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Review Article

Background: Children with coronavirus disease 2019 (COVID-19) are 
more likely to have mild or no symptoms compared with adults and may 
represent important vectors for transmitting the virus. Little is known about 
the duration of respiratory and gastrointestinal viral shedding in children 
with COVID-19.
Objective: To determine the average shedding times of severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) via the respiratory and gastro-
intestinal tracts in children.
Methods: We performed a systematic search of Ovid MEDLINE, 
Embase and Cochrane CENTRAL databases for studies reporting real-
time reverse transcriptase polymerase chain reaction (rt-PCR) results in 
children with COVID-19, then extracted and synthesized data on dura-
tion of viral shedding from symptom onset in respiratory and gastroin-
testinal samples.
Results: Based on data compiled from 69 pediatric cases, the duration of 
viral shedding through the respiratory tract is up to 24 days from symp-
tom onset with a mean of 11.1 ± 5.8 days. Of the children who underwent 
testing with stool PCR, rectal swab or anal swab, 86% returned a positive 
result. The mean duration of viral shedding via the gastrointestinal tract was 
23.6 ± 8.8 days from symptom onset. In 89% of cases, viral shedding via the 
gastrointestinal tract persisted after nasopharyngeal or throat swabs became 
negative, for as long as 4 weeks.
Conclusions: To our knowledge, this is the first attempt to systematically 
review the duration of respiratory and gastrointestinal viral shedding of 
SARS-CoV-2 in pediatric patients. These findings may have important 
implications for infection control strategies during the COVID-19 pan-
demic.

Key Words: coronavirus, COVID-19, SARS-CoV-2, children, viral shed-
ding

(Pediatr Infect Dis J 2020;39:e249–e256)

As of May 23, 2020, severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) has infected over 5 million people 

globally with an estimated 338,000 deaths.1 Children represent 
1%–5% of reported cases of COVID-19, the disease caused by 
SARS-CoV-2.2 As with previous coronaviruses including SARS 
and Middle East respiratory syndrome (MERS), children are more 
likely to have mild disease or be asymptomatic compared with 

adults.3–5 Children may therefore be important vectors for transmit-
ting SARS-CoV-2.

Individuals infected by SARS-CoV-2 are known to shed the 
virus through both the respiratory and gastrointestinal tracts, as 
indicated by detection of SARS-CoV-2 RNA in the nasopharynx 
and feces via real-time reverse transcriptase polymerase chain reac-
tion (rRT-PCR).6,7

Although SARS-CoV-2 is thought to predominantly be 
transmitted by respiratory droplets, growing evidence suggests that 
fecal-oral transmission is possible. High copy numbers (mean cycle 
threshold 31.4, similar to that of sputum and pharyngeal swabs) of 
SARS-CoV-2 RNA, as well as live virus, have been isolated from 
the feces of individuals with SARS-CoV-2.6 Furthermore, ACE2 
protein, a proven cell receptor for SARS-CoV-2, is abundantly 
expressed in the gastrointestinal tract.8,9 Endoscopic sampling of 
patients with SARS-CoV-2 has recently demonstrated an intracel-
lular staining of viral nucleocapsid protein in the gastric, duodenal 
and rectal epithelia.8 Up to 79% of individuals with COVID-19 are 
known to exhibit gastrointestinal symptoms including diarrhea and 
vomiting, which can be present even in the absence of respiratory 
symptoms.10 Compared with adults, children with COVID-19 have 
a higher incidence of gastrointestinal symptoms, particularly vom-
iting.3,10 Fecal-oral transmission may therefore pose an important 
consideration for infection prevention and control practices, par-
ticularly in the pediatric population.

This systematic review compiles published data from pedi-
atric cases of SARS-CoV-2 with the aim of determining the mean 
and upper limit of duration of viral shedding via both the respira-
tory and gastrointestinal routes.

MATERIALS AND METHODS
We searched Ovid MEDLINE, Embase and Cochrane Cen-

tral for all published literature relating to SARS-CoV-2 viral shed-
ding in the upper respiratory or gastrointestinal tract of children up 
until May 8, 2020 using the search strategies detailed below.

Ovid Medline and Embase
(Coronavirinae/OR coronavirus.mp. OR Coronavirus Infec-

tion/OR coronavirus infections.mp. OR novel coronavirus.mp. OR 
2019 novel coronavirus infection.mp. OR covid-19.mp. OR covid 
19.mp. OR SARS-CoV-2.mp. OR 2019-nCoV) AND (Pediatrics/ 
OR Child/ OR Infant/ OR ped*.mp. OR paed*.mp. OR child*.
mp.) AND (Virus Shedding/ OR viral shedding.mp. OR shedding.
mp. OR nasopharyn*.mp. OR throat.mp. OR oral.mp. OR fec*.
mp. OR faec*.mp. OR stool*.mp. OR rectum.mp. OR rectal.mp. 
OR anal.mp.)

Limited to English Language and Year 2019-Current.

Cochrane Central
([mh “coronavirinae”] OR “coronavirus” OR [mh “coro-

navirus infection”] OR “coronavirus infections” OR “novel coro-
navirus” OR “2019 novel coronavirus infection” OR “covid-19” 
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OR “SARS-CoV-2” OR “2019-nCoV”) AND ([mh “Pediatrics”] 
OR [mh “Child”] OR [mh “Infant”] OR “ped*” OR “paed*” OR 
“child*”) AND ([mh “Virus Shedding”] OR “viral shedding” OR 
“shedding” OR “nasophryn*” OR “throat” OR “oral” OR “fec*” 
OR “faec*” OR “stool*” OR “rectum” OR “rectal” OR “anal”)

In addition to the literature search, a single reviewer (C.X.) 
screened the reference lists of all relevant review articles to identify 
any further potentially relevant studies. The abstracts returned were 
screened for inclusion by two reviewers (C.X. and M.R.) indepen-
dently in a Microsoft Excel spreadsheet for potential relevance to 
viral shedding in pediatric patients with COVID-19. The full texts 
of potentially relevant articles were then screened by the same 
reviewers with a third reviewer (J.S.) adjudicating any differences 
in accordance with the following inclusion criteria:

1.	 Case report, case series or other descriptive study reporting orig-
inal data on patients <18 years of age with rRT-PCR-confirmed 
SARS-CoV-2.

2.	 Reports the timing of at least one positive rRT-PCR test on a 
respiratory or gastrointestinal sample in relation to the time of 
symptom onset OR reports the duration of positive rRT-PCR test 
on a respiratory or gastrointestinal sample in an asymptomatic 
individual.

From each included study, a single reviewer (C.X.) extracted 
the following data items: age, sex, symptoms, disease severity, types 
of specimens collected, duration of viral shedding from the respira-
tory tract from symptom onset (defined as the number of days from 
symptom onset until the day of the first negative nasopharyngeal 
or throat swab result after which no more positive results were 
recorded, not counting the day of the negative test) and, if available, 
the duration of viral shedding from the gastrointestinal tract from 
symptom onset (defined as the number of days from symptom onset 
until the day of the first negative rectal swab or stool PCR result 

after which no more positive results were recorded, not counting the 
day of the negative test).

We used the duration of viral shedding from symptom onset 
as opposed to true duration of viral shedding, which is not pos-
sible to ascertain without presymptomatic testing. This is a similar 
approach to other publications on this topic.11 For asymptomatic 
cases, the total documented duration of viral shedding was calcu-
lated as the number of days from the first positive result until the 
day of the first negative result, after which no more positive results 
were recorded. We used IBM SPSS Statistics (24.0.0.0) to deter-
mine the normality of the shedding data and to calculate the prin-
cipal summary measures (mean and standard deviation). A single 
reviewer (C.X.) assessed the risk of bias for each included study 
using the Joanna Briggs Institute Critical Appraisal Checklist for 
case series or case reports, depending on the type of study.12

Given the recency of the SARS-CoV-2 pandemic, we also 
performed a search of unpublished, non peer-reviewed literature in 
medRxiv and bioRxiv. The findings from this search are reported 
under the subheading “Unpublished Literature” in the results sec-
tion.

RESULTS
A flowchart depicting study selection is given in Figure 1. 

The literature search returned 261 records; 210 unique records 
after 51 duplicates were removed. Twenty-four records appeared 
potentially relevant at the initial review. The most common reasons 
for study exclusion at the initial review were not studying SARS-
CoV-2, not including patients <18 years of age and not reporting 
clinical data. After reviewing the full texts, 7 of the 24 studies 
were excluded: 2 studies did not contain original data on children 
with SARS-CoV-2 (did not meet criterion 1) and 5 studies did not 
report positive PCR tests in relation to symptom onset (did not 
meet criterion 2). The remaining 17 studies were included for data 

FIGURE 1.  Peer-reviewed 
literature study selection.
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TABLE 1.  Demographic Data and Duration of Viral Shedding via Respiratory and Gastrointestinal Routes of 69 
Pediatric Cases of SARS-CoV-2

Study Age Sex Symptoms

Duration of Viral Shedding 
via Respiratory Route From 

Symptom Onset (d)

Duration of Viral Shedding 
via Gastrointestinal Route 
From Symptom Onset (d)

Gastrointestinal 
Specimen  

Type

Cai et al13 7 years M Fever 12 >30 Stool
Cough

10 years F Fever 22 10 Stool
Coryza
Sore throat

10 years F Fever 8 >20 Stool
Cough
Coryza
Sore throat

9 years M Fever 8 >19 Stool
Cough
Coryza
Sore throat

7 months F Cough 6 >18 Stool
Coryza

6 years F Fever 15 Not tested N/A
3 months F Fever 8 >23 Stool
4 years F Cough 12 Not tested N/A
8 years M Fever 14 Not tested N/A

Sore throat
5 years M Fever 15 Not tested N/A

Cough
Danis et al14 N/A N/A Fever 14 Not tested N/A

Cough
N/A N/A Fever 11 Not tested N/A

Cough
Fan et al15 3 months F Fever 13 ≥28 Anal swab

Diarrhea
Kam et al16 6 months M Fever 16 ≥9 Stool
Lin et al17 7 years F Coryza ≥11 Negative Anal swab
Ma et al18 8 years F Fever 8-14 22-28 Stool

3 years M Nonea 1-7 ≥35 Stool
2 years F Nonea 8-14 ≥35 Stool
11 months M Nonea 1-7 ≥28 Stool
9 years F Nonea 1-7 ≥28 Stool
3 years F Fever 8-14 ≥35 Stool

Park et al19 10 years F Fever 13 ≥18 Stool
Cough

See et al20 1 year F Fever 1 Negative Rectal swab
Diarrhea

4 years M Fever 6 Not tested N/A
Coryza

9 years F Nonea 8 Not tested N/A
Shen et al21 1 years F Nonea 14 Not tested N/A

2 years F Fever 10 Not tested N/A
8 years M Fever 10 Not tested N/A
8 years M Diarrhea 0 Not tested N/A
9 years F Sore throat 0 Not tested N/A
11 years F Cough 10 Not tested N/A

Song et al22 10 years F Headache 14 Not tested N/A
Fatigue

9 months F Fever 12 Not tested N/A
6 years F Fever 20 Not tested N/A
10 months M Fever 10 Not tested N/A
5 years F Cough 23 Not tested N/A
3 years F Cough 18 Not tested N/A
2 years F Fever 14 Not tested N/A

(Continued)

extraction13–29: 6 studies were case reports and 11 were case series, 
defined by the Oxford Handbook of medical statistics as “a descrip-
tive study involving a group of patients who all have the same dis-
ease or condition.”30 The 17 studies contained 73 individual cases 
of children with COVID-19. Data from 4 children were incomplete 
as they were still in hospital at the time of publication and were 
therefore excluded, leaving 69 individual cases for quantitative 

analysis. The age, sex, symptoms and durations of viral shedding 
for each individual case are given in Table 1.

Patient Characteristics
Age was reported for 67 of 69 cases and ranged from 36 

hours to 15 years, with a mean age of 6 years. Sex was again reported 
for 67 cases, of which 37 (55.2%) were female. All cases were 
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Tan et al23 9 years F Cough 24 Negative Stool
Abdominal pain

11 years F Cough 17 Not tested N/A
2 years F Fever 5 Not tested N/A

Vomiting
Convulsion

8 years M Fever 10 24 Stool
Constipation

1 year F Nonspecific 4 Not tested N/A
12 years M Fever 17 Not tested N/A
8 years M Nonea 7 Not tested N/A
9 years F Cough 14 Not tested N/A
3 years F Fever 14 14 Stool
8 years F Nonea 17 ≥15 Stool

Tang et al24 10 years M Nonea 0 (never positive) 11 Stool
Wang et al25 36 hours M Nonea 14 Negative Anal swab
Xing et al26 1 year M Fever 15 23 Stool

5 years M Fever 13 33 Stool
Cough
Coryza
Abdominal pain
Diarrhea

6 years F Fever 10 30 Stool
Xu et al27 6 years M Fever 9 ≥29 Rectal swab

Cough
Diarrhea

12 years F Fever 5 ≥25 Rectal swab
Sore throat
Coryza

7 years F Fever 5 ≥24 Rectal swab
Cough
Sore throat
Diarrhea

13 years M Nonea 2 6 Rectal swab
1 year M Fever 4 ≥24 Rectal swab
3 years M Coryza 2 ≥20 Rectal swab
15 years F Fever 3 Never positive Rectal swab
13 years M Fever 17 ≥20 Rectal swab

Cough
Sore throat

2 months F Cough 7 Never positive Rectal swab
Sore throat

1 year M Fever 20 ≥24 Rectal swab
Cough
Diarrhea

Zhang et al28 14 years M Nonea 8 24 Rectal swab
13 years M Nonea 5 26 Rectal swab
10 months F Crying 6 31 Rectal swab

Wakefulness
Zhang et al29 9 years M Fever 14 ≥33b Stool

Sore throat
Coryza
Nausea
Loss of appetite
Headache
Myalgia

6 years M Cough 11 ≥35b Stool
8 years M Fever 7 ≥29b Stool

Coryza
Loss of appetite

aIn asymptomatic cases, the durations given are the number of days from the first positive result until the first negative result after which no more positive results were obtained, 
not counting the day of the negative result.

bStool PCR results were not reported in relation to symptom onset. Durations are calculated as ≥length of hospital stay + time from discharge to stool PCR positive + time from 
readmission to stool PCR negative.

F, female; M, male, N/A, not applicable.

TABLE 1.  (Continued)

Study Age Sex Symptoms

Duration of Viral Shedding 
via Respiratory Route From 

Symptom Onset (d)

Duration of Viral Shedding 
via Gastrointestinal Route 
From Symptom Onset (d)

Gastrointestinal 
Specimen  

Type

hospitalized for the purposes of isolation or medical treatment, and 
all cases were classified as mild to moderate severity by the authors 
of the study in which they were reported. Of the 69 cases, fever 

was present in 39 (56.5%), cough in 22 (31.9%), gastrointestinal 
symptoms including diarrhea, nausea, vomiting, abdominal pain, 
constipation and loss of appetite in 12 (17.4%), coryzal symptoms 
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including nasal congestion, rhinorrhea and sneezing in 11 (15.9%), 
sore throat in 10 (14.5%), nonspecific symptoms including head-
ache, malaise, fatigue, myalgia, crying and wakefulness in 4 (5.8%) 
and convulsion in 1 (1.4%). Most cases (38) had more than one 
symptom and 13 cases (18.8%) had no symptoms.

Viral Shedding via Respiratory Route
Of 69 cases, 68 (98.6%) had a positive nasopharyngeal or 

throat swab on rRT-PCR (1 case had positive stool specimens only). 
The duration of viral shedding via the respiratory route ranged 
from 0 to 24 days following symptom onset (some patients had a 
positive PCR test before symptom onset and were negative after 
symptom onset). Two studies (containing 7 cases in total) reported 
the duration of viral shedding as a range only and therefore could 
not be included in the calculation of the mean value.17,18 The mean 
respiratory shedding time of the remaining symptomatic cases  
(n = 53) was 11.1 ± 5.8 days from symptom onset. The mean total 
documented respiratory viral shedding time among the remaining 
asymptomatic cases (n = 8) was 9.4 ± 5.1 days.

Viral Shedding via Gastrointestinal Route
Forty-two of 69 cases underwent testing with stool PCR 

(25/42), rectal swab (14/42) or anal swab (3/42), of which 36 cases 
(85.7%) tested positive. The indications for rectal swab or stool 
PCR were not provided, although only 24% of the children who 
were tested displayed any gastrointestinal symptoms. The duration 
of viral shedding via the gastrointestinal route ranged from 10 days 
to at least 5 weeks following symptom onset. In the majority of 
these cases, researchers did not repeatedly perform swabs or stool 
PCRs until the point of negative result; therefore, it was not pos-
sible to determine the upper limit nor the mean shedding duration 
for the 42 cases.

In 7 cases, the exact number of days between symptom onset 
and negative stool PCR, rectal swab or anal swab was reported. 
The mean duration of viral shedding via the gastrointestinal tract 
for these cases was 23.6 ± 8.8 days from symptom onset, with a 
range of 10–33 days. In 32/36 cases (89%), gastrointestinal sam-
ples were positive after respiratory samples had become negative. 
The maximum duration of gastrointestinal shedding after clearance 
from the respiratory tract was at least 28 days.18 The mean total 
documented gastrointestinal shedding time among the asympto-
matic cases (n = 4) was 16.8 ± 9.8 days from symptom onset. In one 
study, an asymptomatic child was found to have had persistently 
positive stool specimens for at least 26 days following contact with 
a confirmed case, despite having persistently negative respiratory 
specimens.24

Risk of Bias
The results of the bias assessment for each study using the 

Joanna Briggs Institute Critical Appraisal checklist is displayed in 
Figure 2A and B. For case reports, items 5–7 of the checklist were 
omitted as they pertained to interventions and were not relevant for 
observational studies. Overall, the quality of case series and reports 
in this review was high, with most studies clearly reporting case 
definitions, methods of diagnosis, demographic data and clinical 
details. However, most case series did not clearly report consecu-
tive cases or all cases within a defined period, which may affect the 
study’s reliability.12

Unpublished Literature
Using the search terms “COVID-19 Children,” “COVID-

19 Paediatric,” “COVID-19 Pediatric” and “COVID-19 Shedding” 
on May 7, 2020, we identified 3 relevant studies of 1153 records 
returned. In one study from China, 8 of the 10 children tested for 

SARS-CoV-2 in fecal specimens showed prolonged detection in 
feces, with a mean time of 11 days and a range of 5–23 days after 
nasopharyngeal swabs turned negative.31 Another study predomi-
nantly included adult data; however, it did report that 2 asympto-
matic children had detectable SARS-CoV-2 RNA in nasopharyn-
geal swabs 50 days after admission.32 Finally, a study of 32 children 
with SARS-CoV-2 from China reported a mean duration of positive 
throat PCR of 15.4 days.33 In this study, 6 children had an anal swab 
after discharge from hospital, of which 5 were positive. None of the 
3 studies reported shedding times for individual cases; therefore, it 
was not possible to pool the data to calculate an overall mean.

DISCUSSION
To our knowledge, this is the first attempt to systematically 

review the duration of respiratory and gastrointestinal viral shed-
ding of SARS-CoV-2 in pediatric patients. In this review, the long-
est duration of viral shedding from the respiratory tract in children 
was 24 days after symptom onset, with a mean of 11.1 days. This 
is shorter than the reported durations of adult patients, in whom the 
longest observed duration of viral shedding after illness onset is 60 
days with a mean viral shedding duration of 20.0 days.11,34

Importantly, our literature search did not identify any studies 
on children with severe disease that met the inclusion criteria. There 
is evidence to suggest more severe cases have a longer respiratory 
viral shedding time,11,35 which may at least partially explain why 
the duration is shorter in our review. The differences may also be 
partly explained by inherent differences in pediatric studies com-
pared with adult studies; children may be less likely to be recruited 
into studies than adults as they have milder symptoms and are less 
likely to require medical care, with fewer cohort studies published 
than in adults. There may be a proportion of children with COVID-
19 who remain undiagnosed and are therefore not included in shed-
ding studies. Differences in sampling and PCR targets may also 
have resulted in different findings to adults, though more systemati-
cally collected data emerging from around the world may overcome 
these biases.

Among children tested for SARS-CoV-2 by rectal swab or 
stool PCR, 89% returned a positive result, despite the fact that the 
majority of these children (82.6%) had no gastrointestinal symp-
toms. This appears to represent a higher rate than in adults; a meta-
analysis of COVID-19 cases (n = 4243) with a median age of 45.1 
years found that 48% of patients had positive stool specimens.36 The 
prolonged gastrointestinal shedding observed in the children in this 
review is known to also occur in adults, but perhaps to a less dra-
matic extent: Wu et al7 reported that among 41 adult patients who 
had both positive fecal and respiratory samples, respiratory sam-
ples remained positive for a mean of 16.7 days, while fecal samples 
remained positive for a mean of 27.9 days. Small studies involving 
both adults and children, including a study included in this review, 
have noted a higher incidence of positive stool PCR after negative 
respiratory swab in children compared with adults.18,37

The clinical significance SARS-CoV-2 viral shedding, 
particularly via the gastrointestinal tract, remains unclear. Previ-
ous coronavirus epidemics have raised the possibility of fecal oral 
transmission: live SARS coronavirus has been isolated from stool4 
and faulty plumbing is thought to have played an important role in 
the transmission of SARS-CoV at an apartment complex in Hong 
Kong,38 while MERS-CoV RNA is detectable in approximately 
15% of stool samples from infected patients, with viral loads 
remaining stable in stool for at least 3 weeks.39 Gastrointestinal viral 
shedding in the pediatric population is of particular concern given 
the increased prevalence of fecal incontinence in young children, 
which may increase the risk transmission to their caregivers and to 
other children via fomites. However, the presence of SARS-CoV-2 
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FIGURE 2.  Assessment of risk of bias within studies. A: Risk of bias within individual studies (case series) assessed using the Joanna 
Briggs Institute critical appraisal tool. B: Risk of bias within individual studies (case reports) assessed using the Joanna Briggs 
Institute critical appraisal tool. Items 5–7 of the tool were not used as they were not relevant to noninterventional studies.
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RNA in a patient’s respiratory or gastrointestinal specimens does 
not necessarily equate to infectiousness of that individual. A recent 
study analyzing specimens from patients with COVID-19 found 
that live virus was not isolated in respiratory samples beyond day 8 
of symptoms, despite ongoing high viral loads.40 In the same study, 
no live virus was isolated from stool specimens, again despite high 
viral loads. Another study found that the highest concentrations 
of viral RNA in nasal and throat swabs were detected within the 
first week of symptom onset, comparable to the shedding pattern 
of influenza.41 This evidence suggests that despite a potentially pro-
longed duration of shedding, the most important period of infectiv-
ity remains the early stages of the disease.

Limitations
This review has multiple limitations. Currently, all data 

on viral shedding in children with SARS-CoV-2 come from case 
reports and case series, and the total number of published cases 
is low. Case reports and series are subject to publication bias, in 
that unusual cases are more likely to be reported and published. 
Second, this review only reports on viral shedding from the time of 
symptom onset, not total duration of viral shedding (which likely 
begins 2–3 days before symptom onset).42 It was not possible to 
calculate the true duration of viral shedding as most studies did 
not test pre-symptomatic children. Third, all cases included in this 
review were nonsevere. Therefore, the durations are not generaliz-
able to children with severe disease. Finally, given this search was 
limited to articles in English only and that SARS-CoV-2 originated 
in Wuhan, China, there may be relevant non-English studies not 
included in this review.

Despite these limitations, this review demonstrates that viral 
shedding of SARS-CoV-2 is prevalent and prolonged in the feces 
of children across the current literature. This has potential implica-
tions for infection prevention in healthcare settings with regards to 
recommendations for isolation precautions and personal protective 
equipment use.

CONCLUSION
Based on the limited case data, children may display a 

shorter duration of viral shedding of SARS-CoV-2 through the 
upper respiratory tract compared with adults. Children exhibit pro-
longed viral shedding via the gastrointestinal route after clearing 
the virus from the respiratory tract, possibly more frequently than 
in adults, and stool PCR in recovering children may therefore play 
an important role in infection control and prevention of SARS-
CoV-2. Larger studies are required to characterize the pattern and 
clinical significance of viral shedding in both children and adults 
with COVID-19.

REFERENCES
	 1.	 Center for Systems Science and Engineering. COVID-19 dashboard [Johns 

Hopkins University web site]. [Internet]. 2020. Available at: https://corona-
virus.jhu.edu/map.html. Accessed May 2, 2020.

	 2.	 Ludvigsson JF. Systematic review of COVID-19 in children shows milder 
cases and a better prognosis than adults. Acta Paediatr. 2020;109:1088–
1095.

	 3.	 Zimmermann P, Curtis N. Coronavirus infections in children includ-
ing COVID-19: an overview of the epidemiology, clinical features, diag-
nosis, treatment and prevention options in children. Pediatr Infect Dis J. 
2020;39:355–368.

	 4.	 Leung CW, Kwan YW, Ko PW, et al. Severe acute respiratory syndrome 
among children. Pediatrics. 2004;113:e535–e543.

	 5.	 Memish ZA, Al-Tawfiq JA, Assiri A, et al. Middle East respiratory syndrome 
coronavirus disease in children. Pediatr Infect Dis J. 2014;33:904–906.

	 6.	 Wang W, Xu Y, Gao R, et al. Detection of SARS-CoV-2 in different types of 
clinical specimens. JAMA. 2020;323:1843–1844.

	 7.	 Wu Y, Guo C, Tang L, et al. Prolonged presence of SARS-CoV-2 viral RNA 
in faecal samples. Lancet Gastroenterol Hepatol. 2020;5:434–435.

	 8.	 Xiao F, Tang M, Zheng X, et al. Evidence for gastrointestinal infection of 
SARS-CoV-2. Gastroenterology. 2020;158:1831–1833.e3.

	 9.	 Wan Y, Shang J, Graham R, et al. Receptor recognition by the novel coro-
navirus from Wuhan: an analysis based on decade-long structural studies of 
SARS coronavirus. J Virol. 2020;94:e00127-20.

	10.	 Tian Y, Rong L, Nian W, et al. Review article: gastrointestinal features in 
COVID-19 and the possibility of faecal transmission. Aliment Pharmacol 
Ther. 2020;51:843–851.

	11.	 Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality of 
adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort 
study. Lancet. 2020;395:1054–1062.

	12.	 Moola S, Munn Z, Tufanaru C, et al. Systematic reviews of etiology and 
risk. In: Aromataris E, Munn Z, eds. Joanna Briggs Institute Reviewer’s 
Manual. Adelaide: The Joanna Briggs Institute; 2017.

	13.	 Cai J, Xu J, Lin D, et al. A case series of children with 2019 novel coro-
navirus infection: clinical and epidemiological features. Clin Infect Dis. 
2020;ciaa198. [Epub ahead of print]

	14.	 Danis K, Epaulard O, Benet T, et al. Cluster of coronavirus disease 2019 
(Covid-19) in the French Alps, 2020. Clin Infect Dis. 2020;ciaa424. [Epub 
ahead of print]

	15.	 Fan Q, Pan Y, Wu Q, et al. Anal swab findings in an infant with COVID-19. 
Pediatr Investig. 2020;4:48–50.

	16.	 Kam KQ, Yung CF, Cui L, et al. A well infant with coronavirus disease 2019 
(COVID-19) with high viral load. Clin Infect Dis. 2020;ciaa201. [Epub 
ahead of print]

	17.	 Lin J, Duan J, Tan T, et al. The isolation period should be longer: lesson from 
a child infected with SARS-CoV-2 in Chongqing, China. Pediatr Pulmonol. 
2020;55:E6–E9.

	18.	 Ma X, Su L, Zhang Y, et al. Do children need a longer time to shed SARS-
CoV-2 in stool than adults? J Microbiol Immunol Infect. 2020;53:373–376.

	19.	 Park JY, Han MS, Park KU, et al. First pediatric case of coronavirus disease 
2019 in Korea. J Korean Med Sci. 2020;35:e124.

	20.	 See KC, Liew SM, Ng DCE, et al. COVID-19: four paediatric cases in 
Malaysia. Int J Infect Dis. 2020;94:125–127.

	21.	 Shen Q, Guo W, Guo T, et al. Novel coronavirus infection in children outside 
of Wuhan, China. Pediatr Pulmonol. 2020;55:1424–1429.

	22.	 Song R, Han B, Song M, et al. Clinical and epidemiological features of 
COVID-19 family clusters in Beijing, China. J Infect. 2020;S0163-
4453:30229-2.

	23.	 Tan YP, Tan BY, Pan J, et al. Epidemiologic and clinical characteristics of 
10 children with coronavirus disease 2019 in Changsha, China. J Clin Virol. 
2020;127:104353.

	24.	 Tang A, Tong ZD, Wang HL, et al. Detection of novel coronavirus by 
RT-PCR in stool specimen from asymptomatic child, China. Emerg Infect 
Dis. 2020;26:1337–1339.

	25.	 Wang S, Guo L, Chen L, et al. A case report of neonatal COVID-19 infec-
tion in China. Clin Infect Dis. 2020;ciaa225. [Epub ahead of print]

	26.	 Xing YH, Ni W, Wu Q, et al. Prolonged viral shedding in feces of pedi-
atric patients with coronavirus disease 2019. J Microbiol Immunol Infect. 
2020;53:473–480.

	27.	 Xu Y, Li X, Zhu B, et al. Characteristics of pediatric SARS-CoV-2 infec-
tion and potential evidence for persistent fecal viral shedding. Nat Med. 
2020;26:502–505.

	28.	 Zhang B, Liu S, Dong Y, et al. Positive rectal swabs in young patients recov-
ered from coronavirus disease 2019 (COVID-19). J Infect. 2020;S0163-
4453(20):30233-4. [Epub ahead of print]

	29.	 Zhang T, Cui X, Zhao X, et al. Detectable SARS-CoV-2 viral RNA in feces 
of three children during recovery period of COVID-19 pneumonia. J Med 
Virol. 2020;92:909–914.

	30.	 Peacock J, Peacock P. Oxford Handbook of Medical Statistics. 2nd ed. 
Oxford: Oxford University Press; 2010.

	31.	 Wu Q, Xing Y, Shi L, et al. Epidemiological and clinical characteristics of chil-
dren with coronavirus disease 2019. medRxiv. 2020:2020.03.19.20027078.

	32.	 Zhang Z, Xiao T, Wang Y, et al. Early viral clearance and anti-
body kinetics of COVID-19 among asymptomatic carriers. medRxiv. 
2020:2020.04.28.20083139.

	33.	 Xu H, Liu E, Xie J, et al. A follow-up study of children infected with SARS-
CoV-2 from Western China. medRxiv. 2020:2020.04.20.20073288.

https://coronavirus.jhu.edu/map.html
https://coronavirus.jhu.edu/map.html


Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Xu et al	 The Pediatric Infectious Disease Journal  •  Volume 39, Number 9, September 2020

e256  |  www.pidj.com� © 2020 Wolters Kluwer Health, Inc. All rights reserved.

	34.	 Li J, Zhang L, Liu B, et al. Case report: viral shedding for 60 days in a 
woman with novel coronavirus disease (COVID-19). Am J Trop Med Hyg. 
2020;102:1210–1213.

	35.	 Liu Y, Yan LM, Wan L, et al. Viral dynamics in mild and severe cases of 
COVID-19. Lancet Infect Dis. 2020;20:656–657.

	36.	 Cheung KS, Hung IF, Chan PP, et al. Gastrointestinal manifestations of 
SARS-CoV-2 infection and virus load in fecal samples from the Hong 
Kong cohort and systematic review and meta-analysis. Gastroenterology. 
2020;S0016-5085(20):30448-0. [Epub ahead of print]

	37.	 Su L, Ma X, Yu H, et al. The different clinical characteristics of corona virus 
disease cases between children and their families in China - the character of 
children with COVID-19. Emerg Microbes Infect. 2020;9:707–713.

	38.	 McKinney KR, Gong YY, Lewis TG. Environmental transmission of SARS 
at Amoy Gardens. J Environ Health. 2006;68:26–30; quiz 51.

	39.	 Corman VM, Albarrak AM, Omrani AS, et al. Viral shedding and antibody 
response in 37 patients with middle east respiratory syndrome coronavirus 
infection. Clin Infect Dis. 2016;62:477–483.

	40.	 Wölfel R, Corman VM, Guggemos W, et al. Virological assessment of hos-
pitalized patients with COVID-2019. Nature. 2020;581:465–469.

	41.	 Zou L, Ruan F, Huang M, et al. SARS-CoV-2 viral load in upper respiratory 
specimens of infected patients. N Engl J Med. 2020;382:1177–1179.

	42.	 He X, Lau EHY, Wu P, et al. Temporal dynamics in viral shedding and trans-
missibility of COVID-19. Nat Med. 2020;26:672–675.


