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In the current pandemic of coronavirus disease 
(COVID-19), detecting severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) in children 
suspected of having the disease is essential for both 
infection control and establishing a definite causal 
relationship in unprecedented cases (1,2). However, 
efforts are hindered by negative SARS-CoV-2 test re-
sults for respiratory specimens and possible cross-re-
activity with other coronaviruses among seropositive 
cases (2,3). Little is known about the value of various 
samples other than nasopharyngeal or oropharyngeal 
swab specimens in diagnosing COVID-19 and under-
standing the viral dynamics of SARS-CoV-2 in chil-
dren. Virus RNA was persistently detected in rectal 
swab specimens in a previous study, although the in-
fectiousness of the virus is unknown (4). We analyzed 
the viral RNA load kinetics of SARS-CoV-2 in various 
clinical specimens in children with COVID-19.

In South Korea, all confirmed case-patients, re-
gardless of disease severity, must be isolated in hospi-
tals or isolation facilities. For this study, we included 
all children <18 years of age who were confirmed to 
have COVID-19 by positive results for SARS-CoV-2 
in combined nasopharyngeal and oropharyngeal 
swab specimens and who were hospitalized in Seoul 
Metropolitan Government–Seoul National Univer-
sity Boramae Medical Center during March 8–April 
28, 2020. We extracted RNA from clinical specimens 
and detected SARS-CoV-2 by using the Allplex 2019-
nCoV Assay kit (Seegene, http://www.seegene.com). 
We performed quantitation of the viral RNA with a 
standard curve constructed using in vitro transcribed 
RNA. This study was approved by the institutional 
review board at SMG-SNU Boramae Medical Center; 
written consent was waived.

We included 12 children in the study; 9 were 
mildly symptomatic and 3 were asymptomatic (Ap-
pendix Table 1, https://wwwnc.cdc.gov/EID/
article/26/10/20-2449-App1.pdf). Median age was 6.5 
years (range 27 days–16 years). Nasopharyngeal swab 
specimens tested positive for SARS-CoV-2 RNA in all 
12 children, and 11 (92%) had positive RNA in their fe-
cal specimens (Appendix Table 2). We collected saliva 
samples from 11 children; 8 (73%) tested positive.

Viral RNA load in the nasopharyngeal swabs 
peaked early at median 7.56 (range 6.19–10.56) log10 
copies/mL and decreased over time (p<0.001 for trend) 
(Figure, panel A). The positivity of the specimens was 
75% during week 2 and 55% during week 3 (Appendix 
Table 2). In comparison, the median initial fecal RNA 
load was 7.68 (range <4.10–10.27) log10 copies/mL and 

Along with positive SARS-CoV-2 RNA in nasopharyngeal 
swabs, viral RNA was detectable at high concentration for 
>3 weeks in fecal samples from 12 mildly symptomatic 
and asymptomatic children with COVID-19 in Seoul, South  
Korea. Saliva also tested positive during the early phase of 
infection. If proven infectious, feces and saliva could serve 
as transmission sources. 1These authors contributed equally to this article.
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remained steadily high (p = 0.148 for trend) for >3 weeks 
(Figure, panel B). Fecal positivity remained >80%. The 
median RNA load in fecal samples was significantly 
higher than that for nasopharyngeal swab specimens 
during week 2 (7.26 vs. 6.19 log10 copies/mL; p = 0.006) 
and week 3 (7.61 versus 5.49 log10 copies/mL; p = 0.006). 
Except for 1 case, the RNA load in saliva declined rapid-
ly with time (p = 0.003 for trend) (Figure, panel C). Posi-
tivity in saliva samples was 80% in week 1 but dropped 
sharply to 33% in week 2 and 11% in week 3.

We collected urine specimens from the 12 pa-
tients after a median of 3 (range 0–8) days and plas-
ma specimens at 2 (range 0–8) days from onset. Of 
these, urine samples of 2 (17%) patients tested posi-
tive (median load 5.69 [range 3.82–7.55] log10 copies/
mL). Only 1 (8%) patient, 27 days of age, had RNA 
detected in plasma.

Symptomatic children had higher initial RNA load 
in nasopharyngeal swab specimens than asymptom-
atic children (9.01 vs. 6.32 log10 copies/mL; p = 0.048). 
We observed no significant differences in feces and in 
saliva and no correlation between RNA load and age.

In this study, we detected SARS-CoV-2 RNA 
in feces of 92% of mildly ill or asymptomatic chil-
dren with COVID-19. In addition, the RNA load in 
feces remained steadily high, whereas that in na-
sopharyngeal swab specimens and saliva declined 
with time in both symptomatic and asymptomatic 
children. The detection of SARS-CoV-2 RNA in fe-
ces does not necessarily mean that infectious virus 
is present; thus, lack of virus isolation in our study 
limits interpretation in the context of infectivity. 
However, viable virus was isolated in feces in previ-
ous studies, and infectivity was dependent on viral 
RNA load (3,5,6). Considering these findings, proper 
handwashing when changing diapers in infants and 

adequate hygiene measures in restrooms are recom-
mended to prevent the potential spread of the virus 
among household contacts.

Our findings also suggest that feces is a promis-
ing and reliable source for detecting both current and 
recent SARS-CoV-2 infection because the viral RNA 
is present in high loads for a prolonged time. Fecal 
specimens could aid in seeking the etiologic relation-
ship between COVID-19 and unexpected manifesta-
tions in children.

We also detected SARS-CoV-2 RNA in saliva dur-
ing the early phase of the infection for a short period 
of time. Live virus was isolated in saliva in a previous 
study, and the possibility of airborne transmission of 
the virus through normal speaking has been raised 
(7,8). Although the viral load in saliva drops rap-
idly, our findings suggest the necessity for children 
to wear masks, especially in schools, where children 
would talk in close proximity.
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South Korea had 10,801 confirmed cases of corona-
virus disease (COVID-19) by May 4, 2020 (1). The 

epidemic curve of the cumulative number of cases 
had plateaued in April (Appendix Figure 1, https://
wwwnc.cdc.gov/EID/article/26/10/20-2573-App1.
pdf). Nightclubs that had been closed as part of the 
social distancing policy reopened on April 30, ahead 
of the April 30–May 5 Golden Week holiday. People 
from around the country visited the Itaewon area 
(Itaewon-dong) in downtown Seoul during the hol-
iday period. Itaewon is known for its diversity and 
contains a US Army base, multiple embassies, and 
several well-known nightclubs.

Starting on May 6, several COVID-19 cases were 
confirmed among persons who had visited night-
clubs in Itaewon during the holiday. Secondary 
transmission by case-patients linked to the Itaewon 
nightclubs led to local transmission of COVID-19 in 
other parts of the country (Figure). On May 9, the 
Seoul Metropolitan Government announced indefi-
nite closure of all nightclubs in Seoul to control the 
source of the outbreak. Subsequently, several regions 
prohibited mass gatherings.

The Seoul Metropolitan Government and Yong-
san-gu Office, in cooperation with the Seoul Metropol-
itan Police Agency, conducted contact tracing of per-
sons who had visited any of the 5 major nightclubs in 
Itaewon during April 30–May 6. The use of cell phone 
location data, credit card records, and lists of nightclub 
visitors led to the identification of 5,517 persons for 
screening; of those, 1,257 were actively monitored. An 
additional 57,536 persons who had spent >30 minutes 
in the vicinity of the nightclubs, as determined by their 
cell phone location data, were sent a series of text mes-
sages encouraging them to undergo testing.

After media outlets reported that venues at the 
epicenter of the outbreak were gay nightclubs, a ru-
mor spread that this COVID-19 outbreak originated 
among gay men. Authorities became concerned that 
this rumor could adversely affect nightclub visitors’ 
willingness to be tested. Because of prejudice against 
homosexuality, gay men in South Korea usually ex-
perience discrimination and stigmatization and so 
are often unwilling to reveal their sexual identity (2). 
Thus, the Seoul Metropolitan Government consulted 
sexual-minority groups to discuss ways to encourage 

At least 246 cases of coronavirus disease (COVID-19) 
have been linked to nightclubs in Seoul, South Korea. 
During the April 30–May 5 holiday, young adults from 
across the country who visited nightclubs in Seoul con-
tracted COVID-19 and spread it nationally. Nightclubs 
were temporarily closed to limit COVID-19 spread.
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Appendix Table 1. Clinical manifestations of 12 children with COVID-19, Seoul 

Patient Age/sex 
Underlying 

disease Symptoms Pneumonia 
O2 

supplement 
SARS-CoV-2 RNA 
positive specimens Outcome 

1 27 d /F None Fever, cough, nasal 
stuffiness, vomiting 

No No Nasopharyngeal swab, 
feces, saliva, urine, 

plasma 

Improved 

2 7 y /M None Fever No No Nasopharyngeal swab, 
feces, saliva 

Improved 

3 10 y/M None Cough, sputum, sore 
throat, headache 

No No Nasopharyngeal swab, 
feces, saliva 

Improved 

4 16 y/F None Chills, dizziness, cough, 
sputum, sore throat, 

nasal congestion 

Yes No Nasopharyngeal swab, 
feces, saliva 

Improved 

5 14 y/F None Fever, cough, sputum, 
sore throat 

No No Nasopharyngeal swab, 
feces, saliva 

Improved 

6 11 y/F None Cough, sputum, 
abdominal pain, diarrhea 

No No Nasopharyngeal swab, 
feces (saliva not tested) 

Improved 

7 9 m/M None Fever, cough, rhinorrhea No No Nasopharyngeal swab, 
feces, saliva 

Improved 

8 14 y/M None Headache, ageusia, 
anosmia 

No No Nasopharyngeal swab Improved 

9 12 m/M None Cough No No Nasopharyngeal swab, 
feces, urine 

Improved 

10 6 y/F None Asymptomatic No No Nasopharyngeal swab, 
feces, saliva 

Improved 

11 5 y/F None Asymptomatic No No Nasopharyngeal swab, 
feces 

Improved 

12 11 m/F None Asymptomatic No No Nasopharyngeal swab, 
feces, saliva 

Improved 

 
 
 
 
 
 
 
 
Appendix Table 2. Positivity and viral RNA load of SARS-CoV-2 in nasopharyngeal swab, feces, and saliva in children with COVID-
19* 

Category 

Nasopharyngeal swab 
(n = 12) 

 

Feces 
(n = 12) 

 

Saliva 
(n = 11) 

No. 
positive/total 

(%)† 

Median viral load, 
log10 copies/mL 

(range) 

No. 
positive/total 

(%) 

Median viral load, 
log10 copies/mL 

(range) 

No. 
positive/total 

(%) 

Median viral load, 
log10 copies/mL 

(range) 
Total 12 (100) 6.29 (<4.10–10.56)  11 (92) 7.63 (<4.10–10.27)  8 (73) 5.50 (<4.10–9.75) 
0–7 d after onset 12/12 (100) 7.38 (<4.10–10.56)  11/11 (100) 7.97 (6.07–10.27)  8/10 (80) 5.74 (<4.10–8.87) 
8–14 d after onset 9/12 (75) 6.19 (<4.10–8.59)  11/12 (92) 7.26 (<4.10–8.89)  3/9 (33) <4.10 (<4.10–9.75) 
15–21 d after 
onset 

6/11 (55) 5.49 (<4.10–6.95) 
 

8/9 (89) 7.61 (<4.10–8.71) 
 

1/9 (11) <4.10 (<4.10–7.51) 

>21 d after onset 3/11 (27) <4.10 (<4.10–6.73)  4/5 (80) 7.57 (<4.10–8.61)  0 0 
* COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2. 
†Positivity for SARS-CoV-2 was calculated from the number of patients with known test results. 
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