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Abstract

Background: Lung ultrasound (LUS) has been successfully used in the diagnosis of

different pulmonary diseases. Present study design to determine the diagnostic

value of LUS in the evaluation of children with novel coronavirus disease 2019

(COVID‐19).
Methods and Objectives: Prospective multicenter study, 40 children with con-

firmed COVID‐19 were included. LUS was performed to all patients at admission.

The chest X‐ray and computed tomography (CT) were performed according to the

decision of the primary physicians. LUS results were compared with chest X‐ray and

CT findings and diagnostic performance was determined.

Results: Of the 40 children median (range) was 10.5 (0.4–17.8) years. Chest X‐ray
and LUS were performed on all and chest CT was performed on 28 (70%) patients at

the time of diagnosis. Sixteen (40%) patients had no apparent chest CT abnormal-

ities suggestive of COVID‐19, whereas 12 (30%) had abnormalities. LUS confirmed

the diagnosis of pulmonary involvement in 10 of 12 patients with positive CT

findings. LUS demonstrated normal lung patterns among 15 of 16 patients who had

normal CT features. The sensitivity and the area under the receiver operating

characteristics (ROC) curve (area under the ROC curve) identified by the chest

X‐ray and LUS tests were compared and statistically significantly different

(McNemar's test: p = .016 and p = .001 respectively) detected. Chest X‐ray displayed

false‐negative results for pulmonary involvement in 75% whereas for LUS it

was 16.7%.

Conclusions: LUS might be a useful tool in the diagnostic steps of children with

COVID‐19. A reduction in chest CT assessments may be possible when LUS is used

in the initial diagnostic steps for these children.
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1 | INTRODUCTION

Since December 2019, there has been an outbreak of a new infectious

disease called the novel coronavirus disease 2019 (COVID‐19), which

started in Wuhan, in the Hubei Province of China, and it quickly

spread all around the world.1 The diagnostic value of real‐time reverse

transcriptase‐polymerase chain reaction (rRT‐PCR) was lower than

expected,2 and studies demonstrated that chest computed tomo-

graphy (CT) had high sensitivity, so it has become an important di-

agnostic tool for COVID‐19.3 However, after time recommendations

have been made suggesting the appropriate use of imaging studies in

selected populations.4,5

Only few of the total cases of COVID‐19 were among patients

aged under 18 years.6 In children, the sign and symptoms of COVID‐19
are milder than in adults.6 There are limited data presently

regarding the radiologic features of children with COVID‐19.7 There

are two important concerns about radiography in children; risk of ra-

diation exposure and obtaining low quality image due to poor patient

cooperation.8,9 Lung ultrasound (LUS) has been used in diagnosis of

different lung diseases successfully in both adults and children.10,11

The fact that COVID‐19 lung involvement begins predominantly from

peripheral regions of the lung creates an advantage in the detection of

these lesions via LUS.12

Data regarding the role of LUS in the diagnosis and management

of children with COVID‐19 are lacking. The aim of the present study

was to evaluate how LUS could be integrated into diagnostic steps of

children with COVID‐19 and compare its results with chest X‐ray
and CT.

2 | MATERIALS AND METHODS

This is a prospective, multicenter study conducted from April 2020

to May 2020 at four tertiary pediatric hospitals in Ankara, Turkey

(Hacettepe University Children's Hospital, University of Health

Science, Ufuk University Faculty of Medicine, Yildirim Beyazit

University Yenimahalle Training and Educational Hospital). Both

symptomatic and asymptomatic patients aged under 18 years with

confirmed or suspected COVID‐19 infections were evaluated at the

time of admission to hospital. Only 40 children with confirmed

COVID‐19 infection were recruited in this study. Informed consent

was obtained from all subjects (both from the parent and the child).

The medical team diagnosed suspected cases according to the

presence of contact history and two criteria in clinical manifesta-

tions: (1) high body temperature, fatigue, respiratory manifesta-

tions, and dry cough; (2) abnormal findings in chest imaging; (3)

abnormal laboratory tests—in the early stage, normal or decreased

white blood cell count, or lymphopenia; (4) symptoms not fully

explained by other pathogens. Suspected cases with positive rRT‐
PCR or serum‐specific antibodies for SARS‐CoV‐2 were accepted as

confirmed cases.13

The study was approved by the Research Ethics Committee as

well as the Public Health Agency, of the Ministry of Health of Turkey.

Demographic data, contact history, and clinical symptoms were col-

lected by research teams through interviews with the children and

parents. Hematologic parameters and standard C‐reactive protein

(detection limit 5 mg/L) were analyzed in the clinical laboratories of

each study center at the time of admission. Neutrophilia and lym-

phopenia were determined according to age groups.14 Data from the

medical records were extracted by the research teams at each

center. The patients were categorized into five groups based on the

recent classification provided by Shen et al.13: (a) asymptomatic in-

fection (no clinical symptoms and imaging abnormality); (b) acute

upper respiratory tract infection (respiratory symptoms without

pneumonia); (c) mild pneumonia (respiratory symptoms ± high fe-

ver + pneumonia; not fulfilling the criteria of severe pneumonia);

(d) severe pneumonia (dyspnea, oxygen saturation < 92%, impaired

consciousness, dehydration with feeding difficulty, chest CT features

of bilateral or multilobar infiltrates and rapid progression or pleural

effusion); (f) critical cases (patients who required intensive care unit

care for mechanical ventilation, organ failure, or shock).

2.1 | Equipment and procedure

LUS was performed to all patients at the time of diagnosis at the

bedside by a single pediatric pulmonologist who was unaware of the

symptoms, and imaging findings and serial images and video records

were obtained. The chest X‐ray and CT were performed according to

the decision of the primary physician of patients without knowing

the LUS results. Chest X‐ray and CT at the time of diagnosis were

checked by a separate experienced (>5 years) radiologist who was

blinded to the patients' clinics and sonography results. Chest X‐rays
were evaluated for the presence of consolidation, lung opacity, and

pleural effusion. The CT findings were evaluated for distribution, the

presence of ground‐glass opacities (GGO), nodules, consolidation

with surrounding halo sign, fine mesh shadow, peribronchial cuffing

or thickening, presence of interstitial appearance, and pleural

effusion.

Typical chest CT features for COVID‐19 are expected as multi-

lobular and bilateral GGO, predominantly with posterior or periph-

eral distribution and mainly located in the lower lobes, patchy

consolidation with or without GGO, interlobular septal thickening,

pleural thickening, crazy paving pattern, subpleural bands, vacuolar

sign, and vascular enlargement.15–18 Enumerated LUS records were

evaluated by a pediatric pulmonologist and an experienced radi-

ologist who were blinded to the clinical examinations and imaging

studies and each other's findings. In case of discrepancy between

sonographic results, they decided in conclusion.

LUS was performed using a 5–3.5MHz convex array probe or

10–7.5MHz linear array probe depending on the age and size of the

children. A portable wireless color ultrasonic device was used with a

connection to a mobile phone. The probes and phone were covered

with film and 75% alcohol were used to clean the devices, as seen in

Figure 1. Children were investigated in sitting and lateral decubiti

positions. Infants were examined seated on a caregiver's lap. Scans
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started from upper zones and moved downwards until the

subdiaphragmatic area.

All intercostal spaces of the upper and lower parts of the ante-

rior, lateral, and posterior regions of each hemithorax were

examined. Each zone was then scanned along anatomic lines: mid‐
clavicular, parasternal, anterior axillary, midaxillary, posterior

axillary, paravertebral, and mid‐scapular.19,20 The probe was placed

perpendicular, oblique, and parallel to the ribs. The examiners

defined the following signs: A‐line, normal sliding of lung, B‐line
distribution and number, pleural line abnormality, consolidation,

white lung sign, pleural effusion, and atelectasis.

Normal lung: multiple horizontal A‐line (reverberation artefacts

of the pleural line appear as hyperechoic parallel line to the pleural,

horizontal artifacts) + normal sliding of the pleural line.

B‐lines or comet‐tail artefacts: hyperechoic vertical lines arising

from the pleural line and moving with sliding lung (represent inter-

stitial syndrome). Detection of three or more B‐lines in same view or

confluent B line were accepted as abnormal.21,22

2.2 | Statistical analysis

The descriptive statistics are presented as median with min–max for

continuous variables and frequencies with percentages for catego-

rical variables. Sensitivity, specificity, predictive values (positive

predictive value [PPV], negative predictive value [NPV]), likelihood

ratios (LR+, LR−) and, their 95% confidence intervals (CIs) were

calculated for chest X‐ray and LUS according to CT with MedCalc

Statistical Software. Sensitivity, specificity, PPV and NPV are ex-

pressed as percentages. CIs for sensitivity, specificity are “exact”

Clopper–Pearson CIs. CIs for the likelihood ratios are calculated

using the “log method” as given on page 109 of Altman et al.23 CIs for

the predictive values are the standard logit CIs given by Mercaldo

et al.24 In addition, the overall diagnostic performance of chest X‐ray
and LUS in determining two classes (positive–negative) according to

tomography (CT) was assessed through receiver operating char-

acteristics (ROC) analysis. The area under the ROC curve (AUC) and

its CIs was calculated. Performance was interpreted according to

follows: AUC < 0.7—poor, AUC = 0.7–0.8—fair, AUC = 0.8–0.9—good,

AUC = 0.9–1.0—excellent. The significance level was set at p < .05.

Analyses were done in IBM SPSS Statistics, version 23.

The power calculation was performed to determine the ade-

quacy of the sample size in the study with the NCSS PASS 11.0

program. McNemar's test was used to understand the test char-

acteristics of X‐ray and LUS and to compare differences in the sen-

sitivity of the two methods, with the alpha risk of 5%, the odds ratio

was obtained as 71.62 as the effect size measure for the McNemar's

test, and power calculation was approximately 75%. For comparison

of the AUCs, type 1 error (alpha) was 5%, the difference between

the two areas was 0.2910, the power calculation was approxi-

mately 86%.

3 | RESULTS

Of the 40 cases, the median age of the children was 10.5 (0.4–17.8)

years. Five patients were aged under 2 years and twelve were aged

under 5 years. There were 18 (45%) males and 22 (55%) females. The

most common symptom was dry cough, which was present in 24

(60%). Two patients had underlying disease; one had osteopetrosis

and the other had childhood asthma. The patients were classified

into five groups according to their severity; asymptomatic infection

(n = 4, 10%), acute upper respiratory tract infection (n = 24, 60%),

mild pneumonia (n = 10, 25%), severe pneumonia (n = 0), and critical

cases (n = 2, 5%). The demographic data, clinical features, laboratory,

and radiographic features of the children and are presented in

Table 1.

Chest X‐ray was performed on all patients. Abnormal chest X‐ray
findings (consolidation, lung opacity, and pleural effusion) was

detected in four patients (three had bilateral consolidations and hazy

increased opacities). Chest CT was performed on 28 (70%) patients

at the time of diagnosis. Sixteen (40%) patients had no apparent

chest CT abnormalities suggestive of COVID‐19, whereas twelve

(30%) had abnormalities in chest CT imaging; bilateral GGO and

consolidations were the most frequent findings, mostly located in the

posterior and lower parts of both lungs.

LUS was performed on all 40 patients without any problems. The

time taken to perform LUS was 4–10min. In 29 (72.5%) patients, LUS

showed normal A‐line pattern with sliding lung, B‐line patterns were

observed in 11 (27.5%) patients, thickened pleural line was visualized

in 2 (5%) patients, and subpleural consolidation was detected in 4

(10%) patients, as seen in Table 2 and Figure 2. LUS confirmed the

diagnosis of pulmonary involvement in 10 of 12 patients with posi-

tive CT findings; despite chest X‐ray of 7 of 10 of them was normal.

Also, the lesion size in patients for whom LUS was not able to suggest

any lung involvement was less than 1 cm shown by CT. In one

F IGURE 1 Portable wireless linear and
convex probes (covered by film) [Color figure
can be viewed at wileyonlinelibrary.com]
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patient, the LUS examination showed an increased B‐line in the right

lower lobe despite normal chest CT findings. LUS demonstrated

normal lung patterns among 15 of 16 patients who had normal CT

features, as seen in Figure 3. Three of four patients with abnormal

chest X‐ray had pulmonary involvement in CT.

The performance of LUS as a diagnostic test was found to be

good; AUC = 0.88 (95% CI: 0.75–1.01), PPV = 90.9% (95% CI:

58.7–99.8), and NPV = 88.2% (95% CI: 63.6–96.5), sensitivity =

83.33% (95% CI: 51.6–97.9), specificity = 93.75% (95% CI:

69.8–99.8). The diagnostic performance of chest X‐ray and LUS

compared with CT are summarized in Table 3. The sensitivity and

TABLE 1 Clinical features and demographic characteristics of pediatric patients with COVID‐19

Total

cases (n = 40)

Asymptomatic

infection (n = 4)

Acute upper respiratory

tract infection (n = 24)

Mild

pneumonia

(n = 10)

Severe pneumonia and

critical cases (n = 2)

Age, median (min–max)

(years)

10.5 (0.4–17.8) 10.7 (7.8–14.5) 8.5 (0.4–17) 13.7 (0.8–17.8) 10.6 (7.8–13.5)

Male, n (%) 18 (45%) 2 (50%) 10 (41.6) 5 (50%) 1 (50%)

Family members with

COVID‐19, n (%)

37 (92.5%) 4 (100%) 22 (91.6%) 10 (100%) 1 (50%)

Underlying disease

No disease (healthy) 38 (95%) 4 (100%) 24 (100%) 9 (90%) 1 (50%)

Underlying disease 2 (5%) – – 1 (10%) 1 (50%)

Symptoms, n (%)

Fever 21 (52.5%) – 13 (54.1%) 6 (60%) 2 (100%)

Dry cough 24 (60%) – 14 (58.3%) 8 (80%) 2 (100%)

Dyspnea or tachypnea 3 (7.5%) – 1 (4.1%) 0 2 (100%)

CRP (mg/L) 0.8 (0.01–97) 0.4 (0.01–97.0) 1.3 (0.08–45.0) 5.8 (0.7–10.7)

Laboratory findings, n (%)

Neutropenia 7 (17.5%) 0 3 (12.5%) 2 (20%) 2 (100%)

Lymphopenia 10 (25%) 1 (25%) 3 (12.5%) 5 (50%) 1 (50%)

High CRP 8 (20%) 0 4 (16.6%) 3 (30%) 1 (50%)

Chest X‐ray, n (%)

Normal 36 (90%) 3 (75%) 24 (100%) 9 (90%) –

Unilateral consolidation 1 (2.5%) 1 (25%) – – –

Bilateral multifocal

consolidation

3 (7.5%) – – 1 (10%) 2 (100%)

Thorax computed tomography, n (%)

Normal 16 (40%) 2 (50%) 14 (58.3%) – –

Ground‐glass opacities 12 (30%) – – 10 (100%) 2 (100%)

Pulmonary consolidation 6 (15%) – – 4 (40%) 2 (100%)

Lung ultrasound, n (%)

Normal (A‐line + normal

sliding)

29 (72.5%) 4 (100%) 23 (95.8%) 2 (20%) –

Interstitial B‐lines
pattern

11 (27.5) 1 (4.1%) 8 (80%) 2 (100%)

Pulmonary consolidation 4 (10%) – – 2 (20%) 2 (100%)

Note: Continuous variables are presented as median (min–max)

Abbreviations: COVID‐19, novel coronavirus disease 2019; CRP, C‐reactive protein; IQR, interquartile range.

TABLE 2 LUS findings and results (n = 40)

LUS appearance Number (%)

A‐line and normal sliding lung 29 (72.5)

B‐line in various pattern 11 (27.5)

Consolidation 4 (10)

Thickened or irregular pleural line 2 (5)

Pleural effusion 0

Abbreviation: LUS, lung ultrasound.
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AUC identified by the chest X‐ray and LUS tests were compared and

statistically significantly different (McNemar's test: p = .016 and

p = .001, respectively) detected. Chest X‐ray and LUS displayed false‐
positive results for pulmonary involvement in 6.25%. Chest X‐ray
displayed false‐negative results for pulmonary involvement in 75%,

whereas for LUS it was 16.7%.

Among the total 40 children, 2 received mechanical ventilation

and were followed in the intensive care unit. All the other patients

were in a stable condition in hospital or were discharged home after

follow‐up in general wards.

4 | DISCUSSION

To the best of our knowledge, this is the first prospective multicenter

study in the pediatric age group to evaluate the role of LUS in the

diagnostic pathway of children with COVID‐19. In present study, we

demonstrate that LUS is able to detect pulmonary involvement re-

lated to COVID‐19; therefore, ultrasound imaging may be another

potential diagnostic tool in pediatric patients with COVID‐19, which

is particularly beneficial for reducing radiation exposure, decreasing

transport, and preventing the spread of disease, concurrently helping

physicians with bedside evaluations of children during this pandemic.

The diagnostic value of rprt‐PCR was found lower than expected.2

Literature reports demonstrate that chest X‐ray had low sensitivity

in the diagnosis of pulmonary involvement of COVID‐19.24 Also,

certain studies showed that chest CT had high sensitivity and could

even detect lung abnormalities in asymptomatic patients, thus, chest

CT became one of the important diagnostic tool for COVID‐19 in the

initial stage of pandemic.3,17 However, a great majority of children

have mild or moderate disease without pulmonary involvement,

compatible with our results.13,25 In fact, lack of evidence about radi-

ologic evaluation of children in COVID‐19, frequent use of CT scan a

in large studies and inadequate experience in management of disease

are factors that predispose to overuse of CT scan in children similar to

present study.25,26

Due to extensive environmental contamination by COVID‐19,
use of many conventional diagnostic methods are limited in the

evaluation steps of these patients.12,27 Use of a stethoscope or

transport of patients for radiologic imaging increase the nosocomial

transmission risk of the virus.28 These problems led us to consider

the idea of patients being evaluated at their bedsides by their

primary physicians. The results of the present study demonstrate

that LUS can be used as an alternative diagnostic bedside method for

children during this COVID‐19 pandemic.

Few studies conducted so for in adults have shown that LUS

findings were correlated with chest CT, and LUS was a useful diag-

nostic tool in adult patients with COVID‐19 pneumonia.29,30 How-

ever, there is only two recent brief reports which that compared LUS

and radiography features of few children with COVID‐19.26,31 The

results of our study revealed that, in line with previous results, LUS

performed at the time of diagnosis was able to identify a substantial

F IGURE 2 Eight‐year‐old female evaluated for family contact who had fever and cough. SPO2 at admission was 98%. (A) Chest X‐ray
demonstrated bilateral hazy opacities and (B) LUS demonstrated multiple B lines (thin arrows) and consolidation and pleural irregularity (thick
arrow). (C) Chest computed tomography showed multiple scattered ground‐glass opacities shadows with consolidation in the periphery zone of
both lungs [Color figure can be viewed at wileyonlinelibrary.com]
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number of children with pulmonary involvement. Although LUS is not

as sensitive as lung CT, the results of our study indicate that it could

be useful to rapidly identify pediatric patients with pulmonary

involvement. It should be noted that LUS may not show abnormal

findings in patients with mild pulmonary involvement.

The frequency of pulmonary involvement detected in radio-

graphy in pediatric patients with COVID‐19 varies between studies,

ranging from 32.7% to 80%.7,32,33 In the present study, pulmonary

involvement was detected in nearly one‐third of the children using

radiography; however, there was no pulmonary involvement in a

significant portion of the patients. Children with respiratory symp-

toms need to be evaluated carefully. Furthermore, close follow‐up
of patients and serial imaging are not always possible during

outbreaks.28 Bedside diagnostic tools, therefore, become more im-

portant because they provide physicians with additional information

under pandemic conditions. Importantly, the results of our study

showed that LUS could be performed safely without any problems

for children at their bedside in the presence of their families during

the current pandemic. It was observed that all children who received

CT scans with subsequent normal results also had normal results in

their LUS. Such a result achieved by our study suggests that LUS

F IGURE 3 Lung ultrasound (LUS) and computed tomography (CT) results of pediatric patients with novel coronavirus disease 2019 (COVID‐19)
[Color figure can be viewed at wileyonlinelibrary.com]

TABLE 3 Respective performance of lung ultrasound and chest
X‐ray in the diagnosis of COVID‐19 pulmonary involvement
according to the chest CT scan diagnosis

Measures of

performance LUS Chest X‐ray p Value

Sensitivity (95% CI) 83.33% (51.6–97.9) 25% (5.5–57.2) .016

Specificity (95% CI) 93.75% (69.8–99.8) 93.75%

(69.8–99.8)

1.000

AUC (95% CI) 0.885 (0.759–1.011) 0.594

(0.452–0.736)

.001

PPV (95% CI) 90.9 (59.5–98.5) 75 (26.17–96.21) –

NPV (95% CI) 88.2 (67.7–96.4) 62.5 (54–70.29) –

LR+ (95% CI) 13.33 (1.97–90.4) 4 (0.47–33.86) –

LR− (95% CI) 0.18 (0.05–0.6) 0.8 (0.56–1.14) –

Youden index 0.77 0.18 –

Note: The bold values are significant at p < .05.

Abbreviations: AUC, area under curve; CI, confidence interval; COVID‐19,
novel coronavirus disease 2019; LR, likelihood ratios; LUS,

lung ultrasound; NPV, negative predictive value; PPV, positive predictive

value.
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could facilitate decision‐making regarding pulmonary involvement

for physicians to discern patients with no pulmonary involvement,

and could reduce the number of chest CT scans in pediatric patients

during the pandemic.

Based on limited data obtained from adult studies, characteristic

findings of LUS in COVID‐19 are irregular thickened pleural lines,

confluent B line artefacts caused by interstitial inflammation, and

consolidations, consistent with the results of the present study.12,30

The fact that COVID‐19 lung involvement begins predominantly in

the peripheral region and frequently involves the pleural surface,

creates an advantage in the detection of these lesions via LUS.12

Moreover, our study proves to be rather significant because it is

use portable wireless devices connected to cell phones for the eva-

luation of pediatric patients with COVID‐19. Both the device and cell

phones could be easily wrapped in stretch films and readily disin-

fected following the procedure. A point that needs specific attention

is that ultrasound gel should be applied on the probe before the

wrapping. In addition, the use of the device with a cell phone enabled

a single operator to perform the procedure, as was the case in our

study, and less healthcare staff was exposed to risks. Buosenso

et al.28 also recently underlined the possibility that such devices

could be useful in the COVID‐19 pandemic.

LUS, as an imaging method that can be helpful in the manage-

ment of patients, is also easily performed at the bedside. Its most

important disadvantage, however, is the fact that it is operator‐
dependent and is time consuming. Another important limitation of

LUS is its inability to detect consolidations that do not extend to the

pleura, behind the skeletal structures. Also, features such as cardiac

shape, hyperinflation, and airway positions cannot be evaluated via

LUS.21 Therefore, evaluating patients' LUS results in line with clinical

symptoms and chest X‐ray findings may be useful in assisting in

decision‐making regarding the condition of patients.

This study has several limitations. The sample size of the study

was small due to difficulty to perform a multicenter prospective

study during the surge of the pandemic. Also, the number of patients

with pneumonia is low and no control group was included. Moreover,

the low number of patients is reflected in our wide 95% CIs and

therefore, our preliminary results need to be validated by further

studies. We could not determine LUS sensitivity and specificity for all

patients because it is not ethical to perform CT on everyone.

Selection bias during sampling may have occurred because physi-

cians were more likely to perform further investigations to more

symptomatic patients or at busier working times. Thus, some

asymptomatic or less symptomatic patients did not have CT imaging,

and information about them is lacking. The present study was con-

ducted using portable probes and mobile phones and this could have

affected the image quality obtained. In the present study, since the

final decision was made in conclusion in case of discrepancy between

sonographic results, the kappa analysis for interrater reliability for an

ultrasound was not calculated. The patients were evaluated only at

the time of diagnosis and there was no serial imaging, which would

lead us to understand the stage of disease and also in certain

patients, pulmonary involvement may have appeared on the follow-

ing days. LUS is an operator‐dependent examination, and

similar results may not be obtained by less experienced operators.

However, it should be noted that basic learning of the examination

technique and interpretation is a relatively simple and fast process.

5 | CONCLUSIONS

Although the manifestations of COVID‐19 are milder in children,

there is still concern about pulmonary involvement. Despite further

prospective studies being needed to elucidate the diagnostic role of

LUS in children with COVID‐19, the results of the present study

revealed that LUS might be a useful tool in the diagnostic steps of

children with COVID‐19 during the pandemic. Reduction in chest CT

assessments may be possible when LUS is used in the initial diag-

nostic steps for these children, with chest CT being reserved for

limited cases. With increased use of bedside LUS in pediatric clinics,

patients can be protected from unnecessary radiation, and nosoco-

mial spread of infections can be reduced.
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