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Abstract

The coronavirus disease 2019 (COVID-19) caused by SARS-CoV-2 was declared
in the last weeks as global pandemic. Currently affecting more than 5 000 000 indi-
viduals worldwide, COVID-19 is most commonly associated with symptoms caused
by the acute respiratory distress syndrome (ARDS). As the number of infected indi-
viduals increases, we are learning that not only lungs, but also other organs can be
affected by the virus. The gastrointestinal symptoms, for example diarrhoea, vomit-
ing, nausea or abdominal pain, are frequent in patients with COVID-19. Moreover,
alimentary tract symptoms may precede the respiratory presentation of SARS-CoV-2
infection. This can lead to delayed diagnosis and inappropriate management of in-
fected patients. In addition, SARS-CoV-2 nucleic acid can be detected in faeces of
infected patients and rectal swabs are even reported to remain positive for a longer
period of time than nasopharyngeal swabs. Here, we aim to provide an update on
the gastrointestinal involvement of COVID-19 presenting the symptoms that can be
encountered in infected patients. We address the role of angiotensin-converting en-
zyme 2 (ACE2), as a functional receptor for SARS-CoV-2, which also was found in
the gastrointestinal tract. Finally, we briefly discuss faecal shedding of SARS-CoV-2

and its potential role in the pathogenesis of the disease.
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reported worldwide (source: https://coronavirus.jhu.edu/
map.html, access date: 21 May 2020). The consequences of

The coronavirus disease 2019 (COVID-19) caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
has recently been declared as a state of global pandemic. We
are currently dealing with major global health emergency,
which has a significant impact on our lives and economies.
Since December 2019, when the first case was identified in
Wuhan (China), the highly contagious virus already managed
to spread across the world with more than 5 000 000 cases

COVID-19 are affecting either directly or indirectly millions
of people and, to date, 320,000 deaths are reported glob-
ally. Currently available data of 70,117 COVID-19 patients
from China point to the adjusted case-fatality ratio of 1.38%
(1.23%-1.53%) in China with 13.4% (11.2%-15.8%) in pa-
tients aged >80." Coronaviruses belong to the family of en-
veloped, single-stranded RNA (ssRNA) viruses.’ Notably, the
natural hosts of all human coronaviruses are animals.” They
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were previously recognised and mostly distributed among
mammals—coronaviruses have been discovered globally in
bats.? Some of them may also infect birds.’ Surprisingly, viral
RNA of SARS-CoV-2 was also found in upper respiratory
tract of cats,’ and recently, a Malayan tiger was tested pos-
itive for SARS-CoV-2 after developing dry cough in Bronx
Zoo, New York (https://www.nytimes.com/2020/04/06/
nyregion/bronx-zoo-tiger-coronavirus.html). Virus was also
detected in dog's faeces, but it was not recognised as infec-
tious.” So far, 39 species of coronaviruses were identified,4
including two with high pathogenicity that led to outbreaks of
coronavirus-related diseases in last two decades: severe acute
respiratory syndrome coronavirus (SARS-CoV) in 2002 and
Middle East respiratory syndrome coronavirus (MERS-CoV)
in 2012.°

COVID-19 can generate a great spectrum of symptoms,
ranging from asymptomatic patients (mostly young and
without pre-existing/underlying diseases), moderate (mild
symptoms up to mild pneumonia), severe (dyspnoea, hy-
poxia, or >50% lung involvement on imaging) to critical
cases (respiratory failure, shock, or multiorgan system dys-
function)  (https://www.cdc.gov/coronavirus/2019-ncov/
hcp/clinical-guidance-management-patients.html). As
proposed by WHO, clinical signs of COVID-19 can there-
fore be classified as mild illness, pneumonia, severe pneu-
monia and acute respiratory distress syndrome (ARDS).
Severe pneumonia has to fulfil following criteria: fever
or suspected respiratory infection, plus one of the follow-
ing: respiratory rate >30 breaths/min; severe respiratory
distress; or SpO2 <93% on room air (WHO/2019-nCoV/
clinical/2020.4). Although the disease can hit more often
adult/elderly patients with comorbidities, young, appar-
ently healthy individuals can also be heavily affected. The
most common clinical manifestations of pneumonia cases
associated with coronavirus infection are fever, fatigue,
non-productive cough, dyspnoea and myalgia (https://www.
who.int/health-topics/coronavirus#tab=tab_3). Severe
cases may require invasive mechanical ventilation or ex-
tracorporeal membrane oxygenation (ECMO). Multivariate
analysis of 191 patients from Wuhan showed that patients’
age, SOFA-score and D-Dimer >1 pg/L assessed on ad-
mission are significant risk factors for patients’ in-hospital
mortality.® However, not only the respiratory system might
be affected by SARS-CoV-2, other organs—as presented in
Table 1—are also affected by this virus causing unspecific
symptoms.

2 | COVID-19 AND
GASTROINTESTINAL TRACT

Increasing number of reports and clinical observations
demonstrate that patients infected with SARS-CoV-2

present not only respiratory signs of infection but also di-
arrhoea, vomiting, nausea or abdominal pain.6'21 Table 2
summarises reports on gastrointestinal manifestations of
COVID-19. Patients with these symptoms cannot be ig-
nored, and lack of respiratory manifestation should not rule
out the SARS-CoV2 infection. The occurrence of gastro-
intestinal symptoms can not only coexist, but also precede
the typical phenotype of COVID-19. Patient might develop
symptoms of gastrointestinal manifestation shortly before
or on admission to the hospital.22 Song et al reported a
22-year-old man with a 4-day history of diarrhoea, low-
grade fever, without typical symptoms of COVID-19 who
showed ground-glass opacities in CT scan and was after-
wards tested SARS-CoV-2 positive from nasopharyngeal
swab.?? Interestingly, the first described case of COVID-
19 in United States presented with dry cough, as well as,
a 2-day history of nausea and vomiting.”* On the second
day of hospitalisation, the patient reported loose stools and
abdominal discomfort.”> The analysis from the UK showed
that 13% of 68 patients with COVID-19 had diarrhoea (two
reported vomiting).18 Cough remained the most common
symptom in these patients (78%) followed by sore throat
(57%) and fever (40%).'® Gastrointestinal symptoms can
affect also healthcare workers infected with SARS-CoV-2;
this was reported in a retrospective analysis of 54 members
of medical staff infected in one of the hospitals in Wuhan.?’
A 27-year-old patient from Vietnam, who had previously
been in contact with an infected person, described vomiting
and loose stools simultaneously with fever and dry cough
before hospital admission.”* Of note, the alimentary tract
manifestation can be the only presentation of SARS-CoV-2
infection.”> The same authors® pointed that among nine
patients with only gastrointestinal symptoms at admission,
five developed typical symptoms for COVID-19 within
2-5 days, whereas four patients had no respiratory symp-
toms or fever during hospitalisation. Due to initial signs
(i.e., nausea, vomiting and diarrhoea), more than a half of
SARS-CoV-2 positive patients were admitted to gastroen-
terology department.25 Of note, symptoms of COVID-19
may mimic other gastrointestinal diseases, for example in-
flammatory bowel disease (IBD).? This can not only delay
the diagnosis, but also result in inappropriate management
(i.e., not using personal protective equipment) of infectious
patients.

To date, the infection mechanisms and pathogene-
sis of SARS-CoV-2 still remain to be fully understood.
Angiotensin-converting enzyme 2 (ACE2) has been iden-
tified as a functional receptor for the SARS-CoV in vitro,?’
and this has been genetically confirmed in mice in vivo.
Ace2 knockout mice are not susceptible to virus infection.”®
Whether SARS-CoV and SARS-CoV-2 may use the same
ACE2 receptor for cellular entry, is still a matter of debate.”
Tai et al’” emphasised the crucial role of ACE2 receptor in


https://www.nytimes.com/2020/04/06/nyregion/bronx-zoo-tiger-coronavirus.html
https://www.nytimes.com/2020/04/06/nyregion/bronx-zoo-tiger-coronavirus.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-guidance-management-patients.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-guidance-management-patients.html
https://www.who.int/health-topics/coronavirus#tab=tab_3
https://www.who.int/health-topics/coronavirus#tab=tab_3

SMYK ET AL. Wl LEY 3of7
;flizign?s :vith ];:j)gr\z:];;l_ril;)nary symptoms System / organ Complications Prevalence Reference
Cardiovascular Cardiac injury 7.2%-27.8% 6,13,21,48-50
Cardiac arrhythmia 5.9%-16.7% 13,48
Myocarditis 4.8% 51,52
Heart failure 23% 6
Blood Lymphocytopenia 35.0%-83.2% 8,15
Leukopenia 9.0%-33.7% 8,15
Thrombocytopenia 12.0%-36.2% 8,15
Anaemia 3.1%-51.0% 49
Coagulopathy 2.9%-34.1% 6,48,49
Liver Elevated aspartate 22.2%-37.0% 8,15,21
aminotransferase
Elevated alanine 21.3%-28.0% 8,15
aminotransferase
Hyperbilirubinemia 10.5%-18.0% 8,15
Acute liver injury 2.1%-15.4% 48,53
Skin Erythematous rash 15.9% 54
Widespread urticaria 3.4% 54
Chickenpox-like 1.1% 54
vesicles
Kidneys Acute kidney injury 0.5%-29.0% 6,8,13,21,48-
50,53
Ocular Conjunctivitis 31.6% 55
Ear, nose and throat Smell disorder 5.1% 10,56
Taste disorder 5.6%-10.2% 10,56
Sore throat 5.0%-32.1% 8,15,57
Central nervous system  Dizziness 16.8% 10,13
Headache 5.8%-34.0% 8-10,13,19,21,57
Impaired consciousness  7.5%-9.0% 10,58

Muscular

entering host cells and the receptor-binding domain (RBD)
in the SARS-CoV-2 spike protein. Furthermore, the spike
protein of SARS-CoV-2 is primed by transmembrane serine
protease 2 (TMPRSS2).% Clinically approved TMPRSS2
inhibitor may serve as a potential therapeutic approach in
COVID-19 patients.” Inhibition of TMPRSS2 and cathep-
sin B/L activity used by SARS-CoV for cellular entry was
not effective for SARS-CoV-2.> This fact suggested that
other mechanisms must be involved.

ACE?2 expression on the cell surface was previously de-
tected in many human tissues.®! It is plausible that organs
with ACE2 expressing cells may be considered as potential
infection sites and transmission routes for SARS-CoV-2.
Moreover, the investigation of ACE2 expression in lung
and bronchial branches cells showed that the higher ACE2
expression, the more accessible, is the cell for SARS-
CoV-2 entry.32 The expression pattern of ACE2 was anal-
ysed, and the receptor was detected in 13 human tissues.>

Myalgia 14.9%-52.0% 6,8,9,13,19,21,57

ACE2 RNA expression was identified in many cells such
as lung type II alveolar cells (AT2), cholangiocytes, colo-
nocytes, oesophageal keratinocytes, ileal epithelium cells
(EC), rectal EC, gastric EC and kidney proximal tubules.*?
Moreover, Liang et al reported that the small intestine
might be vulnerable to SARS-CoV-2 infection, because of
the high ACE2 expression in proximal and distal entero-
cytes.”* These observations underscore a wide spectrum of
possible organ involvement and coronavirus-induced organ
injury (Table 1). A new study showed high expression of
ACE?2 and TMPRSS?2 in respiratory, corneal and intestinal
epithelial cells.” Atypical manifestations of COVID-19
might be due to the wide distribution of ACE2 receptors
in the human body. Taking into consideration the abundant
expression of ACE2 in nearly each organ of the gastroin-
testinal tract, they might can serve as potential targets for
SARS-CoV-2. In a recent study Xiao et al detected viral
RNA and nucleocapsid protein in gastric, duodenal and
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Reference

Luo S etal’

Guan W et al®

Redd WD et al®®

Deng Y et al’
Mao L et al'®

Pan L et al'!

Zhou F et al®

Lu X etal'?

Wang D et al'?

LiuK et al'
Chen N et al”®

Lin L et al*

Shi H et al'®

Xiao F et al'’

Easom N et al'®

Xu XW et al”®
ChuJ et al®®

Huang C et al*!

rectal epithelia.'’ In addition, expression of interacting
proteins (host proteins binding to SARS-CoV-2) was mea-
sured in 29 human tissues.*® Apart from lungs, high expres-
sion was also demonstrated in duodenum, small intestine,
pancreas and liver.*® These findings highlight the fact that

SMYK ET AL.

Number of cases

1141

1099

318

225
214

204

191

171

138

137
99

95

81

73

68

62
54

41

Manifestation

Loss of appetite 180 (15.8%)
Nausea 134 (11.7%)
Vomiting 119 (10.4%)
Diarrhoea 68 (6.0%)
Abdominal pain 45 (3.9%)

Diarrhoea 42 (3.8%)
Nausea/vomiting 55 (5.0%)

Anorexia 110 (34.8%)
Diarrhoea 107 (33.7%)
Nausea 84 (26.4%)
Vomiting 49 (15.4%)
Abdominal Pain 46 (14.5%)

Diarrhoea 33 (14.7%)

Anorexia 68 (31.8%)
Diarrhoea 41 (19.2%)
Abdominal pain 10 (4.7%)

Lack of appetite 81 (39.7%)
Diarrhoea 35 (17.2%)
Vomiting 4 (2.0%)
Abdominal pain 2 (1.0%)
Diarrhoea 9 (5.0%)

Nausea or vomiting 7 (4.0%)

Diarrhoea 15 (8.8%)
Vomiting 11(6.4%)
Diarrhoea 14 (10.1%)
Vomiting 5 (3.6%)
Abdominal pain 3 (2.2%)
Anorexia 55 (39.9%)

Diarrhoea 11(8.0%)

Diarrhoea 2 (2.0%)
Nausea and vomiting 1 (1.0%)

Diarrhoea 23 (24.2%)
Anorexia 17 (17.9%)
Nausea 17 (17.9%)
Vomiting 4 (4.2%)
Vomiting 4 (5.0%)
Diarrhoea 3 (3.7%)
Anorexia 1 (1.2%)

Diarrhoea 26 (35,6%)
Gastrointestinal bleeding 10 (13.7%)

Diarrhoea 9 (13.2%)
Vomiting 2 (2.9%)

Diarrhoea 3 (4.8%)

Diarrhoea 3 (5.6%)
Nausea 1 (1.9%)

Diarrhoea 1 (2.4%)

TABLE 2  Gastrointestinal symptoms

in patients with COVID-19

37

SARS-CoV-2 might present as a gastrointestinal infection.
Above this, the viraemic status might target the intestine
at different levels, including the stomach, and be a cause
of upper gastrointestinal symptoms, as reported previously
during acute hepatitis A infection.
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3 | FAECAL-ORAL
TRANSMISSION AND FAECAL
VIRUS SHEDDING

According to the current knowledge, SARS-CoV-2 spreads
mainly via person-to-person contact or by inhaling res-
piratory droplets from cough or sneezes. Indirect contact
with contaminated surfaces appears to be another possible
route of transmission. The gastrointestinal manifestation
of SARS-CoV-2 infection mentioned above may signalise
another route of virus transmission, that is faecal-oral,
although this has not yet been confirmed. The virological
analysis of nine COVID-19 cases®® showed that stool sam-
ples contain high concentration of viral RNA, but infec-
tious virus was not detected in any of them. It may suggest
a potential replication of the virus in gastrointestinal tract.
To date, electron microscopy detected the potentially infec-
tious virus in two out of four SARS-CoV-2 positive stool
samples.39 As demonstrated in Table 3, several reports have
shown that SARS-CoV-2 RNA can be detected in stool sam-
ples via anal or rectal swabs,17:23:40-42 Interestingly, Xiao
et al showed that viral RNA can be continuously detected
in stool samples—this period ranged from 1 to 12 days."’
Moreover, two studies revealed that nucleic acid of SARS-
CoV-2 was detectable in stool (or in stool and sputum) even
after testing negative from respiratory specimens.”’43 Not
only adults, but also 8/10 paediatric patients who underwent
chronological investigation of nasopharyngeal and rectal
swabs had positive stool samples.42 In addition, eight out of
ten children also remained positive despite having negative
result from nasopharyngeal swabs.*? Moreover, virus can
be detected in toilet bowl and inside bowl of the sink used

TABLE 3 Faecal shedding of

SARS-CoV-2 Reference

Wu Y et al®

Xiao F et al'’

Zhang W et al*

Zhang J et al*!
Xu Y et al*?

by infected patients.** Taking into consideration the pos-
sible transmission from patients without respiratory symp-
toms, special attention should be paid in endoscopy units.
Study45 from 42 Italian endoscopy departments emphasises
the difficulties in conducting routine procedures related to
COVID-19 pandemic, all of which eventually had to be post-
poned, unless they were urgent or had to be performed due
to emergency. Specific preventive measures are necessary
to minimalise the transmission between healthcare person-
nel and patients. Recent study46 underscores this potential
threat and demonstrates that SARS-CoV-2 RNA was found
in biopsies of oesophagus, stomach, duodenum and rectum
taken during endoscopy procedures.46 Moreover, increased
level of faecal calprotectin was reported in COVID-19 pa-
tients with diarrhoea, which strengthens the hypothesis of
gastrointestinal manifestation and points to inflammatory
response in the gut of COVID-19 patients.47

These findings may highlight the connection between
gastrointestinal manifestation of COVID-19 and faecal shed-
ding. Therefore, more attention should be paid to hygiene and
disinfection regarding the presence of viral RNA in faecal
specimens and anal swabs.

4 | CONCLUSIONS AND FUTURE
DIRECTIONS

Gastrointestinal symptoms are not uncommon in patients
with COVID-19 and point to the additional involvement of
the gastrointestinal tract. This aspect becomes part of the
workup of patients infected with SARS-CoV-2 and when
selecting individuals that should undergo viral screening.

Number of

cases Results

74 In 41 (55.0%) of 74 patients stool samples were
positive for SARS-CoV-2 RNA; faecal samples
remained positive for a mean of 27.9 days; one
patient had positive faecal samples for 33 days
after the respiratory swabs became negative

73 39 (53.4%) patients had viral RNA in stool; in 17
(23.3%) patients stool samples remained positive
after negative result from respiratory swabs

16 Viral RNA in stool on admission: 4/16 (25.0%)

Viral RNA in stool on day 5: 6/16 (37.5%)
14 5 (37.5%) patients had positive stool samples
10 On admission, viral RNA was detected in rectal

swab in 8 (80%) paediatric patients; stool sample
remained positive after testing negative from
nasopharyngeal swab in 8 (80%) children



“7 | WILEY

SMYK ET AL.

Although wide distribution of ACE2 in numerous tissues
might be one explanation of the variable COVID-19 symp-
toms, other receptors of the virus should be investigated.
Faecal shedding and its involvement in the distribution of
the disease require further studies. Overall, SARS-CoV-2
is our new enemy, and at this moment, we have to mainly
rely on preliminary data and we need more time and more
studies to get to know its weak points in order to decrease
the number of infected individuals and complications re-
lated to COVID-19.
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