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Abstract

Background: To understand the gastrointestinal symptoms of COVID-19 in children, gastrointestinal infection and
shedding of SARS-CoV-2 and the risk of fecal transmission to better prevent and treat COVID-19 in children.

Results: Studies have confirmed that SARS-CoV-2 can survive and replicate in the feces of some patients. As the clearance
time in the digestive tract is longer in children than in adults, children with COVID-19 have a higher risk of fecal-oral

transmission.

Conclusion: The gastrointestinal symptoms of children with COVID-19 are related to infection of the digestive tract by
the novel coronavirus, which proves that the virus can survive and replicate in the stool of patients. The role of fecal-oral
transmission should be emphasized in the screening and prevention of COVID-19 and nucleic acid detection of the virus
in the respiratory tract and digestive tract should be performed at the same time. This information will help prevent fecal-
oral transmission from becoming a hidden route of viral spread in kindergartens, schools and families.
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Introduction

Since mid-December 2019, COVID-19 (coronavirus dis-
ease 2019) has spread rapidly from person to person. As early
as March 11, 2020, the WHO confirmed the reality of a global
pandemic caused by SARS-CoV-2 (2019-nCoV) [1], which con-
tinues. As of Oct 09, 2020, the epidemic involved 215 coun-
tries and regions, with 36412788 COVID-19 cases diagnosed
globally and 1041377 deaths [2]. The main transmission route
of COVID-19 is through respiratory tract droplets, but trans-
mission can also occur through close contact and potentially
aerosol transmission in a relatively closed environment [3].
At present, there are different opinions about the fecal-oral
transmission route [3,4].

Of the 406 children with COVID-19 our group has previ-
ously observed, 55 fecal SARS-CoV-2 nucleic acid tests were
performed, of which 45 were positive (81.8%) [5]. In the ear-
ly stage of COVID-19, because of insufficient testing materi-
al (for example, the lack of nucleic acid detection kits), the
fecal nucleic acid detection was not considered to be im-
portant, and many children with COVID-19 did not undergo
anal swab nucleic acid testing. Zhang T, et al. reported three
cases of SARS-CoV-2 infection in children, all of which were

mild COVID-19 [6]. These children recovered quickly after
proper treatment. At 7, 11, or 14 days after the diagnosis of
COVID-19, two nucleic acid tests from pharyngeal swabs were
negative. After discharge from the hospital, the nucleic acid
test results of the three children's pharyngeal swab samples
remained negative, but tests for SARS-CoV-2 were positive in
stool samples within 10 days. The authors believe that clini-
cians should recognize that SARS-CoV-2 may be transmitted
through feces in children [6]. According to clinical studies, the
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total percentage of episodes of diarrhea and other gastroin-
testinal symptoms is 2%-50%, and these symptoms can oc-
cur before or after the appearance of respiratory symptoms
[7]. Some authors have detected viral RNA in gastrointestinal
tissue biopsy specimens of COVID-19 patients with gastroin-
testinal symptoms [7]. Human ACE2 (angiotensin converting
enzyme 2) is expressed not only in lung AT2 (Alveolar Cells
Type 2) cells but also in the esophagus, small intestinal epi-
thelial cells, liver and colon. Other studies provide additional
evidence that coronaviruses may infect the gastrointestinal
tract. Evidence for the presence of SARS-CoV-2 in stool and
gastrointestinal tissue specimens indicates that the virus re-
mains in the digestive tract for a long time. Increasing evi-
dence indicates the potential for oral transmission through
feces, which provides a rationale for conducting fecal PCR
(polymerase chain reaction) screening in suspected cases [8].

Is the patient's digestive tract infected with this novel
coronavirus in the same manner as the respiratory tract?
Or does this virus enter the digestive tract after shedding
via swallowing? Further research is needed to answer these
questions. This article aims to analyze the impact of long-term
fecal excretion of the virus by COVID-19 patients on environ-
mental pollution and public health and to explore whether
patients can be released from isolation or discharged before
fecal virus nucleic acid tests are negative. Is there a risk of
transmission through the fecal-oral route?

Data Source

Application vocabulary "SARS-CoV-2 Gastrointestinal
Shedding in; Risk of Fecal-oral Transmission; Children", search
"www.cnki.net", "www.cqvip.com", "www.Wanfangdata.
com.cn", "PubMed", From March 1, 2020 to Aug 26, 2020,
46 related documents were collected for narrative analysis.

Gastrointestinal Symptoms in Children with
COVID-19

COVID-19 symptoms are mainly dry cough, fever, short-
ness of breath, runny nose and pharyngeal redness, suggest-
ing that the respiratory tract is the main target of infection
and the main route of transmission. However, an increasing
number of studies have shown that gastrointestinal symp-
toms are very common [3-79% (Including loss of appetite)]
in adults and children with COVID-19 [9], including diarrhea
(2-49.5%) [10], vomiting (3.6-66.7%), bleeding (4-13.7%), and
abdominal pain (2.2-6.0%). Vomiting and diarrhea are more
common gastrointestinal symptoms in both children and
adults [11]. The PCR-positive rate of fecal tests is 36-53%.
Virus clearance in the digestive tract takes 1-11 days longer
than that of the respiratory tract. Therefore, the feces of
COVID-19 patients may be infectious [11]. Infants in the early
stages of infection only exhibit vomiting, diarrhea, or feeding
intolerance. In some cases, gastrointestinal symptoms appear
first, and some patients do not have respiratory symptoms
[12]. Ping, et al. reported that 9 adult patients had only di-
gestive symptoms at the time of onset, with 4 of them never
experiencing respiratory symptoms or fever during hospital-
ization [13].

A Chinese study showed that among 138 patients diag-

nosed with COVID-19, the rates of the gastrointestinal symp-
toms of diarrhea and nausea and vomiting were 10.1% each;
in addition, the rate of diarrhea was higher in severe than in
mild cases (16.7% versus 7.8%) [14]. Of 84 COVID-19 patients,
26 had diarrhea (31%). Other symptoms, such as dry cough,
shortness of breath, and fever, lasted longer in patients with
symptoms of diarrhea than in those without diarrhea (P <
0.05). Moreover, fecal samples from patients with diarrhea
were more likely to be positive for virus RNA (69%) than were
those from patients without diarrhea (17%) (P < 0.001) [15].

In one COVID-19 screening study, 111/3174 adults (3.5%)
and 10/745 children (1.3%) tested positive by real-time PCR
nucleic acid tests of nasopharyngeal swabs. In addition, naso-
pharyngeal and rectal swab specimens from these individuals
were regularly monitored. After proper treatment, 8 of the
10 children had a negative nasopharyngeal swab test, but the
rectal swab test continued to be positive. The longest dura-
tion from the day of hospitalization to continued positive re-
sults was 27 days. This indicates that the digestive tract was
infected with the virus in these children and that the virus
may have spread via the fecal-oral route [16]. Therefore, nu-
cleic acid detection of the digestive tract and feces may be a
better screen for SARS-CoV-2 infection or measuring the ther-
apeutic effect than respiratory sample detection [17].

One study collected specimens from the feces, serum
and respiratory tract of 96 diagnosed COVID-19 patients to
assess the viral load of SARS-CoV-2 RNA. RNA was detected in
the stool of 55 patients (59%) and in the serum of 39 (41%).
SARS-CoV-2 remained in feces for a long time (average, 22
days), significantly longer than it remained in the respiratory
tract (18 days; P = 0.02) and serum (16 days; P < 0.001) [18].
Furthermore, Zhang et al. reported that expression of ACE2
is relatively high in colon and ileal intestinal epithelial cells
[19]. Viruses can accumulate and invade the body in places
with a large number of ACE2 receptors, such as the intestinal
tract, wherein they replicate and reproduce. The intestinal
tissues are damaged by the virus, producing the correspond-
ing gastrointestinal symptoms. Judging from the condition of
COVID-19 patients with respiratory symptoms, the primary
target of virus infection is the respiratory system. Nonethe-
less, COVID-19 patients also display clear gastrointestinal
symptoms, and it can be assumed that the gastrointestinal
tract of children becomes infected with the virus.

Evidence of Gastrointestinal Infection in

Children with COVID-19

Studies have found that among 27 COVID-19-diagnosed
patients, stool samples were negative by nucleic acid tests af-
ter the first week of onset and those 6 children and 2 adults
had positive stools after discharge. At four weeks after onset,
the stools of 3 children and 1 adult remained positive. This
indicates that the digestive tract takes longer to discharge the
virus than does the respiratory tract and that viral clearance is
slower in children than in adults [20].

Some researchers have isolated SARS-CoV-2 from pa-
tients' anal swab specimens, inoculated cultures, passaged
the virus through various cell lines, and successfully isolated
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Figure 1: Images of histological and immunofluo-rescence staining of the esophagus, stomach, duodenum and rectum. Scale bars:
Histology, 100 um; immunofluorescence, 20 um. Images of fluorescence staining were obtained by laser scanning confocal microscopy.

the SARS-COV-2 strain from Vero E6 cells. Additionally, the
fecal nucleic acid test of the first patient with new corona-
virus pneumonia in the United States was positive [21]. As
described above, some authors have detected viral RNA in
gastrointestinal tissue biopsy specimens of COVID-19 patients
with gastrointestinal symptoms. ACE2 expression was lower
in esophageal epithelial cells, ACE2 receptor staining was pos-
itive in the cytoplasm of gastrointestinal epithelial cells, and
ACE2 was abundantly distributed in cilia of the glandular epi-
thelium. Viral nucleocapsid protein staining can be observed
in the cytoplasm of gastric, duodenal and rectal gland epithe-
lial cells but not in esophageal epithelial cells. A large number
of infiltrating plasma cells and lymphocytes with interstitial
edema are observed in the lamina propria of the stomach,
duodenum and rectum [7] (Figure 1). For patients who test
positive by nucleic acid testing of fecal samples, virus and
ACE2 staining was observed in gastrointestinal epithelial cells.
The above situation strongly indicates that the human diges-
tive tract is also infected by SARS-CoV-2.

Possibility of Fecal-Oral Virus Transmission

Fecal-oral transmission means that pathogenic microor-
ganisms are excreted in stool, contaminate the environment
and then enter the oral cavity of another person to cause
infection. SARS-CoV-2 and other SARS (severe acute respi-
ratory syndrome) viruses are highly similar in structure, and

the mechanisms by which they cause intestinal symptoms
are also very similar. Indeed, study of the SARS virus has im-
portant reference value for the study of SARS-CoV-2. During
the SARS outbreak of 2003, the Hong Kong Amoy Gardens in-
cident can be said to be a classic case of "fecal-oral spread
+ aerosol spread", which caused 321 people to become in-
fected with the SARS virus. The investigation found that the
source of the transmission was a SARS-infected person who
visited his brother's house in Block E of Amoy Gardens. During
this visit, he used the toilet while experiencing diarrhea. The
virus entered the building's ventilation system through pipes,
which led to the spread of the virus [22].

In Singapore, Ong, et al. collected stool samples from pa-
tients with COVID-19. Although these patients did not have
diarrhea, they were positive by PCR; samples were also col-
lected from the surface of the bathroom toilet, the inside of
the sink, and the door handle, showing that feces have the
ability to spread viruses [23]. This demonstrates that virus in
the feces can contaminate bathroom items such as toilets and
sinks, which has laid the foundation for "contact spread". As
long as someone touches the pollutants with their hands and
then touches their mouth or nose mucosa, they can complete
the fecal-oral transmission route. Among parents, caregivers,
and special groups of children, notably infants and preschool
children, the probability of fecal exposure to children is al-
most 100%; thus, correctly understanding the possibility of
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fecal-oral transmission and strengthening protection against
fecal virus exposure to children is essential for families with
children.

There is evidence that SARS-CoV-2 is present in the feces
of children a few weeks after the onset of COVID-19, causing
people to worry about fecal-oral transmission, especially for
babies and children who are not trained to go to the toilet
and wash their hands. The virus is easily transmitted through
the gastrointestinal tract. In general, the prolonged shedding
of viruses in feces has a significant impact on spread in kinder-
gartens, schools and families [24]. Zhang, et al. studied SARS-
CoV-2 infections in humans and found that the novel coro-
navirus can only enter human cells expressing ACE2. There-
fore, ACE2 plays a prominent role in SARS-CoV-2 infection. In
this process, the cellular serine protease (TMPRSS2), which
cleaves the spike protein, is necessary, thereby regulating the
entire mechanism of virus entry into human cells [8,25]. The
infectivity of SARS-CoV-2 mainly depends on its binding ability
to the ACE2 receptor. In fact, the binding of SARS-CoV-2 to
human ACE2 is 10-20 times stronger than that of SARS-CoV
[26,27]. Recently, it was reported that SARS-CoV-2 invades
host cells via a novel route of the CD147-spike protein (SP),
whereby SP binds to CD147, a receptor on host cells, medi-
ating viral invasion of human cells and causing SARS-CoV-2
infection [28]. ACE2 is also expressed in the small intestine
of newborns, but the amino acid transporter SIT1 (SLC6A19)
is not [29].

Normal lung AT2 cells express more ACE2 than do ATl cells.
Among SARS-CoV-2 infections, different donor lungs have
shown differences in ACE2 expression by AT2 cells, which may
be related to disease susceptibility and severity. Therefore,
it is speculated that AT2 cells may be the key cells through
which SARS-CoV-2 invades the lungs and that the abundance
ACE2 may be related to the severity of the infection. Data
show that ACE2 and TMPRSS2 (cellular serine proteases) are
also expressed in esophageal epithelial cells, gastric layered
epithelial cells, the ileum, and colon epithelial cells, indicat-
ing that the respiratory system and digestive system are both
potential targets of SARS-CoV-2 [8,25]. Research to date pro-
vides bioinformatics evidence that the respiratory and diges-
tive tracts are potential infection and transmission routes for
SARS-CoV-2, which may have important implications for the
development of measures to respond to SARS-CoV-2 infec-
tion [19].

Studies also suggest that SARS-CoV-2 may be shed
through multiple pathways, and other coronaviruses, such as
SARS-CoV, can spread via the feces-oral route by infecting the
intestine. A previous study found that after 10 days of proper
treatment, 15 patients still had positive nucleic acid tests; 8
were positive by pharyngeal swabs (53.3%), 4 cases by anal
swabs (26.7%), and the other two patients by both oropha-
ryngeal and anal swabs. After receiving drug treatment for
approximately 10 days, viral antibody testing showed rela-
tively low or undetectable IgM and IgG titers. After another
5 days, the IgG-positive rate increased from 81% (13/16) to
100% (16/16), and the IgM-positive rate increased from 50%
(8/16) to 81% (13/16). These rates usually indicate the tran-
sition from early to late infection. If a virus is detected in a

patient's anal swab, pharyngeal swab, or blood, the infected
person may spread SARS-CoV-2 through the respiratory tract,
feces, or bodily fluid [23,28].

The current methods for detecting viral RNA using oro-
pharyngeal swab specimens for diagnostic purposes are not
perfect. People infected with SARS-CoV-2 may have viruses
in their intestines, but conventional nucleic acid detection
methods may yield false-negative results, thereby posing
a threat to others. As SARS-CoV-2 may spread via multiple
channels, the combined utilization of pharyngeal swabs, anal
swabs and serological viral antibody testing to detect viral nu-
cleic acids will not only improve the positive rate of nucleic
acid tests but will also enable monitoring of the occurrence
and development of COVID-19, with scientifically planned
isolation, release from isolation, discharge, and other preven-
tion and control measures [30].

In one study, live, replicable viruses were isolated from
stool samples from patients with COVID-19, which differs
from what has been previously reported. The researchers iso-
lated the virus from 11 patients with COVID-19. These viruses
were then used to infect Vero-E6 cells, which were then col-
lected at intervals to detect viral load. Based on 48- and 72-
hour tests, the viral load increased, as did the cytopathic ef-
fect and mortality. In specimens from patient No. 11, a trinu-
cleotide mutation appeared, and this mutation was "strong"
in subsequent experiments, greatly improving the replication
rate and pathogenicity of the strain. At the same time, 3 virus
isolates were obtained from the stool samples of these pa-
tients, and these virus strains also showed replication ability
in Vero-E6 cells. These findings show that the virus isolated
from feces has the ability to spread, which may provide im-
portant evidence for fecal-oral transmission [31].

Recommendations for Preventing Fecal-Oral
Transmission

1. It is recommended that the anal swab test be included
with the throat swab test in the COVID-19 prevention and
control regulations to increase the scientific rigor of man-
agement. In the process of screening close contacts and
suspected patients, attention should be paid to asymp-
tomatic patients, especially those with gastrointestinal
symptoms. Simultaneously, conducting nucleic acid de-
tection with pharyngeal swabs and anal swabs improves
screening.

2. Protective measures should be strengthened in the Diges-
tive Tract Endoscopy Departments of hospitals. Digestive
tract endoscopy and treatment will inevitably lead to con-
tact with patient digestive tract secretions, constituting
a likely form of exposure, and the awareness of medical
personnel regarding protective equipment and precau-
tions should be increased.

3. Parents of children in isolation or discharged from hos-
pitals should be educated about fecal-oral transmission,
close contact transmission, and aerosol transmission.
They should increase their awareness of hand hygiene
and be taught how to protect and handle feces and urine
from children.
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4. Protocols for the storage and disposal of digestive tract
excreta should be improved, and the management system
should be strictly implemented. For high-risk areas and
communities, necessary disinfection and management
measures for sewers and ventilation systems should be
taken to avoid infection clusters caused by fecal contam-
ination.

5. The prevention and control measures of childcare insti-
tutions should be strengthened, ventilation and hand hy-
giene should be increased, and daily cleaning and disin-
fection, especially of tableware, toys, and toilets, should
be implemented.

Conclusion

Although there is still a lack of direct evidence of the fe-
cal-oral transmission of SARS-CoV-2, researchers are con-
stantly exploring and increasing the understanding of dif-
ferent transmission routes for this novel coronavirus. This
article confirms that SARS-CoV-2 can survive and replicate in
the feces of infected patients. The clearance time is longer
in the digestive tract than in the respiratory tract, and it is
slower in children than in adults. Therefore, there is a real
risk of fecal-oral transmission through gastrointestinal excre-
ta of children with COVID-19, which could contaminate the
environment and endanger public health. The prevention of
fecal-oral transmission in kindergartens, schools and families
should be strengthened. It is recommended that negative
fecal tests be included in isolation and discharge standards,
which are of great significance for the rigorous control and
prevention of the spread of SARS-CoV-2. We also make specif-
ic recommendations for preventing and controlling fecal-oral
transmission.
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