COVID-19 and the gastrointestinal tract:
more than meets the eye
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An outbreak of coronavirus disease 2019
(COVID-19), caused by severe acute respi-
ratory syndrome (SARS-CoV-2), has
rapidly spread from China to almost all
over the world affecting over 800,000
people across 199 countries. Whereas
typical presentations of this infection,
such as fever, cough, myalgia, fatigue and
pneumonia, are well recognised,’™ early
studies reported low incidence of typical
gastrointestinal (GI) symptoms, such as
diarrhoea in the range of 1%-3.8%.'*
Another study suggested a higher rate of
GI symptoms with diarrhoea and nausea
in 10.1% and vomiting in 3.6%.’

In GUT several articles report on GI
symptoms, detection of the virus in faeces
and potential pathophysiological aspects
including viral receptor expression in
the GI tract.*'? Two large clinical studies
from China focused on GI symptoms and
detection of the virus in faeces.®” Jin et
al investigated 74 patients infected with
SARS-CoV-2 with GI symptoms such as
diarrhoea, nausea and vomiting. Up to 28%
of those with GI symptoms did not have
respiratory symptoms. Here, they showed
that this patient group compared with
patients without GI symptoms (n=577)
had overall more severe/critical disease,
more patients with fever >38.5°C, family
clustering and higher rates of liver injury
as assessed by elevated aspartate trans-
aminase levels. Among the total studied
SARS-CoV-2-infected patients (n=651)
11.4% experienced GI symptoms, that
is, higher rates than reported in previous
studies.® In another study, Lin et al inves-
tigated 95 SARS-CoV-2-infected patients
with special emphasis on GI symptoms.”
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Overall, 58/95 cases (61.1%) showed
evidence of GI symptoms with diarrhoea
(24.2%), nausea (17.9%), vomiting (4.2%)
and impaired liver function as assessed
by elevated transaminases (32.6%) being
the most relevant features. Importantly,
they performed endoscopy in six subjects
demonstrating that SARS-CoV-2 could be
detected at various GI locations in three
of six subjects in biopsies taken during
endoscopy. In two severely diseased
patients, the virus could be detected in
oesophagus, stomach, duodenum and
rectum proving that this virus is present
throughout the GI tract. Finally, they were
able to detect the virus in 52.4% (n=22)
of assessed faecal samples. Therefore,
both studies highlight the prevalence of
GI symptoms in COVID-19 disease. In
the first case of SARS-CoV-2 infection
reported from the USA, the virus was also
observed in the stool on day 7 of illness."
Xiao et al investigated 73 SARS-CoV-2-
infected hospitalised patients in China and
53.4% patients were tested positive for
virus in the stool ranging from day 1 to 12
of infection." Importantly, in this study,
>20% of infected patients had positive
virus in faeces even after clearance of virus
in the respiratory tract. Similar results
from Singapore showed that 50% of their
COVID-19 patients had detectable faecal
virus but only approximately half of these
patients suffered from symptoms such as
diarrhoea.” Therefore, evidence is accu-
mulating that GI symptoms are common
and SARS-CoV-2 can be detected in faeces
in about 50% of infected subjects but
there appears to be no clear correlation of
GI symptoms and detectable virus in the
stool.

What remains less clear is why and
how SARS-CoV-2 induces GI symptoms
and second whether SARS-CoV-2 can be
transmitted through the GI tract other
than the respiratory tract. A prerequi-
site of CoV infection is its entry into the
host cells. Akin to its relative SARS-CoV,
SARS-CoV-2 uses Angiotensin converting
enzyme)-2 (ACE2) as a viral receptor
to enter host cells,* Y and ACE2 is an
important regulator of intestinal inflam-
mation.'® In this issue of GUT, Liang et al
examined the expression and distribution
of ACE2 in human tissues and different
cell populations. By analysing single-cell

RNA sequencing data, they found that
ACE2 was highly expressed in the small
intestine especially in proximal and distal
enterocytes. They also found that two
other viral entry receptors for human
coronavirus 229E virus and Middle East
respiratory syndrome CoV virus were
highly expressed in enterocytes.'’ To take
these findings further, Zhang et al exam-
ined ACE2-expressing cell composition
and proportion in five public datasets
with single-cell transcriptomes of lung,
oesophagus, gastric, ileum and colon.?
They found that successful virus entry
of SARS-CoV-2 depends not only on the
presence of cell receptor ACE2 but also
the cellular serine protease, transmem-
brane protease serine 2 (TMPRSS2),
which cleaves the S protein of human
coronaviruses on the cell membrane, both
of which are critical for fusion of viral
and the cellular membranes.” ACE2 and
TMPRSS2 were not only coexpressed in
lung alveolar type 2 cells and oesopha-
geal upper epithelial and gland cells but
also highly expressed in the ileum and
colon suggesting that the virus can invade
enterocytes of the digestive tract. In the
oesophagus, ACE2 was highly expressed
in the upper and stratified epithelial cells,®
and this finding may explain SARS-CoV-2
detection in the oesophageal erosion.” An
intriguing finding was a higher expression
of ACE2 in absorptive enterocytes from
the ileum and colon than the lung.® It is
unclear whether intestinal inflammation
exacerbates ACE2 expression in the gut
and exerts an increased risk to patients
with inflammatory bowel disease. In this
issue of GUT, death was reported in an
elderly patient with severe acute ulcerative
colitis (on mesalazine) who was treated
with high dose intravenous corticosteroids
and subsequently developed COVID-19
pneumonia.'* Further evidence is required
to define the best treatment strategy in
patients with IBD especially those with
active disease.

In about 50% of COVID-19 cases,
the presence of SARS-CoV-2 in faecal
samples and detection of SARS-CoV-2
in intestinal mucosa of infected patients
suggest that enteric symptoms could be
caused by invasion of ACE2 expressing
enterocytes and the GI tract may be an
alternative route of infection. In over half
of the patients, faecal samples remained
positive for SARS-CoV2 RNA for a mean
of 11 days after clearance of respiratory
tract samples.”® A recent study further
confirmed that 8 of 10 infected children
had persistently positive viral rectal swabs
after nasopharyngeal testing was nega-
tive.”! Importantly, live SARS-CoV-2 was
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detected on electron microscopy in stool
samples from two patients who did not
have diarrhoea, highlighting the potential
of faecal-oral transmission.

In conclusion, these studies provide
new insights into our understanding of
the prevalence, aetiology and potential
mechanisms of COVID-19 in the GI tract
crucial for defining prevention measures,
clinical care and treatment strategies.
Unanswered questions and challenges
remain, such as the significance of virus
detection in the stool/rectal swabs of
asymptomatic subjects, whether ACE2
is a direct mediator for SARS-CoV-2
entry into the GI tract and how the virus
could survive passage through extreme
pH environment of the digestive system.
Currently, prolonged fecal shedding in
infected patients even after viral clear-
ance in respiratory tract suggests that
stool testing should be considered in
patients with COVID-19 with appropriate
transmission precautions for hospital-
ised patients who remain stool positive.
Further research to determine the viability
and infectivity of SARS-CoV-2 in faeces is
required to control the spread of the virus
especially in asymptomatic carriers.
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