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Abstract
To understand the epidemiological and clinical features of the symptomatic and asymptomatic pediatric cases of COVID-19,

we carried out a prospective study in Shanghai during the period of January 19 to April 30, 2020. A total of 49 children

(mean age 11.5 ± 5.12 years) confirmed with SARS-CoV-2 infection were enrolled in the study, including 11 (22.4%)

domestic cases and 38 (77.6%) imported cases. Nine (81.8%) local cases and 12 (31.6%) imported cases had a definitive

epidemiological exposure. Twenty-eight (57.1%) were symptomatic and 21 (42.9%) were asymptomatic. Neither asymp-

tomatic nor symptomatic cases progressed to severe diseases. The mean duration of viral shedding for SARS-CoV-2 in upper

respiratory tract was 14.1 ± 6.4 days in asymptomatic cases and 14.8 ± 8.4 days in symptomatic cases (P[ 0.05). Forty-

five (91.8%) cases had viral RNA detected in stool. The mean duration of viral shedding in stool was 28.1 ± 13.3 days in

asymptomatic cases and 30.8 ± 18.6 days in symptomatic participants (P[ 0.05). Children\ 7 years shed viral RNA in

stool for a longer duration than school-aged children (P\ 0.05). Forty-three (87.8%) cases had seropositivity for antibodies

against SARS-CoV-2 within 1–3 weeks after confirmation with infection. In conclusion, asymptomatic SARS-CoV-2

infection may be common in children in the community during the COVID-19 pandemic wave. Asymptomatic cases shed

viral RNA in a similar pattern as symptomatic cases do. It is of particular concern that asymptomatic individuals are

potentially seed transmission of SARS-CoV-2 and pose a challenge to disease control.
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Introduction

The novel severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) sparked the national outbreak of coron-

avirus disease 2019 (COVID-19) in China’s mainland

during January to February 2020 (WHO 2020c). The dis-

ease spread quickly to the world and World Health Orga-

nization (WHO) characterized COVID-19 as a pandemic

on 11 March 2020 (WHO 2020a). The ongoing COVID-19

pandemic has imposed a huge burden on the health systems

and caused widespread social and economic disruption in

the world. With the SARS-CoV-2 outbreaks rapidly

intensifying worldwide, the importation of COVID-19

cases arrived in China in early March 2020 (National

Health Commission of The People’s Republic of China

2020). A total of 339 local COVID-19 cases including 11

(3.3%) children and 313 imported COVID-19 cases

including 38 (12.1%) children were reported in Shanghai as
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of 30 April 2020 (Shanghai Municipal Health Commission

2020).

Children are generally vulnerable to respiratory virus

infections. However, the reported cases of COVID-19 and

severe patients mostly occurred in adults while pediatric

COVID-19 accounted for only 1.7%–6.2% of the total

cases based on the initial surveillance data from China,

Korea, and the US (CDC COVID-19 Response Team 2020;

Choi et al. 2020; WHO 2020c). The attack rate of COVID-

19 in children seems to be low but this does not necessarily

mean they are less susceptible. SARS-CoV-2 is highly

contagious with an estimated R0 being 2.2–5.7 among

Wuhan population before interventions (Li et al. 2020;

Sanche et al. 2020; Zhang et al. 2020). Thus, all age groups

are theoretically at the similar risk of COVID-19 without

robust public health interventions. A contact-based

surveillance in Shenzhen found that infection rate in chil-

dren was comparable with or slightly higher than in

younger adults (Bi et al. 2020). Due to the different

screening strategies of COVID-19 in Shanghai during the

domestic and the global wave, we noticed the complexity

of SARS-CoV-2 infection in children. Herein, we descri-

bed the clinical and epidemiological features of all pedi-

atric cases of COVID-19 in Shanghai, the largest

metropolitan city in China during January 19 to April 30,

2020, aiming to add our knowledge and understanding of

SARS-CoV-2 infection in children.

Materials and Methods

Data Collection

Clinical and epidemiological data were collected from 49

laboratory-confirmed pediatric cases with SARS-CoV-2

infection in Shanghai between January and April in 2020,

who were admitted to a tertiary children’s hospital desig-

nated for management of pediatric COVID-19 patients.

The data on epidemiology, clinical symptoms and course,

laboratory findings, chest imaging and treatment regimen

were obtained via a face-to-face interview with parents or

teenagers and electronical medical chart.

To monitor viral shedding, repeated nasopharyngeal and

oropharyngeal swabs and stool or rectal swabs were col-

lected from all confirmed cases every three days until the

nucleic acids of SARS-CoV-2 were undetectable. Urine

and blood were also collected to detect the nucleic acids of

SARS-CoV-2 within 24 h after admission. According to

the national protocol (National Health Commission and

State Administration of Chinese Traditional Medicine

2020), all confirmed cases were mandatorily isolated at

hospital until 2 consecutive respiratory samples (collected

at least 24 h apart) test negative for the nucleic acids of

SARS-CoV-2. All cases were followed up for 2 weeks

after hospital discharge.

Criteria of Screening SARS-CoV-2 Infection

All local patients were screened for SARS-CoV-2 if they

had acute fever or respiratory illness and had at least one of

the followings during the 14 days prior to symptom onset:

a) contact with a confirmed or suspect COVID-19 case; b)

a history of travel to or residence in Wuhan or other areas

reporting community transmission of COVID-19 disease.

Prior to 31 March, symptom-based screening strategy was

implemented for all international travelers. Since 31

March, all international travelers were screened for SARS-

CoV-2, irrespective of clinical symptoms and signs.

Laboratory Protocol for the Detection of SARS-
CoV-2

SARS-CoV-2 infection was laboratory-confirmed by real-

time RT-PCR assay, based on the positive test for the

nucleic acid of SARS-CoV-2 with two respiratory samples

consecutively collected at least 24 h apart. The China CDC

specific primers and probes for the detection of SARS-

CoV-2 were designed to target both open reading frame

1ab gene and nucleocapsid protein gene (WHO 2020b). A

commercial kit (Shanghai bio-germ Medical Technology

Co Ltd, China) was used for testing at Shanghai CDC

laboratory and the cycle threshold value\ 38 was defined

as a positive test. To monitor the viral RNA shedding in

respiratory samples and stool, nasopharyngeal swab, pha-

ryngeal swab and stool specimen were taken sequentially

from all confirmed cases for the detection of SARS-CoV-2

RNA every three days until the nucleic acids of SARS-

CoV-2 were undetectable in 2 consecutive samples taken

24 h apart.

Detection of Serum IgM and IgG for SARS-CoV-2

Serum SARS-CoV-2 specific IgG and IgM combined

antibodies were tested for all confirmed cases. Paired

serum was collected at admission, 7–14 days after confir-

mation with symptomatic and asymptomatic infection and

on discharged. The IgG and IgM combined Antibody test

Kit based on immunochromatography method (Guangzhou

Wondfo Biotech Co Ltd, China) were used. The antibodies

target the S protein of SARS-CoV-2. When the SARS-

CoV-2 antibodies level in the specimen is at or above the

target cutoff (the detection limit of the test), the antibodies

bound to the antigen-dye conjugate are captured by anti-

human IgG antibody and anti-human l chain antibody

immobilized in the test region.
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Statistical Analysis

Data were analyzed using STATA version 10.0 (Stata

Corp, College Station, TX, USA). The measurement data

was analyzed by one-way ANOVA, the Scheffe’s post hoc

test was used to compare the difference among the groups.

The categorical data was analyzed by Chi square test or

Fisher’s exact test. A difference with P\ 0.05 was con-

sidered to be significant.

Results

Demographics of the Confirmed Pediatric Cases

Of the 49 confirmed pediatric cases, 11 (22.4%) were

domestic cases including Shanghai residents (8) children

and Wuhan residents (3), and 38 (77.6%) were imported

cases from European countries (28), the US (8), Canada (1)

and Philippines (1). The ratio of male-to female was 1.3

(28/21); the mean age was 11.5 ± 5.12 years with 9

(18.4%) aged 7 months–6 years, 16 (32.7%) aged

7–12 years and 24 (48.9%) aged 13–17 years. Domestic

cases were significantly younger than imported cases

(5.8 ± 4.1 years vs. 13.2 ± 4.1 years, P\ 0.05).

Epidemiological Exposure

Twenty-one (42.9%) children had contact with confirmed

or suspect symptomatic cases of COVID-19. Exposure

settings included household in 15 cases (71.4%), school

dormitory in 5 cases (23.8%), and travel bus in 1 (4.8%)

case. Of the 11 domestic cases, 9 (81.8%) had a clear

epidemiological linkage with 8 confirmed family cluster

cases and 1 traveler cases. Of the 38 imported cases, 12

(31.6%) had a clear contact with 7 confirmed or suspect

family cluster cases and 5 school-dormitory cases.

Clinical Manifestations and Course

On initial screening, 28 (57.1%) cases were symptomatic

and 21 (42.9%) cases were asymptomatic. Chest CT and

X-ray were performed for 40 cases and 9 cases, respec-

tively. Lung lesions were revealed in 20 (40.8%) cases

including 15 symptomatic cases and 5 asymptomatic cases.

The prominent radiographic findings included ground-glass

opacity and patchy infiltrates. Neither the 13 mild cases nor

the 16 asymptomatic carriers developed radiographic evi-

dence of pneumonia during follow-up investigation. None

of the cases progressed to severe disease.

Twenty-one (42.9%) had cough, 16 (32.7%) had fever, 8

(16.3%) had sore throat, 8 (16.3%) had stuffy nose, 7

(14.2%) had rhinorrhea (Table 1). Six (12.2%) children

aged 15–17 years including 1 asymptomatic carrier and 5

symptomatic cases self-reported transient loss of taste and

smell during hospitalization. Of the 16 febrile patients, 12

(24.5%) had a body temperature of 37.5 �C–38.4 �C and 4

(8.2%) had a body temperature of 38.5 �C–40.0 �C; the

duration of fever ranged from 1 to 8 days (mean:

2.1 ± 1.9 days, median: 1 day). Antiviral drugs were not

recommended for treatment. Hydroxychloroquine was

administered to 5 cases[ 14 years for 1–2 days and then

discontinued considering that the patients’ conditions were

mild and stable. A 17-year-old patient received hydroxy-

chloroquine on day 7 after disease onset because he had

persistent 7-day fever and increased lung lesions revealed

by chest CT, and fever subsided 1 day after hydroxy-

chloroquine treatment. One patient with pneumonia

received 3-day oral azithromycin therapy because he was

confirmed with mycoplasma pneumoniae infection.

Laboratory Findings

The laboratory findings in symptomatic cases and asymp-

tomatic cases were shown in Table 2. All cases showed a

normal range of serum biochemistry markers on admission

and during follow-up testing except one patient who

developed mild liver injury (alanine aminotransferase/as-

partate aminotransferase: 110/59 IU/L) after 6-day

hydroxychloroquine therapy. The elevated liver enzyme

returned to the normal range after discontinuation of

hydroxychloroquine. Leukopenia (the counts of white

blood cell\ 4.0 9 109/L) was seen in 5 cases, neutropenia

(the counts of neutrophil \ 0.5 9 109/L) was seen 2

asymptomatic cases with radiographic evidence of pneu-

monia. One mild case showed an elevated level of C-re-

active protein (CRP) (35 mg/L). There were no

statistically significant differences in the serum biochem-

istry markers, CRP, procalcitonin and other laboratory tests

between the symptomatic group and asymptomatic group.

Viral RNA Shedding and Serum Specific Antibody
Testing

None of the 49 cases had SARS-CoV-2 RNA detected in

serum and urine. Forty-five (91.8%) cases had SARS-CoV-2

RNA detected in stool. The patterns of viral shedding were

shown in Fig. 1. Overall, the duration of viral RNA shedding

is longer in gastrointestinal tract than in upper respiratory

tract (P\ 0.05). There was no significant difference in the

mean duration of viral shedding between asymptomatic and

symptomatic cases in upper respiratory tract

(14.1 ± 6.4 days vs. 14.8 ± 8.4 days, P[ 0.05) and in

gastrointestinal tract (28.1 ± 13.3 days vs.

30.8 ± 18.6 days, P[ 0.05). Young children\ 7 years of
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age shed viral RNA in stool for a significantly longer dura-

tion than school-aged children C 7 years of age (P\ 0.05,

Table 3).

Forty-three (87.8%) of the 49 cases including 25

symptomatic cases and 18 asymptomatic cases had

seropositivity for IgG and IgM combined antibodies

against SARS-CoV-2 within 1–3 weeks after confirmation

with asymptomatic infection or disease onset. As shown in

Fig. 2, 19 (44.2%) cases developed seropositivity for

antibodies within 1 week, 14 (32.6%) cases developed

seropositivity for antibodies within 1–2 weeks, and 10

(23.3%) cases developed seropositivity for antibodies

within 2–3 weeks. We noted that 66.7% of asymptomatic

cases developed seropositivity within 1 week while only

28% of symptomatic cases developed seropositivity within

1 week. Among 6 cases who had seronegative, the last

serum sample tested for antibodies was collected on day

Table 1 Demographic and

clinical features in local cases

and imported cases.

Total Local cases Imported cases

n = 49 n = 11 n = 38

Demographic

Age range (year, mean ± SD) 0.6–17 (11.5 ± 5.12) 0.6–11 (5.8 ± 4.1) 2–17 (13.2 ± 4.1)

Male patients (n. %) 28 (57.1%) 6 (54.5%) 22 (57.9%)

Symptom (n. %)

Cough 21 (42.9%) 9 (81.8%) 12 (31.6%)

Fever 16 (32.7%) 8 (72.7%) 8 (21.1%)

Sore throat 8 (16.3%) 3 (27.3%) 5 (13.2%)

Stuffy nose 8 (16.3%) 4 (36.4%) 4 (10.5%)

Rhinorrhea 7 (14.3%) 3 (27.3%) 4 (10.5%)

Tachypnea/respiratory distress 0 0 0

Vomit 0 0 0

Diarrhea 0 0 0

Pneumoniaa 20 (40.8%) 6 (54.5%) 14 (36.8%)

Loss of taste and smell 6 (12.2%) 0 6 (12.2%)

aPneumonia was confirmed by chest X-ray or CT, including 5 asymptomatic cases.

Table 2 Demographic and

laboratory findings in

symptomatic cases and

asymptomatic cases.

Total Symptomatic cases Asymptomatic cases

n = 49 n = 28 n = 21

Demographic

Age range (year, mean ± SD) 0.7–17 (11.5 ± 5.12) 0.7–17 (11.3 ± 5.74) 2.3–17 (11.8 ± 4.3)

Male patients (n. %) 28 (57.1%) 15 (53.6%) 13 (61.9%)

Laboratory findings (median, IQR)

White blood cell count (9 109/L) 6.1 (4.8–6.1) 6.2 (4.6–8.1) 6.0 (4.8–7.5)

Neutrophil count (9 109/L) 2.7 (2.0–4.1) 3.0 (2.2–4.2) 2.8 (2.2–3.6)

Lymphocyte count (9 109/L) 2.2 (1.7–2.8) 2.0 (1.7–2.8) 2.4 (2–3)

Platelet count (9 109/L) 265 (215.5–331) 244 (205.8–319.8) 282 (226.5–343.5)

C-reactive protein (mg/L) 0.5 (0.5–8) 4.1 (0.5–8) 0.5 (0.5–8.0)

Procalcitonin (ng/dL) 0.03 (0.02–0.05) 0.04 (0.02–0.07) 0.02 (0.02–0.03)

Alanine aminotransferase (U/L) 16.0 (12–20) 14.9 (10–21.5) 16.5 (13–19.5)

Aspartate aminotransferase (U/L) 23.0 (18.8–29.8) 21.7 (18–33.7) 24.3 (19–29)

Creatinine (lmol/L) 50.7 (39.4–64.2) 52.0 (34.5–68.8) 50.7 (41–59.6)

Urea (mmol/L) 4.2 (3.5–4.7) 4.1 (3.5–5.3) 4.2 (3.4–4.5)

Creatine kinase (U/L) 80 (65.5–101) 75.5 (54–94.3) 84 (69.5–105)

Creatine kinase-MB (U/L) 15.0 (12.8–21.1) 15 (12.4–19.6) 15.3 (13.4–22.6)

Lactate dehydrogenase (U/L) 212.5 (188.3–234) 211 (186–242) 214 (193–229.5)

Cardiac troponin I 0.01 (0.01–0.03) 0.02 (0.01–0.04) 0.01 (0.01–0.02)

SD standard deviation, IQR interquartile range.
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8–22 after disease onset or confirmation with infection

before hospital discharge.

Discussion

The current global spread of SARS-CoV-2 infection

requires our evolving knowledge about the epidemiology

and clinical findings of COVID-19. Results from the uni-

versal entry screening of international travelers irrespective

of symptoms in Shanghai reveal that asymptomatic SARS-

CoV-2 infection maybe common in children during com-

munity transmission in the global pandemic wave. Early

testing has largely been limited to symptomatic individuals

fulfilling the criteria of suspect cases in China, the US and

European countries (National Health Commission of The

People’s Republic of China; Centers for Disease Control

and Prevention 2020; Tagarro et al. 2020) which may miss

individuals who were not identified as being at a risk of

COVID-19. In this study, we observed three important

aspects in asymptomatic pediatric cases: first, none of

asymptomatic pediatric cases in this study progressed to

symptomatic cases; second, the mean duration of viral

shedding was similar in symptomatic and asymptomatic

cases, which likely indicates asymptomatic cases could

have the same transmissibility as asymptomatic cases;
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Fig. 1 The duration of virus

RNA shedding by age and

symptom. A, B The duration of

virus RNA shedding in stool

samples. Younger children shed

viral RNA in stool for a longer

duration than older children

(P = 0.001). C, D The duration

of virus RNA shedding in

nasopharyngeal swabs.

Table 3 The duration of virus

RNA shedding by age and

symptom.

No of cases Mean ± SD Range P value

Virus RNA shedding in gastrointestinal tract (days) in 37 casesa consecutively monitored

\ 7 years 5 52.8 ± 12.0 41–70

7–12 years 12 33.3 ± 11.0 12–48 0.001

[ 12 years 20 21.2 ± 12.5 2–41

Symptomatic cases 18 30.8 ± 18.6 4–70 0.616

Asymptomatic cases 19 28.1 ± 13.3 2–45

Virus RNA shedding in upper respiratory tract (days) in 49 cases consecutively monitored

\ 7 years 9 11.1 ± 8.5 2–27

7–12 years 16 16.9 ± 7.7 4–30 0.182

[ 12 years 24 14.2 ± 6.8 4–30

Symptomatic cases 28 14.8 ± 8.4 2–30 0.772

Asymptomatic cases 21 14.1 ± 6.4 4–27

aAmong the 45 cases tested positive for SARS-CoV-2 RNA, thirty-seven were followed up until the nucleic

acids of SARS-CoV-2 were undetectable and 8 children could not return to hospital for follow-up because

they lived outside Shanghai City.
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third, asymptomatic cases had earlier seropositivity for

antibodies than symptomatic cases did, which suggests

asymptomatic cases had acquired SARS-CoV-2 infection

for some time before laboratory-confirmation and manda-

tory isolation. It has been shown that asymptomatic indi-

viduals caused secondary spread of SARS-CoV-2 (Hu et al.

2020; Rothe et al. 2020). Thus, of particular concern is that

asymptomatic individuals are usually active in the com-

munity and potentially seed transmission of SARS-CoV-2

in population.

In China, 68%–90% of domestic pediatric cases had a

clear epidemiological linkage to family cluster cases (Cai

et al. 2020; Lu et al. 2020; Qiu et al. 2020; Wang et al.

2020). In this study, 81.8% of local cases were linked to

transmission chain, predominantly in household setting,

while only 28.9% of imported pediatric cases acquired

infection through close contact with suspect or confirmed

cases in family or school dormitory. The distinct trans-

mission pattern suggests sustained SARS-CoV-2 trans-

mission has occurred in the community settings in the

imported countries. So far, the community prevalence of

SARS-CoV-2 infection among children is unclear. In fact,

pediatric cases of COVID-19 not linkable to transmission

chains in Wuhan experiencing large outbreaks of local

transmission were largely missed because 90.1% of con-

firmed cases were from family cluster cases (Lu et al.

2020). Additionally, our data along with Wuhan’s report

showed that local cases were significantly younger than

imported cases. This phenomenon could also reflect the

distinct transmission patterns of COVID-19 between young

children and old children. We also observed a few of

imported cases linkable to school exposure. It is notewor-

thy that school closures largely reduce the risk of SARS-

CoV-2 infection in children. In China school closure has

shown effect on reducing peak incidence by 40%–60%

(Zhang et al. 2020). In the long term, school closures

would be unlikely to prevent the epidemic of COVID-19

among children unless vaccines are available for use.

Children with COVID-19 disease usually had a brief

fever with a mean duration of 2.5 days and the spike of

fever was usually not higher than 39 �C. Our previous

studies showed that children with influenza had the longer

duration of fever (mean: 4 days) and 67% of children had a

fever C 39.0 �C (Ge et al. 2012; Wang et al. 2015). The

characteristics of fever are helpful to clinically distinguish

COVID-19 from influenza. In this study, non-severe

COVID-19 disease in children was almost self-limited

without a specific treatment. To date, no evidence has

shown effectiveness of any antiviral agent and hydroxy-

chloroquine in the treatment of COVID-19 (Bhimraj et al.

2020). Thus, antiviral therapy should be cautiously rec-

ommended for children with COVID-19. Based on our

clinical evaluation, imaging investigation should not be

routinely recommended for individuals with asymptomatic

COVID-19 or symptomatic disease without clinical signs

of disease progression.

The mean duration of viral RNA shedding in upper res-

piratory tract was much longer in SARS-CoV-2 infection

than in influenza virus infections (14.5 days verse

3.4–5.2 days) (Loeb et al. 2012). This finding could suggest

the higher potential of COVID-19 in its transmissibility than

that of influenza. Besides, we found that 91.8% of children

with COVID-19 shed virus in stool, also the duration of viral

shedding is much longer in gastrointestinal tract than in

upper respiratory tract, especially in younger children. Live

SARS-CoV-2 has been isolated in stool from COVID-19

patients (Yong et al. 2020). However, the impact on SARS-

CoV-2 shedding in feces on the transmission model

remains unclear. Further research is needed to incorporate

these viral shedding data into an analysis of the transmis-

sion of SARS-CoV-2, to infer the relationship between the

duration and quantity of viral shedding and infectivity and

secondary transmission events.

Currently RT-PCR is a gold standard for the COVID-19

diagnosis recommended by WHO (Tang et al. 2020), but

point-of-care rapid diagnostic tests (POCT) for SARS-

CoV-2 antibodies are useful for the field screening. The
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Fig. 2 The patterns of antibody

response to SARS-CoV-2 by

clinical symptomatology

(A) and age (B). The
figure shows the percentage of

the antibody production time in

different stage including 66.7%

of asymptomatic cases

developed seropositivity within

1 week, only 28% of

symptomatic cases developed

seropositivity within 1 week.
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reliability of POCT is influenced by the diagnostic kits and

the timing of serum sampling. Our study showed that

87.3% of children with COVID-19 developed IgM/IgG

combined antibodies within 1–3 weeks after symptom

onset or infection. At least immunochromatography-based

rapid antibody test can be used as an alternative diagnostic

method for screening COVID-19. As the majority of

patients develop seropositivity for antibodies, clinical

explanation of the results should fully consider the timing

of testing.

The strength of this study is that we followed up the

entire clinical course, dynamic antibody seroconversion

and viral shedding in symptomatic and asymptomatic

pediatric cases with confirmed COVID-19. One limitation

is that we couldn’t obtain the viral load to quantify the

dynamic levels of viral shedding over the disease course to

determine the effect of the quantity of viral shedding on the

duration of viral shedding and the clinical symptomatology.

Another limitation is that we couldn’t trace the close

contacts of confirmed pediatric cases to investigate the rate

of secondary infection. Further research is required to fully

understand the natural history of COVID-19 infection in

children and answer remained questions on the community

prevalence of SARS-CoV-2 infection among children and

the contribution of persons with asymptomatic COVID-19

to influenza virus transmission in household, institutional,

and community settings.
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