point but not of other infiltrates or findings) for
reading. Rest 35 CXRs were un-interpretable. The presence
of any abnormality on CXR was considered as the gold
standard for diagnosis of pneumonia. Abnormalities in CXR
were identified based on points published by WHO:
consolidation (alveolar shadows), infiltrates (small infiltrates
involving multiple segments), interstitial 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). As shown in Table II, a chest X-ray showing any
abnormal finding, consolidation, and alveolar infiltrates was
found to be significantly associated with a pneumonia
diagnosis made as per WHO criteria.

The diagnostic accuracy of clinical parameters and
SpO2 for pneumonia is detailed in Web Table I. Neither
cough nor wheeze had a significant LR for ruling in or ruling
out the diagnosis of pneumonia. The parameters like
breathing difficulty, fast breathing, chest indrawing, existing
WHO criteria for pneumonia, SpO2 <92%, existing WHO
criteria + SpO2 <92%, existing WHO criteria and/or SpO2
<92%, chest indrawing + SpO2 <92%, existing WHO
criteria present and SpO2 <92% applied serially had a
significant positive LR as well as negative LR (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 +
SpO2 <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
pneumonia compared to those without. The prevalence (pre-
test probability) of pneumonia in the present study was 46%.
We calculated the post-test probability for parameters having
a LR+ of ≥2.0 and/or a LR– of ≤0.5. Addition of a SpO2 of

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

DISCUSSION

In this multi-center hospital-based observational study
across five sites in India, none of the clinical parameters
(either single or in combination) had a sensitivity and
specificity of >80% for diagnosis of childhood pneu-monia.
The overall analysis suggests that, the current WHO criteria
for pneumonia have modest sensitivity (56.5%) and
specificity (66.2%), which is in agreement with the findings
of a previous meta-analysis [8].

The prevalence of radiological pneumonia in the present
study was 46%, similar to previous studies [13]. Primary end
point pneumonia is usually defined as presence of
consolidation or pleural effusion with or without other
infiltrates (e.g., interstitial infiltrates/thickening, atelectasis,
peri-bronchial thickening, and alveolar infiltrates not
sufficient to refer as a consolidation) [8]. Other infiltrates are
commonly seen in viral or atypical pneumonia. In the present
study, only consolidation and alveolar infiltrates were found
to be significantly associated with WHO pneumonia, which
probably means that majority had bacterial pneumonia [13],
which is consistent with the finding of a relatively high
proportion of severe pneumonia cases, in the present study
(37%) [18].

As per the WHO algorithm, fast breathing/tachypnea is
an important 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 a study
from Mexico, WHO defined tachypnea as a sole clinical sign
had 74% sensitivity and 67% specificity for the diagnosis of
radiological pneu-monia [19]. The sensitivity was reduced,
and specificity was increased (84%) when other clinical
signs were combined. An additional observation in this study
was that, in children with pneumonia of <3 days’ duration,
tachypnea had a sensitivity 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 Relative risk (95% CI)

Any abnormal finding (n=586)a 331 (56.5) 255 (43.5) 1.64 (1.45-1.85)
Consolidation (n=112)a 75 (67) 37 (33) 2.56 (1.75-3.73)
Alveolar infiltrates (n=396)a 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 (%). aP<0.001. WHO: World Health Organization.
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respectively. In a recent systematic review, presence of
tachypnea (respiratory rate >40 breaths/min) in children
beyond infancy, was not 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-five years of age [8,20].

Fever, which is commonly seen in 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) Guideline mentions that, 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°C was not strongly diagnostic of pneumonia [3]. Chest
signs on auscultation (e.g., crackles, rales, or rhonchi) were
neither sensitive nor specific for pneumonia [3].

A LR+ of ≥2.0 and a LR ≤0.5 has been shown to change
the post-test probability of disease appreciably. In the present
study, neither cough nor audible wheeze (7.3% children) has
a significant LR for ruling in or ruling out pneumonia
diagnosis. This is 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 a significant negative LR (LR 0.47; 95% CI 0.24
to 0.70) in ruling out the diagnosis of 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. Studies using
other cutoff SpO2 values (i.e., 96%, 92%, and 90%) had
lower LR+, whereas, SpO2 >96% had a LR– of 0.47 [3,23].
The poor diagnostic performance of auscultatory findings
(e.g., presence of wheeze or crackles) could be because these
are subjective parameters. The present study shows that the
probability of having pneumonia improved to 66% among
those tested positive for WHO criteria with a SpO2 of <92%,
and to 69% among those with chest in-drawing and a SpO2
of <92%. None of the parameters in 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 previously published studies
[3,8], probably because of variation in the age of included

children (only few studies included children >5 years age),
geographical location (e.g., high altitude, urban/rural), care-
seeking behavior, duration of disease, and prevalence of
malnutrition.

The limitation of the present study is that we could not
carry out subgroup analysis of factors like age, duration of
symptoms at presentation and severity, which are known to
modify the diagnostic performances in a previously
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 abnormalities as gold
standard for diagnosis of pneumonia. Addition of SpO2 of
<92% to chest indrawing alone or to WHO criteria increases
the probability of pneumonia diagnosis, and is important in
the management of a child with pneumonia.
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Supplementary Table I Diagnostic Accuracy of Different Parameters for the Diagnosis of Pneumonia 
Against Any Abnormality on Chest X-Ray as Gold Standard (N=1273) 

 

aFast breathing as per who criteria .bWHO 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 (SpO2<92%: pneumonia, SpO2 
>92%: no pneumonia). dPost-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 

 

Parameters  Number 
(n) 

Sensitivity, % 
(95% CI) 

Specificity, %  
(95% CI) 

LR+   
(95% CI) 

LR-  
(95% CI) 

Post-test 
probability  
(% change)d

Cough 1271 99.8 (99.04 – 
99.97) 

0.15 (0.03 – 0.82) 1.0 (0.99 – 1.0) 1.2 (0.07 – 18.7) - 

Audible wheeze 61 4.9 (3.5 – 7.0) 95.3 (93.5 – 96.7) 1.1 (0.65 – 1.7) 0.99 (0.97 – 1.0) - 

Difficulty in 
breathing 

254 24.1 (20.8 – 27.7) 83.5 (80.6 – 86.1) 1.5 (1.2 – 1.8) 0.91 (0.86 – 
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 breathinga 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-
drawing 

407 43.7 (39.7 – 47.7) 78.0 (74.8 – 80.9) 1.9 (1.7 – 2.4) 0.72 (0.67 – 
0.78) 

- 

Pneumoniab 563 56.5 (52.4 – 60.4) 66.2 (62.6 – 69.7) 1.7 (1.5 – 1.9) 0.66 (0.59-0.73) - 

SpO2 <92% 
(n=1266) 

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%) 

Existing WHO 
criteria + SpO2 
<92% (n=1266) 

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%) 

Existing WHO 
criteria and/or 
SpO2 <92% 

580 58.2 (54.2 – 62.1) 65.2 (61.6 – 68.7) 1.7 (1.5 – 1.9) 0.64 (0.57 – 
0.71) 

- 

Chest in-
drawing + SpO2 
<92%  

184 21.9 (18.7 – 25.4) 91.8 (89.5 – 93.6) 2.7 (1.9 – 3.6) 0.85 (0.81 – 
0.89) 

69% (+23%) 

Existing WHO 
criteria +ve and 
SpO2<92% c  
(n=561) 

196 39.3 (34.2 – 44.6) 71.3 (65.2 – 76.7) 1.4 (1.1 – 1.7) 0.85 (0.76 – 
0.96) 

- 


