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Abstract

Diagnosing pneumonia and identifying those requiring antibiotherapy remain challenging. Chest radiographs (CXR)
are often used as the reference standard. We aimed to describe clinical characteristics, host-response biomarkers
and etiology, and assess their relationship to CXR findings in children with pneumonia in Thimphu, Bhutan. Children
between 2 and 59 months hospitalized with WHO-defined pneumonia were prospectively enrolled and classified
into radiological endpoint and non-endpoint pneumonia. Blood and nasopharyngeal washing were collected for
microbiological analyses and plasma levels of | | host-response biomarkers were measured. Among 149 children with
readable CXR, 39 (26.2%) presented with endpoint pneumonia. Identification of respiratory viruses was common,
with no significant differences by radiological outcomes. No clinical sign was suggestive of radiological pneumonia,
but children with radiological pneumonia presented higher erythrocyte sedimentation rate, C-reactive protein and
procalcitonin. Markers of endothelial and immune activation had little accuracy for the reliable identification of
radiological pneumonia.
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countries, are highly sensitive, but are not able to discern
children requiring antibiotics from those who will present
a self-limited pneumonia with unnecessary antibiotics.
This leads to an overtreatment of clinical pneumonia
cases with antibiotics, with potential implications in the
emergence of antimicrobial resistance.®® Although the

Introduction

Pneumonia causes 15.5% of all deaths among children
under Syears of age worldwide, translating to over
800000 deaths annually.'? Early identification and treat-
ment of children with pneumonia is fundamental to

reduce mortality.> However, we lack diagnostic tools with
high sensitivity and specificity that allow for accurate
identification of children that require antibiotics, and at
risk of poor prognosis.*” Initial evaluation of clinical
pneumonia cases is important to identify those of pre-
sumed bacterial etiology since these cases may become
life-threatening in the absence of appropriate antimicro-
bial treatment. Clinical diagnostic criteria for pneumonia,
such as those proposed by the World Health Organization
(WHO), primarily used in low- and middle-income

accuracy of chest radiographs (CXR) for diagnosing
pneumonia and differentiating between bacterial and viral
etiology is imperfect, CXR have been traditionally con-
sidered the practical reference standard.!%!* Radiograph-
based standardized endpoints are also commonly used in
vaccine trials.”!'>!' More recently, a series of inflamma-
tory host-response biomarkers have been described that
may help differentiate between bacterial and viral etiolo-
gies. Their diagnostic role in childhood pneumonia
remains unclear.!>!7

@ @@ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons

Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial
use, reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE
and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/gph
http://crossmark.crossref.org/dialog/?doi=10.1177%2F2333794X221078698&domain=pdf&date_stamp=2022-02-25

Global Pediatric Health

Recent findings suggest that clinical signs and host-
response biomarkers associated with radiological find-
ings might differ according to geographic areas.'®
Indeed, predominant respiratory pathogens, co-infec-
tions such as malaria, and other factors such as altitude
vary between geographical regions and are likely to con-
tribute to these correlations.

We aimed to describe the radiological findings of
children under 5Syears of age admitted with WHO-
defined pneumonia in the Respiratory Infections in
Bhutanese Children (RIBhuC) study conducted in
Thimphu, the capital of Bhutan, where data on child-
hood pneumonia are scarce. We looked at differences in
radiological findings by demographic characteristics,
etiology, clinical presentation, host-response biomark-
ers, evolution, and final outcome.

Materials and Methods

Setting and Participants

The RIBhuC study was conducted prospectively for
12 consecutive months at the Jigme Dorji Wangchuck
National Referral Hospital (JDWNRH) in Thimphu,
Bhutan, to describe the epidemiology, etiology, and clin-
ico-radiological presentation of WHO-defined pneumo-
nia among children under Syears of age.!® Briefly, all
children aged 2 to 59 months admitted with a diagnosis of
WHO-defined pneumonia were eligible for recruitment.’
Children with history of cough or breathing difficulty
were classified as having pneumonia if they presented
with increased respiratory rate or chest indrawing, or
severe pneumonia if they presented with oxygen satura-
tion <90%, central cyanosis, severe respiratory distress

or a WHO general danger sign.” We recruited all eligible
children provided parent(s) or caregiver(s) consented on
writing to study participation. The pneumococcal conju-
gated vaccine (PCV) was introduced in the country in
January 2019, after the study period.

Data Collection

On admission, we assigned a study identification num-
ber, recorded vital signs and performed a comprehensive
physical examination. Demographic and clinical data
from the medical records and through family interviews
were collected. Blood samples and a nasopharyngeal
washing (NPW) specimen were collected upon enroll-
ment or as soon as possible after enrollment. An antero-
posterior CXR was performed within 24hours of
admission using either a digital machine (Model IDC
DR. 1590x 3C, Eureka) or an analog one (Model KH/
HD/STANDIX-31667, Siemens), depending on avail-
ability. Recruited children were clinically managed and
discharged as per the criteria of the treating nurses and
pediatricians and were followed-up by one study inves-
tigator in terms of outcome determination.

Chest Radiographs Interpretation

CXR were classified as confirmed “endpoint pneumo-
nia” (consolidation, pleural effusion, or both on any
hemithorax), “other infiltrates” (all others non-end-
point infiltrates in any hemithorax), or “normal” (no
abnormalities identified).'* “Non-endpoint pneumo-
nia” comprised other infiltrates and normal CXR. See
Supplemental Material Annex 1 for further details.
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Biological Sample Testing and Laboratory
Methods

Blood samples were collected for hematology, biochem-
istry, and culture, following standard procedures. '

NPW samples were subjected to molecular analysis
for identification of respiratory pathogens (multiplex
real-time polymerase chain reaction [RT-PCR], QIAStat
respiratory panel, Qiagen) and for detection and capsu-
lar typing of Streptococcus pneumoniae (RT-PCR, IytA
gene).22* We considered the serotypes 1, 3, 4, 5, 7F, 14,
18C, and 19A as highly invasive.?

On site rapid influenza diagnostic tests (Alere
BinaxNOW®) were performed as per discretion of the
treating clinicians and nurses, independently of the
RIBhuC study.

Host-Response Biomarker Assays

Host-response biomarkers were measured blinded to
patient clinical and radiological characteristics. White
blood cell (WBC) count, platelets, erythrocyte sedimen-
tation rate (ESR), and C-reactive protein (CRP) were
analyzed at the study center (JDWNRH). At the refer-
ence center (Sandra Rotman Centre for Global Health in
Toronto, Canada), CRP and procalcitonin (PCT) were
quantified by enzyme-linked immunosorbent assay
(ELISA), and the plasma concentration of 6 additional
endothelial and immune activation biomarkers were
measured using a multiplex Luminex platform with
reagents from R&D Systems (Minneapolis, MN): inter-
leukin-6 (IL-6), interleukin-8 (IL-8), angiopoietin-2
(Angpt-2), soluble fms-like tyrosine kinase-1 (sFLT1),
soluble triggering receptor expressed on myeloid cells 1
(sTREM-1), and soluble tumor necrosis factor receptor
1 (sTNFR1).%° Biomarker concentrations outside of the
detection limits were assigned a value of one third below
or above the lowest or highest limit in the standard
curve, respectively. We refer to CRP-study and CRP-ref
for differentiating CRP measured at the study and refer-
ence laboratories, respectively.

Data Management and Statistical Analysis

Data were entered into a computerized password-pro-
tected database (ODK Aggregate version 1.4.13) with
study identification number.?® Errors in data entry were
limited by using pre-defined ranges for every value.
Stata™ v.16.0 (StataCorp, College Station, Texas, USA)
was used for data analyses.?” We examined the association
between radiological outcomes and a set of variables
(demographic and clinical characteristics, and biomarkers)
using Chi-square or Fisher exact tests for categorical vari-
ables. Mann-Whitney U and Kruskal-Wallis tests were

I 189 children recruited in RIBhuC study |

!

I 178 children with CXR performed on admission |

y

| 150 CXR films available for interpretation |

1 film uninterpretable
\

| 149 CXR films readable |

pf\::’l':r‘:::ia Other infiltrates Normal
- o _
n =39 (26.2%) n =31 (20.8%) n =79 (53.0%)

'] ']

Non-endpoi

n =110 (73.8%)

Figure 1. CXR interpretation and findings.

used for non-parametric continuous variables. Univariable
logistic regression models were used to estimate odds
ratios of radiological outcomes for predictors of clinical
characteristics and biomarkers, and multivariable logistic
regression models to estimate the degree of association
between each biomarker and radiological findings after
adjusting for observed confounders. All continuous vari-
ables with non-parametric distribution were log trans-
formed for inclusion in logistic regression models. To
assess the predictive capability of each biomarker consid-
ered, area under the curve (AUC) and other classification
performance measures (sensitivity and specificity) were
calculated. These calculations were performed based on
each univariable logistic regression model and defining
the cut-points using the Youden’s index method
(J=max[sensitivity + specificity—1]). Significance was
set at .05.

Ethical Approval

The study protocol was approved by the Research Ethics
Board of Health, Ministry of Health, in Thimphu,
Bhutan (protocol number PO/2016/086), and by the
research ethics committee from the Hospital Clinic in
Barcelona, Spain (HCB/2017/0741).

Results

Between 1st July 2017 and 30th June 2018, 189 children
were recruited.”” CXR was performed to 94.2%
(178/189) of them. CXR images were not available for
external evaluation for 15.7% (28/178) of participants
and one film was deemed uninterpretable. Therefore,
149 children were included in the analysis: 26.2% with
endpoint pneumonia, 20.8% with other infiltrates, and
53.0% with normal radiological findings (Figure 1).
Comparing children with (n=149) and without (n=40)
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CXR available, we found no differences in term of base-
line characteristics (Supplemental Table 1).

Missing demographic or clinical data were due to a
lack of collection for these variables. Blood samples
were collected and analyzed for WBC (148/149, 99.3%),
platelet (146/149, 98.0%), CRP-study (143/149, 96.0%),
ESR (131/149, 87.9%), and the remaining biomarkers at
the reference center (96/149, 64.4%).

Children with radiological endpoint and non-end-
point pneumonia presented similar demographical char-
acteristics in terms of age, gender, vaccine status, and
parental education and employment (Table 1). However,
there was a higher proportion of children with endpoint
pneumonia that had an access time to health care facili-
ties (proxy measurement of distance to the health sys-
tem) of 30 minutes or longer (17.1% vs 2.8%, P=.008).
Five children died, one with radiological endpoint pneu-
monia. A higher proportion of children with endpoint
pneumonia required hospitalization for =5 days (48.7%
vs 27.3%, P=.016), with no significant differences
regarding the need of ventilation, oxygen therapy, or
antibiotherapy. No additional differences were observed
between the 3 radiological outcomes (endpoint pneumo-
nia, other infiltrates and normal findings) (Supplemental
Table 2).

Association of Etiology With Radiological
Findings

Bacteria were isolated by blood culture in 6 children,
2/31 (6.5%) with endpoint pneumonia and 4/63 (6.4%)
with normal CXR (Table 2). Detailed findings are
published elsewhere.!” There were no significant
differences in the proportion of nasopharyngeal pneu-
mococcal carriers and highly invasive serotype distri-
bution between children with endpoint and
non-endpoint pneumonia. At least 1 virus was detected
in most children and a third of those had =2 viruses
identified. All children with other infiltrates had at
least 1 virus, and half of them had =2 viruses identi-
fied. Respiratory syncytial virus was the most com-
monly isolated virus (44.0%), detected in around
1-quarter of children with endpoint pneumonia and in
half of those with non-endpoint pneumonia (P=.056).
Rhinovirus was isolated in over half of children with
other infiltrates and a third of those with endpoint
pneumonia (P=.083). Parainfluenza virus was more
frequent in children with endpoint pneumonia com-
pared to those with non-endpoint pneumonia (28.6%
vs 9.7%, P=.023; Supplemental Table 4). Other viruses
were identified in similar proportion between children
with different radiological endpoints.

Association of Clinical Characteristics With
Radiological Findings

A high proportion of children presented with clinical
signs usually considered more indicative of radiological
consolidation (endpoint pneumonia) as a proxy for bac-
terial pneumonia, including hypoxemia (79/108, 73.1%)
or crackles (63/108, 58.3%), despite having CXR which
did not confirm the pneumonia endpoint. Similar pro-
portions of children with and without radiological pneu-
monia presented with increased work of breathing.

A higher proportion of children with endpoint pneu-
monia were symptomatic for at least 5days prior to
admission (64.1% vs 38.5%, P=.007), had fever for at
least 5days (42.1% vs 21.3%, P=.045), and presented
with  WHO severe pneumonia (92.3% vs 75.5%,
P=.033) (Table 3). No single clinical sign could differ-
entiate between radiological outcomes. Hypoxemia was
less frequent in children with radiological normal find-
ings (Supplemental Table 5).

Association of Host-Response Biomarker
Levels With Radiological Findings

Children with endpoint pneumonia presented higher
ESR (P=.008), CRP-study (P=.007), and PCT
(P=.003) (Table 4; Figure 2). After adjusting for demo-
graphic and clinical variables, ESR, CRP-study and
PCT remained significantly higher among children with
endpoint pneumonia (Table 5). IL-6 and sTNFR1 levels
were higher in children with endpoint pneumonia but
they did not reach statistical significance. When analyz-
ing biomarkers as dichotomous variables (high versus
normal) using thresholds widely used in clinical prac-
tice, we found that neutrophilia, ESR =50 mm, CRP-
study >4mg/dL and PCT=250pg/mL were more
frequent among children with endpoint pneumonia
(Table 4).

ESR, CRP-study and PCT were significantly higher
in children with endpoint pneumonia compared to those
with normal radiological findings, and PCT and sTNFR1
were also higher in children with endpoint pneumonia
compared to those presenting other infiltrates. Children
with other infiltrates presented higher levels of CRP-
study and IL-8 compared to those with normal radio-
logical findings (Supplemental Table 7; Supplemental
Figure 1).

We further explored the performance of the biomark-
ers that showed significant association with radiological
findings for identifying endpoint pneumonia, by analyz-
ing the AUC (Figure 3). Although none of the biomark-
ers presented good discriminatory ability between
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Table |. Baseline Characteristics of Children With WHO-Defined Clinical Pneumonia for Radiological Endpoint Versus Non-
Endpoint Pneumonia.

Non-endpoint

Endpoint pneumonia (other
pneumonia infiltrates or normal) Odds ratio

Characteristics (N=39) (N=110) (95% Cl)? P-value?
Demographic characteristics
Gender, female 16 (41.0) 49 (44.5) 0.87 (0.41-1.82) .703
Age in months 16.1 (6.4-31.9) 9.9 (6.5-24.9) 1.27 (0.85-1.89) 237
Age category, months

2 to <6 9 (23.1) 25 (22.7) Ref 364

6to <I2 7(17.9) 35 (31.8) 0.56 (0.18-1.69)

12 to <24 I'1(28.2) 21 (19.1) 1.46 (0.51-4.18)

24 to <60 12 (30.8) 29 (26.4) I.15 (0.42-3.18)
Season®

Summer 13 (33.3) 37 (33.6) Ref 993

Fall 12 (30.8) 36 (32.7) 0.95 (0.38-2.35)

Winter 4(10.3) 10 (9.1) 1.14 (0.30-4.26)

Spring 10 (25.6) 27 (24.6) 1.05 (0.40-2.76)
Vaccine status

Fully 31 (79.5) 81/108 (75.0) Ref 573

Partially 8 (20.5) 27/108 (25.0) 1.29 (0.53-3.15)

None 0 (0) 0/108 (0) NA
Wasting (WAZ < -2 SD)¢ 3(7.7) 7/109 (6.4) 1.21 (0.30-4.95) .786
Exposure to tobacco smoke 6/37 (16.2) 13/107 (12.2) 1.40 (0.49-3.40) .530
Exposure to betel nut (doma) 22/37 (59.5) 73/107 (68.2) 0.68 (0.32-1.48) 333
Exposure to heater with kerosene 2/34 (5.9) 9/98 (9.2) 0.62 (0.13-3.01) .552
Known case of HIV infection 0(0) 0(0) NA NA
Previous admission due to pneumonia 8 (20.5) 25/109 (22.9) 0.87 (0.35-2.12) .755
Parental education

Both parents are illiterate 5/36 (13.9) 14/106 (13.2) Ref .560

Only | parent has primary education 6/36 (16.7) 15/106 (14.1) 1.12 (0.28-4.51)

Both parents have primary education 13/36 (36.1) 52/106 (49.1) 0.70 (0.21-2.30)

At least | parent has university education 12/36(33.3) 25/106 (23.6) 1.34 (0.39-4.60)
Parental employment

Both parents are unemployed 0/36 (0) 17104 (0.9) NA .540

Only | parent is unemployed 21/36 (58.3) 66/104 (63.5) Ref

Both parents are employed 15/36 (41.7) 37/104 (35.6) 0.78 (0.36-1.70)
=6 persons living in the household 11/36 (30.6) 40/107 (37.4) 0.74 (0.33-1.66) 460
Time to access health care facility =30 min 6/35 (17.1) 3/106 (2.8) 7.10 (1.67-30.16) .008
Evolution and clinical outcome
Duration of hospitalization =5 days 19 (48.7) 30 (27.3) 2.53 (1.19-5.39) 0l6
Admission to PICU or HDU or both 13(33.3) 25 (22.7) 1.70 (0.76-3.79) .194
Invasive mechanical ventilationd 1 (2.6) 5 (4.6) 0.55 (0.06-4.88) .594
Non-invasive mechanical ventilation® 3(7.7) 8(7.3) 1.06 (0.27-4.22) 931
Oxygen therapy 31 (79.5) 81/109 (74.3) 1.34 (0.55-3.26) 519
Antibiotics during admission 32 (82.1) 76 (69.1) 2.05 (0.82-5.09) 124
Antibiotics stopped within first 48h 1/32 3.1) 8/76 (10.5) 0.27 (0.03-2.29) 232
Fatal outcome 1 (2.6) 4 (3.6) 0.70 (0.08-6.44) 751
Poor prognosis score® 7 (18.0) 14 (12.7) 1.50 (0.56-4.04) 423

Variables presented as number (column percentage) or median (interquartile range). N represents total number of children per category unless otherwise
specified.

Abbreviations: Cl, confidence interval; HDU, high dependency unit; NA, not applicable; PICU, pediatric intensive care unit; SD, standard deviation; WAZ, weight-
for-age Z-score.

2Odds ratios for endpoint pneumonia versus non-endpoint pneumonia using univariable logistic regression. Continuous variables with non-normal distribution were
log transformed for logistic regression analyses.

bSeasonality was defined according to the Northern hemisphere seasonal patterns.

“Nutritional status was based on the WAZ score generated using the 2000 Centers for Disease Control and Prevention Growth Reference.?6%

9Mechanical ventilation support was considered non-invasive when it was delivered through high flow nasal canula oxygen, continuous positive airway pressure
(CPAP) or bilevel positive airway pressure (BiPAP), and invasive when positive pressure was delivered through an endotracheal tube. High frequency oscillatory
ventilation is currently not used in Bhutan.

*Poor prognosis defined by fatal outcome or admission in PICU.
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Table 2. Microbiological Investigations by Radiological Findings.

Endpoint Other
All children pneumonia infiltrates Normal

Characteristics (N=149) (N=39) (N=31) (N=79)
Number of children tested
Number of children with blood culture performed 121/149 (81.2) 31/121 (25.6) 27/121 (22.3) 63/121 (52.1)
Number of children with pneumococcal testing in NPW? 90/149 (60.4)  26/90 (28.9) 14/90 (15.5)  50/90 (55.6)
Number of children with viral testing in NPW? 100/149 (67.1) 28/100 (28.0) 17/100 (17.0) 55/100 (55.0)
Bacterial findings
Non-contaminated positive bacterial blood culture 6/121 (5.0) 2/31 (6.5) 0/27 (0) 4/63 (6.4)
S. pneumoniae isolated by blood culture 116 (16.7) 172 (50.0) 0/0 (0) 0/4 (0)
S. pneumoniae nasal carriage (positive RT-PCR in NPW) 67/105 (61.1)  20/30 (66.7) 7/18 (38.9)  40/57 (70.2)
Highly invasive S. pneumoniae (among NPW positive samples) 22/67 (32.8) 9/20 (45.0) 2/7 (28.6)  11/40 (27.5)
Most common S. pneumonia serotypes identified

7B/7C/40 28/67 (41.8) 7120 (35.0) 3/7 (42.9)  18/40 (45.0)

6A/6B 10/67 (14.9) 1/20 (5.0)* 3/7 (42.9) 6/40 (15.0)

14 9/67 (13.4) 4/20 (20.0) 2/7 (28.6) 3/40 (7.5)
Viral findings
Positive flu rapid test in pharyngeal swab 9/30 (30.0) 4/11 (36.4) 2/5 (40.0) 3/14 (21.4)
Positive for any virus in NPW 89/100 (89.0)  24/28 (85.7) 17/17 (100)  48/55 (87.3)
Positive for =2 viruses 30/89 (33.7)  10/24 (41.7) 8/17 (47.1)  12/48 (25.0)
Positive for Respiratory Syncytial Virus 44/100 (44.0) 8/28 (28.6) 9/17 (52.9)  27/55 (49.1)
Positive for Rhinovirus 36/100 (36.0) 9/28 (32.1) 10/17 (58.8)  17/55 (30.9)
Positive for Influenza A or B virus [3/100 (13.0)  5/28 (17.9)*  2/17 (11.8)c  6/55 (10.9)¢
Positive for Parainfluenza virus I, 2, 3, or 4 15/100 (15.0) 8/28 (28.6)*  2/17 (11.8) 5/55 (9.1)
Positive for Adenovirus 8/100 (8.0) 2/28 (7.1) 37 (17.7) 3/55 (5.5)
Positive for Bocavirus 6/100 (6.0) 2/28 (7.1) 1/17 (5.9) 3/55 (5.5)
Positive for Human Metapneumovirus 3/100 (3.0) 3/28 (10.7) 0/17 (0) 0/55 (0)
Positive for Coronavirus-229E, HKUI, NL63, or OC43 2/100 (2.0) 1/28 (3.6)° 0/17 (0) 1/55 (1.8)f

Variables presented as n/N (column percentage).

Abbreviations: Cl, confidence interval; NA, not applicable; NPWV, nasopharyngeal washing; OR, odd ratio; RT-PCR, real-time polymerase chain

reaction.

%Viral analysis was first performed in NPW samples. For some children, no NPW was left for pneumococcal analysis after viral analysis,
explaining the lower number of children with pneumococcal results as compared to viral results.
®Four children with endpoint pneumonia were positive for influenza A virus, and | child for both influenza A and B virus.

“Two children with other infiltrates were positive for influenza A virus.

dFive children with normal radiological findings were positive for influenza A virus, and | child for both influenza A and B virus.
eCoronavirus-OC43 was identified in | child with endpoint pneumonia.

fCoronavirus-NL63 was identified in | child with normal radiological findings.

*P<.05 when comparing the proportions between endpoint pneumonia and other infiltrates, using univariable logistic regression
(Supplemental Table 3).

#P <.05 when comparing the proportions between endpoint pneumonia and non-endpoint pneumonia, using univariable logistic regression
(Supplemental Table 4).

Table 3. Association of Clinical Characteristics With Radiological Endpoint Pneumonia in Children With WHO-Defined
Clinical Pneumonia.

Non-endpoint

Endpoint pneumonia (other
pneumonia infiltrates or Odds Ratio

Characteristics (N=39) normal) (N=110) (95% CI)* P-value®
Current episode
Reported duration of illness prior to admission =5 days 25 (64.1) 42/109 (38.5) 2.85 (1.33-6.09) .007
Reported duration of fever prior to admission

No fever 4/38 (10.5) 20/108 (18.5) Ref .045

<5days 18/38 (47.4) 65/108 (60.2) 1.38 (0.42-4.57)

=5days 16/38 (42.1) 23/108 (21.3) 3.48 (0.99-12.13)

(continued)
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Table 3. (continued)
Non-endpoint
Endpoint pneumonia (other
pneumonia infiltrates or Odds Ratio
Characteristics (N=39) normal) (N=110) (95% CI)* P-value*
Started on antibiotics prior to admission 11 (28.2) 23/109 (21.1) 1.47 (0.64-3.39) 367
Any danger sign® 9 (23.1) 17 (14.5) 1.64 (0.66-4.06) .284
Severe pneumonia on admission 36 (92.3) 83 (75.5) 3.90 (1.11-13.70) .033
Clinical characteristics
Increased respiratory rate® 19/38 (50.0) 56/106 (52.8) 0.89 (0.43-1.87) .765
Hypoxemia (SpO, < 90%)¢ 32 (82.1) 79/108 (73.1) 1.68 (0.67-4.22) 271
Fever (=37.5°C, axillary) 19 (48.7) 43/108 (39.8) 1.43 (0.69-3.00) .336
High fever (>39°C, axillary) 3(7.7) 4/108 (3.7) 2.17 (0.46-10.15) 326
Lower chest wall indrawing 23 (59.0) 61/106 (57.6) 1.06 (0.50-2.23) 877
Severe chest indrawing® 5(12.8) 11/108 (10.2) 1.30 (0.42-4.00) 0.651
Nasal flaring 8 (20.5) 21/106 (19.8) 1.04 (0.41-2.60) 925
Grunting 4(10.3) 4/108 (3.7) 2.97 (0.71-12.51) .138
Head nodding 0/38 (0) 0/108 (0) NA NA
Prolonged expiration 6/38 (15.8) 20/105 (19.05) 0.80 (0.29-2.16) .656
Crackles 25 (64.1) 63/108 (58.3) 1.28 (0.60-2.72) .529
Ronchi 16 (41.0) 51/108 (47.2) 0.78 (0.37-1.63) .506
Wheezing 8 (20.5) 31/105 (29.5) 0.62 (0.25-1.49) 282

Variables presented as number (column percentage). N represents total number of children per category unless otherwise specified.

Abbreviations: Cl, confidence interval; NA, not applicable.

20dds ratios for endpoint pneumonia versus non-endpoint pneumonia using univariable logistic regression.

®Danger signs as per WHO definition: inability to breastfeed or drink, lethargy or reduced level of consciousness, convulsions.
‘Increased respiratory rate according to age is defined as >50 breaths per minute in children aged 2 to |2months and >40 breaths per minute

in children aged =12 months.

dPeripheral capillary oxygen saturation was measured in room air using Mindray VS-800 Vital Sign Monitor or Biolight BLT M800 Handheld
pulse oximeter, and hypoxemia was defined as oxygen saturation in room air under 90%.3°

Severe chest indrawing was defined as supraclavicular and/or suprasternal indrawing.

Table 4. Association of Host Response Biomarkers With Radiological Endpoint Pneumonia in Children With WHO-Defined

Clinical Pneumonia.

Non-endpoint

pneumonia (other

Endpoint pneumonia infiltrates or normal) Odds Ratio
Host-response biomarkers (N=39) (N=110) (95% ClIy* P-value?
Median (interquartile range)®
WABC (X 107/L) 11.38 (7.72-17.80) 13.14 (9.87-16.70) 0.74 (0.36-1.52) 413
Platelets (X 107/L) 366 (298-411) 376 (299-452) 1.00 (1.00-1.00) .808
ESR (mm) 30 (12-60) 12 (6-30) 1.67 (1.14-2.43) .008
CRP-study (mg/dL) 2.1 (1.4-4.3) I.1 (0.4-2.9) 1.74 (1.16-2.60) .007
CRP-ref (mg/dL) 2.1 (0.7-12.2) 1.4 (0.6-4.3) 1.30 (0.94-1.78) .108
PCT (pg/mL) 452.8 (46.6-2153.2) 46.6 (46.6-253.8) 1.51 (1.15-1.99) .003
IL-6 (pg/mL) 6.6 (2.7-24.7) 3.6 (0.7-10.5) 1.31 (0.98-1.76) .068
IL-8 (pg/mL) 16.2 (7.9-47.6) 20.9 (7.5-37.4) 0.94 (0.70-1.28) .706
Angpt-2 (pg/mL) 2397 (1469-3521) 2142 (1243-4758) 0.93 (0.55-1.58) 796
sFLTI (pg/mL) 155 (121-190) 164 (112-220) 0.67 (0.31-1.46) 315
sTREM-I (pg/mL) I51 (107-217) 108 (76-172) 1.40 (0.80-2.44) 239
sTNFRI (pg/mL) 1674 (1543-2564) 1487 (1095-1979) 2.43 (0.97-6.08) .059
At established thresholds, n/N (%)
Leukocytosis® 16/38 (42.1) 44 (40.0) 1.09 (0.52-2.31) .820
Leukopenia (<5 X 10° WBC/L) 3/38 (7.9) 3(27) 3.06 (0.59-15.84) .183

(continued)
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Table 4. (continued)

Non-endpoint

pneumonia (other

Endpoint pneumonia infiltrates or normal) Odds Ratio
Host-response biomarkers (N=39) (N=110) (95% CI)* P-value*
Neutrophilia (=70% of WBC) 16/38 (42.1) 27 (24.6) 2.23 (1.03-4.86) .042
Thrombocytosis (>450 X 10° platelets/L) 7/37 (18.9) 28/109 (25.7) 0.68 (0.27-1.71) 407
Thrombocytopenia (<150 X 10° platelets/L) 1/37 (2.7) 17109 (0.92) 3.0 (0.18-49.20) 441
High ESR (=50 mm) 11/33 (33.3) 11798 (11.2) 3.95 (1.52-10.30) .005
High CRP-study (>4 mg/dL) 10/36 (27.8) 12/107 (11.2) 3.04 (1.18-7.83) 0.021
High CRP-ref (>4 mg/dL) 20/25 (80.0) 55/71 (77.5) I.16 (0.38-3.59) 792
High PCT (=250pg/mL) 14/25 (56.0) 18/71 (25.4) 3.75 (1.44-9.73) .007

Variables presented as number (column percentage) or median (interquartile range). N represents total number of children per category
unless otherwise specified. Data were collected and available for 148/149 (99.3%) for WBC count, 146/149 (98.0%) for platelet count, 143/149
(96.0%) for CRP-study, 131/149 (87.9%) for ESR, and 96/149 (64.4%) for the remaining biomarkers at the reference center (CRP-ref, PCT,
IL-6, IL-8, Angpt-2, sFLT I, sTREM-I, and sTNFRI).
Abbreviations: Angpt-2, angiopoietin-2; Cl, confidence interval; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; IL6,
interleukin-6; IL8, interleukin-8; PCT, procalcitonin; sFLT |, soluble fms-like tyrosine kinase-1; sTREM-I, soluble triggering receptor expressed
on myeloid cells |; sTNFRI, soluble tumor necrosis factor receptor |; WBC, white blood cells.

2Odds ratios for endpoint pneumonia versus non-endpoint pneumonia using univariable logistic regression.

PAll biomarkers except platelets are non-normally distributed and were log transformed for univariable logistic regression.
“Leukocytosis was defined as white blood cells greater than 15 X 107 cells/L for children aged between 2 and | | months and greater than
13X 10° cells/L for children aged between 12 and 59 months.
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Figure 2. Host biomarkers levels according to radiological findings (endpoint pneumonia vs non-endpoint pneumonia).



Jullien et al.

Table 5. Adjusted Associations for Host-Response
Biomarkers With Radiological Endpoint Pneumonia in
Children With WHO-Defined Clinical Pneumonia.

Host-response biomarkers® aOR (95% CI)® P-value
WBC (X 107/L) 0.63 (0.28-1.43) 270
Platelets (X 10%/L) 0.99 (0.99-1.00) 970
ESR (mm) 1.69 (1.09-2.62) .020
CRP-study (mg/dL) 2.01 (1.25-3.21) .004
CRP-ref (mg/dL) 1.43 (0.95-2.17) .090
PCT (pg/mL) 1.77 (1.23-2.56) .002
IL-6 (pg/mL) 1.41 (0.97-2.04) .070
IL-8 (pg/mL) 0.88 (0.59-1.30) 514
Angpt-2 (pg/mL) 0.87 (0.33-2.27) 774
sFLTI (pg/mL) 0.43 (0.16-1.13) .088
sTREM-I (pg/mL) 1.54 (0.68-3.49) .303
sTNFRI (pg/mL) 3.14 (0.70-14.08) .135

Abbreviations: Angpt-2, angiopoietin-2; aOR, adjusted odd ratio;
Cl, confidence interval; CRP, C-reactive protein; ESR, erythrocyte
sedimentation rate; IL6, interleukin-6; IL8, interleukin-8; PCT,
procalcitonin; sFLT |, soluble fms-like tyrosine kinase-1; sSTREM-1,
soluble triggering receptor expressed on myeloid cells |; sSTNFRI,
soluble tumor necrosis factor receptor |; WBC, white blood cells.
2All biomarkers except platelets are non-normally distributed and
were log transformed for logistic regression analyses.

®Adjusted by age, sex, time to access health care facilities, duration
of fever prior to admission, and severity at admission according to
WHO clinical criteria.

ESR 0.66 (0.55 to 0.77) >53mm | 33.3(18.0t051.8 92.9 (85.8t0 97.1)
CRP-study | 0.66 (0.55 to 0.76) >1.25 mg/dL | 80.6 (64.0t0 91.8) | 53.3 (43.4 to 63.0)
PCT 0.69 (0.56 to 0.81) >171.96 pg/mL | 72.0(50.6t087.9) | 66.2(54.0t0 77.0) |
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Figure 3. Performance of ESR, CRP and PCT for identifying
radiological endpoint pneumonia among children with
WHO-defined clinical pneumonia.

endpoint and non-endpoint pneumonia, PCT presented
the best overall discriminatory ability with 72% (95%
CI 50.6-87.9) sensitivity and 66.2% (95% CI 54.0-77.0)
specificity.

Discussion

The following study is the first published series of com-
prehensive radiological findings and its association with
clinical signs, host-response biomarkers and etiology,
among Bhutanese children admitted with pneumonia.
Over half of the children presented a normal CXR and a
quarter showed radiological endpoint pneumonia, which
is comparable to the findings of the recently conducted
multicenter study that used the same criteria for CXR
classification.!®

Although CXR are still used as reference standard for
the diagnosis of pneumonia in clinical practice and for
investigation purposes, CXR remain an imperfect diag-
nosis tool to discriminate between bacterial and viral
etiology. It is widely accepted that consolidation is the
radiographic finding most frequently associated with
bacterial etiology, and this is the basis of our analy-
sis.33! However, 85.7% of children with radiological
endpoint pneumonia (presumably of bacterial origin)
presented with at least 1 respiratory virus, similar to
children with other radiological outcomes. We found no
association for any single virus with radiological find-
ings, except parainfluenza virus with radiological end-
point pneumonia among a small number of children
identified with such virus (n=15). Furthermore, naso-
pharyngeal identification of respiratory virus requires
careful interpretation. Distinction between nasopharyn-
geal carriage and causative agent is difficult,* and respi-
ratory virus detection does not exclude a bacterial
infection.**? There is a growing evidence showing an
overlap of viral and bacterial etiology in respiratory
infections, and the probable important interaction
between them in the pathogenesis of pneumonia.’?-3*

The association between clinical signs and radiologi-
cal findings has been assessed to identify children with
pneumonia that need antibiotics. Increased respiratory
rate, hypoxemia, crackles, fever on admission, and dura-
tion of illness were found to be associated with endpoint
pneumonia, indicative of bacterial pneumonia.'* Other
studies found that no single clinical finding is sufficient
to predict radiological pneumonia.® These contradictory
findings might be in part due to differences in the defini-
tion of clinical pneumonia and the interpretation meth-
ods and classification of CXR. In our study, days of
fever and severity of pneumonia were associated with
endpoint pneumonia. However, increased respiratory
rate and hypoxemia (the 2 backbone criteria of the WHO
definition for clinical pneumonia) were present in simi-
lar proportions of children with and without endpoint
pneumonia, despite hypoxemia occurring significantly
more often in children with endpoint pneumonia or with
other infiltrates than with normal CXR. Other single
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clinical characteristics such as crackles and fever on
admission were not associated with endpoint pneumonia
either. These findings suggest that a high proportion of
children presenting with clinical signs usually consid-
ered more indicative of bacterial pneumonia, such as
hypoxemia (73.1%) or crackles (58.3%), have radiologi-
cal evidence of non-endpoint pneumonia. Therefore, a
proportion of children with radiological non-endpoint
pneumonia truly have pneumonia, supporting the notion
that standardized definitions of radiological pneumonia
have low predictive value for clinical management and
decision on antibiotic needs.!®

Despite clinical similarities between radiological
outcomes, CRP, PCT, and ESR, were significantly
higher among children with endpoint pneumonia. The
association between CRP and PCT and radiological end-
point pneumonia (as a proxy for bacterial pneumonia) or
microbiologically confirmed bacterial pneumonia has
already been reported,!®33* but results are not as clear
for ESR.3%#>4¢ The other biomarkers investigated in this
study were not associated with radiological outcomes.

A point-of-care biomarker to identify bacterial etiol-
ogy, would help decision-making to start or discontinue
antibiotics in children with clinical pneumonia.*’*
Measurement of biomarkers in patients with acute
respiratory infections at the point-of-care has shown to
reduce antibiotic use.*>*° This has also been evidenced
for PCT-guided antibiotherapy in children with pneu-
monia in high-income countries.*’>!"53 In our study,
PCT was the biomarker with most promising results to
identify radiological endpoint pneumonia as a proxy for
bacterial etiology. PCT has shown to have a better diag-
nosis performance for bacterial pneumonia compared to
CRP, WBC, and ESR, although there is no consensus on
precise cut-off to be used.’”*84045 However, PCT is cur-
rently not available in Bhutan. Findings of this study
could encourage policymakers in Bhutan to contem-
plate incorporating the measurement of PCT in clinical
practice, with the potential to improve decisions about
antibiotic needs, leading to better clinical outcomes and
reducing antibiotic overuse. Rural and remote areas
where laboratory facilities are of difficult access are
likely to benefit of its readiness as a PCT point-of-care
diagnostic tool. However, clinical efficacy and cost-
effectiveness studies are required to estimate its poten-
tial impact in the Bhutanese setting.

In addition, and prior to implementation of any point-
of-care diagnostic tool, an important question remains
unanswered regarding care of childhood pneumonia.
Which kind of marker would best assist clinicians in
decision making: etiological markers or prognostic
ones? It is possible that the lack of single clinical signs
or biomarkers, or simple clinical algorithm that clearly

discern bacterial from viral pneumonia is explained by
the common mixed etiology.'® The combination of sev-
eral biomarkers—or biomarker signature—derived from
different pathophysiological pathways, associated or not
with clinical signs, seems to provide a better perfor-
mance in the differentiation of bacterial from viral pneu-
monia.!®334>3435 However, a biomarker able to identify
children at risk of severe disease that would benefit from
prioritization of care from those (the majority) with a
self-limited disease without antibiotics, is likely to pres-
ent major benefits.>>%>” We report the performance of
biomarkers to risk stratify children with pneumonia
elsewhere (unpublished). We encourage further investi-
gation to help identify a biomarker with such character-
istics, guiding clinical care for children with pneumonia
to improve clinical outcome and reduce the unaccept-
able high mortality associated to this disease.

Our study was not designed to assess the predictive
diagnostic value of clinical characteristics or biomark-
ers. Therefore, due to the relatively small sample size,
this study was underpowered to rule in or rule out bio-
markers to detect children with antibiotics needs.

It remains very challenging to identify children with
pneumonia that require antibiotics, by contemplating
clinical, laboratory, and radiological characteristics.
Conclusions regarding single clinical signs and bio-
markers are conflicting, and further investigation is
required to validate biomarker signatures capable of
accurately identifying bacterial pneumonia and overall
prognosis.
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