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Since the global emergence and spread of severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2), initial atten-
tion appropriately focused on severely affected adults, who rep-
resent the highest proportion of symptomatic infections.1

However, as the pandemic
has evolved, a significant ef-
fect on children has also be-

come evident.2 Data from multiple affected countries have cor-
roborated that children are clearly susceptible to infection and
may develop severe primary and unique secondary inflam-
matory complications of infection, including multisystem in-
flammatory syndrome of children.3-5 However, the vast ma-
jority of infected children have mild or unrecognized disease,
and this population may play important epidemiologic roles
by potentiating spread of infection through communities6

and/or boosting herd immunity. Only small numbers of chil-
dren have been included in prior studies focused on kinetics
of viral shedding in the setting of symptomatic or asymptom-
atic SARS-CoV-2 infection.7-12 To our knowledge, no prior stud-
ies have systematically focused on the frequency of asymp-
tomatic infection in children or the duration of symptoms
and viral shedding in both asymptomatic and symptomatic
children.

Han and colleagues13 provide data accumulated from 22
centers throughout South Korea that address this important
knowledge gap. The unique structure of the South Korean pub-
lic health system facilitated large-scale testing, aggressive con-
tact tracing and testing, and isolation/direct observation of
asymptomatic or mildly symptomatic children in designated
health care facilities (rather than home quarantine). This struc-
ture allowed for the sequential observation, testing (median
testing interval of every 3 days), and comparison of 91 asymp-
tomatic, presymptomatic, and symptomatic children with mild
to moderate upper and lower respiratory tract infection, iden-
tified primarily by contact tracing from laboratory-proven
cases.

The first important take-home point from this study is that
not all infected children have symptoms, and even those with
symptoms are not necessarily recognized in a timely fashion.
A major strength of this study is the inclusion of asymptom-
atic children (20 of 91 [22%]), presymptomatic children (18 of
91 [20%]), and symptomatic children (53 of 91 [58%]).13 Most
symptomatic infected children had experienced symptoms a
median (range) of 3 (1-28) days prior to being diagnosed by test-

ing, despite the fact that they were presumably under closer
scrutiny by nature of being identified as a known contact. Pre-
symptomatic children remained symptom free for a median
(range) of 2.5 (1-25) days before exhibiting any symptoms, de-
spite detectable virus. Only a minority of children (6 [7%]) were
identified as infected by testing performed concurrent with on-
set of their symptoms. This highlights the concept that in-
fected children may be more likely to go unnoticed either with
or without symptoms and continue on with their usual activi-
ties, which may contribute to viral circulation within their com-
munity.

The authors’ inclusion of asymptomatic patients in the
study is particularly important and has rarely been addressed
in the pediatric population. Interestingly, this study aligns with
adult data in which up to 40% of adults may remain asymp-
tomatic in the face of infection.14 The true burden of unrec-
ognized asymptomatic disease is still not known but is emerg-
ing as both viral molecular testing as well as antibody testing
to establish seroprevalence have become more broadly avail-
able and applied. Application of these methodologies to spe-
cifically characterize the pediatric population is sorely needed.
In the absence of test-based strategies for social reentry or the
ability to aggressively perform contact tracing, asymptom-
atic infected individuals remain undetected and not isolated.
The study by Han et al13 corroborates that children are no ex-
ception. In this study, the authors estimate that 85 infected chil-
dren (93%) would have been missed using a testing strategy
focused on testing of symptomatic patients alone. A surveil-
lance strategy that tests only symptomatic children will fail to
identify children who are silently shedding virus while mov-
ing about their community and schools. In regions where use
of face masks is not widely accepted or used by the general pub-
lic, asymptomatic carriers may serve as an important reser-
voir that may facilitate silent spread through a community.

The second important take-home point from this study is
that the duration of symptoms in symptomatic infected pedi-
atric patients varies widely. The median (range) duration of
symptoms for the full cohort was 11 (1-36) days.13 However, the
group of children who were presymptomatic at the time of labo-
ratory diagnosis had the shortest median (range) duration of
symptoms (3.5 [1-21] days), which was significantly shorter than
the median (range) duration of symptoms in children who had
symptoms develop concomitant with diagnosis (6.5 [1-12] days)
and those who were symptomatic preceding their diagnosis
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(13 [3-36] days). Although the majority of symptomatic chil-
dren (41 of 71 [58%]) had upper respiratory tract disease, there
was no difference in the duration of symptoms between those
with upper vs mild or moderate lower respiratory tract infec-
tion. This suggests that even mild and moderately affected chil-
dren remain symptomatic for long periods of time.

The third and most important take-home point from this
study relates to the duration of viral shedding in infected pe-
diatric patients. Virus was detectable for a mean (SD) of 17.6
(6.7) days overall and was detectable for a prolonged period
of time in all cohorts of children, whether symptoms were pre-
sent or not.13 Asymptomatic children had detectable virus for
a mean (SD) of 14.1 (7.7) days after their initial positive test re-
sult, and 4 asymptomatic children (20%) continued to have de-
tectable virus 21 days after initial detection. The authors ap-
propriately note that the duration of viral shedding in
asymptomatic patients could have been even longer because
the date of initial infection cannot be known with clarity. There
was no difference in the mean (SD) duration of detectable vi-
rus in children with upper respiratory tract infection (18.7 [5.8]
days) compared with those with lower respiratory tract infec-
tion (19.9 [5.6] days). Fully half of symptomatic children with
both upper and lower tract disease were still shedding virus
at 21 days. These are striking data, particularly since 86 of 88
diagnosed children (98%) either had no symptoms or mild or
moderate disease.

Despite the value of the study by Han et al,13 there are limi-
tations that leave important remaining knowledge gaps that
are ripe for investigation. The first limitation is due to quali-
tative molecular detection methods, which are the standard
clinical approach for testing of nasopharyngeal swab speci-
mens. Qualitative positive or negative findings for molecular
detection of virus may not necessarily correlate with infectiv-
ity. Sensitive molecular detection methods may detect vi-
able, infective virus but also nonviable or fragments of RNA
with no capability for transmission. Additionally, even if vi-
able virus is present, transmissibility is related to the quan-
tity of virus present in the respiratory tract. In the absence of
quantitative methods, many centers have attempted to cor-
relate semiquantitative methods (eg, cycle time to positivity)
as a surrogate for this measure, where higher cycle times are
assumed to reflect lower viral loads, but the validity of this tech-
nique has not been established.15,16 A focused study of semi-
quantitative cycle time and/or quantitative viral load in the pe-
diatric population to clarify the dynamics and duration of
shedding at different time points preceding and following
symptoms and correlation with infectivity would be valuable
to shed light on the clinical and public health significance of
prolonged viral detection weeks after symptoms.

Another important consideration is the inherent variabil-
ity in sensitivity of qualitative molecular detection plat-
forms. It is clear that negative or positive cutoffs oversimplify
the classification of the infection. For example, at our institu-
tion, we have implemented 4 different molecular platforms to
meet the demand for SARS CoV-2 virus testing, which now en-
compasses general hospital entry screening, preoperative and
preprocedural screening, occupational health testing, symp-
tomatic patient testing and retesting, and ongoing testing for

reentry into clinical care. Sampling of different locations within
the respiratory tract and even by different staff can lead to dif-
ferent laboratory results. Further, because of different gene tar-
gets and limits of detection of each gene target within plat-
forms, samples that have negative test findings on one platform
may have positive findings on another. Until quantitative mo-
lecular techniques are used to study and compare different pe-
diatric populations, including immunocompromised hosts
(who were not included in the study by Han et al13), using a
stable sample type, it remains unknown if asymptomatically
infected children shed similar, higher, or lower amounts of vi-
rus than symptomatic individuals. This has major public health
implications and should be a priority for future research.

Finally, this study only addresses duration of viral shed-
ding from the respiratory tract assessed from sampling of na-
sopharyngeal and oropharyngeal (and, in some cases, spu-
tum) samples. Multiple studies have now demonstrated that
virus is detectable from additional body fluids, including stool,
for prolonged periods.17,18 The duration and kinetics of shed-
ding are likely to be different in each of these, and there are
also likely differences between shedding in adults and chil-
dren. While most studies and public health interventions fo-
cus primarily on the respiratory route (face masks), the spread
of virus within communities may be affected by these alter-
native routes of transmission, particularly in day care and pre-
schools where children are not continent.

Additional questions remain regarding viral load and its re-
lationship to severity of disease and duration of shedding in chil-
dren. Does higher peak viral load correlate with disease sever-
ity and/or longer periods of shedding?19 Do other sources of viral
shedding, such as stool or saliva, contribute significantly to trans-
mission? Do viral loads correlate directly or inversely with ap-
propriate and/or aberrant immune and inflammatory re-
sponses to viral infection, as seen in the setting of multisystem
inflammatory syndrome of children? For instance, could pro-
longed shedding result in continued low-level activation of the
immune system and/or hyperinflammatory states?

Although this study sheds important light on testing in a
controlled situation, real-life scenarios where molecular test-
ing of children is applied are more varied. Children may pre-
sent for testing to ambulatory clinics when mildly sympto-
matic, emergency departments when moderate or severely ill,
or when hospitalized. Testing of asymptomatic children is now
increasingly common after contact with known positive house-
hold contacts or as preprocedural, prechemotherapy, preim-
munomodulation, pretransplant, or prehospitalization screen-
ing. There are likely to be expanding scenarios for testing
children as schools reopen and sports and other activities re-
sume. A qualitative molecular test at a single point in time in
each of these scenarios cannot be assumed to be equal; the de-
gree of viral load or kinetics of shedding is very likely to be dif-
ferent in each of these, and formal studies to dissect this are
needed to fill this knowledge gap. Even larger knowledge gaps
exist with respect to serologic responses to coronavirus dis-
ease 2019 infection. There is a paucity of seroprevalence data
in the population at large and a near-complete deficit in pe-
diatric populations. Estimates of herd immunity must take into
account the possibility that the general seroprevalence of dis-
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ease in the pediatric population could be the same or higher
or lower than that in adults. Until these studies are per-
formed, we are shooting in the dark.

In summary, the study by Han et al13 highlights that a large
percentage of infected children may be asymptomatic or pre-
symptomatic despite infection with SARS CoV-2 and that both

asymptomatic and symptomatic individuals may shed virus
for prolonged periods of time (2 to 3 weeks) regardless of symp-
toms. These findings are highly relevant to the development
of public health strategies to mitigate and contain spread within
communities, particularly as affected communities begin their
recovery phases.

ARTICLE INFORMATION

Author Affiliations: Division of Pediatric Infectious
Diseases, Children’s National Hospital and Research
Institute, Washington, DC (DeBiasi); Department of
Pediatrics, The George Washington University
School of Medicine and Health Sciences,
Washington, DC (DeBiasi, Delaney); Department of
Microbiology, Immunology and Tropical Medicine,
The George Washington University School of
Medicine and Health Sciences, Washington, DC
(DeBiasi); Division of Laboratory Medicine and
Pathology, Children’s National Hospital and
Research Institute, Washington, DC (Delaney);
Department of Pathology, The George Washington
University School of Medicine and Health Sciences,
Washington, DC (Delaney).

Corresponding Author: Roberta L. DeBiasi, MD,
MS, Division of Pediatric Infectious Diseases,
Children’s National Hospital and Research Institute,
111 Michigan Ave NW, West Wing 3.5, Ste 100,
Washington, DC 20010 (rdebiasi@
childrensnational.org).

Published Online: August 28, 2020.
doi:10.1001/jamapediatrics.2020.3996

Conflict of Interest Disclosures: None reported.

REFERENCES

1. Stokes EK, Zambrano LD, Anderson KN, et al.
Coronavirus disease 2019 case surveillance—United
States, January 22–May 30, 2020. MMWR Morb
Mortal Wkly Rep. 2020;69(24):759-765. doi:10.
15585/mmwr.mm6924e2

2. Lu X, Zhang L, Du H, et al; Chinese Pediatric
Novel Coronavirus Study Team. SARS-CoV-2
infection in children. N Engl J Med. 2020;382(17):
1663-1665. doi:10.1056/NEJMc2005073

3. Chao JY, Derespina KR, Herold BC, et al. Clinical
characteristics and outcomes of hospitalized and
critically ill children and adolescents with
coronavirus disease 2019 at a tertiary care medical

center in New York City. J Pediatr. 2020;223:14-19.e2.
doi:10.1016/j.jpeds.2020.05.006

4. DeBiasi RL, Song X, Delaney M, et al. Severe
coronavirus disease-2019 in children and young
adults in the Washington, DC, metropolitan region.
J Pediatr. 2020;223:199-203.e1. doi:10.1016/j.jpeds.
2020.05.007

5. Feldstein LR, Rose EB, Horwitz SM, et al;
Overcoming COVID-19 Investigators and the CDC
COVID-19 Response Team. Multisystem
inflammatory syndrome in U.S. children and
adolescents. N Engl J Med. 2020;383(4):334-346.
doi:10.1056/NEJMoa2021680

6. Li X, Xu W, Dozier M, He Y, Kirolos A,
Theodoratou E; UNCOVER. The role of children in
transmission of SARS-CoV-2: a rapid review. J Glob
Health. 2020;10(1):011101. doi:10.7189/jogh.10.011101

7. Xu CLH, Raval M, Schnall JA, Kwong JC, Holmes
NE. Duration of respiratory and gastrointestinal
viral shedding in children with SARS-CoV-2:
a systematic review and synthesis of data. Pediatr
Infect Dis J. Published online June 30, 2020. doi:10.
1097/INF.0000000000002814

8. Kim SE, Jeong HS, Yu Y, et al. Viral kinetics of
SARS-CoV-2 in asymptomatic carriers and
presymptomatic patients. Int J Infect Dis. 2020;95:
441-443. doi:10.1016/j.ijid.2020.04.083

9. Liu P, Cai J, Jia R, et al. Dynamic surveillance of
SARS-CoV-2 shedding and neutralizing antibody in
children with COVID-19. Emerg Microbes Infect.
2020;9(1):1254-1258. doi:10.1080/22221751.2020.
1772677

10. To KK, Tsang OT, Leung WS, et al. Temporal
profiles of viral load in posterior oropharyngeal
saliva samples and serum antibody responses
during infection by SARS-CoV-2: an observational
cohort study. Lancet Infect Dis. 2020;20(5):565-574.
doi:10.1016/S1473-3099(20)30196-1

11. Walsh KA, Jordan K, Clyne B, et al. SARS-CoV-2
detection, viral load and infectivity over the course

of an infection. J Infect. 2020;81(3):357-371. doi:10.
1016/j.jinf.2020.06.067

12. Li W, Su YY, Zhi SS, et al. Virus shedding
dynamics in asymptomatic and mildly symptomatic
patients infected with SARS-CoV-2. Clin Microbiol
Infect. 2020;S1198-743X(20)30410-9. doi:10.1016/j.
cmi.2020.07.008

13. Han MS, Choi EH, Chang SH, et al. Clinical
characteristics and viral RNA detection in children
with coronavirus disease 2019 in the Republic of
Korea. JAMA Pediatr. Published online August 21,
2020. doi:10.1001/jamapediatrics.2020.3988

14. Gao Z, Xu Y, Sun C, et al. A systematic review of
asymptomatic infections with COVID-19. J Microbiol
Immunol Infect. Published online May 15, 2020.
doi:10.1016/j.jmii.2020.05.001

15. US Centers for Disease Control and Prevention.
Clinical questions about COVID-19: questions and
answers: patients with persistent or recurrent
positive tests. Accessed July 14, 2020. https://
www.cdc.gov/coronavirus/2019-ncov/hcp/faq.
html#Patients-with-Persistent-or-Recurrent-
Positive-Tests

16. Mathers AJ. The practical challenges of making
clinical use of the quantitative value for SARS-CoV-2
viral load across several dynamics. Clin Infect Dis.
2020;ciaa958. doi:10.1093/cid/ciaa958

17. Xing YH, Ni W, Wu Q, et al. Prolonged viral
shedding in feces of pediatric patients with
coronavirus disease 2019. J Microbiol Immunol Infect.
2020;53(3):473-480. doi:10.1016/j.jmii.2020.03.021

18. Yuan C, Zhu H, Yang Y, et al. Viral loads in throat
and anal swabs in children infected with
SARS-CoV-2. Emerg Microbes Infect. 2020;9(1):
1233-1237. doi:10.1080/22221751.2020.1771219

19. Wang Y, Zhang L, Sang L, et al. Kinetics of viral
load and antibody response in relation to COVID-19
severity. Clin Invest. Published online July 7, 2020.
doi:10.1172/JCI138759

Editorial Opinion

jamapediatrics.com (Reprinted) JAMA Pediatrics Published online August 28, 2020 E3

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by PIER MARIA FORNASARI on 08/29/2020

mailto:rdebiasi@childrensnational.org
mailto:rdebiasi@childrensnational.org
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2020.3996?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2020.3996
https://dx.doi.org/10.15585/mmwr.mm6924e2
https://dx.doi.org/10.15585/mmwr.mm6924e2
https://dx.doi.org/10.1056/NEJMc2005073
https://dx.doi.org/10.1016/j.jpeds.2020.05.006
https://dx.doi.org/10.1016/j.jpeds.2020.05.007
https://dx.doi.org/10.1016/j.jpeds.2020.05.007
https://dx.doi.org/10.1056/NEJMoa2021680
https://dx.doi.org/10.7189/jogh.10.011101
https://dx.doi.org/10.1097/INF.0000000000002814
https://dx.doi.org/10.1097/INF.0000000000002814
https://dx.doi.org/10.1016/j.ijid.2020.04.083
https://dx.doi.org/10.1080/22221751.2020.1772677
https://dx.doi.org/10.1080/22221751.2020.1772677
https://dx.doi.org/10.1016/S1473-3099(20)30196-1
https://dx.doi.org/10.1016/j.jinf.2020.06.067
https://dx.doi.org/10.1016/j.jinf.2020.06.067
https://dx.doi.org/10.1016/j.cmi.2020.07.008
https://dx.doi.org/10.1016/j.cmi.2020.07.008
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2020.3988?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2020.3996
https://dx.doi.org/10.1016/j.jmii.2020.05.001
https://www.cdc.gov/coronavirus/2019-ncov/hcp/faq.html#Patients-with-Persistent-or-Recurrent-Positive-Tests
https://www.cdc.gov/coronavirus/2019-ncov/hcp/faq.html#Patients-with-Persistent-or-Recurrent-Positive-Tests
https://www.cdc.gov/coronavirus/2019-ncov/hcp/faq.html#Patients-with-Persistent-or-Recurrent-Positive-Tests
https://www.cdc.gov/coronavirus/2019-ncov/hcp/faq.html#Patients-with-Persistent-or-Recurrent-Positive-Tests
https://dx.doi.org/10.1093/cid/ciaa958
https://dx.doi.org/10.1016/j.jmii.2020.03.021
https://dx.doi.org/10.1080/22221751.2020.1771219
https://dx.doi.org/10.1172/JCI138759
http://www.jamapediatrics.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2020.3996

