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Abstract 

Background: There has been limited data regarding the usefulness of lung ultrasound (US) in children with 
COVID‑19.

Objective: To describe lung US imaging findings and aeration score of 34 children with COVID‑19.

Methods: This study included 0–16‑year‑old patients with confirmed COVID‑19, who were admitted between April 
19 and June 18, 2020 in two hospitals in the city of Sao Paulo, Brazil. Lung US was performed as part of the routine 
evaluation by a skilled Pediatric Emergency physician. Clinical and laboratory data were collected and severity clas‑
sifications were done according to an available clinical definition. The lung US findings were described for each lung 
field and a validated ultrasound lung aeration score was calculated. Data obtained was correlated with clinical infor‑
mation and other imaging modalities available for each case.

Results: Thirty‑four confirmed COVID‑19 patients had a lung US performed during this period. Eighteen (18/34) had 
abnormalities on the lung US, but eight of them (8/18) had a normal chest radiograph. Ultrasound lung aeration score 
medians for severe/critical, moderate, and mild disease were 17.5 (2–30), 4 (range 0–14), 0 (range 0–15), respectively 
(p = 0.001). Twelve patients (12/34) also had a chest computed tomography (CT) performed; both the findings and 
topography of lung compromise on the CT were consistent with the information obtained by lung US.

Conclusion: Point‑of‑care lung US may have a key role in assessing lung injury in children with COVID‑19.
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Introduction
Since its initial identification in December 2019, the 
coronavirus disease 2019 (COVID-19) has infected mil-
lions of people and has led to thousands of deaths world-
wide as of July 2020 [1]. Although reports from adults 
suggest that this disease can have a more severe course 
in as many as 18.5% of infected people, in children it 
seems to be milder with an estimated incidence of severe 
cases of 4–6% and a lower case-fatality ratio reported 

[1–3]. Previous studies regarding the clinical aspects of 
COVID-19 in children described symptoms that followed 
a similar pattern as in adults [3], but recent reports have 
identified an emerging novel spectrum of the disease 
in children, which includes a multisystem inflamma-
tory condition with overlapping features of toxic shock 
syndrome [4]. Up to now, the absolute number of those 
cases with prominent cardiovascular compromise is still 
low and respiratory symptoms remains the main reason 
for Pediatric Intensive Care Unit (PICU) admissions for 
COVID-19 [5].

Efforts have been made to create guidelines for the 
diagnosis, treatment, and prevention of COVID-19 in 
children [6, 7]. Of particular concern is which imaging 
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modality is most suitable to assess the extension of lung 
involvement. Historically, chest radiograph has been the 
imaging modality of choice for most lower respiratory 
illnesses in children, but data from adult studies have 
shown that for COVID-19 it is of limited value and is not 
recommended as the first choice for imaging modalities 
[8]. Often, only the severe cases show abnormalities on 
chest radiographs [6]. In earlier stages of the infection, it 
frequently fails to show the typical features of COVID-19 
that are found with chest computed tomography (CT) [9, 
10].

Chest CT is undoubtedly the best imaging modality to 
accurately assess lung involvement in most respiratory 
illnesses including COVID-19, but the cost and possi-
ble harmful effects that radiation can have on a growing 
child’s body must not be ignored, as even low-dose ion-
izing radiations may increase cancer risk in exposed chil-
dren [11].

Lung ultrasound (US) is an ionizing radiation-free 
imaging modality that promptly provides bedside diag-
nosis of many pulmonary conditions in the emergency 
department. It has been reported to be highly accurate 
and reliable in diagnosing pneumonia, pleural effusion, 
and pneumothorax [12–14]. In patients who are mechan-
ically ventilated, lung US enables clinicians to monitor 
lung aeration and its variations. It has been found that 
different US patterns correspond to different degrees of 
aeration loss, which led to the creation of a score that 
was subsequently validated to quantify lung aeration as 
a whole or in a given area of interest [15]. Compared to 
chest CT as the gold standard, the aforementioned lung 
US score has been useful in monitoring aeration in the 
settings of Acute Respiratory Distress Syndrome (ARDS) 
and Ventilator-Associated Pneumonia [16, 17].

Given the already widely acknowledged usefulness 
of lung US to detect several lung pathologies in acutely 
ill patients and its ability to estimate lung aeration, we 
decided to incorporate this imaging modality into our 
Pediatric Emergency Department (PED) observation unit 
as part of the routine evaluation of children admitted 
with confirmed COVID-19. In this study, we describe the 
lung US findings in these patients with COVID-19 and 
correlate it with clinical severity.

Methods
Design, setting and participants
This study included 0–16-year-old patients with labora-
tory-confirmed COVID-19 infection, who were admitted 
to two academic hospitals in the city of Sao Paulo, Bra-
zil, between April 19 and June 18, 2020. The participat-
ing hospitals included one secondary care center and 
one tertiary care center, both from the University of Sao 
Paulo. The latter participating hospital has become a 

reference for the management of moderate and severe 
cases of COVID-19 in the state of Sao Paulo.

A confirmed case of COVID-19 was defined by a posi-
tive result on the RT-PCR assay of a specimen collected 
from a nasopharyngeal swab or a positive IgG and IgM 
antibodies specific for SARS-Cov-2, titled using the viral 
nucleoprotein as the antigen in an ELISA test in-house.

Point-of-care lung US is part of the routine evaluation 
carried out for children with respiratory illnesses in the 
PED of these institutions and is present on the evalua-
tion flowchart of COVID-19 children as an option for 
an imaging assessment. When a patient had confirmed 
COVID-19, lung US was performed regardless of the 
symptoms reported. Patients with chronic lung disease 
or lung metastasis who had undergone a lung US were 
not included in this study. Patients with other chronic 
diseases or cancer without lung metastasis were not 
excluded.

We collected data on age, sex, clinical symptoms, and 
signs at presentation, coexisting or chronic conditions, 
laboratory and radiologic results, and the support needed 
during hospital admission. Patients were classified as 
mild, moderate, severe, or critical according to a clini-
cal definition suggested by Qiu et al. [18] Laboratory and 
other imaging tests that were also performed, including 
chest radiograph and chest CT were requested based on 
each institution’s guidelines and at the discretion of the 
treating physician.

Point-of-care lung ultrasound. It was performed by one 
of the five trained Pediatric Emergency (PEM) Physicians 
with more than 100 lung scans performed, using B-mode 
imaging, basic preset, adjusting depth, and 2D-gain 
according to each patient biotype. A high-frequency lin-
ear transducer (15 MHz) was used and the technique was 
similar to that described by Copetti and Catarossi [19] 
in which all intercostal spaces of the upper and lower 
parts of the anterior, lateral, and posterior regions of 
the left and right chest are examined, making a total of 
12 regions. To describe the findings and to calculate the 
lung US aeration score, the worst US finding was consid-
ered in each examined region. To evaluate interobserver 
reproducibility, images of 25 patients enrolled were 
reviewed and scored by a different PEM of the team, who 
was blinded to the clinical information.

Four validated US patterns were defined and a score 
given for each: [16, 17] (1) normal aeration: presence of 
lung sliding and artifactual horizontal A-lines (0 points); 
(2) loss of lung aeration resulting from the scattered foci 
of bronchopneumonia or interstitial syndrome: presence 
of multiple well-defined vertical B-lines extending from 
the pleural line or a small subpleural consolidation (1 
point); (3) loss of lung aeration resulting from alveolar-
interstitial edema that corresponds to the CT imaging 
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entity of the ground-glass: multiple confluent vertical 
B-lines extending from the pleural line or a small sub-
pleural consolidation (2 points); (4) lung consolidation 
characterizing extensive bronchopneumonia: presence 
of a tissue structure containing hyperechoic punctiform 
images representative of air bronchograms (3 points). A 
global lung US aeration score ranging from 0 to 36 was 
obtained by summing the individual scores of all the 
regions.

All medical investigation procedures described were 
conducted as part of the standard clinical care. This 
research was part of a longitudinal study approved by the 
local ethics board.

Statistical analysis
The baseline patient characteristics were expressed as 
absolute and relative frequencies for qualitative variables 
and as median, minimum, maximum, mean and standard 
deviation for quantitative variables. The non-parametric 
Kruskal–Wallis H-test was applied to compare the lung 
US scores in relation to severity classification. In addi-
tion, we performed a post hoc analysis using the Bon-
ferroni multiple comparison procedure. Interobserver 
agreements in lung aeration score determined for each 
region of interest were assessed using the kappa coef-
ficient test. The significance level was fixed at 5% for all 
the tests. Statistical analyses were performed using IBM 
SPSS Statistics version 23.0 (IBM Corp., Armonk, NY, 
USA) and R software version 3.5 (R Foundation for Sta-
tistical Computing, Vienna, Austria).

Results
Clinical and laboratory characteristics of the patients
From April 19 to June 18, 2020, 34 admitted patients with 
confirmed COVID-19 had a lung US performed and were 
included in the study. During this period, a total of 51 
pediatric patients with COVID-19 diagnosis were admit-
ted. Lung US was performed depending on the availabil-
ity of a skilled PEM physician in the PED observation 
unit or PICU. Of these 34 patients that were scanned, 33 
had a positive RT-PCR assay and one had positive serol-
ogy in a context of clinical suspicion. A summary of the 
clinical features is detailed in Table 1. The mean duration 
of symptoms in days before lung US was performed was 
3.74 ± 1.76 and median 3 (range 1–8). The most common 
symptom was fever, followed by cough and shortness 
of breath. Five patients had critical disease (15%) and 
required respiratory and hemodynamic support. Three 
were classified as severe (9%), eight (23%) as moderate, 
and the remaining presented with mild disease (53%) but 
were admitted due to underlying chronic conditions or 
their young age.

The critical/severe group was composed of eight chil-
dren, all of them with prominent respiratory disease. 
Seven out of these eight patients had echocardiography 
performed by a cardiologist or a focused cardiac exam 
performed by an intensive care physician. Systolic dys-
function was initially found in only two patients who also 
had consolidations on lung US and CT. The remaining 
five had a normal biventricular systolic function at the 
time of lung US, but three of them later developed shock 
probably due to worsening disease and elevated pressures 
on mechanical ventilation. Three critical patients have 
died. One due to cardiac failure and two due to ARDS.

Baseline medical conditions were common in our 
population and were present in 18 patients (53%); eight 
of them with cancer (8/18—44%), the remaining patients 
had chronic liver, kidney or neurologic/genetic disease. 
D-Dimer, a severity marker, was collected in 20/34 (59%) 
patients with a median of 2250.5 (190–54,153); 17 of 
them (17/20—85%) had elevated values, although symp-
toms were mild in seven out of these 17 (41%).

Imaging findings
Lung US abnormalities were found in 18 (53%) patients 
and these findings are described in Table  2. Of the 18 
patients with lung US abnormalities, eight had severe/
critical disease (44%), five had moderate disease (28%) 
and five (28%) had mild disease. All the patients with 
lung US abnormalities but who had a mild disease were 
previously healthy infants under 6 months of age (mean 
1.24 ± 0.89), with fever and mild respiratory symptoms. 
Three of them were also tested for other 17 viruses, with 
negative results. Their median lung US aeration score 
was 12 (3–15).

Seventeen (17/18—94%) patients had confluent ver-
tical B-lines on at least one posterior region; this pat-
tern was found bilaterally in the posterior lung fields 
in 9/18 (50%) patients. Six out of 18 (33%) patients also 
had lung consolidations > 0.5 cm. Each patient’s lung US 
aeration scores are depicted in Table  2. Mean lung US 
scores for severe/critical, moderate and mild cases were 
16.75 ± 8.16, 5.25 ± 5.55 and 2.78 ± 5.36, respectively. 
When multiple comparisons were made, only mild ver-
sus severe/critical met statistical significance (p < 0.0001). 
Interobserver agreement was good, as attested by kappa 
coefficient of 0.71 (p < 0.001).

Chest radiograph was obtained in 25/34 patients (73%); 
only six with severe/critical disease and one with moder-
ate disease showed pulmonary opacities; the remaining 
18 were declared to be normal by the treating physician. 
Eight patients with lung abnormalities on lung US had 
a normal chest radiograph, but no patients with normal 
lung US had abnormalities on the chest radiograph.
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Chest CT was performed in 12 patients (12/34—35%). 
Ten had abnormalities and two were normal. The most 
common feature was bilateral ground-glass opacities. 
After being carefully reviewed by two experienced radi-
ologists, both findings and topography of the abnor-
malities on lung US were found to be similar to those 
of CT. More details on the CT findings and the corre-
sponding lung US findings are described in Table 2. The 
time that elapsed from lung US and chest CT was less 
than 24 h for eight patients and more than 24 h for four 
patients; one of these four patients was unstable and 
could not be transported to the radiology suite earlier.

Figures 1, 2 and 3 and Additional file 1: Figure S1) show 
images from four cases in which lung US had provided 
information on lung injury due to COVID-19.  

Discussion
Since the first reports on COVID-19 pneumonia, empha-
sis has been given to the role and impact of thoracic 
imaging for accurate assessment of lung compromise and 
timely detection of complications. Chest CT has gained 
an important role in this setting, because chest radio-
graph is of limited value for COVID-19 diagnosis, with 
a reported sensitivity of only 69% [95% CI 56–80%] [20]. 

Table 1 Summary of the clinical features of the patients

a  Present early after hospital admission, at the time lung US was performed
b  p value < 0.001

Variables studied Clinical classification

Mild
(n:18)

Moderate
(n:8)

Severe/critical
(n:8)

Total
(n:34)

Epidemiological data

 Age, months
 Median (range)

23
(0.46–192)

4
(1–132)

29
(0.3–132.16)

13
(0,3–192)

 Male sex n (%) 14 (78) 4 (50) 3 (37) 21 (62)

 Chronic medical condition n (%) 9 (50) 6 (75) 3 (37) 18 (53)

Symptoms n (%)

 Fever 18 (100) 7 (87) 7 (87) 32 (94)

 Rhinorrhea 5 (27) 4 (50) 0 9 (26)

 Cough 5 (27) 5 (62) 7 (87) 17 (50)

 Dyspnea 0 8 (100) 7 (87) 15 (44)

 Nausea/vomiting 2 (11) 0 2 (25) 4 (12)

 Respiratory failure 0 0 7 (87) 7 (20)

 Shock 0 0 5 (62) 5 (15)

 Hypoxemia 0 0 8 (100) 8 (23)

 Early cardiac  failurea 0 0 2 (25) 2 (6)

 Pulmonary edema 0 0 1(12) 1 (3)

Laboratorial data

 D‑Dimer (ng/mL)
 Median (range)

1251
(306–5809)

1990
(190–4127)

18,536
(1932–54,153)

2250
(190–54,153)

 C‑Reactive Protein (mg/L)
 Median (range)

5.4
(0.3–130)

3
(0.5–114)

185.5
(0.3–447)

20
(0.3–447)

Intensive care support n (%)

 Mechanical ventilation 0 0 5 (62) 5 (15)

 Vasoactive drug 0 0 5 (62) 5 (15)

Imaging data n (%)

 Chest RX performed 12(66) 6 (75) 7 (87) 25 (73)

 Chest RX abnormality 0 1/6 (16) 6/7(85) 7/25 (28)

 Chest CT performed 3 (16) 3 (37) 6 (75) 12 (35)

 Chest CT abnormality 1/3 (33) 3/3 (100) 6/6 (100) 10/12 (83)

 Lung US  scoreb

 Median (range)
0
(0–15)

4
(0–14)

17
(2–30)

2,5
(0–30)
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Fig. 1 Eleven‑year‑old male with respiratory failure and shock. Lung US (a–c) was performed on the 5th day after symptom onset and chest CT (d) 
on the 15th day. There was a pleural effusion (PE in a–d) and subpleural consolidations (stars in a–d). Confluent B‑lines (CBL in a and c) were also 
present in the lung US, corresponding to the chest CT ground‑glass pattern

Fig. 2 Two‑week‑old male full‑term newborn with fever and mild respiratory symptoms. Lung US showed multiple vertical B‑lines on all the lung 
fields bilaterally (arrows in a). Coalescent B‑lines could be seen on the posterior and inferior lung fields (stars in b), as well as an irregularity of the 
pleural line and a tiny subpleural consolidation (circle in b)
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Lung US has an already established accuracy and reliabil-
ity in diagnosing many lung pathologies, but up to now, 
only few studies have been published on its applicability 
in COVID-19. For pneumonia and ARDS, it is an excel-
lent method of diagnosis and monitoring and has been 
found to detect lesions not seen on the chest radiograph, 
especially those localized in the retro-cardiac or juxta-
diaphragmatic region [21–23].

Preliminary lung US studies on adult patients with 
COVID-19 identified numerous B-lines and subpleural 
pulmonary consolidations in an asymmetric multilo-
bar distribution, involving mainly the lower lobes. What 
seems to be characteristic of COVID-19 in a positive 
epidemiological context is the bilateral patchy distribu-
tion of multiform clusters alternating with spared areas. 
Those findings were highly consistent with the findings 
on CT [24–29]. The first few case reports and case series 
published in children with COVID-19 showed lung US 
findings similar to what was described in adults [30–32].

Our findings are in accordance with previous small 
pediatric reports and adult studies and we also found an 
apparently good consistency between lung US and CT in 
terms of findings and topography. Confluent B-lines were 
later seen as consolidations on a chest CT performed the 
following day only in two specific zones. We cannot say 
whether it was a misdiagnosis or an early sonographic 
identification of organizing pneumonia. This could be 
clarified only by a study aiming to compare lung US 
and CT when both are performed simultaneously. Even 

though some comparisons were made between CT and 
lung US, this study was not designed to pair up these 
imaging modalities due to ethical concerns about unnec-
essarily exposing children to ionizing radiation.

As far as we know, our study was the first in pediat-
ric COVID-19 population to analyze lung US aeration 
scores. Most of our patients that classified as moderate 
and severe/critical, had major abnormalities on lung US, 
and consequently higher lung US aeration scores. Due to 
the small sample size, we do not have statistical power to 
confirm the lung US aeration score as a disease severity 
predictor, but this preliminary result is an important find-
ing that suggests that this score might be an additional 
tool to help clinicians in risk stratification and resource 
allocation. Two patients with moderate disease and nor-
mal US had an obstructive airway disease reversed with 
corticosteroids and bronchodilators.

Despite the apparent good association with disease 
severity, five of our children had significant lung US 
abnormalities, elevated scores, but few or no respiratory 
symptoms. All of them were under 6 months of age and 
four also had elevated D-dimers, which is believed to be 
a severity marker of disease in adult patients [33]. One of 
them, a 2 week-old newborn with fever, also had a chest 
CT that confirmed lung involvement. The reason why 
these young infants with confirmed lung involvement 
on imaging and elevated D-dimer have such a mild dis-
ease is yet to be clarified as many other clinical aspects of 
COVID-19 in children.

Fig. 3 Thirteen‑day‑old male preterm newborn, presented with hypoxemia, tachypnea and high D‑dimer level. Lung US (a–d) showed irregularities 
of the pleural line and small subpleural consolidations in the posterior right lung field (circles in a, b). Confluent B‑lines (stars in a–d) were also 
present in the bilateral posterior and inferior lung fields corresponding to the chest CT (e) ground‑glass pattern (stars in e). Chest CT showed good 
correlation with lung ultrasound findings (arrows in a–e)
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There are several reasons why we believe lung US may 
be a promising tool in COVID-19, especially in the pedi-
atric population. First, although other viruses such as the 
respiratory syncytial virus and parainfluenza virus cause 
pneumonia lesions that are mostly distributed along the 
bronchial tree, studies addressing CT findings in children 
with COVID-19 showed that the periphery of the lung 
in the subpleural region is the most commonly affected 
area [34, 35]. Of 43 patients with CT abnormalities due to 
COVID-19 reported by Ma et al. [3], 95% had a predomi-
nance of lesions in the subpleural area and in the lower 
lung lobes (65%), especially in the posterior segment 
(78%). Given that the subpleural area seems to be the 
target for COVID-19, lung US may assume a key role in 
the early detection of these lung involvements as it easily 
identifies infections extending to the visceral pleura [16]. 
Second, chest CT should be followed by complex decon-
tamination procedures and requires transporting some-
times critically ill patients to the radiology suite, while 
lung US can be performed at the bedside and given its 
smaller size, would be easier to decontaminate [35]. Of 
note, two of our critically ill patients were too unstable to 
leave the PICU and initial lung imaging assessments were 
made by lung US. Third, while US is radiation-free, CT 
scan exposes pediatric patients to harmful ionizing radia-
tion during a time at which they are believed to be most 
at risk of harm [11].

Limitations of this imaging modality still exist, includ-
ing an inability to visualize centrally located consoli-
dation, inability to differentiate consolidation from 
atelectasis, and possibly some degree of overdiagnosis, 
as US can detect even small consolidations of unlikely 
significance [36–38]. Moreover, the aforementioned 
assumption from adult studies that lung US in COVID-
19 may have characteristic features has not yet been 
extrapolated to children, as they more frequently have 
lower respiratory tract disease caused by a variety of 
viruses that may have a similar pattern. Further studies 
are needed to better understand this.

Our study also has some limitations. It is a descriptive 
study with a small number of patients included; however, 
given the scarcity of available data on lung US findings in 
COVID-19 pediatric patients, the information provided 
by our study is relevant and may provide a better under-
standing of this topic. Sonographers were not blinded to 
clinical information, because lung US assessment is per-
formed on a regular basis as an extension of the physi-
cal examination in our institution. Also, even though the 
lung US score applied in our patients have been used in 
many lung pathologies, it is not specific to COVID-19 
lung disease as the one proposed by Soldati et  al. [39]. 
Lastly, we could not reliably compare lung US with the 
gold standard chest CT, since not all patients had both 

exams or had them performed at the same time. Despite 
these limitations, as far as we know our study on point-
of-care lung US findings in children with COVID-19 is 
the first to include a more extensive number of pediatric 
patients. We believe our report adds important informa-
tion regarding the utility of lung US in pediatric popula-
tion with COVID-19.

Conclusion
Point-of-care lung US is a reliable tool that is capable of 
accurately diagnosing and monitoring many pulmonary 
conditions. Our study shows that it might also have a key 
role in children affected by COVID-19, providing early 
and reliable identification of pulmonary involvement. 
It performs better than chest radiograph and seems to 
have a good correlation with chest CT, although further 
studies are needed to confirm this. Integrated with clini-
cal evaluation, lung US allows a better and rapid char-
acterization of the disease, without ionizing radiation 
exposure.
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