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Dear Editor,

An acute viral pneumonia (COVID-19), caused by the novel
coronavirus known as SARS-CoV-2, was first identified
during December 2019 in China (Zhu et al., 2020). SARS-
CoV-2 was found to be highly transmissible in humans
(Wang et al., 2020) and is now a pandemic spreading to over
140 countries and causing over 150,000 infections and 6,000
deaths as of March 15, 2020.
Diagnosis is critical for confirmation and treatment of

COVID-19. Currently the primary criterion for diagnosis of
COVID-19 is viral RNA detection for respiratory samples.
Recently, two studies on virus loads in clinical samples re-
ported that viral loads in nasal and throat swabs and sputum
specimens peaked at 3–7 days after illness onset (d.a.o.) and
virtually disappeared before 15 d.a.o. (Pan et al., 2020; Zou
et al., 2020). Another study showed that the median duration

of virus shedding in throat swabs was 20 d.a.o. in survivors
and was detectable until death in non-survivors (Zhou et al.,
2020). Additionally, live viruses have been isolated in the
feces and urine samples of COVID-19 patients. However, the
viral dynamics in these types of specimens has not yet been
clearly elucidated, as well as comparative studies on virus
shedding in the upper respiratory, intestinal, and urinary
tracts.
From January 20 to February 23, 2020, a total of 23 pa-

tients were treated in a designated hospital in Beijing (11
were imported cases, 12 were secondary cases; two family
clusters; 12 males, 11 females; the median age was
48.0 years (IQR 40.0 to 62.0); two were critically ill, the
others were mild-to-moderate, all patients recovered except
for one due to bacterial infection) (Table S1 in Supporting
Information). Upper respiratory (nasal-throat mixed) swabs
(n=66), feces (n=51), urine (n=56), and plasma (n=56)
samples were collected for viral RNA detection by real-time
RT-PCR (rRT-PCR) kit (Mabsky Biotech Co., Ltd.). The
study was approved by the Ethics Committees of Chinese
Academy of Sciences (APIMCAS2020057). Informed con-

© Science China Press and Springer-Verlag GmbH Germany, part of Springer Nature 2020 life.scichina.com link.springer.com

SCIENCE CHINA
Life Sciences

†Contributed equally to this work
*Corresponding authors (Yuhai Bi, email: beeyh@im.ac.cn (lead contact); Penghui
Yang, email: ypenghuiamms@hotmail.com; Fusheng Wang, email: fswang302@163.
com)

https://doi.org/10.1007/s11427-020-1783-9
https://doi.org/10.1007/s11427-020-1783-9
http://life.scichina.com
http://link.springer.com
http://crossmark.crossref.org/dialog/?doi=10.1007/s11427-020-1783-9&amp;domain=pdf&amp;date_stamp=2020-07-29


sent was obtained from all subjects for being included in the
study, and all patient data were anonymized before study
inclusion.
The plasma and urine samples were found to be negative,

except for urine samples from two critically ill patients at
the latest available detection point (16 or 21 d.a.o.). Con-
versely, virus was shed in respiratory swabs and fecal
samples during the disease period (Figure 1A). Ten of 12
cases (83.3%) were positive for fecal samples, while 14 of
21 cases (66.7%) were positive for respiratory samples. In
addition, all samples from one critically ill patient were
negative until 21 d.a.o., when the fecal sample was positive.
The median duration of virus shedding was 10.0 days (IQR
8.0 to 17.0) in nasal-throat mixed swabs, but was 22.0 days
(IQR 15.5 to 23.5) for the feces (Figure 1A and B). The
viral titers of nasal-throat swabs peaked at 6–9 d.a.o. and at
14–18 d.a.o. for fecal samples, and the mean virus titers at

the peak were significantly higher for feces (106.3 copies
mL–1, mean 5,623 copies mL–1) than for respiratory samples
(105.8 copies mL–1, mean 2,535 copies mL–1) (Figure 1A).
Notably, at 26 days after discharge, case 3 (the father of a
family cluster) was detected to be positive again in the fecal
sample, but appeared to be healthy and negative for the
respiratory swabs. This family cluster includes the mother
(case 1), father (case 3) and son (case 2) (Table S1 in
Supporting Information). They all have travel history in
Wuhan for four days. The mother firstly presented symp-
toms and was the first confirmed for COVID-19. Six days
later the father and son displayed symptoms and were ad-
mitted to hospital. For this family cluster, we found that the
fecal samples were continuously positive until discharge,
especially for the mother and son, while their respiratory
samples became negative after one weeks’ treatment in
hospital (Figure 1C). Comparative analysis on the imported

Figure 1 Virus dynamics in nasopharyngeal and fecal specimens of COVID-19 cases. A, The nasal-throat mixed swabs (n=66) and fecal samples (n=51) of
all 23 cases were collected and detected by rRT-PCR. B, Sequential nasal-throat mixed swab (solid line) and fecal samples (dotted line) were collected in 11
cases and used for virus detection. Two critically ill cases were colored in red. The other nine cases with mild-to-moderate symptoms were colored in black.
C, Virus detection of a family cluster includes the mother, father, and son. D, Comparative analysis on virus titers between the imported (red and blue) and
secondary cases (green and cyan). E, The standard curve, produced by the pseudotyped virus with SARS-CoV-2 ORF1ab gene, for calculation of viral RNA
copy numbers. The regression curve is y=–3.5691x+47.127 (R2=0.9993), where x represents the gradient dilution factor, y represents Ct values.
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and secondary cases showed that the fecal samples were
generally positive from 11 to 25 d.a.o. in both groups.
However, the respiratory samples were positive with higher
virus titer in the early stages of infection for the secondary
cases, which was not seen in the imported cases (Figure
1D).
Therefore, we found that the period of virus shedding was

significantly different between the upper respiratory and
fecal samples. A longer virus shedding period was found in
the fecal samples compared to the upper respiratory samples,
although the viral RNAs in the latter were generally detect-
able earlier than in the former. In addition, one recent study
reported that an asymptomatic case was positive in the rectal
swabs but negative in the nasopharyngeal swabs for a period
as long as 42 days (Jiang et al., 2020). Our data suggest that
detection of respiratory samples together with fecal samples
should be used for diagnosis of COVID-19, especially for
monitoring the relapse of discharged patients, the later stages
of infection, and latent or asymptomatic infection, which will
be more effective than detection with only one sample type.
Furthermore, live virus has been isolated in fecal samples
(Xiao et al., 2020), suggesting a potential fecal-oral trans-
mission route for COVID-19. Hence, this comparative study
on viral shedding between the upper respiratory and fecal
samples provides a new clue for the diagnosis and prevention
of COVID-19.
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