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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’s 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 
o f  ch i ldren  wi th  COVID-19  has  a l so  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).

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 
Wuhan. 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 (I2) 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 

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 1).

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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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,S4, 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.

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 (I2=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 3A). 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 

364 records identified from database 
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260 from Web of Science
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254 based on title
5 based on abstract

15 articles excluded after full-text assessment
5 insufficient data 
4 less than five cases 
4 review papers
1 ambiguous data
1 only on asymptomatic cases

5 records identified by 
secondary search 

72 duplicates removed

297 records identified for screening

38 full-text articles included for assessment

23 eligible studies included 

Figure 1 A flow chart of the study inclusion.
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Table 1 Imaging characteristics of pediatric COVID-19 cases included in the review and meta-analysis†

Study 
Sample size 

(male/female)

Age (mean 
or median), 

year

Number of 
asymptomatic 

cases

Number 
of imaging 
abnormality

Imaging manifestations Lesion distribution

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

Li B 22 (12/10) 8 2 20 GGO, consolidation, GGO 
and consolidation, crazy-
paving sign

Bilateral, peripheral; 
right lower lobe, less 
than three lobes, 
average three lobes

Li W 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 
consolidation

Right upper lobe, right 
lower lobe, left lower 
lobe

Lu Y 9 (4/5) 7.8 1 7k Chest radiograph: 
bronchial vascular shadow 
abnormalities, increased 
hilar shadows; CT: 
patchy GGO, linear GGO, 
parenchymal band

Bilateral, subpleural, 
central; left upper lobe, 
right lower lobe

Ma H 76 (42/34) 2.5 6 69 GGO, patchy shadows, 
interstitium abnormality, 
pleural effusion, 
lymphadenopathy, 
increased vascular shadow

Bilateral, subpleural, 
parallel with pleura, 
upper lobes, middle 
lobe, lower lobes

Ma Y 115 (73/42) NR 61 88 GGO, consolidation, linear 
or patchy shadow, white 
lung sign, increased lung 
marking, pleural effusion

Unilateral, bilateral, 
peripheral

Qiu H 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, 
consolidation, crazy-
paving sign, GGO, halo 
sign, lymphadenopathy, 
bronchopneumonia-like; 
nodular, patchy

Bronchial vascular 
bundles; one lobe, two 
lobes

Steinberger 30 (15/15) 10 9 23 GGO, Consolidation, 
GGO with consolidation, 
crazy-paving sign, halo 
sign, reverse halo sign, 
cavitation, pleural effusion, 
lymphadenopathy, lung 
fibrosis; nodular, round, 
linear

Bilateral, peripheral; left 
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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Table 1 (continued)

Study 
Sample size 

(male/female)

Age (mean 
or median), 

year

Number of 
asymptomatic 

cases

Number 
of imaging 
abnormality

Imaging manifestations Lesion distribution

Su L 9 (3/6) 4.5 6 4 GGO with consolidation, 
bronchitis, 
bronchopneumonia-like

NR

Sun D 8 (6/2) 5.6 0 8 GGO, white lung, pleural 
effusion, patchy shadow

Bilateral, unilateral

Tan X 13 (4/9) 8 2 6 GGO, stringy shadow, 
patchy shadow

Left lower lobe, left 
upper lobe, right lower 
lobe

Tan Y 10 (3/7) 7 2 5 GGO, bronchopneumonia, 
thickened bronchial wall, 
increased lung marking, 
nodular shadow

Bilateral, unilateral; 
lower lobes, left lower 
lobe.

Wang D 31 (15/16; 30 
with CT scan)

7.1 4 14 GGO with consolidation Bilateral lower lobes

Wu H 23 (9/14; 22 
with CT scan)

5.6 3 12 Patchy GGO, patchy 
consolidation

Bilateral lower lobes, 
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; 
nodular 

Bilateral, unilateral, 
subpleural.

Zheng F 25 (14/11; 24 
with CT scan)

3 0 16 Patchy shadow, 
consolidation

Bilateral, unilateral

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 
consolidation, 
consolidation, halo 
sign, reverse halo 
sign, crazy paving 
sign, air bronchogram, 
bronchopneumonia-like, 
pleural thickening, pleural 
effusion, lymphadenopathy; 
nodular, patchy, stringy

Bilateral, unilateral, 
subpleural or interlobar 
fissure; lower lobes, 
middle lobe, upper 
lobes

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
Number of 

studies
Reference 

Pooled incidence 
(95% CI)

P*
Heterogeneity Egger’s 

testI2 P**

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-
24,26,29-31)

40% (29–51%) <0.05 66.90% <0.05 <0.05

GGO and consolidation 6 (8,12,20,21,25,30) 25% (8–46%) <0.05 75.51% <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 74.61% <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 75.27% <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; CI, confidence interval; CT, computed tomography; GGO, ground-glass opacity; NA, not available.
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signs, consolidation, crazy paving signs, lymphadenopathy, 
pleural effusions, reverse halo sign, and white lung-like 
signs were 12% (95% CI: 1–29%), 15% (95% CI: 5–28%), 
10% (95% CI: 1–23%), 4% (95% CI: 0–10%), 0 (95% 
CI: 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).

Publ ica t ion  b ias  was  found regard ing  GGOs. 
However, no publication bias was found regarding 
GGOs with consolidation, consolidations alone, halo 
s igns,  bronchopneumonia-l ike s igns,  and pleural 
effusions. Publication biases on crazy paving signs and 
lymphadenopathy were unavailable because only two 
included studies had nonzero positive cases. In addition, 

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 

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% CI: 60–79%), with medium 
heterogeneity (P=0.00, I2=74.94%).

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

(95% CI: 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.

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.

A B

C D

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

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).

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.

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
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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 

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 

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.
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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 

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 

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.
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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 
Wuhan. 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). 

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 al. 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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Funnel plots

Supplementary figure 1. Forest plots of the incidence of abnormal CT findings in pediatric COVID-19 cases. The solid diamond and 
the corresponding line represent effect size (ES) and 95% confidence interval (CI) of each article. The bottom diamond represents the 
summarized incidence of abnormal CT finding. The incidences of (A) air bronchogram, (B) bronchopneumonia-like sign, (C) consolidation, 
(D) crazy paving sign, (E) lymphadenopathy, (F) pleural effusion, (G) reverse halo sign, and (H) white lung-like sign were 12% (95% CI: 
1%–29%), 15% (95% CI: 5%–28%), 10% (95% CI: 1%–23%),4% (95% CI: 0–10%),0 (95% CI: 0–3%),1% (95% CI: 0–3%), 2% (95% CI: 
0–10%), and 0 (95% CI: 0–4%), respectively.
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Supplementary Figure 2. Forest plots of the incidence of lesions of different shapes shown on CT images in pediatric COVID-19 cases. 
The solid diamond and the corresponding line represent effect size (ES) and 95% confidence interval (CI) of each article. The bottom 
diamond represents the summarized incidence of abnormal CT finding. The incidences of (A) linear lesion, (B) nodular lesion, and (C) 
patchy lesion were 12% (95% CI: 1%–27%), 23% (95% CI: 4%–48%), and 37 (95% CI: 22–53%).
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Supplementary Figure 3.  Forest plots of the incidence of lesion distribution shown on CT images in pediatric COVID-19 cases. The 
solid diamond and the corresponding line represent effect size (ES) and 95% confidence interval (CI) of each article. The bottom diamond 
represents the summarized incidence of abnormal CT finding. The incidences of (A) bilateral lesion, (B) unilateral lesion, (C) peripheral 
lesion, and (D) subpleural lesion were 35% (95% CI: 24%–47%), 22% (95% CI: 14%–30%), 26% (95% CI: 9%–47%), and 47% (95% CI: 
7%–90%), respectively.

B

C D

A



© Translational Pediatrics. All rights reserved. http://dx.doi.org/10.21037/tp-20-281

Supplementary Figure 4. Forest plots of the incidence of infection in each lobe shown on CT images in pediatric COVID-19 cases. The 
solid diamond and the corresponding line represent effect size (ES) and 95% confidence interval (CI) of each article. The bottom diamond 
represents the summarized incidence. The incidences of (A)upper lobe infection, (B) lower lobe infection, (C)left lower lobe infection, (D) 
left upper lobe infection, (E) right lower lobe infection, (F) middle lobe infection, right upper lobe infection were 49% (95% CI: 38%–60%), 
40% (95% CI: 21%–61%), 17% (95% CI: 8%–27%),7% (95% CI: 1%–16%) and 21% (95% CI: 10%–34%), 17% (95% CI: 3%–37%), 4% 
(95% CI: 0%–12%), respectively.
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Supplementary Figure 5. Forest plots of the incidence of the number of infected lobes shown on CT images in pediatric COVID-19 
cases. The solid diamond and the corresponding line represent effect size (ES) and 95% confidence interval (CI) of each article. The bottom 
diamond represents the summarized incidence. The incidences of (A) one infected lobe, and (B) two-lobe were 25% (95% CI: 3%–55%), 
and 16% (95% CI: 7%–27%), respectively.

A

B
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Supplementary Figure 6. Sensitivity analysis. It shows that each single included study does not affect the summarized incidence of CT 
abnormalities in pediatric COVID-19 cases.
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Search strategies

Table 1. Search strategies for imaging characteristics of COVID-19 in pediatric cases

Database Query Items Found

PubMed† ((((((((((((((((((((((((((Beam Tomography, Electron[Title/Abstract]) OR Chest[Title/Abstract]) OR Cine-CT[Title/
Abstract]) OR Computed Tomography[Title/Abstract]) OR Computer Assisted Tomography[Title/
Abstract]) OR Computerized Tomography[Title/Abstract]) OR CT[Title/Abstract]) OR Electron Beam 
Tomography[Title/Abstract]) OR Image[Title/Abstract]) OR Images[Title/Abstract]) OR Imaging[Title/
Abstract]) OR Radiographic[Title/Abstract]) OR Radiography[Title/Abstract]) OR Radiology[Title/
Abstract]) OR Roentgenography[Title/Abstract]) OR Tomodensitometry[Title/Abstract]) OR 
Tomography, Electron Beam[Title/Abstract]) OR Tomography, Transmission Computed[Title/Abstract]) 
OR Transmission Computed Tomography[Title/Abstract]) OR X Ray[Title/Abstract]) OR X Rays[Title/
Abstract]) OR Xray[Title/Abstract]) OR X-Ray[Title/Abstract]) OR X-Rays[Title/Abstract])) AND 
(((((((((Child[Title/Abstract]) OR Children[Title/Abstract]) OR Infant[Title/Abstract]) OR Infants[Title/
Abstract]) OR Newborn[Title/Abstract]) OR Newborns[Title/Abstract]) OR Neonate[Title/Abstract]) OR 
Neonates[Title/Abstract]) OR pediatric[Title/Abstract])) AND (((((((((((((2019 nCoV[Title/Abstract]) OR 
2019nCoV[Title/Abstract]) OR 2019-nCoV[Title/Abstract]) OR 2019 novel coronavirus[Title/Abstract]) 
OR coronavirus disease 2019[Title/Abstract]) OR COVID 19[Title/Abstract]) OR COVID19[Title/
Abstract]) OR new coronavirus[Title/Abstract]) OR novel coronavirus[Title/Abstract]) OR SARS CoV-
2[Title/Abstract]) OR SARS-CoV-2[Title/Abstract]) OR severe acute respiratory syndrome coronavirus 
2[Title/Abstract]) OR (Wuhan[Title/Abstract] AND coronavirus[Title/Abstract]))

99

Web of 
Science‡

TS=((Child OR Children OR Infant OR Infants OR Newborn OR Newborns   OR Neonate   OR Neo
nates   OR pediatric) and ((Beam Tomography, Electron)   OR Chest   OR (Cine-CT)   OR (Computed 
Tomography)   OR  (Computer Assisted Tomography)   OR  (Computerized Tomography)   OR CT   O
R (Electron Beam Tomography)   OR Image  OR Images  OR Imaging  OR Radiographic   OR Radio
graphy   OR Radiology   OR Roentgenography   OR Tomodensitometry   OR  (Tomography, Electron 
Beam)  OR (Tomography, Transmission Computed)  OR (Transmission Computed Tomography)  OR (X 
Ray)  OR (X Rays)  OR Xray  OR (X-Ray)  OR (X-Rays)) and ((2019 nCoV)  OR 2019nCoV  OR (2019-
nCoV)    OR  (2019 novel coronavirus)    OR  (coronavirus disease 2019)    OR  (coronavirus 
disease-19)  OR (COVID 19)  OR COVID19  OR (new coronavirus)  OR (novel coronavirus)  OR (SARS 
CoV-2)  OR (SARS-CoV-2)  OR (severe acute respiratory syndrome coronavirus 2)  OR (Wuhan  AND c
oronavirus)))

260

The 
Cochrane 
Library§

  (Beam Tomography, Electron) OR Chest OR (Cine-CT) OR (Computed Tomography) OR (Computer 
Assisted Tomography) OR (Computerized Tomography) OR CT OR (Electron Beam Tomography) OR 
Image OR Images OR Imaging OR Radiographic OR Radiography OR Radiology OR Roentgenography 
OR Tomodensitometry OR (Tomography, Electron Beam) OR (Tomography, Transmission Computed) 
OR (Transmission Computed Tomography) OR (X Ray) OR (X Rays) OR Xray OR (X-Ray) OR (X-Rays) in 
Title Abstract Keyword AND (2019 nCoV) OR 2019nCoV OR (2019 novel coronavirus) OR (coronavirus 
disease 2019) OR (coronavirus disease-19) OR (COVID 19) OR COVID19 OR (new coronavirus) OR 
(novel coronavirus) OR (SARS CoV-2) OR (SARS-CoV-2) OR (severe acute respiratory syndrome 
coronavirus 2) OR (Wuhan AND coronavirus) in Title Abstract Keyword AND Child OR Children OR 
Infant OR Infants OR Newborn OR Newborns OR Neonate OR Neonates OR pediatric in Title Abstract 
Keyword - (Word variations have been searched)

5

Abbreviation: COVID-19 = coronavirus disease 2019; CT = computed tomography; SARS-CoV-2 = severe acute respiratory syndrome 
coronavirus 2; TS = Theme Subject.
†PubMed database is available from https://www.ncbi.nlm.nih.gov/pubmed.
‡Web of Science database website is available from https://www.webofknowledge.com.
§The Cochrane Library database is available from https://www.cochranelibrary.com/. 

https://www.ncbi.nlm.nih.gov/pubmed
https://www.webofknowledge.com
https://www.cochranelibrary.com/
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Characteristics of the 23 studies included

Table 2 Characteristics of the 23 studies included in the review and meta-analysis on chest imaging of pediatric COVID-19 cases

Study City, province/autonomous region/municipality, country Design Diagnostic criteria for COVID-19 Duration

Epidemiological 
history (exposure 
to confirmed 
or suspected 
COVID-19/Wuhan/
both/uncertain

Chen J Chongqing, China Case series Diagnosis and Treatment Protocol for COVID-19 
(Fifth Trial Edition)a and experts’ consensusb

January 28 to 
February 11, 2020

8/4/0/0

Feng K Shenzhen, Guangdong, China Case series Diagnosis and Treatment Protocol for COVID-19 
(Fifth Revised Edition)c

January 16 to 
February 6, 2020

12/3/0/0

Li B Yichang, Hubei, China Case series Positive SARS-CoV-2 nucleic acid test result January 16 to March 
14, 2020

0/0/0/22

Li W Zhuhai, Guangdong, China Case series Positive SARS-CoV-2 nucleic acid test result January 28 to 
February 8, 2020

4/1/0/0

Liu M Chongqing, China Case report NR NR 4/0/0/1

Lu Y Guangzhou, Guangdong, China Case series Positive SARS-CoV-2 nucleic acid test result January 22 to 
February 9, 2020

2/4/3/0

Ma H Wuhan, Hubei, China Case series Positive SARS-CoV-2 nucleic acid test result January 21 to 
February 14, 2020

NR

Ma Y Wuhan, Hubei, China Case series Diagnosis and Treatment Protocol for COVID-19 
(Sixth Trial Edition)d

NR 0/10/105/0

Qiu H Ningbo and Wenzhou, Zhejiang, China Cohort Positive SARS-CoV-2 nucleic acid test January 17 to March 
1, 2020

24/4/8/0

Shen Q Changsha, Hunan, China Case series NR January 30 to 
February 26, 2020

6/2/0/1

Song W Xiangyang, Hubei, China Case series Diagnosis and treatment recommendation for 
pediatric coronavirus disease-19 (Second Edition)e

January 1 to March 
17, 2020

14/1/0/1

Steinberger Bozhou, Anhui; Chengdu, Sichuan; Hangzhou, Ruian, 
Zhejiang; Guilin, Guangxi; Zhuhai, Guangdong; China

Case series Positive SARS-CoV-2 nucleic acid test result January 23 to 
February 8, 2020

26/3/0/1

Su L Jinan, Shandong, China Case series Positive SARS-CoV-2 nucleic acid test result January 24 to 
February 24, 2020

9/0/0/0

Sun D Wuhan, Hubei, China Case series Diagnosis and Treatment Protocol for COVID-19 
(Sixth Trial Edition)d

January 24 to 
February 24, 2020

0/1/5/2

Tan X Changsha, Hunan, China Case series Diagnosis and Treatment Protocol for COVID-19 
(Sixth Trial Edition)d

January 17 to 
February 29, 2020

10/0/3/0

Tan Y Changsha, Hunan, China Case series Diagnosis and Treatment Protocol for COVID-19 
(Sixth Trial Edition)d

January 27 to March 
10, 2020

7/3/0/0

Wang D Shaanxi, Gansu, Ningxia, Hebei, Henan, Shandong, 
China 

Case series Positive SARS-CoV-2 nucleic acid test and expert 
consultation

January 25 to 
February 21, 2020

22/9/0/0

Wu H Ganzhou, Nanchang, Yichun, Shangrao, Jiujiang, Fuzhou, 
and Pingxiang; Jiangxi, China

Case series Diagnosis and Treatment Protocol for COVID-19 
(Seventh Trial Edition)f and Diagnosis and treatment 
of COVID-19 in children in Hubei (Trial version 1)g

January 27 to March 
4, 2020

16/NR/NR/0

Xia W Wuhan, Hubei, China Case series Diagnosis and Treatment Protocol for COVID-19 
(Fifth Revised Edition)c

January 23 to 
February 8, 2020

13/0/0/7

Zheng F Wuhan, Hubei, China Case series Diagnosis and treatment of COVID-19 in children in 
Hubei (Trial version 1)g

February 1 to 
February 10, 2020

0/5/16/4

Zhong Z Changsha, Hunan, China Case series Positive SARS-CoV-2 nucleic acid test result or 
SARS-CoV-2 gene sequencing

NR 9/0/0/0

Zhou Y Shenzhen, Guangdong, China Case series Diagnosis and Treatment Protocol for COVID-19 
(Sixth Trial Edition)d

January 20 to 
February 10, 2020

6/0/3/0

Zhu L Three cities, Jiangsu, China Case series Positive SARS-CoV-2 nucleic acid test result January 24 to 
February 22, 2020

7/3/0/0

COVID-19, coronavirus disease 2019, CT, computed tomography, GGO, ground-glass opacity, NR, not report, SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
a. Available from http://www.nhc.gov.cn/yzygj/s7653p/202002/3b09b894ac9b4204a79db5b8912d4440/files/7260301a393845fc87fcf6dd52965ecb.pdf.
b. Available from https://doi.org/10.1007/s12519-020-00343-7.
c. Available from http://www.nhc.gov.cn/yzygj/s7653p/202002/d4b895337e19445f8d728fcaf1e3e13a/files/ab6bec7f93e64e7f998d802991203cd6.pdf.
d. Available from http://www.nhc.gov.cn/yzygj/s7653p/202002/8334a8326dd94d329df351d7da8aefc2/files/b218cfeb1bc54639af227f922bf6b817.pdf.
e. Available from http://kns.cnki.net/ kcms/detail/33.1248.R.20200225.1518.002.html.
f. Available from http://www.nhc.gov.cn/yzygj/s7653p/202003/46c9294a7dfe4cef80dc7f5912eb1989/files/ce3e6945832a438eaae415350a8ce964.pdf.
g. Available from http://www.zgddek.com/CN/10.7499/j.issn.1008-8830.2020.02.003#.
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Quality assessment

Table 3 Quality assessment of case series studies included in the meta-analysis† 

Criteria Chen J Feng K Li B Li W Liu M Lu Y Ma H Ma Y Shen Q Song W Steinberger Su L Sun D Tan X Tan Y Wang D Wu H Xia W Zheng F Zhong Z Zhou Y Zhu L

1. Was the study question or objective 
clearly stated?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

2. Was the study population clearly 
and fully described, including a case 
definition?

Yes Yes Yes Yes No Yes Yes Yes No Yes Yes No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

3. Were the cases consecutive? No Yes Yes Yes Yes Yes Yes  Yes Yes Yes No Yes Yes Yes Yes Yes No Yes Yes No Yes Yes

4. Were the subjects comparable?	 No No No No No No No No No No No No No No No No No No No No No No 

5. Were the outcome measures clearly 
defined, valid, reliable, and implemented 
consistently across all study participants?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

6. Was the length of follow-up adequate? Yes Yes Yes Yes NR Yes Yes NR Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes NR Yes Yes 

7. Were the statistical methods well-
described?

Yes Yes No Yes No No Yes Yes No No Yes Yes No No Yes Yes Yes No Yes No No No  

8. Were the results well-described? Yes Yes Yes No Yes Yes Yes Yes Yes Yse Yes Yes Yes Yes Yes Yes Yes No Yes Yes  Yes Yes

The number of positive answers 7 7 6 6 4 6 6 6 5 5 6 6 6 6 7 7 6 5 7 4 6 6

Quality Rating‡ Good Good Fair Fair Fair Fair Good Fair Fair Fair Good Fair Fair Fair Good Good Good Fair Good Fair Fair Fair

NR, not reported.
†Quality assessment tool for case series studies is available from https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools, provided by National Heart, Lung, and Blood Institute. 
‡Positive answers from zero to three, four to six, and seven to eight indicate poor, fair, and good quality of the studies evaluated, respectively.

Table 4 Quality assessment of cohort study included in the meta-analysis†

Criteria Qiu [35]

1. Was the research question or objective in this paper clearly stated?	 Yes 

2. Was the study population clearly specified and defined?	 Yes 

3. Was the participation rate of eligible persons at least 50%?	 Yes 

4. Were all the subjects selected or recruited from the same or similar populations (including the same time period)? Yes 

5. Were inclusion and exclusion criteria for being in the study prespecified and applied uniformly to all participants?	 Yes 

6. Was a sample size justification, power description, or variance and effect estimates provided?	  	 Yes   

7. Were the exposure measures (dependent variables) clearly defined, valid, reliable, and implemented consistently across all study participants? Yes

8. Were the outcome measures (dependent variables) clearly defined, valid, reliable, and implemented consistently across all study participants? Yes 

10. Were key potential confounding variables measured and adjusted statistically for their impact on the relationship between exposure(s) and outcome(s)? No

The number of positive answers 8

Quality Rating‡ Good
†Definitions/explanations for each item of quality assessment tool for observational cohort studies is available from https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools, and is provided by National 
Heart, Lung, and Blood Institute. 
‡Positive answers from zero to three, from four to six, and from seven to nine indicate poor, fair, and good quality of the studies evaluated, respectively.

https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
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Meta-regression and subgroup analyses

Table 5 Meta-regression and subgroup analyses on CT abnormalities in pediatric COVID-19 cases

No. of studies Summary incidence (95% CI) P*
Heterogeneity

I2 (%) P

All 23 70% (60%–79%) < 0.05 74.94 < 0.05

Region < 0.05**

Wuhan 5 0.89 (0.75–0.98) < 0.05 80.82 < 0.05***

Outside Wuhan 18 0.62 (0.53–0.71) < 0.05 48.28 < 0.05***

Male-to-female ratio 0.44**

≤1 10 0.59 (0.48–0.70) < 0.05 46.76 < 0.05***

>1 6 0.70 (0.60–0.79) < 0.05 77.15 < 0.05***

Number of cases 0.58**

5–20 11 0.68 (0.53–0.82) < 0.05 69.48 < 0.05***

>20 5 0.71 (0.59–0.83) < 0.05 82.55 < 0.05***

Abbreviations: CI = confidence interval; COVID-19 = coronavirus disease 2019; CT = computed tomography.
*Significance of summarized incidences. 
**Significance of meta-regression on possible sources of heterogeneity.
***Significance of subgroup analysis on possible sources of heterogeneity. 
P < 0.05 was regarded as indication of statistical significance.

Table 6 Meta-regression and subgroup analyses on GGO incidence in pediatric COVID-19 cases

No. of studies Summary incidence (95% CI) P*
Heterogeneity

I2 (%) P

All 17 0.40 (0.29–0.51) < 0.05 66.90 < 0.05

Region < 0.05**

Wuhan 2 0.67 (0.56–0.78) < 0.05 NA NA

Outside Wuhan 15 0.35 (0.26–0.45) < 0.05 44.53 < 0.05***

Male-to-female ratio 0.40**

≤1 9 0.33 (0.22–0.45) < 0.05 40.05 0.10***

>1 8 0.49 (0.32–0.65) < 0.05 69.71 < 0.05***

Number of cases 0.35**

5–20 12 0.41 (0.30–0.52) < 0.05 27.28 0.18***

>20 5 0.39 (0.19–0.60) < 0.05 87.71 < 0.05***

Abbreviations: CI = confidence interval; COVID-19 = coronavirus disease 2019; CT = computed tomography; GGO = ground-glass 
opacity; NA = not available.
*Significance of summarized incidences. 
**Significance of meta-regression on possible sources of heterogeneity.
§Significance of subgroup analysis on possible sources of heterogeneity. 
P < 0.05 was regarded as indication of statistical significance.
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Table 7 Meta-regression and subgroup analyses on the incidence of patchy lesions in pediatric COVID-19 cases

No. of studies Summary incidence (95% CI) P*
Heterogeneity

I2 (%) P

All 9 0.37 (0.22–0.53) < 0.05 74.61 < 0.05

Region 0.28**

Wuhan 2 0.53 (0.41–0.64) < 0.05 NA NA

Outside Wuhan 7 0.28 (0.15–0.43) < 0.05 59.40 < 0.05***

Male-to-female ratio 0.93**

≤1 6 0.27 (0.13–0.45) < 0.05 64.12 < 0.05***

>1 3 0.54 (0.32–0.76) < 0.05 NA NA

Number of cases 0.32**

5–20 6 0.42 (0.18–0.67) < 0.05 76.07 < 0.05***

>20 3 0.31 (0.13–0.53) < 0.05 NA NA

Abbreviations: CI = confidence interval; COVID-19 = coronavirus disease 2019; NA = not available.
*Significance of summarized incidences. 
**Significance of meta-regression on possible sources of heterogeneity.
***Significance of subgroup analysis on possible sources of heterogeneity. 
P < 0.05 was regarded as indication of statistical significance.

Table 8 Meta-regression and subgroup analyses on the incidence of bilateral lesions in pediatric COVID-19 cases

No. of studies Summary incidence (95% CI) P*
Heterogeneity

I2 (%) P

All 12 0.35 (0.24–0.47) < 0.05 70.43 < 0.05

Region 0.31**

Wuhan 9 0.43 (0.12–0.77) < 0.05 61.89 < 0.05***

Outside Wuhan 3 0.33 (0.21–0.47) < 0.05 NA NA

Male-to-female ratio 0.07**

≤1 8 0.32 (0.19–0.46) < 0.05 63.86 < 0.05***

>1 4 0.43 (0.20–0.68) < 0.05 83.14 < 0.05***

Number of cases 0.35**

5–20 9 0.45 (0.31–0.60) < 0.05 54.30 < 0.05***

>20 3 0.21 (0.15–0.28) < 0.05 0 0.48***

Abbreviations: CI = confidence interval; COVID-19 = coronavirus disease 2019; NA = not available.
*Significance of summarized incidences. 
**Significance of meta-regression on possible sources of heterogeneity.
***Significance of subgroup analysis on possible sources of heterogeneity. 
P < 0.05 was regarded as indication of statistical significance.
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Table 9 Meta-regression and subgroup analyses on the incidence of unilateral lesions in pediatric COVID-19 cases

No. of studies Summary incidence (95% CI)
P* Heterogeneity

I2 (%) P

All 8 0.22 (0.14–0.30) < 0.05 0 0.84

Region 0.92**

Wuhan 2 0.21 (0.07–0.39) < 0.05 NA NA

Outside Wuhan 7 0.22 (0.13–0.32) < 0.05 0 0.65***

Male-to-female ratio 0.63**

≤1 5 0.22 (0.12–0.35) < 0.05 0 0.51***

>1 3 0.21 (0.10–0.34) < 0.05 NA NA

Number of cases 0.50**

5–20 7 0.23 (0.14–0.33) < 0.05 0 0.79***

>20 1 0.18 (0.05–0.40) < 0.05 NA NA

Abbreviations: CI = confidence interval; COVID-19 = coronavirus disease 2019; NA = not available.
*Significance of summarized incidences. 
**Significance of meta-regression on possible sources of heterogeneity.
***Significance of subgroup analysis on possible sources of heterogeneity. 
P < 0.05 was regarded as indication of statistical significance.
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