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Abstract

Aim: To summarize what we know so far about coronavirus disease (COVID‐19) in
children.

Method: We searched PubMed, Scientific Electronic Library Online, and Latin

American and Caribbean Center on Health Sciences Information from 1 January 2020

to 4 May 2020. We selected randomized trials, observational studies, case series or

case reports, and research letters of children ages birth to 18 years with laboratory‐
confirmed COVID‐19. We conducted random‐effects meta‐analyses to calculate the

weighted mean prevalence and 95% confidence interval (CI) or the weighted average

means and 95% CI.

Result: Forty‐six articles reporting 551 cases of COVID‐19 in children (aged 1 day‐
17.5 years) were included. Eighty‐seven percent (95% CI: 77%‐95%) of patients had

household exposure to COVID‐19. The most common symptoms and signs were fever

(53%, 95% CI: 45%‐61%), cough (39%, 95% CI: 30%‐47%), and sore throat/pharyngeal

erythema (14%, 95% CI: 4%‐28%); however, 18% (95% CI: 11%‐27%) of cases were

asymptomatic. The most common radiographic and computed tomography (CT)

findings were patchy consolidations (33%, 95% CI: 23%‐43%) and ground glass

opacities (28%, 95% CI: 18%‐39%), but 36% (95% CI: 28%‐45%) of patients had

normal CT images. Antiviral agents were given to 74% of patients (95% CI: 52%‐92%).

Six patients, all with major underlying medical conditions, needed invasive mechanical

ventilation, and one of them died.

Conclusion: Previously healthy children with COVID‐19 have mild symptoms. The

diagnosis is generally suspected from history of household exposure to COVID‐19
case. Children with COVID‐19 and major underlying condition are more likely to

have severe/critical disease and poor prognosis, even death.
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1 | INTRODUCTION

The coronavirus disease 2019 (COVID‐19) is an emerging infectious

disease, caused by severe acute respiratory syndrome coronavirus 2

(SARS‐CoV‐2). COVID‐19 was first reported in December 2019 in

Wuhan, the capital of Hubei province, China. The World Health

Organization declared COVID‐19 a public health emergency of

international concern on 30 January 2020, and recognized it as a

pandemic on 11 March. As of 4 May, three and half million cases of

COVID‐19 have been reported in over 187 countries and regions,

resulting in approximately 260 000 deaths.1

COVID‐19 appears to be less common in children than adults.

Early data from the Chinese Center for Disease Control (CDC)

showed that 2.1% of 44.672 patients with laboratory‐confirmed

COVID‐19 as of 11 February 2020, were children up to 10 years

old.2 As of 2 April, among the 149 760 laboratory‐confirmed cases in

the Unites States, 1.7 percent were children aged <18 years, which

make up 22% of the U.S. population.3 In Europe, children and

adolescents made up a small proportion of the 266 393 cases

reported to the European Surveillance System‐European CDC (1.1%:

<10 years, 2.5%: 10‐19 years).4

Since the first papers published on 24 January 2020,2,5,6 there

has been a growing number of publications related to COVID‐19.
However, the number of studies in children is still limited, and most

of them were case series or case reports with a small number of

patients.7‐9 A systematic and quantitative synthesis of data from such

studies is needed to provide a more comprehensive and accurate

overall picture of COVID‐19 in children.

Three systematic reviews have been published to date to address

COVID‐19 in children. One review included 45 scientific papers or

letters,10 showing milder symptoms and better prognosis in children

with COVID‐19. However, the clinical picture of COVID‐19 was nar-

ratively described, based on the data of 15 reports, mainly from

two papers. Another review with 34 studies described clinical, radi-

ological, and laboratorial characteristics of children with COVID‐19.11

The authors used simple arithmetic means to estimate overall

prevalence of clinical findings, and several duplicate publications

were included in the review. The latest review12 included 18 studies

(16 primary studies and 2 secondary studies), and a qualitative synthesis

of data was performed.

We conducted this systematic review and meta‐analysis of cur-

rently available studies to summarize what we know so far about the

epidemiological, clinical, radiological, and laboratory features, as well

as therapeutic and prognostic aspects, of COVID‐19 in children.

2 | METHODS

We followed the preferred reporting items for systematic reviews

and meta‐analyses guidelines to conduct and report this review. The

review protocol was registered on PROSPERO, an International

Prospective Register of Systematic Reviews (CRD42020178178).

According to the Brazilian National Commission of Ethics in Research

and the National Health Council, ethical approval is not required for

literature review research (council resolution no. 510/2016).

2.1 | Data sources and search strategy

We searched PubMed from 1 January 2020 to 4 May 2020, using the

following search strategy: “Novel coronavirus” OR “Novel coronavirus

2019” OR “2019 nCoV” OR “COVID‐19” OR “SARS‐CoV‐2.” We also

searched the Scientific Electronic Library Online (SciELO), the Latin

American and Caribbean Health Sciences Literature (LILACS), and

Google Scholar. We checked reference lists of retrieved articles for

additional studies. There was no restriction in language.

2.2 | Study selection

To be included in this review, studies needed to meet the following

criteria: (a) Study design: randomized trials, observational studies

(cross‐sectional, cohort and case‐control), case series or case reports,

and research letters; (b) Participants: children up to 18 years of age

with laboratory‐confirmed COVID‐19; (c) Variables: epidemiological

and demographic characteristics, clinical, radiological and laboratory

findings, treatments, and prognosis. We excluded editorials, com-

ments, and review articles. We also excluded studies reporting na-

tionwide aggregated data and those reporting the same patients'

data to avoid overlapping and duplicate publications.

Two authors (SMVF, PTG) independently assessed the titles and

abstracts of all citations identified by the searches. We obtained the

full articles when they met the inclusion criteria or there were

insufficient data in the title and abstract for assessment of eligibility.

The definitive inclusion of studies was made after reviewing the

full‐text articles. Any disagreement between two reviewers was

resolved by discussion with the third reviewer (ZL).

2.3 | Data extraction

One author (SMVF) extracted the data from selected articles using a

standardized form. These were checked by another author (ZL). We

extracted the following data: (a) Study identification: first author,

year and date of publication, study setting, and country or region; (b)

Study design; (c) Participants: age, gender, sample size, date of

recruitment, inclusion and exclusion criteria; (d) Variables: epide-

miologic data, signs and symptoms, chest radiographic and CT

findings, treatment, and prognosis.

2.4 | Assessment of risk of bias in included studies
and risk of publication bias

Two authors (PTG, ZL) independently assessed the risk of bias

and study quality of each included observational study or case
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series, using the National Institutes of Health Study Quality

Assessment Tools.13

2.5 | Data synthesis and statistical analysis

For dichotomous variables, we calculated the weighted mean pre-

valence and 95% CI whenever there were three or more studies with

at least 50 patients. We aggregated the data of a single case report

into a series of cases for meta‐analysis because an individual

case report has no denominator for any variables. We conducted

sensitivity analysis excluding aggregated single cases from the

analysis to assess the influence of such data management on the

results of meta‐analysis. For continuous variables, we calculated

the weighted average means and 95% CI whenever there were three

or more studies with at least 50 patients. We used random‐effects
model for meta‐analyses.

We planned to perform subgroup analyses according to illness

severity (mild/moderate vs severe/critical) and study countries

(China vs others). However, the limited number of severe/critical

cases and cases outside China did not allow us to conduct such

subgroup analyses.

We assessed heterogeneity between studies using I2 statistic

which measures the percentage of observed total variation across

studies that is due to real heterogeneity rather than chance. The

heterogeneity was considered substantial if I2 > 50%. We assessed

publication bias using funnel plot with Egger's test for each variable

whenever there were 10 or more studies. All meta‐analyses were

performed in Stata version 11.0 (Stata‐Corp, College Station, TX).

3 | RESULTS

The search strategy identified 8475 records (8058 from PubMed,

223 from LILACS, and 194 from SciELO). After screening the titles

and abstracts, we retrieved 64 potentially relevant full text articles

for further evaluation. Twenty‐four articles were excluded, of which

eight were duplicate publications of the patients' data from Wuhan

Children's Hospital in the city of Wuhan,14,15 the epicenter of SARS‐
CoV‐2 outbreak (Figure 1). We also excluded another two Chinese

nationwide reports of COVID‐19 in children.16,17 We identified eight

additional articles on Google Scholar. Thus, 46 articles7‐9,14,15,18‐58

reporting 551 laboratory‐confirmed cases of COVID‐19 in children

were included in the review (Figure 1). Thirty‐five articles (429 cases)

were from China,7‐9,14,15,18‐47 and the remaining papers from Iran

(one cases),48,49 Italy (109 case),50‐52 Korea (one case),53 Malaysia

(four cases),54 Singapore (one case),55 Spain (one case),56 United

States (one case),57 and Vietnam (one case).58 Among 35 articles

from China, six reported patients (204 cases) from Wuhan

city,14,15,28,34,38,44 epicenter of the outbreak. We included two stu-

dies from Wuhan Children's Hospital,14,15 but the larger one with

171 patients14 had contributed the data to all but one category of

variables (laboratory findings) for which we used the data from a

subset of 82 patients.15 Thirty‐nine articles were case series or case

reports, and six were research letters.14,22,28,36,51,56 We considered

one observational cohort study31 as a case series because this paper

described clinical and epidemiological features of 36 cases, in which

patients' data were retrospectively collected from electronic medical

records. We rated the quality of 26 case series as poor

(n = 2), fair (14), and good (n = 10; Table S1). The characteristics of

included studies and the main epidemiological and clinical findings

of COVID‐19 are summarized in Table 1. The laboratory and

radiological findings of COVID‐19 are given in Table S2.

3.1 | Demographic and epidemiological
characteristics

Of 551 children with laboratory‐confirmed COVID‐19, 311 were

males (57%, 95% CI: 53%‐62%). The patients' age ranged from 1 day

to 17.5 years old, and 216 (48%, 95% CI: 37%‐58%) were children

under 5 years of age. At least seven cases were neonates aged up to

28 days. All but three studies26,50,57 provided data on exposure to

COVID‐19 case. Household exposure was most common, with a

pooled mean prevalence of 87% (95% CI: 77%‐95%) (Table 2). Thirty‐
four patients (1%, 95% CI: 0%‐4%) had unknown exposure informa-

tion. Three small case series with a total of 26 patients reported the

incubation period, with a median (range) of 7 days (2‐10 days),7

5 days (3‐12 days),21 and 7.5 days (1‐16 days),33 respectively.

3.2 | Clinical and radiological findings

All 551 children with laboratory‐confirmed COVID‐19 were

hospitalized or treated in the emergency department (n = 100), of

F IGURE 1 Flow diagram of study selection. LILACS, Latin
American and Caribbean Center on Health Sciences Information;
SciELO, Scientific Electronic Library Online
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which 18% (95% CI: 11%‐27%) were asymptomatic. The most

common symptoms and signs were fever (53%, 95% CI:

45%‐61%), cough (39%, 95% CI: 30%‐47%), and sore throat or

pharyngeal erythema (14%, 95% CI: 4%‐28%). The less common

symptoms and signs included tachypnea/dyspnea, nasal symp-

toms, diarrhea, vomiting, fatigue/weakness, and headache

(Table 2). The sensitivity analysis excluding series of 20 single

cases yielded almost identical results.

Nine patients had severe/critical COVID‐19, of which three

were from one series of 171 cases,14 two from one series of

25 cases,44 two from one series of 100 cases,51 one from a series of

six cases,28 and one from a single case report.19 All but two

patients had underlying medical conditions, such as hydronephrosis

(n = 1), leukemia receiving maintenance chemotherapy (n = 1), in-

tussusception (n = 1), encephalopathy (n = 1), and congenital heart

diseases (n = 3).

Chest images were obtained in all but one patient,52 and most of

them (86%) were chest CT scans. The most common findings were

patchy consolidations (33%, 95% CI: 23%‐43%) and ground glass

opacities associated or not with consolidations (28%, 95% CI: 18%‐39%),

TABLE 2 Meta‐analysis of epidemiological, clinical, radiological, and laboratory findings of COVID‐19 in children

Variables No. of studiesa Events/patients (n)
Pooled mean
prevalence (95% CI) I2 (%)

History of exposure to COVID‐19
patient

Household exposure 42 402/516 87% (77‐95%) 79

Other types of exposure 42 79/516 9% (2‐20%) 83

Unknown 42 35/516 1% (0‐4%) 35

Clinical findings

Asymptomatic 45 117/551 18% (11‐27%) 69

Fever 45 269/551 53% (45‐61%) 52

>39.0°C 11 38/409 7% (4‐10%) 0

Cough 45 231/551 39% (30‐47%) 59

Sore throat/pharyngeal

erythema

41 121/502 14% (4‐28%) 87

Nasal symptoms (rhinorrhea,

stuffy nose, sneezing)

41 68/509 7% (3‐14%) 55

Tachypnea/dyspnea 41 82/503 8% (2‐15%) 73

Diarrhea 41 53/502 8% (3‐14%) 54

Vomiting 38 31/485 2% (0‐5%) 25

Fatigue/weakness 10 31/390 5% (0‐13%) 69

Headache 10 14/391 3% (0‐12%) 59

Radiological findings

Normal 44 162/434 36% (28‐45%) 46

Ground‐glass opacities 45 151/470 28% (18‐39%) 73

Patchy consolidations 44 150/434 33% (23‐43%) 64

Laboratory findings

Leukocytosis 22 47/243 15% (9‐21%) 8

Leukopenia 15 48/314 14% (6‐26%) 75

Lymphocytosis 8 67/157 35% (14‐59%) 81

Lymphcytopenia 24 61/323 13% (7‐20%) 48

Increased CRP 27 50/265 17% (7‐29%) 67

Increased PCT 22 56/254 10% (1‐22%) 79

Increased ALT 24 35/290 9% (3‐15%) 44

Increased AST 23 58/280 18% (9‐28%) 64

Increased creatinine 9 48/184 4% (0‐25%) 91

Increased urea 5 22/139 5% (0‐19%) 73

Increased LDH 11 59/196 29% (16‐43%) 60

Increased creatine kinase 21 68/206 21% (8‐37%) 75

Increased D‐dimer 19 37/269 12% (4‐22%) 45

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CI, confidence interval; COVID‐19, coronavirus disease‐2019; CRP,
C‐reactive protein; CT, computed tomography; LDH, lactate dehydrogenase; PCT, procalcitonin.
aBoth Lu22 (n = 171) and Yu23 (n = 82) were from Wuhan Children's Hospital, and Yu23 contributed data only to meta‐analysis of laboratory findings.
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but 36% (95% CI: 28%‐45%) of patients had normal CT images (Table 2).

The sensitivity analysis excluding series of 20 single cases yielded almost

identical results. Among 161 patients with available data on lesion

distribution of CT images, 68% (95% CI: 47%‐87%) of abnormalities

were unilateral.

3.3 | Laboratory findings

SARS‐CoV‐2 was detected in nasopharyngeal and/or throat (NPT)

specimens by reverse transcription‐polymerase chain reaction

(RT‐PCR) testing in all 551 patients. Nine case series with a total

of 92 patients reported duration of viral RNA shedding in NPT

specimens.7,33,35,37,39,40,43,47,54 The pooled average mean duration

was 11.2 days (95% CI: 9.6‐12.8 days, I2 = 62). The range of shedding

duration reported by nine case series was 6 to 22 days (n = 10),7

9 to 20 days (n = 6),33 7 to 16 days (n = 9),35 7 to 23 days (n = 31),37

10 to 15 days (n = 3),39 3 to 16 days (n = 10),40 7 to 14 days (n = 3),43

2 to 24 days (n = 16),47 and 9 to 18 days (n = 4),54 respectively.

In four series of cases7,35,39,40 and one single case,9 RT‐PCR
testing for SARS‐CoV‐2 was performed in both NPT and fecal/

rectal specimens. Among the 29 tested patients, 22 had positive

fecal/rectal RT‐PCR tests. The duration of viral RNA shedding in

fecal/rectal specimens was much longer than that in NPT speci-

mens in all 22 patients. All but one patient had a duration of viral

RNA shedding longer than 2 weeks in fecal/rectal specimens. In at

least five patients, fecal/rectal RT‐PCR tests remained positive for

more than 30 days.

A total of 141 patients with COVID‐19 from six case series

had tests for other respiratory pathogens. In a subset (n = 82) of a

series of 171 cases,15 23 patients had co‐infections (three re-

spiratory syncytial virus RSV, one influenza virus, one adenovirus,

17 Mycoplasma pneumoniae, one bacteria). In another series of

25 cases,44 six patients had co‐infections (two influenza virus,

three mycoplasma pneumoniae, and one bacteria). Six patients

from a series of nine cases had testing,45 and RSV was identified

in one patient. No co‐infection was found in three series of cases

with a total of 28 patients.7,11,40 The pooled prevalence of co‐
infections of SARS‐CoV‐2 with other respiratory pathogens was

10% (95% CI: 1%‐24%, I2 = 65).

A battery of laboratory tests was performed in children with

COVID‐19. The more common laboratory abnormalities included

lymphocytosis (35%, 95% CI: 14%‐59%), increased lactate dehy-

drogenase (29%, 95% CI: 16%‐43%), increased creatine kinase (21%,

95% CI: 8%‐37%), and increased aspartate aminotransferase (18%,

95% CI: 9%‐28%) (Table 2).

Four case series reported oxygen saturation. In one series of

36 cases, all had normal oxygen saturation.31 One percent of patients

in a series of 100 cases51 and 2.3% of patients in another series of

171 cases14 had oxygen saturation <92% during the period of

hospitalization. In a series of three cases from Iran,48 all had oxygen

saturation below 92%. The pooled mean prevalence of oxygen

saturation <92% was 4% (95% CI: 0%‐17%, I2 = 84).

3.4 | Treatment

Forty‐two studies7,9,14,15,18‐25,27‐39,41‐51,53‐58 with 381 cases of

COVID‐19 provided available data on treatments. All patients

received symptomatic treatment. Antiviral agents were given in

227 patients (74%, 95% CI: 52%‐92%). Inhaled interferon α (IFN‐α)
was the most commonly used antiviral drug. Other reported

antivirals were ribavirin, oseltamivir, lopinavir, ritonavir, and lito-

navir. Antibiotics were used in 138 patients (40%, 95% CI: 19%‐
63%). Other treatments included intravenous immunoglobulin

therapy (n = 15, 3%, 95% CI: 0%‐10%), oxygen therapy (n = 30, 4%,

95% CI: 1%‐10%), and systematic corticosteroids (n = 10, 1%, 95%

CI: 0%‐3%). Six patients with severe/critical COVID‐19 needed

invasive mechanical ventilation.

3.5 | Prognosis

Of 451 hospitalized children with COVID‐19, 83% (95% CI:

67%‐95%) were discharged as of the reporting date, with at least

one negative RT‐PCR testing for SARS‐CoV‐2 in nasopharyngeal/

throat specimens. The pooled average mean length of hospital stay

was 12.5 days (95% CI: 11.1‐14.0 days) among 182 discharged

patients with available data. Of nine patients with severe/critical

COVID, six needed intensive care with mechanical ventilation,14,44,51

and all had major underlying medical conditions. One 10‐month‐old
child with intussusception had multiple organ failure, and died 4 weeks

after admission.14

4 | DISCUSSION

This systematic review included 46 studies reporting 551 pediatric

patients with laboratory‐confirmed COVID‐19 between early Jan-

uary and late March 2020, of which 429 cases (78%) were from

China, 11 cases (2%) from other Asian countries, and 110 cases (20%)

from Europe (Italy and Spain). The patients' age ranged from 1 day to

17.5 years old, and 57% (95% CI: 53%‐62%) were males. Eighty‐
seven percent (95% CI: 77%‐95%) of patients had household

exposure to COVID‐19 cases. Some similar demographic and epide-

miological characteristics were reported in a preliminary analysis of

2,572 pediatric cases of COVID‐19 in the USA.3 The median age was

11 years, ranging from 0 to 17 years, and 57% of patients were

males. Among 184 (7.2%) pediatric cases with known exposure

information, 91% had exposure to a patient with COVID‐19 in the

household or community.

Mild‐to‐moderate fever and cough were the most common

symptoms among 551 children with COVID‐19 (53%, 95% CI: 45%‐
61% and 39%, 95% CI: 30%‐47%, respectively), but much less

frequently than that reported by a systematic review in adult

patients (92.8%, 95% CI: 89.4%‐96.2% and 57.6%, 95% CI: 40.8%‐
74.4%, respectively).59 Eighteen percent (95% CI: 11%‐27%) of 551

children with laboratory‐confirmed COVID‐19 were asymptomatic,
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while the prevalence of asymptomatic cases was 12.9% among 731

pediatric patients with laboratory‐confirmed COVID‐19 reported to

the Chinese CDC from 16 January to 8 February 2020.16 Among

2572 children with COVID‐19 in the USA, only 291 (11%) had

available data on signs and symptoms.3 Fifty‐six percent of pediatric

patients had fever, 54% had cough, and 13% had shortness of breath,

compared with 71%, 80%, and 43%, respectively, among patients

aged 18 to 64 years. The prevalence of asymptomatic cases was not

estimated in this U.S. cohort of pediatric patients with COVID‐19
because of incomplete symptom information.

Biochemical laboratory tests were often used to measure in-

flammatory markers and to detect possible hepatic, renal, and

cardiac damage in patients with COVID‐19. However, only a small

proportion of pediatric cases included in this review had abnormal

results. Lymphocytopenia is common at the early stage of COVID‐19
in adult patients, and it can predict the disease severity and prognosis.60

However, most of pediatric patients included in the review had normal

white blood cell count without lymphocyte depletion, which may

suggest less immune dysfunction in children after the SARS‐CoV‐2
infection.

Chest CT scans were routinely used in patients with COVID‐19.
Ground glass opacity (GGO) and consolidation were the most

common CT findings in adult patients with COVID‐19, ranging from

54% to 100% for GGO and 31% to 71% for consolidation, and with a

predominantly bilateral and peripheral distribution.61‐63 One sys-

tematic review of 10 studies involving 2657 adult patients showed a

pooled sensitivity of 93% (95% CI: 85%‐97%) of chest CT on detec-

tion of COVID‐19 confirmed by RT‐PCR testing.64 Low specificity

was reported by one included study (25%, 95% CI: 22%‐30%).

Ground glass opacities on chest CT were observed in a subgroup of

15 asymptomatic adult patients with COVID‐19, substantiating pre-

vious anecdotal reports that asymptomatic patients could have CT

abnormalities before symptom onset. All these results suggest that

chest CT is a sensitivity modality for detecting COVID‐19 pneumonia

in adults, even in asymptomatic individuals, and may be considered as

a screening tool, together with RT‐PCR. This systematic review

showed that GGO and consolidation were also the most common CT

abnormalities in children with COVID‐19. However, the prevalence

of such CT findings in pediatric cases was much lower than that in

adult patients, and the lesions were usually unilateral and less ex-

tensive. Moreover, 36% (95% CI: 28%‐45%) of children with

laboratory‐confirmed COVID‐19 had normal CT images. Thus, the

role of chest CT scan, and even single or serial chest X‐rays, in the

diagnosis and assessment of pediatric patients with COVID‐19 needs

to be defined further.

There is currently no approved treatment for COVID‐19 in

adults as well as in children. However, among 381 pediatric cases in

this review with available data on treatments, 74% (95% CI, 52%‐
92%) were treated with at least one antiviral drug, and inhaled IFN‐α
was the most commonly used antiviral agent. IFN‐α exerts its anti-

viral effect mainly by inducing the expression of antiviral proteins

and activating cellular immunity. Several multi‐center studies from

China have shown that inhaled IFN‐α can reduce viral load, alleviate

symptoms, and shorten disease duration in children with viral

infections, including bronchiolitis and viral pneumonia.65‐67 The

Chinese Experts Consensus Statement on Diagnosis, Treatment, and

Prevention of COVID‐19 in Children has listed nebulized IFN‐α as a

choice of treatment.68 This may explain high prevalence of children

with COVID‐19 treated with inhaled IFN‐α in this review. There is at

least one ongoing randomized trial to assess the efficacy and safety

of inhaled IFN‐α in children with COVID‐19.69 Until new evidence is

available, it seems prudent to not recommend use of inhaled IFN‐α in

these patients.

Other antiviral agents used in the patients included in this review

were lopinavir and ritonavir. However, one latest randomized trial

with 199 adult patients with COVID‐19 failed to show significant

benefit of treatment with lopinavir‐ritonavir on time to clinical im-

provement, mortality, intensive care unit (ICU) length of stay, and

length of hospital stay, compared with standard care.70 Moreover,

lopinavir‐ritonavir was stopped early in 13.8% of patients because of

adverse events.

Children with COVID‐19 seem to have less severe disease and

better prognosis than adults. Of 551 pediatric cases with laboratory‐
confirmed COVID‐19 included in this review, only nine had severe/

critical disease. Six patients needed invasive mechanical ventilation,

and one of them died. All of these six patients had major underlying

medical condition. Among a nationwide case series of 2135 pediatric

patients with COVID‐19 (728 laboratory‐confirmed cases) reported

to the Chinese CDC,16 55.4% were classified as asymptomatic or

mild, 38.8% were classified as moderate, and 5.8% were classified as

severe/critical. The proportion of severe and critical cases was

10.6%, 7.3%, 4.2%, 4.1%, and 3.0% for the age group of <1, 1 to 5,

6‐10, 11 to 15, and ≥16 years, respectively. One 14‐year‐old boy died,

but it is not clear whether this adolescent had underlying condition.

In the U.S. cohort of pediatric COVID‐19 cases,3 children aged

<1 year accounted for the highest percentage (15%‐62%) of hospi-

talization among 745 (29% of total cohort) cases with known hos-

pitalization status. Among 345 cases with information on underlying

conditions, 23% had at least one health problem, such as chronic lung

disease (including asthma), cardiovascular disease, and im-

munosuppressive conditions. Seventy‐seven percent of hospitalized

patients, including six patients admitted to an ICU, have one or more

underlying condition. Three deaths were reported in the U.S. cohort

of 2572 pediatric cases; however, review of these cases is ongoing to

confirm COVID‐19 as the likely cause of death. These results may

suggest that patient's age and underlying medical condition are

possible host factors associated with susceptibility to COVID‐19,
disease severity, and prognosis in pediatric patients.

The results of this systematic review have implications for clin-

ical practice and research. First, previously healthy children with

COVID‐19 usually have mild symptoms and good prognosis. The

diagnosis is generally suspected from history of household exposure

to COVID‐19 case. For these patients, the management should focus

on symptomatic and supportive care. In mild cases, unnecessary

laboratory and imaging evaluation and unproven treatment should be

avoided. Second, more attention should be given to children with
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COVID‐19 and major underlying medical conditions. These patients

are more likely to have severe or critical disease and poor prognosis.

Third, currently available evidence regarding COVID‐19 in children is

mainly descriptive and anecdotal, and many questions remain un-

answered. What are the risk factors for COVID‐19 in children? Why

do children seem to be less affected by COVID‐19? What is the role

of radiological imaging in the diagnosis and assessment of children

with COVID‐19, and is there any advantage of CT scan over plain

X‐ray? What are the effective treatments for children with COVID‐19?
Could the WHO algorithm for the management of acute respiratory

infections in children be applicable to patients with mild‐ to moderate

COVID‐19, especially in low‐middle‐income countries? What are the

prognosis factors for children with COVID‐19? What is the clinical

implication of prolonged fecal shedding of SARS‐CoV‐2 RNA in children

with COVID‐19? Further prospective multicenter studies are needed to

answer these questions.

This review has several limitations. The majority of included

studies were conducted in China and other Asian countries, and thus

caution should be taken when applying the findings of this review to

Western populations. The retrospective data collection might have

caused lack of accuracy and missing data for some clinical and la-

boratory variables. All the studies included in the review were case

series or case reports which provide low‐ to very low‐ level evidence.
However, this is the best available evidence to date for a previously

unknown disease. We used a comprehensive search strategy to

identify larger number of relevant studies, and both visual inspection

of the funnel plots and Egger's test did show substantial publication

bias (Figures S1,2). We recognize, however, that some Chinese stu-

dies published in local medical journals might not be identified and

included in the review.

In conclusion, children of all ages can get COVID‐19, although
they appear to be affected less commonly than adults. Mild‐to‐
moderate fever and cough are the most common symptoms, but

much less frequently than that reported in adults, and 18% of pa-

tients may be asymptomatic. Ground glass opacity and consolidation

are the most common CT abnormalities in children with COVID‐19.
The prevalence of such CT findings in pediatric cases is lower than

that in adult patients, and 36% of children with laboratory‐confirmed

COVID‐19 may have normal CT images. Previously healthy children

with COVID‐19 usually have mild symptoms and good prognosis.

However, children with COVID‐19 and major underlying medical

condition are more likely to have severe or critical disease, and poor

prognosis, even death. To date, there is no approved treatment for

COVID‐19.
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