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Background: The confirmed coronavirus disease 2019 (COVID-19) cases, caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), have exceeded 21 million (with more than 775,000
fatalities), and the number of children with COVID-19 is also increasing. This study aimed to summarize
the chest imaging characteristics of pediatric COVID-19 cases and provide a reference for the diagnosis and
control of pediatric COVID-19.

Methods: The study protocol was registered in PROSPERO, number CRD42020177391. Studies related
to pediatric COVID-19 imaging manifestations were accessed from PubMed, Web of Science, and the
Cochrane library databases, without language limitations. The publication date was limited to April 1, 2020,
and it was updated on May 1 and May 27, 2020. Data normalization was determined with the Freeman-Tukey
double arcsine transformation. Summarized incidences with 95% confidence intervals of various imaging
manifestations were assessed by random-effects models. Heterogeneity was assessed with meta-regression and
subgroup analyses, robustness with sensitivity analyses; and publication biases with Egger’ test.

Results: Twenty-three with 517 cases were included in this study. The summarized incidence of chest
computed tomography abnormalities in pediatric COVID-19 cases was 70%, which was lower than what has
been seen in adults. The incidence of halo signs in pediatric COVID-19 cases was 26%, which is rarely seen
in adult COVID-19 cases. The incidences of ground-glass opacities (GGOs), GGOs and consolidations,
consolidations, reverse halo signs, crazy paving signs, pleural effusion, bronchopneumonia-like signs, air
bronchograms, and increased lung markings were 40%, 25%, 10%, 2%, 4%, 1%, 15%, 12%, and 31%,
respectively. Pericardial effusions were found in the computed tomography images of adult COVID-19 cases
but were scarcely seen in the computed tomography images of pediatric COVID-19 cases. The incidences of
bilateral lesions, unilateral lesions, and peripheral lesions were 35%, 22%, and 26%, respectively.
Conclusions: Chest computed tomography imaging of pediatric COVID-19 cases resulted in various
abnormalities that were milder than those of adults. This study will hopefully provide a reference to help
identify pediatric COVID-19 cases.
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Introduction

At the end of 2019, several unexplained pneumonia cases
in Wuhan, a city with 11 million permanent residents in
central China, drew public attention (1). The pneumonia
was determined to be caused by a new single-stranded
positive-sense RNA coronavirus, named severe acute
respiratory syndrome coronavirus (SARS-CoV-2), and
had 79% similarity to the SARS-CoV RNA sequence (2).
Then, the World Health Organization (WHO) designated
coronavirus disease 2019 (COVID-19) a pandemic on
March 11, 2020 (3). Being highly contagious, COVID-19
has severely endangered global public health (4). Up
until August 20, 2020, the number of confirmed cases has
exceeded 21 million (including more than 775,000 fatalities)
worldwide, which has affected more than 200 countries
and regions (5). Thus, the early detection and isolation of
confirmed cases are crucial to the control of SARS-CoV-2
transmission.

Chest radiography and computed tomography (CT)
are auxiliary methods to help firm COVID-19 diagnoses
with reverse transcription-polymerase chain reaction
(RT-PCR). As the basis for the clinical COVID-19
staging, CT imaging is more precise than RT-PCR to
detect COVID-19 infection (1). A single meta-analysis
summarized adult COVID-19 CT characteristics and
showed that the incidence of ground-glass opacities
(GGOs) was 83% (6). However, fewer pediatric cases
have been reported worldwide in the early stages of
the pandemic. As the pandemic spread, the number
of children with COVID-19 has also increased
dramatically (4). Until September 10, 2020, the number
of confirmed pediatric cases has exceeded 500,000 in the
United States, accounting for about 10% of the total
confirmed cases (7).

Several articles have been published involving the CT
imaging characteristics of pediatric COVID-19 cases
(8-10). However, there is still a lack of corresponding
meta-analyses. In this study, findings were published
that summarized a comprehensive review and meta-
analysis with a complete evaluation of CT characteristics
in pediatric COVID-19 cases. This meta-analysis could
be used as a reference for pediatricians to identify
pediatric SARS-CoV-2 infection. It could also be helpful
for experts in the control of the pediatric COVID-19
pandemic.

We present the following article in accordance with the
PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/tp-20-281).
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Methods

The study protocol was registered in the international
prospective register of systematic reviews (https://www.crd.

york.ac.uk/PROSPERO), number CRD42020177391.

Study retrieval

Articles were retrieved from PubMed, Web of Science,
and the Cochrane library databases, with time limitation to
April 1, 2020. The search queries are shown in Table S1.
According to established practices, our searches were
updated twice using the same search queries on May 1 and
May 27, 2020. Chest imaging, COVID-19, and pediatric
cases were terms applied to construct search queries, and
synonyms were based on the Medical Subject Headings
(MeSH) and PubMed database entry terms. Moreover,
other COVID-19 synonyms are available at https://www.
crd.york.ac.uk/PROSPERO/#searchadvanced, specified by
the National Institute for Health Research. Furthermore,
related references were evaluated to potentially obtain
additional eligible studies.

Study selection

The studies included in this meta-analysis had to meet all
the criteria listed below. First, the COVID-19 cases needed
original, available, and accurate imaging characteristics,
such as lesion densities, distributions, and morphologies.
The included cases also needed to be less than 18 years
old and included newborns, infants, preschool children,
and school-age children. The study was defined as a cross-
sectional, case-series, case report, case-control, or cohort
study, and each study included at least five cases.

Studies with at least one of the following characteristics
were excluded: duplicated studies, studies with secondary
imaging characteristics, unavailable or ambiguous studies,
studies with patients infected with other viruses, such as
SARS-CoV, and studies with patients who were greater than
18 years of age. Studies defined as letters, reviews, meta-
analyses, editorials, or comments and those with studies
with fewer than five cases were also excluded.

After excluding duplicated citations, the titles, abstracts,
and full texts of the retrieved studies were evaluated
in sequence according to the criteria listed described
that included all qualified studies. Screening studies
were performed by two authors independently, and
disagreements between the two were mediated by the third
author. Moreover, for cases with several CT examinations
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after admission, the first one was included in the study.

Data extraction

The number of cases on various imaging abnormalities
(such as lesion density, distribution, and morphology,
among others) was extracted. Meanwhile, the following
research characteristics were extracted, including the first
author, location (city, province/autonomous region, and
country), study design type, study duration, diagnosis
basis of COVID-19, sample size (male/female), mean or
median case age, and epidemiologic history including
exposure to confirmed, suspected COVID-19 cases or
Wouhan. Additional characteristics included the number
of asymptomatic cases. Literature data extractions were
completed independently by two authors, and disagreements
between the two were mediated by the third author.

Quality assessment

Tools provided by the National Heart, Lung, and Blood
Institute were used to assess the quality of the included
articles (11). Based on the characteristics of the included
articles, the quality assessment tools used to evaluate case
series studies and cohort studies were tailed into tables with
eight and nine questions, respectively. Article quality was
assessed independently by two authors, and disagreements
were mediated by the third author.

Statistical analysis

Random-effects models were applied to pool the
summarized incidences with 95% confidence intervals
(CIs) of imaging characteristics. The research weights were
calculated by the inverse variance method. The Q test
was conducted to detect the significance of heterogeneity
among the included research results. Moreover, the I
squared (I’) value was used to quantify heterogeneity, and
the four intervals of (0, 25%), (25%, 50%), (50%, 75%),
and (75%, 100%) represented no, low, medium and high
heterogeneity, respectively.

For the researched items with greater than or equal
to eight included studies, the source of heterogeneity
among the studies was explored using meta-regression
and subgroup analyses. The research location (Wuhan vs.
outside Wuhan), male-to-female ratio (<1 vs. >1), and the
number of cases (5-20 vs. >20) were considered in the meta-
regression and subgroup analyses. In addition, the incidence
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of the remaining articles was summarily extracted by
removing one included article at a time to detect the impact
of removing one article on the overall incidence of included
articles, namely a sensitivity analysis. Furthermore, the
publication biases of the included articles were evaluated
using Egger’s test. We used Stata software (version 15.0,
StataCorp LLC, USA) for data analyses, and P values <0.05
indicated a statistical difference.

Results
Retrieval and selection results

A total of 364 citations were retrieved, of which 99, 260,
five, and five were from PubMed, Web of Science, the
Cochrane library, and the secondary search of references of
pertinent articles, respectively. After excluding 72 duplicate
articles, 254 and five articles were excluded based on title
and abstract assessments, respectively. Of the 42 articles
eligible for full-text evaluation, 15 articles were excluded.
These included five with insufficient data, four with fewer
than five cases, four reviews, one with ambiguous data, and
one with only asymptomatic cases. Thus, 23 articles (8-
10,12-31) with 517 pediatric COVID-19 cases were eligible

for the systematic review and meta-analysis (Figure ).

Study characteristics

The characteristics of the included studies are listed in
Table 1 and Table S2. With 282 (55.55%) males and 235
(45.45%) females (the ratio of males to females of 0.43-4),
the 23 eligible studies were from 26 cities in 17 provinces,
autonomous regions, or municipalities of China. Seven
(30.43%) were from Hubei province, including five
(21.74%) from Wuhan (15,16,22,27,28), one (4.35%) from
Yichang (12), and one (4.35%) from Xiangyang (19). Among
the 23 included studies, one (4.35%) was a case report (8),
21 (91.30%) were case series studies (9,10,12-16,18-31),
and one (4.35%) was a cohort study (17). Except for the
admission times not reported in three articles (8,16,29),
the 373 pediatric COVID-19 cases in the remaining 20
articles were enrolled from January 1 to March 17, 2020.
Except for the age of cases not reported in one article (16),
the mean or median ages in the remaining 22 articles were
1-14.5 years old. In terms of epidemiologic histories, a total
of 215 cases had been exposed to confirmed or suspected
COVID-19 cases with a proportion of 0-100%; 53 cases
had been exposed in Wuhan with a proportion of 0-44%;
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Figure 1 A flow chart of the study inclusion.

127 cases have been exposed to both, with a proportion of
0-91.30%; and 39 cases had an unclear epidemiological
history, with a proportion of proportion 0-35%. The
number of asymptomatic cases was 145, with a proportion
of proportion 0-100%, and the remaining cases had fever,
cough, sputum, and diarrhea, among other symptoms.

Quality assessment

The details of the case series and cohort study quality
assessments are listed in Tables S3,54, respectively. Eight
(34.78%) studies were of good quality, and fifteen (65.22%)
studies were of fair quality.

Chest radiographic characteristics

Chest radiographs were performed in only one article (14)
on nine pediatric COVID-19 cases. The results showed that
four cases had bronchial vascular shadow abnormalities and
two had increased hilar shadows.

© Translational Pediatrics. All rights reserved.

CT imaging characteristics

CT examinations were performed in 23 studies with 514
pediatric COVID-19 cases. Three hundred and sixty-seven
cases had various abnormalities that were summarized as
CT abnormalities. The summarized incidences of CT
abnormality and publication biases are detailed in Table 2.
The overall incidence of CT abnormality was 70% (95%
CI: 60-79%), with a medium heterogeneity (1’=74.94%;

Figure 2). Publication bias was also found.

Manifestations of CT abnormality

In pediatric COVID-19 cases, GGOs were the most
common abnormalities on CT imaging with an incidence
of 40% (95% CI: 29-51%) (Figure 34). GGOs and
consolidations, halo signs, and increased lung markings
were also common with incidences of 25% (95% CI:
8-46%), 26% (95% CI: 7-51%), and 31% (95% CI:
23-40%), respectively (Figure 3B,C,D). Moreover, the
incidences of air bronchograms, bronchopneumonia-like
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Table 1 Imaging characteristics of pediatric COVID-19 cases included in the review and meta-analysis'

Sample size Age (mean Number of Number
Study P or median),  asymptomatic of imaging Imaging manifestations Lesion distribution
(male/female) .
year cases abnormality
Chen J 12 (6/6) 14.5 2 10 GGO, patchy shadows NR
Feng K 15 (5/10) 7 8 9 Nodular GGO, patchy GGO  One lobe, two lobes,
more than two lobes
LiB 22 (12/10) 8 2 20 GGO, consolidation, GGO Bilateral, peripheral;
and consolidation, crazy- right lower lobe, less
paving sign than three lobes,
average three lobes
Liw 5 (4/1) 3.4 5 3 Patchy GGO Right upper lobe, left
lower lobe
Liu M 5 (4/1) 6 3 3 GGO, GGO with Right upper lobe, right
consolidation lower lobe, left lower
lobe
LuY 9 (4/5) 7.8 1 7" Chest radiograph: Bilateral, subpleural,
bronchial vascular shadow central; left upper lobe,
abnormalities, increased right lower lobe
hilar shadows; CT:
patchy GGO, linear GGO,
parenchymal band
MaH 76 (42/34) 2.5 6 69 GGO, patchy shadows, Bilateral, subpleural,
interstitium abnormality, parallel with pleura,
pleural effusion, upper lobes, middle
lymphadenopathy, lobe, lower lobes
increased vascular shadow
MaY 115 (73/42) NR 61 88 GGO, consolidation, linear Unilateral, bilateral,
or patchy shadow, white peripheral
lung sign, increased lung
marking, pleural effusion
QiuH 36 (23/13) 8.3 10 19 GGO NR
Shen Q 9 (3/6) 8 2 2 GGO Unilateral
Song W 16 (10/6) 8.5 8 11 Air bronchogram, Bronchial vascular
consolidation, crazy- bundles; one lobe, two
paving sign, GGO, halo lobes
sign, lymphadenopathy,
bronchopneumonia-like;
nodular, patchy
Steinberger 30 (15/15) 10 9 23 GGO, Consolidation, Bilateral, peripheral; left

GGO with consolidation,
crazy-paving sign, halo
sign, reverse halo sign,
cavitation, pleural effusion,
lymphadenopathy, lung
fibrosis; nodular, round,
linear

lower lobe, left upper
lobe, right middle lobe,
right lower lobe, right
upper lobe; one lobe,
two lobes, three lobes,
four lobes, five lobes

Table 1 (continued)
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Sample size Age (mean Number of Number
Study P or median),  asymptomatic of imaging Imaging manifestations Lesion distribution
(male/female) .
year cases abnormality
SulL 9 (3/6) 4.5 6 4 GGO with consolidation, NR
bronchitis,
bronchopneumonia-like
Sun D 8 (6/2) 5.6 0 8 GGO, white lung, pleural Bilateral, unilateral
effusion, patchy shadow
Tan X 13 (4/9) 8 2 6 GGO, stringy shadow, Left lower lobe, left
patchy shadow upper lobe, right lower
lobe
TanY 10 (3/7) 7 2 5 GGO, bronchopneumonia, Bilateral, unilateral;
thickened bronchial wall, lower lobes, left lower
increased lung marking, lobe.
nodular shadow
Wang D 31 (15/16; 30 71 4 14 GGO with consolidation Bilateral lower lobes
with CT scan)
Wu H 23 (9/14; 22 5.6 3 12 Patchy GGO, patchy Bilateral lower lobes,
with CT scan) consolidation bilateral upper and
lower lobes, unilateral,
subpleural; left lower
lobe, left upper lobe,
right upper lobe
Xia W 20 (13/7) 2.1 2 20 Halo sign, grid shadow; Bilateral, unilateral,
nodular subpleural.
Zheng F 25 (14/11; 24 3 0 16 Patchy shadow, Bilateral, unilateral
with CT scan) consolidation
Zhong Z 9 (5/4) 6.5 1 5 GGO, consolidation Peripheral, subpleural;
left lower lobe, right
lower lobe, right middle
lobe
Zhou Y 9 (4/5) 1 5 8 GGO, GGO with Bilateral, unilateral,
consolidation, subpleural or interlobar
consolidation, halo fissure; lower lobes,
sign, reverse halo middle lobe, upper
sign, crazy paving lobes
sign, air bronchogram,
bronchopneumonia-like,
pleural thickening, pleural
effusion, lymphadenopathy;
nodular, patchy, stringy
Zhu L 10 (5/5) 9.2 3 5 GGO Bilateral, unilateral

', in only one article, chest radiographs and CT tests were performed on pediatric COVID-19 cases, and in the remaining 22 articles, only
CT tests were performed on COVID-19 cases. COVID-19, coronavirus disease 2019; CT, computed tomography; GGO, ground-glass
opacity; NR, not report; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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Table 2 Pooled incidences of computed tomography manifestations in pediatric COVID-19 cases

CT manifestations N:tTlZizrsOf Reference POOI(Z% (i;)c(i;::;e nee P* H:terogenell:ti/* Egtgsetr’s
Overall 23 (8-10,12-31) 70% (60-79%) <0.05 74.94%  <0.05 <0.05
GGO 17 (8,10,12-14,15,17-20,22- 40% (29-51%) <0.05 66.90% <0.05 <0.05
24,26,29-31)
GGO and consolidation 6 (8,12,20,21,25,30) 25% (8-46%) <0.05 7551%  <0.05 0.79
Consolidation 6 (14,19,20,26,29,30) 10% (1-23%) <0.05 65.99%  <0.05 0.06
Halo sign 4 (19,20,27,31) 26% (7-51%) <0.05 76.79%  <0.05  0.72
Reverse halo sign 2 (20,30) 2% (0-10%) 0.35 NA NA NA
Increased lung markings 2 (16,24) 31% (23-40%) <0.05 NA NA NA
Air bronchograms 2 (19,30) 12% (1-29%) <0.05 NA NA NA
Bronchopneumonia-like sign 4 (19,21,24,30) 15% (5-28%) <0.05 0 0.61 0.09
Crazy paving sign 4 (12,19,20,30) 4% (0-10%) 0.02 0 0.54 NA
Pleural effusions 5 (15,16,20,22,29) 1% (0-3%) 0.27 21.30% 0.28 0.54
Lymphadenopathy 4 (15,19,20,30) 0 (0-3%) 0.44 0 0.59 NA
White lung-like signs 2 (16,22) 0 (0-4%) 0.39 NA NA NA
Lesions morphology
Linear lesion 4 (14,20,23,30) 12% (1-27%) <0.05 46.24% 0.13 0.35
Nodular lesion 6 (10,19,20,24,27,30) 23% (4-48%) <0.05 84.61%  <0.05 0.58
Patchy lesion 9 (10,14,15,19,22,23,25,26,30) 37% (22-53%) <0.05 7461%  <0.05 0.24
Lesions distribution
Bilateral lesion 12 (12,14,15,20,22,24-27,29-31) 35% (24-47%) <0.05 70.43%  <0.05 0.47
Unilateral lesion 8 (18,22,24,26,27,28,30,31) 22% (14-30%) <0.05 0 0.84 0.35
Peripheral lesion 3 (12,20,29) 26% (9-47%) <0.05 59.29% 0.09 0.70
Subpleural lesion 5 (14,15,26,27,29) 47% (7-90%) <0.05 95.68%  <0.05 0.99
Lobes infected
Lower lobe 5 (15,23,25,26,30) 40% (21-61%) <0.05 79.76%  <0.05 0.08
Upper lobe 2 (15,30) 49% (38-60%) <0.05 NA NA NA
Left lower lobe 6 (8,13,20,24,26,29) 17% (8-27%) <0.05 0 0.67 0.24
Left upper lobe 3 (14,20,26) 7% (1-16%) <0.05 0 0.73 0.41
Right lower lobe 5 (8,12,14,20,29) 21% (10-34%) <0.05 18.68% 0.30 0.12
Right middle lobe 4 (15,20,29,30) 17% (3-37%) <0.05 7527%  <0.05 0.61
Right upper lobe 4 (8,13,20,26) 4% (0-12%) 0.06 0.22% 0.39 <0.05
Number of lobes infected
One 3 (10,19,20) 25% (3-55%) <0.05 81.97%  <0.05 0.46
Two 3 (10,19,20) 16% (7-27%) <0.05 3.61% 0.35 0.48

*Significance of summarized incidences. **Significance of heterogeneity. P<0.05 was regarded as indication of statistical significance.
COVID-19, coronavirus disease 2019; Cl, confidence interval; CT, computed tomography; GGO, ground-glass opacity; NA, not available.
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Overall (12 = 74.94%, p = 0.00) 7 0.70 (0.60, 0.79) 100.00
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Figure 2 A forest plot shows the incidence of abnormal computed tomography (CT) findings in pediatric coronavirus disease 2019
(COVID-19) cases. The solid diamond and corresponding line represent the effect size (ES) and 95% confidence interval (CI) of each

article. The bottom diamond represents the summarized incidence of abnormal CT finding is 70% (95% CIL: 60-79%), with medium

heterogeneity (P=0.00, '=74.94%).

signs, consolidation, crazy paving signs, lymphadenopathy,
pleural effusions, reverse halo sign, and white lung-like
signs were 12% (95% CIL: 1-29%), 15% (95% CI: 5-28%),
10% (95% CI: 1-23%), 4% (95% CI: 0-10%), 0 (95%
CL: 0-3%), 1% (95% CI: 0-3%), 2% (95% CI: 0-10%),
and 0% (95% CI: 0-4%), respectively (Figure S1).
Furthermore, bronchitis, bronchial wall thickening,
and pleural thickening were found in two of nine cases,
one of ten cases, and one of nine cases in the literature,
respectively (21,24,30).

Publication bias was found regarding GGOs.
However, no publication bias was found regarding
GGOs with consolidation, consolidations alone, halo
signs, bronchopneumonia-like signs, and pleural
effusions. Publication biases on crazy paving signs and
lymphadenopathy were unavailable because only two
included studies had nonzero positive cases. In addition,

© Translational Pediatrics. All rights reserved.

publication biases and the heterogeneity of air bronchial
shadows, increased lung markings, reverse halo signs, and
white lung-like signs were unavailable because only two
studies were available.

Lesion morphologies

The CT imaging of pediatric COVID-19 cases showed
three lesion types: linear, nodular, and patchy with
incidences of 12% (95% CI: 1-27%), 23% (95% CI:
4-48%), and 37% (95% CI: 22-53%), respectively
(Figure S2). No publication bias was found. It should be
mentioned that round lesions were also found in three of
thirty cases in this study (14).

Lesion distributions

In pediatric COVID-19 cases, the incidences of bilateral
lesions, unilateral lesions, peripheral lesions, and subpleural
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Figure 3 Forest plots show the incidences of abnormal computed tomography (CT) findings in pediatric coronavirus disease 2019
(COVID-19) cases. The solid diamond and corresponding line represent the effect size (ES) and 95% confidence interval (CI) of each

article. The bottom diamond represents the summarized incidence of abnormal CT findings. The incidences of (A) ground-glass opacities
(GGOs), (B) GGOs and consolidation, (C) halo signs, (D) increased lung markings were 40% (95% CI: 29-51%), 25% (95% CI: 8-46%),

26% (95% CI: 7-51%), and 31% (95% CI: 23-40%), respectively.

lesions were 35% (95% CI: 24-47%), 22% (95% CI: 14—
30%), 26% (95% CI: 9-47%), and 47% (95% CI: 7-90%),
respectively (Figure S3). No publication bias was found.
Furthermore, lesions were also found in central, bronchial
vascular, and interlobular locations, respectively (14,19,30).

Lung lobes infected

The incidence of infection in the upper and lower lung
lobes were 49% (95% CI: 38-60%) and 40% (95% CI:
21-61%), respectively. The incidence of infection in the left
lower lobe, left upper lobe, right lower lobe, right middle
lobe, and right upper lobe were 17% (95% CI: 8-27%),
7% (95% CI: 1-16%), 21% (95% CI: 10-34%), 17%

© Translational Pediatrics. All rights reserved.

95% CIL: 3-37%), and 4% (95% CI: 0-12%), respectively
(Figure S4). The incidence of infection in one lobe and
two lobes were 25% (95% CI: 3-55%) and 16% (95% CI:
7-27%), respectively (Figure S5). Intriguingly, in one article
of 30 cases, one case had a three-lobe infection, and another
had a four-lobe infection (20).

Publication bias was found regarding right upper lobe
infections. No publication bias was found on the infection
regarding lower lobe, left lower lobe, left upper lobe,
right lower lobe, right middle lobe, one lobe, and two-
lobe infections. Publication biases and heterogeneity of
the upper lobe infection were unavailable because only two
studies were summarized.
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Figure 4 Forest plots show the subgroup analyses of abnormal computed tomography (CT) findings in pediatric coronavirus disease 2019

(COVID-19) cases based on the research location (Wuhan vs. outside Wuhan). The solid diamond and corresponding line represent the

effect size (ES) and 95% confidence interval (CI) of each article. The bottom diamond represents the summarized incidence of abnormal CT
findings. The incidences of abnormal CT findings in pediatric COVID-19 cases in Wuhan and outside Wuhan are 89% (95% CI: 75-98%)

and 62% (95% CI: 53-71%), respectively.

Meta-regression, subgroup analyses, and sensitivity
analyses

Meta-regression analyses revealed that study sites were
related to the heterogeneity among the different CT
abnormalities and the heterogeneities between different
GGO incidences. The male-to-female ratios and the
number of cases were not the cause of the heterogeneity.
Additionally, subgroup analyses showed that, for the
CT abnormalities among the Wuhan studies, male-to-
female ratios >1, and studies with >20 cases had high
heterogeneities (Figures 4-6, Table S5). For the GGOs,
the heterogeneity of studies with >20 cases was high.

© Translational Pediatrics. All rights reserved.

Meta-regression analyses showed that the study site,
male-to-female ratio, and the number of cases were
not related to heterogeneity in studies with patchy and
bilateral lesions. Additionally, subgroup analyses showed
that heterogeneity was high for patchy lesions among
studies with 5-20 cases. Heterogeneity was high for
bilateral lesions among studies with male-to-female ratios
greater than one. No heterogeneity was found among
studies with unilateral lesions (Tables S6-S9). Sensitivity
analyses showed that the summarized incidences were
not affected by individual studies included in the meta-
analysis (Figure S6).

Transl Pediatr 2021;10(1):1-16 | http://dx.doi.org/10.21037/tp-20-281


https://cdn.amegroups.cn/static/public/TP-20-281-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TP-20-281-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TP-20-281-Supplementary.pdf

Translational Pediatrics, Vol 10, No 1 January 2021

11

%

Study ES (95% Cl) Weight
1
<1 1
Chen J : + 0.83(0.52,0.98) 4.1
Feng K -— 0.60 (0.32,0.84) 4.42
Luy —- 0.78 (0.40,0.97) 3.68
Shen Q € + ! 0.22 (0.03,0.60) 3.68
Steinberger —_— 0.77 (0.58,0.90) 5.24
SulL * T 0.44 (0.14,0.79) 3.68
Tan X *> L 0.46 (0.19,0.75)  4.22
TanY * 0.50 (0.19,0.81) 3.84
Wang D —_— 0.47 (0.28,0.66) 5.24
Wu H + - 0.55(0.32,0.76)  4.91
Zhou Y - * 0.89 (0.52,1.00) 3.68
Zhu L + : 0.50 (0.19,0.81) 3.84
Subtotal (12 = 46.76%, p = 0.04) <>: 0.59 (0.48,0.70)  50.55
1
>1 .
LiB |——%— 091(0.71,099) 4.91
Liw ~— 0.60 (0.15,0.95)  2.80
Liu M -—1 0.60 (0.15,0.95) 2.80
Ma H i —— 0.91(0.82,096) 5093
Ma Y _—— 0.77 (0.68,0.84)  6.10
QiuH —_— 0.53 (0.35,0.70)  5.41
Song W * 0.69 (0.41,0.89) 4.51
SunD — /% 1.00(0.63,1.00) 3.50
Xia W : ———1.00 (0.83,1.00) 4.79
Zheng F S E— 0.67 (0.45,0.84) 5.01
Zhong Z * : 0.56 (0.21,0.86) 3.68
Subtotal (12 = 77.15%, p = 0.00) <> 0.80 (0.68, 0.90)  49.45
1
Heterogeneity between groups: p =0.013 !
Overall (12 =74.94%, p = 0.00); <> 0.70 (0.60,0.79)  100.00
X
T T T T
.25 5 .75 1

Figure 5 Forest plots show the subgroup analyses of abnormal computed tomography (CT) findings in pediatric coronavirus disease 2019

(COVID-19) cases based on the male-to-female ratio (<1 vs. >1). The solid diamond and corresponding line represent the effect size (ES)

and 95% confidence interval (CI) of each article. The bottom diamond represents the summarized incidence of abnormal CT findings.
The incidences of abnormal CT findings in studies with male-to-female ratios <1 and >1 are 59% (95% CI: 48-70%) and 80% (95% CI:

68-90%), respectively.

Discussion

Our review and meta-analysis indicated that the proportion
of pediatric COVID-19 cases examined with chest CT
imaging was high. A total of 517 cases from 23 studies
were included in this study. The summarized incidence of
CT abnormalities in pediatric COVID-19 cases was 70%,
which was lower than what has been seen in adults (6). CT
findings in children are similar to those in adults, but the
symptoms are lighter (32). Similarly, clinical symptoms,
such as dyspnea, diarrhea, and rhinorrhea, caused by
COVID-19 infection have lower incidences in pediatric
cases than that in adult cases (33). At the beginning of the

© Translational Pediatrics. All rights reserved.

epidemic, there were very few children with severe diseases.
With the development of the epidemic situation and more
and more severe children, the proportion of children with
different degrees of disease in the included studies was
different, which led to heterogeneity.

Nearly 90% of confirmed cases are adults over 30
years old (34). People with chronic diseases, such as
(cardiovascular disease and diabetes), and smokers are more
likely to be infected. Therefore, one of the reasons why
children are less likely to be infected with SARS-CoV-2
than adults is that chronic diseases and smokers are rare
among children (35). The mortality rate of COVID-19
among minors is 1/20 of that of adults (36). The mortality
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Figure 6 Forest plots show the subgroup analyses of abnormal computed tomography (CT) findings in pediatric coronavirus disease 2019

(COVID-19) cases based on the number of cases (5-20 vs. >20). The solid diamond and corresponding line represent the effect size (ES)

and 95% confidence interval (CI) of each article. The bottom diamond represents the summarized incidence of abnormal CT findings. The
incidences of abnormal CT findings in studies with 5-20 pediatric COVID-19 cases and >20 pediatric COVID-19 cases are 68% (95% CI:

53-82%) and 71% (95% CI: 59-83%), respectively.

rate of SARS-CoV-2 infection (2.4%) is 1/4 of that of
SARS-CoV infection (9.6%) (5,37).

Intriguingly, our meta-analysis found that GGOs
were the dominant abnormal CT manifestation in
pediatric COVID-19 cases. Moreover, mixed GGOs with
consolidations, consolidations alone, pleural effusions,
bronchopneumonia-like signs, air bronchograms, increased
lung markings, white lung-like signs, lymphadenopathies
were also included. Notably, the incidence of halo signs in
pediatric COVID-19 cases was 26%, which is rarely seen
in adult COVID-19 cases (6). Pericardial effusions were
found in the CT images of adult COVID-19 cases but were
scarcely seen in the CT images of pediatric COVID-19

© Translational Pediatrics. All rights reserved.

cases (6). Moreover, SARS-CoV-2 could infect any lung
lobe, and the number of infected lobes was mostly one or
two. Our meta-analysis also found that SARS-CoV-2 often
infected lungs bilaterally in pediatric cases, while SARS-
CoV has been shown to infect lungs unilaterally. Therefore,
our research helps in the early diagnosis, timely detection,
and control of pediatric COVID-19 cases, which is very
important for the development of regulatory measures and
the control of COVID-19 spread (38).

The subgroup analyses showed that the summarized
incidences of CT abnormalities of pediatric COVID-19
cases in Wuhan were higher than in the pediatric
COVID-19 cases outside Wuhan. COVID-19 first attracted
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worldwide attention in Wuhan, causing Wuhan residents
to be insufficiently aware of COVID-19 prevention. This
lack of awareness resulted in a longer time interval between
infection and medical treatment for Wuhan cases than
for cases outside of Wuhan. Moreover, the heterogeneity
among studies performed outside Wuhan was smaller than
those performed in Wuhan, indicating that the research
results outside of Wuhan were more stable than those in
Wauhan. The pooled incidence of CT abnormalities from
studies with a larger male-to-female ratio was higher, and
the heterogeneity of studies with male-to-female ratios
<1 was smaller than that of studies with male-to-female
ratios >1. These results indicated that the incidence of
CT abnormalities was more stable in studies with smaller
than larger male-to-female ratios. Additionally, the pooled
incidence of CT abnormalities was higher in studies
with >20 pediatric COVID-19 cases than in studies with
5-20 cases. The heterogeneity analyses indicated that the
incidence of CT abnormalities was more stable in studies
with 5-20 pediatric COVID-19 cases than in studies with
>20 pediatric COVID-19 cases.

Children had relatively weak SARS-CoV-2 immune
responses compared with adults. Angiotensin-converting
enzyme 2 (ACE2) cell type expression also appears
to be different between children and adults and has
contributed to the milder clinical manifestations in
children than adults with COVID-19 (15,23). COVID-19
causes pneumonia (fever, cough, and expectoration)
and/or gastrointestinal abnormalities (diarrhea and
vomiting). To explain these symptoms, a previous study
showed that the SARS-CoV-2 envelope has glycoprotein
protuberances that bind to ACE2, a protein receptor on
epithelial cells of the nasopharynx, oral cavity, lungs, and
gastrointestinal tract, among others (39). Once bound to
ACE2, the virus can invade cells. Smoking increases the
expression of ACE2, which leads to an increase in viruses
that invade the cells (40).

"This study found that 28% of pediatric confirmed cases
were asymptomatic infections. In addition, asymptomatic
infections also spread the SARS-CoV-2, bringing
unprecedented difficulties to the prevention and control of
COVID-19. It was found that children with negative RT-
PCR and asymptomatic infection have abnormal chest CT
manifestations (8). Therefore, CT examinations are very
important for the early diagnosis of COVID-19. However,
not all countries have enough capacity to perform chest
CT for COVID-19 cases. Exposure to family COVID-19
cases is the main way the SARS-CoV-2 infects children (41).
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Among pediatric COVID-19 cases exposed to confirmed
family cases, asymptomatic infections were also found (42).
One of the reasons why there is currently no clustering
transmission among children is because most countries
chose to let children learn online at home rather than
gather in school at the beginning of the outbreak.

Furthermore, although SARS-CoV and SARS-CoV-2
infections all increase pro-inflammatory cytokines, SARS-
CoV-2 infections have a unique characteristic of inducing
T-helper-2 type cytokine responses (43,44). This unique
trait holds significance for vaccine development. For
example, Zhu et 4l. found that a candidate vaccine that
expressed the SARS-CoV-2 protuberance glycoproteins;
this vaccine showed promise in being able to stimulate both
humoral and cellular responses against COVID-19 (44).
However, the immune responses to SARS-CoV-2 infection
in humans and the safety and immunogenicity of SARS-
CoV-2 vaccines are currently uncertain and require further
investigations.

Our research has several strengths. First, a meta-
analysis of the various CT abnormalities in pediatric cases
was performed and can be used as a reference to help
clinicians diagnose COVID-19 in children. Second, a meta-
analysis looking at lesion distributions was also conducted
that helped to distinguish SARS-CoV and SARS-CoV-2
infections. Third, the articles included in our research were
timely, with publications that spanned up to several months
after the outbreak.

Our research also has several undeniable shortcomings.
First, some completed yet unpublished articles that meet the
inclusion criteria could generate additional data. Second,
although articles were searched without region limitations,
all included articles included were from China. Finally, the
meta-analyses of several CT anomalies found that some
articles had publication bias.

Conclusions

CT imaging of pediatric COVID-19 cases resulted in
various abnormalities that were milder than those of adults.
This study will hopefully provide a reference to help
identify pediatric COVID-19 cases. Pediatric COVID-19
articles from other regions of the world are also needed
to provide more comprehensive CT imaging results in
children with COVID-19. More detailed and in-depth
research on SARS-CoV-2 infection is also imperative,
including research on immune response mechanisms and
vaccine development.
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