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A B S T R A C T

The Corona Virus Disease 2019 (COVID-19) pandemic, caused by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), erupted in 2020 and created severe public health and socioeconomic challenges worldwide. A
subset of patients, in addition to presenting with typical features such as fever, cough and dyspnea, was also
afflicted with diarrhea. However, the clinical features and prognoses related to COVID-19-associated diarrhea
have not attracted sufficient attention. This review of the medical literature examines the incidence, patho-
genesis, clinical characteristics, fecal virus changes, prognoses and influencing factors of COVID-19-associated
diarrhea. The reported incidence of diarrhea in patients with COVID-19 ranged from 2% to 49.5%. The main
cause of diarrhea was found to be invasive by SARS-CoV-2 of ACE-2-expressing epithelial cells of the small
intestine, causing local intestinal damage. This cellular invasion may be the key factor for the much longer
duration of SARS-CoV-2 positivity observed for feces compared to pharyngeal swabs. The associated diarrhea in
these patients upsets the balance of intestinal flora, resulting in more-severe disease intensity and worse prog-
nosis. Clinicians should be vigilant to this kind of COVID-19-associated diarrhea, and design more effective
prevention and treatment options for patients with positive fecal nucleic acid tests and intestinal microflora
disorders.

1. Introduction

Corona Virus Disease 2019 (COVID-19) is a new type of viral in-
fectious disease which is highly contagious and spreads quickly, mainly
via respiratory droplets and direct contact [1,2]. The global outbreak
was declared a pandemic in the second week of March 2020, and the
number of confirmed cases rose to 4 million within a few months, in-
cluding more than 282,000 deaths. The COVID-19 pandemic not only
threatened human health, but also severely disrupted the global
economy and people's daily lives worldwide [3,4]. COVID-19 patients
typically present with fever, cough, sputum production, dyspnea,
headache and fatigue. Patients with severe COVID-19 often require
mechanical ventilation and can die from acute respiratory distress
syndrome (ARDS) [5,6]. Some patients with COVID-19 were afflicted
with diarrhea, and a small number showed only gastrointestinal
symptoms such as diarrhea, anorexia, nausea and vomiting [7]. Diar-
rhea might be the earliest sign of COVID-19 infection, but because of its
non-specificity, diagnosis can be delayed and nosocomial infections

acquired during the delay. The first COVID-19 patient in the United
States presented with fever and cough and developed diarrhea within
two days of hospital admission [8]. In a patient in China, after re-
spiratory samples turned negative for severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), fecal samples were still positive for
the virus for 30 days; thus, there may be a risk of fecal-oral transmission
of the virus [9]. To improve awareness and vigilance of COVID-19-as-
sociated diarrhea, we reviewed the current medical literature (up to
May 2020) for data concerning the incidence, pathogenesis, clinical
characteristics, fecal virus changes and prognostic factors of COVID-19
cases with diarrhea. We searched the following databases: PubMed,
Web of Science and EMBASE. The search terms used were ‘2019-nCoV’,
‘SARS-CoV-2’, ‘COVID-19’, ‘diarrhea’, ‘gastrointestinal symptom’, ‘stool’
and ‘feces’.

2. Incidence of COVID-19-associated diarrhea.

The World Health Organization defines diarrhea as three or more
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loose or liquid stools per day [10]. We found 14 articles reporting
COVID-19-associated diarrhea, and the incidence varied widely, ran-
ging from 2% to 49.5% (Table 1).

In the early stages of the COVID-19 pandemic, reports of COVID-19-
associated diarrhea were relatively rare. Before January 31, 2020, the
proportion of patients with diarrhea was relatively small, ranging from
2% to 10%. Dr. Zhong's team evaluated the data of 1099 Chinese people
as of January 31, 2020 and reported that the incidence of diarrhea in
patients who had been diagnosed with COVID-19 was 3.8% [11]. Chen
et al. [12] reported the incidence of COVID-19-associated diarrhea to be
only 2%. Similarly, Huang et al. [13] reported that only one of 41
patients had diarrhea as the initial sign, an incidence of 2.4%.

In later stages of the COVID-19 pandemic the proportion of patients
with diarrhea increased significantly, and the increase seen in the city
of Wuhan, Hubei Province, China was very obvious. In a single-center,
descriptive study of digestive system manifestations of COVID-19 in
hospitalized patients in Wuhan, the incidence of diarrhea in COVID-19
patients was as high as 49.5% (146/295) [14]. In Guangdong Province,
China, the incidence of COVID-19-associated diarrhea was 35.6% [15].
In a study in Singapore, 3 of 18 patients with COVID-19 had diarrhea
(16.6%) [16]. Another study found that 21% of 232 COVID-19 patients
experienced diarrhea during hospitalization. At the same time, many
COVID-19 patients also had bloody stools and positive results for fecal
viral nucleic acid [17]. In a study of 84 cases, the incidence of diarrhea
was 31% and the percentage of diarrheic fecal samples positive for viral
RNA was 69% [18]. These results not only indicated that diarrhea in
COVID-19 patients was a common condition, but also supported the
possibility of COVID-19 transmission by the digestive tract. Therefore, a
number of researchers expressed the opinion that the incidence of
diarrhea in SARS-CoV-2-infected persons had been underestimated or
underreported [10,19,20].

From a cross-sectional perspective as of early March 2020, a multi-
center study of Chinese COVID-19 patients reported the incidence of
diarrhea to be 17.2% [21]. More recently, a systematic review and
meta-analysis evaluated 1995 cases of COVID-19 and found a diarrhea
rate of 4.8% [22]. So far, there have been few studies on diarrhea in
COVID-19-infected children. An analysis of COVID-19 in children
(median age 6.7 years) reported an incidence of diarrhea of 8.8% [23].
A pooled analysis of available studies (to March 2020) by D'Amico et al.
found an overall diarrhea rate of 10.4% in patients with COVID-19
[24].

Most patients with COVID-19 were administered broad-spectrum
antibiotics and antiviral drugs, which could cause drug-related diarrhea
during hospitalization. In cases of diarrhea after admission, drug-re-
lated diarrhea should be excluded to determine the true incidence of
COVID-19-associated diarrhea. On the other hand, the different re-
ported incidences of diarrhea in January to April 2020 might also be
related to individual differences in the number of angiotensin con-
verting Enzyme 2 (ACE2) receptors in the intestinal tract or to differ-
ences in the number of infecting viral particles [25]. Coronaviruses like
SARS-CoV-2 gain entry into epithelial cells by interacting with ACE2
receptors on the host cell-surface to induce fusion of viral and host cell-
membranes. Oral Chinese herbs were often used in the treatment of
COVID-19 in China but rarely in Western countries; therefore, laxative
effects of herbal treatments could also increase the incidence of COVID-
19-associated diarrhea.

3. Pathogenesis of diarrhea in patients with COVID-19

Although the specific mechanism of diarrhea in COVID-19 is not
fully understood, viral infection may cause changes in intestinal per-
meability, resulting in poor fluid absorption by fragile intestinal epi-
thelial cells and altered intestinal secretion, leading to diarrhea. Mouse
models show that changes in ACE2, the binding receptor for the SARS-
CoV-2 spike protein, are related to colitis, indicating that viral activity
may cause changes to epithelial enzymes and increase susceptibility to

intestinal inflammation and diarrhea [26,27]. ACE2 is expressed not
only in alveolar epithelial cells, but also in the upper and stratified
epithelial cells of the esophagus and the intestinal epithelial cells of the
ileum and colon [28,29]. SARS-CoV-2 virus may infect the saliva, or
virus particles in the alveoli may reach the throat, and enter the gas-
trointestinal tract when swallowed. ACE2 can control intestinal in-
flammation and diarrhea, and SARS-CoV-2 acts on ACE2 to cause
diarrhea [30]. Specifically, SARS-CoV-2 invades small-intestinal epi-
thelial cells expressing ACE2, especially in the proximal and distal in-
testine where ACE2 is highly expressed; so the small intestine is more
likely than the colon to be attacked by SARS-CoV-2, causing local da-
mage leading to diarrhea [30]. Endoscopic sampling of the digestive
tract showed that in a patient's stomach, duodenum and rectum, epi-
thelial cells expressed ACE2, and viral nucleocapsid protein was de-
tected in the cytoplasm [15]. Moreover, large amounts of infiltrating
plasma cells and lymphocytes and interstitial edema were visible in the
lamina propria without obvious damage.

SARS-CoV-2 damages the digestive system directly or indirectly by
the inflammatory response. A chain reaction of inflammatory factors
and viremia may also damage the digestive system. An “inflammatory
storm” is an excessive immune response caused by an infection [31].
Over-activated cytokines, immune dysregulation, and inflammatory
storms may also cause inflammatory damage to the intestine, leading to
diarrhea [31]. It is noteworthy that as much as 53.4% of patients had
detectable viral nucleic acids in their stool samples, suggesting that
SARS-CoV-2 might directly damage the intestinal mucosa, causing di-
gestive disturbances, including diarrhea [32].

Therapeutic drugs such as cephalosporins and macrolide antibiotics
may also contribute to diarrhea in COVID-19 patients. Antiviral agents
such as the broad-spectrum compound umifenovir can also cause
diarrhea. Antibiotic and antiviral drugs have been commonly used in
the treatment of COVID-19, but there are few studies on drug-induced
diarrhea, and prospective studies are needed. Hypoglycemic drugs,
non-steroid anti-inflammatory drugs (NSAIDs), proton pump inhibitors
and other drugs can also cause diarrhea as a side effect, but this has not
been evaluated in patients with COVID-19.

Diarrhea can occur in long-term hospitalized patients with severe
COVID-19. Such patients often experience respiratory failure or mul-
tiple organ failure with gastrointestinal involvement, including nausea,
vomiting and diarrhea. Severe COVID-19 hospitalized patients re-
ceiving long-term broad-spectrum antibiotics may also be prone to
fungal infections of the digestive tract due to killing of commensal
bacteria, resulting in diarrhea. Unfortunately, this area of fungal pa-
thogenesis in COVID-19 is under-researched so far.

At present, we still lack dynamic observations via live imaging of
SARS-CoV-2 invasion of the intestinal structure, and further research in
this area is still needed. However, in recovered patients the damage to
the intestinal structure caused by SARS-CoV-2 was limited, and the
diarrhea was often self-limiting [9], so the intestinal lesions related to
SARS-CoV-2 may also be mild and heal in the short term.

4. Clinical characteristics of COVID-19-associated diarrhea

At present, there are many reports of gastrointestinal signs and
symptoms in patients with COVID-19, but relatively few reports of
diarrhea alone. Both the incidence of diarrhea and the associated gas-
trointestinal symptoms vary greatly in COVID-19 patients. Fang et al.
[14]described the results of a single-center, descriptive study of 305
hospitalized patients with severe and critical COVID-19 in the Wuhan
area. Half (49.5%) of the patients developed diarrhea, which occurred
1–8 days after COVID-19 clinical onset, and the average duration of
diarrhea was 4.1 ± 2.5 days. The number of diarrhea episodes could
be up to 9 a day, with a mean of 3.3 ± 1.6, of which 34.3% were dilute
watery feces [14]. Excluding drug-related diarrhea, it was estimated
that 22.2% of patients still have diarrhea, which was also accompanied
by gastrointestinal signs and symptoms such as decreased appetite in
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50.2% (101/201) of patients, nausea in 29.4%, vomiting in 15.9% and
abdominal pain in 6.0% [14].

A study of non-severe COVID-19 suggested that diarrhea was
usually not serious, typically showing as loose stools without dehy-
dration, usually three times a day. Moreover, as the COVID-19 wor-
sened, the effects on the digestive system became more and more ob-
vious. Notably, patients without digestive system signs and symptoms
were more likely to be cured and discharged (60% vs. 34.3%) than
those with digestive system involvement [21].

Anorexia was the most common gastrointestinal disorder in adults
(39.9–50.2%), diarrhea was the most common digestive disorder in
adults and children (2–49.5%), and vomiting was more common in
children, 6.5–66.7% [33]. Wei et al. [34] reported that among 84 cases,
signs and symptoms of COVID-19 were more frequent in patients with
diarrhea than in those without diarrhea. These included headache (58%
vs 22%), myalgia or fatigue (65% vs 34%), cough (85% vs 45%), ex-
pectoration (54% vs 21%), nausea (38% vs 10%) and vomiting (19% vs
2%). Fever and dyspnea lasted longer in patients with diarrhea com-
pared to those without diarrhea (fever: 10.5 ± 4.7 vs 7.6 ± 3.4 days;
dyspnea: 8.1 ± 3.2 vs 4.7 ± 2.3 days). Patients with diarrhea had
longer hospital stays than patients without (16.5 ± 5.2 vs
11.8 ± 5.6 days). Although the clinical signs and symptoms of these
COVID-19 diarrhea patients were severe, there were no differences in
laboratory tests such as routine blood and lung imaging between the
diarrhea and non-diarrhea groups [34]. Abdominal imaging results are
lacking, but needed.

Interestingly, some patients experienced only diarrhea and vo-
miting, without fever and cough. Ping and colleagues [35] reported 9
cases of diarrhea and vomiting in COVID-19 adults, without fever and
cough, before admission. Most of these patients were sent to the gas-
troenterology department instead of the fever clinic and respiratory
department because they did not have cough, sputum production and
fever or other respiratory signs and symptoms. As a result, the diag-
noses and treatments were improper and caused adverse effects.

5. Detection of fecal viral nucleic acid in patients with COVID-19-
associated diarrhea

Diarrhea may be an indicator of SARS-CoV-2 infection. Thus, clin-
icians should pay more attention to patients with diarrhea during
outbreaks of pneumonia, and perform fecal nucleic acid examination on
patients with diarrhea so as to avoid delaying COVID-19 diagnosis.
SARS-CoV-2 was detected in a throat swab and fecal samples from the
first reported COVID-19 patient in the United States [8]. Wei et al. [18]
reported that positive SARS-CoV-2 test results of stool samples at ad-
mission were higher in patients with diarrhea than in those without
diarrhea (69% vs 17%), while negative test results of swabs were lower
in patients with diarrhea than in those without (77% vs 97%). SARS-
CoV-2 throat swab tests turned negative for longer periods in patients
with diarrhea compared to patients without diarrhea (12.5 ± 4.0 vs
9.2 ± 3.9 days). Furthermore, there were more patients with diarrhea
(45% vs 20%) among patients whose SARS-CoV-2 throat swab test
turned negative compared with non-diarrhea patients.

A large study in China found that stool samples remained positive
for an average of 27.9 days, which was 11.2 days longer than the po-
sitivity in respiratory samples. Even after the SARS-CoV-2 test of the
respiratory tract sample turned negative, the stool sample could still be
positive for nearly 5 more weeks [36]. Yang et al. [37] also found that
fecal specimens were still positive after SARS-CoV-2 was negative in
pharyngeal swabs, and the positive rate of patients with SARS-CoV-2
detected in fecal samples was between 36% and 53%. Some patients
had diarrhea without respiratory symptoms, which might cause doctors
to overlook early diagnosis and treatment of COVID-19. Certain lim-
itations and difficulties in nucleic acid examination could also lead to
delayed or undiagnosed COVID-19. Evidence of SARS-CoV-2 in stool,
gastrointestinal histology and the prolonged presence of viral nucleic

acid in stool strongly suggest that oral-fecal transmission is possible,
and is also the rationale for a fecal PCR test. Recently, SARS-CoV-2
virus particles were isolated from feces from COVID-19 patients, pro-
viding direct evidence that SARS-CoV-2 could potentially be trans-
mitted by feces [9].

6. Prognoses and factors influencing COVID-19-associated
diarrhea

Most COVID-19 cases were flu-like and cured by active treatment.
Individuals with asymptomatic infections were cured naturally by an
immune response without the person being aware. Most critically ill
COVID-19 patients were elderly people with underlying diseases such
as diabetes and hypertension, so COVID-19 may progress gradually and
eventually result in respiratory failure, ARDS, shock, viremia, and
multiple organ failure [38]. However, patients with COVID-19-asso-
ciated diarrhea were prone to severe illness and admitted to the in-
tensive care unit (ICU), suggesting a link between the presence of
diarrhea and the severity of COVID-19. Patients with COVID-19 diar-
rhea were more prone to need mechanical ventilation, and the pre-
valence of ARDS was higher than in patients without gastrointestinal
involvement (6.76% vs 2.08%) [38].

One study found that the diarrhea is significantly associated with
SARS-CoV-2 infection severity, the use of ventilators, and ICU admis-
sion, excluding confounding factors [17]. The gastrointestinal signs and
symptoms of COVID-19 could be used to predict whether patients
would develop severe respiratory disorders, which helped to design
more beneficial treatment plans for patients [17].

The intestinal bacterial profile in patients with COVID-19 is related
to the severity of SARS-CoV-2 infection [39]. Some elderly people have
less intestinal flora and a high incidence of severe COVID-19. Patients
with COVID-19-associated diarrhea are prone to dysbiosis of the in-
testinal flora, resulting in severe illness. The high-risk score of critically
ill COVID-19 patients was positively correlated with pro-inflammatory
factors which are closely related to the human intestinal flora [39].

Diarrhea can be beneficial in that it can eliminate pathogenic bac-
teria after gastrointestinal infection, and it could similarly aid in the
removal of SARS-CoV-2 in diarrhea patients, despite the patient dis-
comfort and the disruption caused to the resident intestinal flora. One
study found that human α-defensin 5 (HD5), which is similar to lectin,
binds to ACE2 with a high affinity of 39.3 nM and weakens subsequent
recruitment of SARS-CoV-2 S1 protein [40]. Experiments in vitro fur-
ther proved that HD5 has a significant dose-dependent preventive effect
on SARS-CoV-2 S1 protein binding to intestinal epithelial cells [40].
This discovery revealed the innate defense function of lectin-like in-
testinal defensins against SARS-CoV-2, which may provide new insights
into the prevention and treatment of SARS-CoV-2 infection.

The core gut microbiome and its related metabolites may be used as
potential targets for the prevention of intestinal illness in susceptible
people and for the development of new therapeutic drugs for COVID-
19. Probiotics regulate the intestinal microflora in patients with diar-
rhea caused by COVID-19, especially the dysbacteriosis caused by an-
tibiotics [41]. Treatment with probiotics may be beneficial, and further
study is needed.

7. Conclusion

In conclusion, diarrhea in COVID-19 cases disrupts the intestinal
flora balance, affects the inflammatory response, increases the severity
of COVID-19, and upsets prognoses. Using probiotics, such as HD5, to
regulate flora for intervention strategies may help reduce or prevent the
grave consequences of COVID-19.

Funding

This work was supported by Shandong Province Higher Educational

F. Wang, et al. Life Sciences 260 (2020) 118312

4



Science and Technology Program for Youth Innovation (2020KJL004).

CRediT authorship contribution statement

X. Sun designed the study, participated in the revision of the
manuscript. F. Wang, S. Zheng and C. Zheng participated in the data
collection, data analysis and writing of the draft manuscript.

Declaration of competing interest

No conflict of interest.

References

[1] J.F. Chan, S. Yuan, K.H. Kok, K.K. To, H. Chu, J. Yang, 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 395 (2020) 514–523.

[2] P. Zhou, X.L. Yang, X.G. Wang, B. Hu, L. Zhang, W. Zhang, et al., A pneumonia
outbreak associated with a new coronavirus of probable bat origin, Nature 579
(2020) 270–273.

[3] H. Lu, C.W. Stratton, Y.W. Tang, Outbreak of pneumonia of unknown etiology in
Wuhan, China: the mystery and the miracle, J. Med. Virol. 92 (2020) 401–402.

[4] D.S. Hui, A.E. I., T.A. Madani, F. Ntoumi, R. Kock, O. Dar, et al., The continuing
2019-nCoV epidemic threat of novel coronaviruses to global health - the latest 2019
novel coronavirus outbreak in Wuhan, China, Int. J. Infect. Dis. 91 (2020) 264–266.

[5] F. Wu, S. Zhao, B. Yu, Y.M. Chen, W. Wang, Z.G. Song, et al., A new coronavirus
associated with human respiratory disease in China, Nature 579 (2020) 265–269.

[6] N. Zhu, D. Zhang, W. Wang, X. Li, B. Yang, J. Song, et al., A novel coronavirus from
patients with pneumonia in China, 2019, N. Engl. J. Med. 382 (2020) 727–733.

[7] K.H. Zhang H, X.D. Gong H, L.Z. Wang J, Digestive system is a potential route of
COVID-19: an analysis of single-cell coexpression pattern of key proteins in viral
entry process, Gut 69 (2020) 1010–1018.

[8] M.L. Holshue, C. DeBolt, S. Lindquist, K.H. Lofy, J. Wiesman, H. Bruce, et al., First
case of 2019 Novel Coronavirus in the United States, N. Engl. J. Med. 382 (2020)
929–936.

[9] Q.X. Wang, K.C. Huang, L. Qi, X.H. Zeng, S.L. Zheng, No infectious risk of COVID-19
patients with long-term fecal 2019-nCoV nucleic acid positive, Eur. Rev. Med.
Pharmacol. Sci. 24 (2020) 5772–5777.

[10] W. Liang, Z. Feng, S. Rao, C. Xiao, X. Xue, Z. Lin, et al., Diarrhoea may be under-
estimated: a missing link in 2019 novel coronavirus, Gut 69 (2020) 1141–1143.

[11] W.J. Guan, Z.Y. Ni, Y. Hu, W.H. Liang, C.Q. Ou, J.X. He, et al., Clinical char-
acteristics of coronavirus disease 2019 in China, N. Engl. J. Med. 382 (2020)
1708–1720.

[12] N. Chen, M. Zhou, X. Dong, J. Qu, F. Gong, Y. Han, et al., Epidemiological and
clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia in Wuhan,
China: a descriptive study, Lancet 395 (2020) 507–513.

[13] C. Huang, Y. Wang, X. Li, L. Ren, J. Zhao, Y. Hu, et al., Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China, Lancet 395 (2020)
497–506.

[14] D. Fang, J. Ma, J. Guan, M. Wang, Y. Song, D. Tian, Manifestations of digestive
system in hospitalized patients with novel coronavirus pneumonia in Wuhan,
China: a single-center, descriptive study, Chin J Dig 40 (2020) 151–156.

[15] F. Xiao, M. Tang, X. Zheng, Y. Liu, X. Li, H. Shan, Evidence for gastrointestinal
infection of SARS-CoV-2, Gastroenterology 158 (2020) 1831–1833.e3.

[16] B.E. Young, O. SWX, S. Kalimuddin, J.G. Low, S.Y. Tan, J. Loh, et al., Epidemiologic
features and clinical course of patients infected with SARS-CoV-2 in Singapore,
JAMA 323 (15) (2020) 1488–1494.

[17] Y. Wan, J. Li, L. Shen, Y. Zou, L. Hou, L. Zhu, et al., Enteric involvement in hos-
pitalised patients with COVID-19 outside Wuhan, Lancet Gastroenterol Hepatol 5
(2020) 534–535.

[18] X.S. Wei, X. Wang, Y.R. Niu, L.L. Ye, W.B. Peng, Z.H. Wang, et al., Diarrhea is
associated with prolonged symptoms and viral carriage in corona virus disease

2019, Clin. Gastroenterol. Hepatol. 18 (2020) 1753–1759.e2.
[19] S. Luo, X. Zhang, H. Xu, Don’t overlook digestive symptoms in patients with 2019

novel coronavirus disease (COVID-19), Clin. Gastroenterol. Hepatol. 18 (2020)
1636–1637.

[20] M. Liu, P. He, H.G. Liu, X.J. Wang, F.J. Li, S. Chen, et al., [Clinical characteristics of
30 medical workers infected with new coronavirus pneumonia], Zhonghua Jie He
He Hu Xi Za Zhi 43 (2020) 209-214.

[21] L. Pan, M. Mu, P. Yang, Y. Sun, R. Wang, J. Yan, et al., Clinical characteristics of
COVID-19 patients with digestive symptoms in Hubei, China: a descriptive, cross-
sectional, multicenter study, Am. J. Gastroenterol. 115 (2020) 766–773.

[22] L.Q. Li, T. Huang, Y.Q. Wang, Z.P. Wang, Y. Liang, T.B. Huang, et al., COVID-19
patients' clinical characteristics, discharge rate, and fatality rate of meta-analysis, J.
Med. Virol. 92 (2020) 577–583.

[23] X. Lu, L. Zhang, H. Du, J. Zhang, Y.Y. Li, J. Qu, et al., SARS-CoV-2 infection in
children, N. Engl. J. Med. 382 (2020) 1663–1665.

[24] F. D’Amico, D.C. Baumgart, S. Danese, L. Peyrin-Biroulet, Diarrhea during COVID-
19 infection: pathogenesis, epidemiology, prevention, and management, Clin.
Gastroenterol. Hepatol. 18 (2020) 1663–1672.

[25] J. Cui, F. Li, Z.L. Shi, Origin and evolution of pathogenic coronaviruses, Nat. Rev.
Microbiol. 17 (2019) 181–192.

[26] T. Hashimoto, T. Perlot, A. Rehman, J. Trichereau, H. Ishiguro, M. Paolino, et al.,
ACE2 links amino acid malnutrition to microbial ecology and intestinal in-
flammation, Nature 487 (2012) 477–481.

[27] Y.R. Guo, Q.D. Cao, Z.S. Hong, Y.Y. Tan, S.D. Chen, H.J. Jin, et al., The origin,
transmission and clinical therapies on coronavirus disease 2019 (COVID-19) out-
break - an update on the status, Mil Med Res 7 (2020) 11.

[28] Q.X. Wang, X.H. Zeng, S.L. Zheng, The nucleic acid test of induced sputum should
be used for estimation of patients cure with 2019-nCov, Eur. Rev. Med. Pharmacol.
Sci. 24 (2020) 3437.

[29] J. Gu, B. Han, J. Wang, COVID-19: gastrointestinal manifestations and potential
fecal-oral transmission, Gastroenterology 158 (2020) 1518–1519.

[30] C.J. Chu H, S.H. Yuen T, M.Y. Yuan S, B. Mphil, Comparative tropism, replication
kinetics, and cell damage profiling of SARS-CoV-2 and SARS-CoV with implications
for clinical manifestations, transmissibility, and laboratory studies of COVID-19: an
observational study, The Lancet Microbe 1 (2020) e14-14e23.

[31] J. Liu, S. Li, J. Liu, B. Liang, X. Wang, H. Wang, et al., Longitudinal characteristics of
lymphocyte responses and cytokine profiles in the peripheral blood of SARS-CoV-2
infected patients, EBioMedicine 55 (2020) 102763.

[32] C. Amoroso, F. Perillo, F. Strati, M. Fantini, F. Caprioli, F. Facciotti, The role of gut
microbiota biomodulators on mucosal immunity and intestinal inflammation, Cells
9 (2020).

[33] Y. Tian, L. Rong, W. Nian, Y. He, Review article: gastrointestinal features in COVID-
19 and the possibility of faecal transmission, Aliment. Pharmacol. Ther. 51 (2020)
843–851.

[34] X. Li, W. Diao, H. Xue, F. Wu, W. Wang, B. Jiang, et al., Improved efficacy of
doxorubicin delivery by a novel dual-ligand-modified liposome in hepatocellular
carcinoma, Cancer Lett. 489 (2020) 163–173.

[35] P. An, H. Chen, X. Jiang, J. Su, Y. Xiao, Y. Ding, et al., Clinical features of 2019
novel coronavirus pneumonia presented gastrointestinal symptoms but without
fever onset, preprints with the, Lancet (2020), https://doi.org/10.2139/ssrn.
3532530.

[36] S. Zheng, J. Fan, F. Yu, B. Feng, B. Lou, Q. Zou, et al., Viral load dynamics and
disease severity in patients infected with SARS-CoV-2 in Zhejiang province, China,
January–March 2020: retrospective cohort study, BMJ 369 (2020) m1443.

[37] Z. Yang, G. Li, X. Dai, G. Liu, G. Li, Y. Jie, Three cases of novel coronavirus
pneumonia with viral nucleic acids still positive in stool after throat swab detection
turned negative, Chin J Dig 40 (2020) E002.

[38] X. Jin, J.S. Lian, J.H. Hu, J. Gao, L. Zheng, Y.M. Zhang, et al., Epidemiological,
clinical and virological characteristics of 74 cases of coronavirus-infected disease
2019 (COVID-19) with gastrointestinal symptoms, Gut 69 (2020) 1002–1009.

[39] F.Y. Gou W, C.G. Yue L, S.M. Cai X, Gut microbiota may underlie the predisposition
of healthy individuals to COVID-19, medRxiv, (2020).

[40] W.S. Wang C, Z.X. Li D, W.T. Han S, Lectin-like intestinal defensin inhibits 2019-
nCoV spike binding to ACE2, bioRxiv, (2020).

[41] Q.Y. Gao, Y.X. Chen, J.Y. Fang, 2019 Novel coronavirus infection and gastro-
intestinal tract, J. Dig. Dis. 21 (2020) 125–126.

F. Wang, et al. Life Sciences 260 (2020) 118312

5

http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0005
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0005
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0005
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0010
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0010
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0010
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0015
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0015
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0020
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0020
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0020
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0025
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0025
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0030
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0030
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0035
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0035
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0035
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0040
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0040
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0040
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0045
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0045
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0045
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0050
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0050
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0055
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0055
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0055
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0060
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0060
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0060
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0065
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0065
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0065
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0070
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0070
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0070
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0075
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0075
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0080
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0080
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0080
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0085
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0085
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0085
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0090
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0090
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0090
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0095
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0095
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0095
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0100
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0100
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0100
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0105
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0105
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0105
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0110
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0110
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0115
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0115
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0115
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0120
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0120
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0125
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0125
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0125
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0130
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0130
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0130
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0135
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0135
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0135
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0140
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0140
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0145
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0145
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0145
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0150
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0150
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0150
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0155
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0155
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0155
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0160
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0160
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0160
https://doi.org/10.2139/ssrn.3532530
https://doi.org/10.2139/ssrn.3532530
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0170
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0170
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0170
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0175
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0175
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0175
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0180
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0180
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0185
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0185
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0190
http://refhub.elsevier.com/S0024-3205(20)31064-X/rf0190

	Attaching clinical significance to COVID-19-associated diarrhea
	1 Introduction
	2 Incidence of COVID-19-associated diarrhea.
	3 Pathogenesis of diarrhea in patients with COVID-19
	4 Clinical characteristics of COVID-19-associated diarrhea
	5 Detection of fecal viral nucleic acid in patients with COVID-19-associated diarrhea
	6 Prognoses and factors influencing COVID-19-associated diarrhea
	7 Conclusion
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	References




