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We report the clinical characteristics, viral shedding duration, and contact tracing for
asymptomatic carriers of SARS-CoV-2 in Wuhan, China. The asymptomatic carriers
were relatively young (median age: 34.5 years). Chest computed tomography showed
no abnormalities. The nasopharyngeal swab was an optimum specimen for RNA testing.
The median viral shedding duration was 11.5 days. Notably, 2 months of viral shedding
duration were reported in two nurses, which was much longer than previously reported
or than usually thought. The transmissibility of SARS-CoV-2 by asymptomatic carriers
during the studied period in Wuhan appeared to be weak. Only one patient (1/12)
was found to have transmitted the virus to another person. Early asymptomatic carrier
detection, isolation, and contact tracing could be useful to mitigate the spread of
the disease.
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INTRODUCTION

The epidemic of coronavirus disease 2019 (COVID-19) has spread globally and has resulted
in more than 600,000 deaths as of late July (1). In the fight against severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), an increasing number of investigators have begun to
be focus on the risk of transmission from asymptomatic carriers. An asymptomatic carrier of
SARS-CoV-2 is a person infected with SARS-CoV-2 who does not develop symptoms. According
to their current disease state, asymptomatic carriers could be categorized as incubatory carriers
in a pre-symptomatic state or convalescent carriers who have already recovered from the disease.
Asymptomatic carriers play a critical role in the transmission of infectious diseases, including
COVID-19 (2). The reported incidence of asymptomatic infections differs in various regions and
time periods. An early report from China stated that only 1% of SARS-CoV-2 infections were
asymptomatic (3). The incidence of asymptomatic infections on the “Diamond Princess” ship was
51.7% (4). A high proportion (40.7%) of asymptomatic infections was reported among residents
and staff members of nine long-term care facilities in the USA (5). To date, a better understanding of
asymptomatic carriers is still urgently needed. We hereby provide a report of healthy asymptomatic
carriers based on a review and analysis of their medical records with the ultimate goal of mitigating
the spread of COVID-19.
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METHODS

We enrolled asymptomatic carriers of SARS-CoV-2 from March
20th, 2020, to April 5th, 2020, in the People’s Hospital of Wuhan
University. Of the 280 patients with laboratory-confirmed
COVID-19, 12 patients who never developed any symptoms
throughout the disease course were included in this study.
The 12 asymptomatic carriers met the following criteria: (1).
Confirmed SARS-CoV-2 infection, with patients having at least
two positive results from RNA tests (6). Specimens collected
from nasopharyngeal swabs, stool, and urine were analyzed by
reverse transcription quantitative PCR to detect SARS-CoV-2
RNA; (2). A lack of related signs or symptoms of COVID-19,
including fever and any respiratory symptoms during the entire
hospitalization and the 14-day post-discharge isolation period.
When SARS-CoV-2 infection was confirmed, the patients were
hospitalized in the isolation ward until they met the discharge
criteria. Discharge criteria was two consecutive negative results
on RNA tests separated by at least a 24-h interval for
nasopharyngeal swabs, stool, and urine. During hospitalization,
all patients were treated with Arbidol (1,200 mg, three times per
day, oral), and RNA testing was repeated every 3 days. After
discharge, the patients were quarantined for 14 days in an isolated
observation area and underwent viral RNA testing every week.
When the test for viral RNA was confirmed to be positive in
these patients, any person with whom the patients had contact
was strictly quarantined for 14 days and tested for the presence
of viral RNA. We analyzed all the clinical features, including
the laboratory and radiographic findings. Data are presented
as the medians + interquartile ranges (IQRs) for continuous
variables. The study was approved by the People’s Hospital of
Wuhan University Ethics Committee (No. WDRY2020-K068).
Written informed consent was obtained from all the patients for
the publication of any potentially identifiable data included in
this article.

RESULTS

The proportion of patients from March 20th, 2020, to April
5th, 2020, in the People’s Hospital of Wuhan University who
were asymptomatic was 4.3%. The demographic and clinical
characteristics of the 12 asymptomatic patients are shown in
Table 1. All the patients were Wuhan residents. Seven patients
were screened for viral RNA because of a definite history of
exposure to confirmed patients, and two of the seven were
nurses who had cared for COVID-19 patients in a front-line
hospital. Four patients were screened for RNA when they were
hospitalized due to an active disease, including acute pancreatitis,
ectopic pregnancy, coronary heart disease, and hepatocellular
carcinoma. One patient was screened for viral infection during
a pre-employment physical examination and did not have a
definite history of exposure. The patients had a median age of
34.5 years (IQR 29.0-43.0); nine of them were males and three of
them were females.

Abbreviations: COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2; IQR, interquartile range.

The retrospective results of RNA testing on specimens,
including nasopharyngeal swabs, stool samples, and urine
samples, during the entire illness duration are shown in Table 1.
Nasopharyngeal swabs had the highest positive rates (12 of 12;
100%), followed by stool samples (6 of 12; 50%) and urine
samples (1 of 12; 8.6%). Viral serological test results for IgM
and IgG antibodies against SARS-CoV-2 are shown in Table 1.
The IgG levels of all the patients were elevated (100%), and
the IgM levels of two patients were slightly elevated (16.7%).
Eight patients without active disease presented with normal
laboratory markers, including white blood cell count and levels
of C-reactive protein, lactate dehydrogenase, and D-dimer. Chest
computed tomography was normal in all patients as well. Four
patients who were hospitalized for active primary diseases had
relevant changes in laboratory tests (Table 1). For example, both
patient 1 and patient 7 presented with increased C-reactive
protein levels because of acute pancreatitis and ectopic pregnancy
surgery, respectively.

The duration from the first confirmed positive RNA test result
to a confirmed negative RNA test result is defined as the viral
shedding duration (7). The median shedding duration was 11.5
days (IQR 9.0-14.0), ranging from 7 to 70 days. Notably, the
shedding duration in the two nurses (patient 8 and patient 9) was
more than 2 months (Table 1), which was longer than previously
reported or usually thought. We retrospectively tracked the
disease course in these two nurses, and the details are shown in
Figure 1. We found that these two nurses underwent viral RNA
testing within 1 week after exposure to confirmed patients. The
intervals from confirmed contact to the first RNA test in these
two patients were 3 days and 6 days, which were much shorter
than those in the other patients (Table 1). Additionally, patient
8 presented with recurrent positivity for viral RNA during the
self-quarantine period after the first discharge. After performing
contact tracing for all patients, only one patient was found to
have transmitted the virus; he passed the virus to his mother,
who developed mild COVID-19. Persons with whom the other 11
patients came into contact were not infected; either no symptoms
were observed or screening viral RNA tests were negative during
the 14-day isolation period.

DISCUSSION

SARS-CoV-2 is recognized as being much more transmissible
than both SARS-CoV and Middle East respiratory syndrome
coronavirus (8). Asymptomatic carriers of SARS-CoV-2 have
received increasing attention (7, 9). In this report, we
describe some asymptomatic carriers of the disease. Healthy
asymptomatic carriers are more likely to be younger (median age:
34.5 years) than symptomatic hospitalized patients (median age:
56.0 years) (10), which is consistent with some recent studies (11).
RNA tests of nasopharyngeal swabs were 100% positive, which is
much higher than the positive rate in stool and urine specimens
in asymptomatic carriers, suggesting that nasopharyngeal swabs
could be the optimum samples. However, the nasopharyngeal
swabs test was reported to deliver false negatives because of
sample collection and the operating procedures in some studies
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TABLE 1 | Summary of clinical features and laboratory findings.

References Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7 Patient 8 Patient 9 Patient 10 Patient 11 Patient 12
Age NA 35 43 45 30 27 22 32 34 29 42 52 64
Sex NA Male Male Male Male Male Male Female Female Female Male Male Male
Occupation NA Office worker Office worker Office worker Doctor Office worker Student Office worker Nurse Nurse Office worker Office worker Office worker
Contact history NA No No Yes Yes Yes Yes No Yes Yes No Yes No
Transmission to contact NA No No No No No Mother No No No No No No
Nasopharyngeal swabs NA + + + + + + + + + + + +
Stool NA + - - - - + + + + + - -
Urine NA - - - - - + - - - - - -
Viral shedding duration NA iRl 8 25 iRl iR 12 7 70 65 9 14 14
Interval from contact to NA NA NA 46 20 24 14 NA 3 6 NA 57 NA
RNA testing
Comorbidity NA No DM No No No No No No No CHD No HCC
Active diseases NA Acute No No No No No Ectopic No No CHD No HCC

pancreatitis pregnancy

WBC x 109/L 3.5-9.5 6.1 7.8 6.34 7.8 7.29 7.0 12.97 4.37 4.49 6.92 8.09 2.18
Neutrophils x 10%/L 1.8-6.3 4.2 4.8 4.04 3.88 4.42 3.78 10.05 2.1 212 3.95 2.88 1.39
Lymphocytes x 10%/L  1.1-3.2 1.01 2.32 1.71 2.79 2.05 2.46 1.97 1.59 1.86 2.22 4.09 0.43
CRP, mg/L <5 >200 <5 <5 <5 <5 <5 81 <5 <5 <5 <5 13
1gG*, AU/mL <10 175.4 55.75 45.34 393.3 62.6 149.6 104 129 21.55 87.65 189.2 1,041
IgM*, AU/mL <10 1.52 1.08 15.01 24.58 2.8 3.77 3.59 4.61 6.74 9.03 8.6 4.7
LDH, U/L 120-250 491 154 137 135 204 136 190 121 146 287 160 233
D-dimer, mg/L 0-0.55 9.54 0.21 0.14 0.21 0.1 0.27 0.8 0.15 NA 9.32 NA NA

DM, diabetes mellitus; CHD, coronary heart disease; HCC, hepatocellular carcinoma; WBC, white blood cell; CRF, C-reactive protein; LDH, lactate dehydrogenase; NA, not available.

*lgG refers to antibody against SARS-CoV-2.
*IgM refers to antibody against SARS-CoV-2.
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FIGURE 1 | Disease course in patient 8 and patient 9. As shown in the schematic, patient 8 and patient 9 (two nurses) performed their first RNA testing within 1 week
after contact with the infected patient. Then they were self-quarantined until admission to hospital. During the period of self-quarantine and central quarantine, they
were tested with nasopharyngeal swabs once a week. During the period of hospitalization, they were tested with nasopharyngeal swabs every 3 days. Patient 8

(11). All asymptomatic carriers presented with elevated IgG
antibody levels, while the IgM antibody levels were slightly
elevated in a few patients in our study. The SARS-CoV-2 specific
IgG and IgM yielded different responses depending on disease
course. IgG usually maintains at high levels during a long
period (12), while IgM usually wanes rapidly (13). IgG also
reported to be seronegative in some asymptomatic individuals
(7). Undoubtedly, the immune responses play a key role in the
onset of COVID-2019. Hence, more immunological studies of
asymptomatic carriers are needed urgently.

Prolonged viral shedding has been reported to be associated
with fatal outcomes of severe influenza A (H7N9) infection (14).
In COVID-19 non-survivors, the virus could be detected up
until death. The viral shedding duration is a critical indicator
of prognosis in symptomatic patients (10). It is estimated that
viral shedding from asymptomatic carriers contributed to early
transmission (15). In a previous retrospective cohort study,
the median range of the duration of viral shedding among
hospitalized patients was 12-20 days (10). The longest observed
duration of viral shedding in survivors was 49 days (16).
In study of 37 asymptomatic individuals (Chonggqing, China),
shedding duration was reported as 19 days (7). In our study,
the median shedding duration of asymptomatic carriers was
11.5 days. Notably, the longest duration of viral shedding in
two nurses was longer than 2 months. This is the longest viral
shedding duration reported to date. When tracing the entire
disease course, we found that the first RNA testing was performed
much earlier in these two nurses than in other patients due
to their confirmed exposure history. Besides early detection of
RNA, the prolonged virus shedding duration in asymptomatic
carriers is predicted to be associated with the frequency and
quality of specimen collection (7). In addition, evidence of
virus shedding duration only evaluated by reverse transcription
quantitative PCR is limited, for RNA testing cannot distinguish
whether the virus is alive or dead (17). The virus viability
assessment in patients should be considered in future studies.
One of the nurses developed a recurrent RNA positivity after
discharge. Nasopharyngeal swabs, while effective, are unable to
account for the possibility of reinfection and can also deliver false
negative results (18). Our findings suggested that asymptomatic

carriers could remain free from symptoms while carrying the
virus for an extended period. This may provide evidence of
the strong potential for transmission by asymptomatic carriers.
Several studies have indicated that transmission of SARS-CoV-
2 by asymptomatic carriers is implicated in crowds and family
outbreaks in Wuhan, from December, 2019 to January, 2020
(19, 20). However, according to the results of contact tracing
collected from March 20th, 2020, to April 5th, 2020 in our study,
it was found that the transmissibility of the virus in asymptomatic
carriers was weak, which is consistent with previous studies that
suggested that the transmission risk is not high when patients
are asymptomatic (21, 22). Additionally, it was reported that all
455 contacts who were exposed to the asymptomatic carriers in
Guangdong, China, did not develop SARS-CoV-2 infection (23).
Thus, the transmissibility of the virus in asymptomatic carriers
might be weak. It is worth noting that the low transmissibility
is probably related to the strict control measures implemented
since February in Wuhan. More evidence is needed to clarify
the transmissibility of the virus in asymptomatic carriers in the
future. The collection of data from a larger cohort would enable
researchers to more comprehensively investigate this issue.

In conclusion, viral RNA can be detected in asymptomatic
carriers over a long period. The transmissibility of the virus
in asymptomatic carriers from Wuhan, where strict control
measures were implemented, was not as high as expected.
Early asymptomatic carrier detection, isolation, and contact
tracing would be useful to mitigate the spread of COVID-
19. This report will hopefully provide a better understanding
of the transmissibility of the virus in asymptomatic carriers
of COVID-19.

DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the
article/supplementary material.

ETHICS STATEMENT

Written informed consent was obtained from the [individual(s)
and/or minor(s)’ legal guardian/next of kin] for the publication

Frontiers in Medicine | www.frontiersin.org

August 2020 | Volume 7 | Article 547


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Tan et al.

Transmissibility of SARS-CoV-2 by Asymptomatic Carriers

of any potentially identifiable images or data included in
this article.

AUTHOR CONTRIBUTIONS

RZ, DL, and JLu directed the whole study to go on. KW,
JLu, and JLi gathered information of all patients. FT and KW
analyzed the data. FT drawed the table and the figure. FT wrote
the manuscript. RZ, DL, and JLu reviewed and amended the

REFERENCES

1. Coronavirus disease. (COVID-19) Situation Report - 188. World Health
Organization (2019).

2. Lai C-C, Liu YH, Wang C-Y, Wang Y-H, Hsueh S-C, Yen M-Y, et al
Asymptomatic carrier state, acute respiratory disease, and pneumonia
due to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2):
facts and myths. ] Microbiol Immunol Infect. (2020) 53:404-12.
doi: 10.1016/j.jmii.2020.02.012

3. Wu Z, McGoogan JM. Characteristics of and important lessons from the
coronavirus disease 2019. (COVID-19) outbreak in China summary of a
report of 72 314 cases from the Chinese center for disease control and
prevention. JAMA. (2020). doi: 10.1001/jama.2020.2648. [Epub ahead of
print].

4. Mizumoto K, Kagaya K, Zarebski A, Chowell G. Estimating the asymptomatic
proportion of coronavirus disease 2019. (COVID-19) cases on board the
Diamond Princess cruise ship, Yokohama, Japan, (2020). Eurosurveillance.
(2020) 25:2000180. doi: 10.2807/1560-7917.ES.2020.25.10.2000180

5. Feaster M, Goh Y-Y. High proportion of asymptomatic SARS-CoV-2
infections in 9 long-term care facilities, Pasadena, California, USA, April 2020.
Emerg Infect Dis J. (2020). doi: 10.3201/eid2610.202694. [Epub ahead of print].

6. Clinical protocols for the diagnosis and treatment of covid-19.Version 7.
National Health Commission and State Administration of Traditional Chinese
Medicine. (2020).

7. Long QX, Tang XJ, Shi QL, Li Q, Deng HJ, Yuan J, et al. Clinical and
immunological assessment of asymptomatic SARS-CoV-2 infections. Nat
Med. (2020). doi: 10.1038/s41591-020-0965-6. [Epub ahead of print].

8. Chen J. Pathogenicity and transmissibility of 2019-nCoV-A quick overview
and comparison with other emerging viruses. Microbes Infect. (2020) 22:69-
71. doi: 10.1016/j.micinf.2020.01.004

9. Yang R, Gui X, Xiong Y. Comparison of clinical characteristics of
patients with asymptomatic vs symptomatic
2019 in Wuhan, China. JAMA Netw Open.
doi: 10.1001/jamanetworkopen.2020.10182

10. Zhou E Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course
and risk factors for mortality of adult inpatients with COVID-19 in
Wuhan, China: a retrospective cohort study. Lancet. (2020) 395:1054-62.
doi: 10.1016/S0140-6736(20)30566-3

11. Tan J, Liu S, Zhuang L, Chen L, Dong M, Zhang J, et al. Transmission and
clinical characteristics of asymptomatic patients with SARS-CoV-2 infection.
Future Virol. (2020) doi: 10.2217/fv1-2020-0087. [Epub ahead of print].

12. Caturegli G, Materi ], Howard BM, Caturegli P. Clinical validity of serum
antibodies to SARS-CoV-2: a case-control study. Ann Intern Med. (2020).
doi: 10.7326/M20-2889. [Epub ahead of print].

13. Long QX, Liu BZ, Deng HJ, Wu GC, Deng K, Chen YK, et al. Antibody
responses to SARS-CoV-2 in patients with COVID-19. Nat Med. (2020)
26:845-8. doi: 10.1038/541591-020-0897-1

coronavirus  disease
(2020) 3:€2010182.

manuscript. All authors contributed to the article and approved
the submitted version.

FUNDING

This work was supported by the National Key Clinical
Specialty ~ Constructions ~ Project of  China  (Grant
No. 2012650).

14. Wang Y, Guo Q, Yan Z, Zhou D, Zhang W, Zhou §, et al. Factors associated
with prolonged viral shedding in patients with avian influenza A(H7N9) virus
infection. J Infect Dis. (2018) 217:1708-17. doi: 10.1093/infdis/jiy115

15. Arons MM, Hatfield KM, Reddy SC, Kimball A, James A, Jacobs JR, et al.
Presymptomatic SARS-CoV-2 infections and transmission in a skilled nursing
facility. N Engl ] Med. (2020) 382:2081-90. doi: 10.1056/NEJMo0a2008457

16. Tan L, Kang X, Zhang B, Zheng S, Liu B, Yu T, et al. Plasma therapy
cured a COVID-19 patient with long duration of viral shedding for 49
days: the clinical features, laboratory tests, plasma therapy and implications
for public health management. Med Comm. (2020) 1:77-80. doi: 10.1002/
mco2.2

17. Cangelosi GA, Meschke JS. Dead or alive:
of microbial viability. Appl Environ Microbiol.
doi: 10.1128/AEM.01763-14

18. Chen D, Xu W, Lei Z, Huang Z, Liu J, Gao Z, et al. Recurrence of positive
SARS-CoV-2 RNA in COVID-19: a case report. Int ] Infect Dis. (2020)
93:297-9. doi: 10.1016/j.ijid.2020.03.003

19. Chan JE Yuan S, Kok KH, To KK, Chu H, Yang J, et al. A familial cluster of
pneumonia associated with the 2019 novel coronavirus indicating person-to-
person transmission: a study of a family cluster. Lancet. (2020) 395:514-23.
doi: 10.1016/S0140-6736(20)30154-9

20. Bai Y, Yao L, Wei T, Tian E Jin D-Y, Chen L, et al. Presumed
Asymptomatic Carrier Transmission of COVID-19. JAMA. (2020) 323:1406-
7. doi: 10.1001/jama.2020.2565

21. Zou L, Ruan F Huang M, Liang L, Huang H, Hong Z, et al. SARS-CoV-2 viral
load in upper respiratory specimens of infected patients. N Engl ] Med. (2020)
382:1177-9. doi: 10.1056/NEJMc2001737

22. To KK-W, Tsang OT-Y, Leung W-S, Tam AR, Wu T-C, Lung DC,
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) 20:565-74.
doi: 10.1016/S1473-3099(20)30196-1

23. Gao M, Yang L, Chen X, Deng Y, Yang S, Xu H, et al. A study on infectivity
of asymptomatic SARS-CoV-2 carriers. Respir Med. (2020) 169:106026.
doi: 10.1016/j.rmed.2020.106026

molecular assessment
(2014) 80:5884-91.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Tan, Wang, Liu, Liu, Luo and Zhou. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Medicine | www.frontiersin.org

August 2020 | Volume 7 | Article 547


https://doi.org/10.1016/j.jmii.2020.02.012
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.2807/1560-7917.ES.2020.25.10.2000180
https://doi.org/10.3201/eid2610.202694
https://doi.org/10.1038/s41591-020-0965-6
https://doi.org/10.1016/j.micinf.2020.01.004
https://doi.org/10.1001/jamanetworkopen.2020.10182
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.2217/fvl-2020-0087
https://doi.org/10.7326/M20-2889
https://doi.org/10.1038/s41591-020-0897-1
https://doi.org/10.1093/infdis/jiy115
https://doi.org/10.1056/NEJMoa2008457
https://doi.org/10.1002/mco2.2
https://doi.org/10.1128/AEM.01763-14
https://doi.org/10.1016/j.ijid.2020.03.003
https://doi.org/10.1016/S0140-6736(20)30154-9
https://doi.org/10.1001/jama.2020.2565
https://doi.org/10.1056/NEJMc2001737
https://doi.org/10.1016/S1473-3099(20)30196-1
https://doi.org/10.1016/j.rmed.2020.106026
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Viral Transmission and Clinical Features in Asymptomatic Carriers of SARS-CoV-2 in Wuhan, China
	Introduction
	Methods
	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


