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Abstract

The current pandemic of Coronavirus disease 2019, or known as COVID-19, has been claimed as
Public Health Emergency of International Concern by WHO on 30 January 2020. According to WHO, there
were 47.362.304 confirmed cases and 1.211.986 deaths were reported due to COVID-19 and still counting.
This article investigated the involvement of gastrointestinal symptoms in COVID-19 related to the pathogene-
sis, transmission, and severity of the disease. The data was collected by keyword searching through EBSCO,
PubMed, Google scholar, and additional references from retrieved articles. This article analyzed studies inves-
tigating gastrointestinal symptoms in Covid-19. The studies found gastrointestinal symptoms in COVID-19
confirmed patients such as abdominal pain, diarrhea, nausea, vomiting, constipation, and melena. Two studies
showed that COVID-19 patients with gastrointestinal symptoms tended to have more severe disease. ACE2, as
the receptor of S protein, was found abundantly in intestinal enterocytes besides in the respiratory system. En-
terocyte abnormality induces decreased absorption of NA', water, and mucosal disaccharides. It leads to in-
creased undigested mono and disaccharides, carbohydrates, fats, and protein into the colon. As a result, the
colon is unable to absorb sufficient water, leading to diarrhea. Gastrointestinal symptoms are commonly found
in patients with COVID-19, and the trend is increasing in the later stage of the epidemic. SARS-CoV-2 enters
gastrointestinal epithelial cells and the feces of COVID-19 patients are potentially infectious. The virus also
found in wastewater system and may cause water pollution. Hence, further studies investigating gastrointesti-
nal symptoms and possibility of fecal oral transmission should be conducted.
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Abstrak
[Keterlibatan Gastrointestinal pada Pasien terkonfirmasi COVID-19]

Pandemi penyakit coronavirus 2019 atau disebut COVID-19 dinyatakan sebagai kegawatdaruratan
kesehatan publik oleh WHO pada 30 Januari 2020. Berdasarkan WHO, sebanyak 47.362.304 kasus terkonfir-
masi dan 1.211.986 kematian dilaporkan dan jumlahnya masih terus meningkat. Review ini menguraikan
keterlibatan sistem gastrointestinal pada pasien terkonfirmasi COVID-19 yang terkait dengan patogenesis,
transmisi, dan keparahan penyakit. Data didapatkan dari pencarian artikel melalui EBSCO, PubMed, Google
Scholar, dan sumber lain. Review ini menganalisis gejala gastrointestinal yang terjadi pada pasien COVID-
19. Gejala gastrointestinal dialami oleh pasien terkonfirmasi COVID-19 antara lain nyeri perut, diare, mual,
muntah, konstipasi, dan melena. Dua penelitian menyebutkan bahwa pasien dengan gejala gastrointestinal
memiliki tingkat keparahan penyakit yang lebih besar. ACE2 sebagai reseptor dari S protein banyak
ditemukan pada enterosit selain pada sistem respirasi. Abnormalitas enterosit mengurangi absorpsi Na+, air,
dan disakarida mukosa sehingga meningkatkan mono dan disakarida, lemak, protein yang tak tercerna. Hal
tersebut menyebabkan ketidakmampuan absorpsi air sehingga terjadi diare. Gejala gastrointestinal banyak
ditemukan pada pasien COVID-19 dan jumlahnya semakin meningkat. SARS-CoV-2 yang masuk melalui sel
epitelial dan feses pada pasien COVID-19 berpotensi infeksius. Virus juga ditemukan pada sistem pembu-
angan dan dapat menyebabkan polusi air. Oleh karena itu perlu dilakukan penelitian lebih lanjut terkait
gejala gastrointestinal dan kemungkinan transmisi fekal-oral.

Kata Kunci : COVID-19, Novel coronavirus, SARS-CoV-2, gejala GI, Gastrointestinal
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INTRODUCTION

The current pandemic of Coronavirus
disease 2019 (COVID-19) had been claimed as Pub-
lic Health Emergency of International Concern by
WHO (World Health Organization) on 30 January
2020. This pandemic is an enormous burden to more
than 200 affected countries. According to WHO,
there 47.362.304 confirmed cases and 1.211.986
deaths reported due to COVID-19 and still counting.
() The majority of studies on COVID-19 emphasizes
respiratory illness. While during the spread of the
virus, viral mutations may arise. In the infected are-
as outside Wuhan, there were some symptoms of the
gastrointestinal tract in COVID-19 patients as novel
features.>? Meanwhile, articles from China and
America have reported gastrointestinal manifesta-
tions of COVID-19. Nausea, vomiting and diarrhea
are the most common symptoms appeared. In Indo-
nesia, a case report from Bogor also reported similar
case. A woman came to the hospital with epigastric
pain as the main symptom. Other complaints were
shortness of breath, nausea, and vomiting. There
was no history of GERD symptoms. Yet, she
acknowledged that there were fever and dry cough
two days before the admission. The digestive symp-
toms recovered after getting medication for diges-
tive symptoms, while the respiratory problem still
existed.®” This should be taken into consideration as
it may threaten health professionals who work on
COVID-19 patients without any respiratory symp-
toms when they first arrive to seek health care pro-
viders.  This article pooled the studies that report-
ed GI tract symptoms on COVID-19 patients. The
data was collected by keyword searching through
MEDLINE, EBSCO, PubMed, Google scholar, and
additional references from retrieved articles. This
article encompasses the analysis of gastrointestinal
involvement and the severity in COVID-19, the
pathogenic mechanism of SARS-CoV-2 in gastroin-
testinal tract, and the potential of fecal oral transmis-
sion through wastewater system.

REVIEW METHOD

The data was collected by keywords
searching through EBSCO, PubMed, Google schol-
ar, and additional references from retrieved articles.

RESULT AND DISCUSSION

Gastrointestinal Involvement and The Severity in
COVID-19

Gastrointestinal symptoms in the con-
firmed COVID-19 patients have declared as ab-
dominal pain, diarrhea, nausea, vomiting, constipa-
tion, and melena.”’ The majority of COVID-19 clin-
ical manifestations from 645 patients in Zhejiang,
China were fever (85.9%), cough (68.4%), diarrhea
(7.9%), nausea, and vomiting (3.8%). Further, still
in Zhejiang, a study found that among 651 regis-

tered patients, diarrhea was the most common GI
symptom.”) Meanwhile, a study in California also
reported gastrointestinal symptoms in 31.9% of the
cases. Loss of appetite (22.3%) was the most com-
mon gastrointestinal symptoms."” In the first case of
COVID-19 in Washington, a man who had traveled
from Wuhan, before his admission to hospital, had
nausea and vomiting complaint for two days along-
side with his respiratory illness symptoms. He also
suffered from abdominal discomfort and underwent
a stool sample examination confirming him to be
positive for 2019-nCoV (SARS-CoV-2). ®

A study from 73 COVID-19 patients
which had GI bleeding showed no anomaly in the
stomach, duodenum, colon, and rectum by endosco-
py and H&E staining. ©'” However, there was
damage in the esophagus seen at endoscopy.”
Staining of lamina propria of the stomach, duode-
num, and rectum, innumerable infiltrating plasma
cell and lymphocytes with interstitial edema were
visible. Gross appearance of the intestine showed
segmental dilatation and stenosis from an autopsy,
and segmental wall swelling was seen in abdominal
CT-scan in other COVID-19 cases. Additionally,
intracellular staining of viral nucleocapsid protein
Was( 9dlelt)ected in gastric, duodenal, and rectal epithe-
lia. ©~

The correlation of SARS-CoV-2 in gas-
trointestinal has been elucidated in a study conduct-
ed using gut organoids. Human small intestinal or-
ganoid (hSIOs) from primary gut epithelial stem
cells grown under 4 different culture conditions.
SARS-CoV-2 productively infected hSIOs as as-
sessed by qRT-PCR method. Under EXP medium,
enterocyte progenitor becomes the place of viral
replication. In the different hSIOs, SARS-CoV-2
titer remained stable at 60 hours after infection. The
lysed of hSIOs contained a considerable amount of
infectious virus signifying that virus was secreted
apically."? It is possible that SARS-CoV-2 could
infect enterocytes due to the receptor availability.

Nevertheless, the severity of SARS-Co-V
infection associated with digestive symptoms is still
inconclusive. A descriptive, cross-sectional, multi-
center study on 240 patients in the case of
COVID19 showed that digestive symptoms were
related to worse outcomes. It showed that 60% of
patients without digestive symptoms recovered and
were discharged, while only 34.3% of the patients
with digestive symptoms recovered.® In addition,
Huang et al. reported that the number of digestive
symptoms, especially anorexia and abdominal pain,
was higher si?niﬁcantly in ICU patients than in non-
ICU patients."¥

In contrary to that, Fang et al. found that
15.1% or 46 of 305 patients were critically ill.
About 85% (17/20) of those critical cases had gas-
trointestinal symptoms and 44.7% (17/38) of them
had diarrhea. The results were not statistically dif-
ferent from those of noncritical cases, where gastro-

WMJ (Warmadewa Medical Journal), Vol.6, No.1, Mei 2021, p-ISSN 2527-4627
DOI: https://doi.org/10.22225/wmj.6.1.2630.7-12



https://doi.org/10.22225/wmj.6.1.2630.7-12

wWMJ (Warmadewa Medical Journal), Vol. 6 No. 1, Mei 2021, Hal. 9

intestinal symptoms in non-severe patients account-
ed for 78.5%, of which 50.2% had diarrhea (13). In
accordance, a study by Guan et al. reported no dif-
ference in the proportion of gastrointestinal symp-
toms between severe and non-severe cases.

However, it is difficult to evaluate wheth-
er the digestive symptoms are caused by SARS-CoV
-2 infection or due to other secondary infections in
critically ill patients. Gastrointestinal mucosal cell
injury due to long-term hypoxemia, cell necrosis
from tissue hypoxia is commonly found in critical
patients. Furthermore, treatments including cortico-
steroids and NSAIDs, and the physiological stress in
patients with severe illness could have injured the
mucosa of the digestive tract, thus making it diffi-
cult to trace the causal factor.

The Pathogenic Mechanism of SARS-CoV-2 in
Gastrointestinal Tract

A study conducted by Li et al (2003),
suggested that ACE2 (Angiotensin-Converting En-
zyme 2) could be modulated by the S1 domain of
SARS-CoV. Spike protein-mediated fusion with S
protein-expressing cells can develop viral replica-
tion in a cell line. It clarifies that ACE2 is a funda-
mental receptor for SARS-CoV."'® There are many
similarities between SARS-CoV-2 and the original
SARS-CoV. By using computer modeling, the spike
protein of SARS-CoV-2 and SARS-CoV is almost
identical to 3-D structures in the receptor-binding
domain. They have a solid binding affinity to human
ACE2.Y Coronavirus has to deliver its nucleocapsid
into the host cell to initiate infection. Viral entry
relies on the fusion between the envelopes and the
membrane of host cell as the function of the spike
protein. Spike protein of the virus needs to be
cleaved and activated by host protease including
cathepsin L, TMPRSS2 (Transmembrane Protease
Serine 2), TMPRSS4, TMPRSS11A, TMPRSS11D,
TMPRSSI11E. After binding to the surface receptor
of the cell, TMPRSS2 cleaves the ACE2 afterward
to activate S protein. It facilitates viral entry to the
host cell. V7' When the virus enters the host cell, it
will be seized by Antigen Presenting Cell (APC
and sent to T-helper to activate immune response."'®
On the other hand, after the fusion of the host mem-
brane, pseudovirion enters cells through endocyto-
sis. Phosphatidylinositol-3, 5-bisphosphate (PI (3,5)
P2) is an important component for endocytosis
which regulates the dynamics of early endosomes to
late endosomes. Cathepsin L which has a role in
viral entry is essential for priming SARS-CoV-2 S
protein in the lysosome.""”

Spike protein consists of two subunits (S1
and S2) after being degraded by protease. S1 con-
tains the receptor-binding domain (RBD) and is
responsible for the recognition and binding to the
host cell receptor, while S2 is a typical of class I
viral fusion protein. In order to infect new host spe-

cies, the virus must adapt to the receptor of the
house either by mutation or recombination of the
virus.?*?Y Once the virus has reached an initial
binding to the receptor, it will lead to S1 dissocia-
tion and help S2 to prepare membrane fusion. Thus,
the nucleocapsid will be delivered. The receptor-
binding domain of SARS-CoV-2 specifically recog-
nized the ACE2 receptor. Residue in SARS-CoV-2
RBD that responsible for cross-species transmission
are 493, 501, 455, 486, and 494.% The mutation of
RBD residue, influence the binding affinity of RBD
and human ACE2. For example, the replacement of
SARS-CoV-2 RBD NS501 with T487 strengthens
ACE2 binding significantly.*

Further, as the gastrointestinal tract filled
with the amount of ACE2, it is possible that the
symptoms of COVID-19 related to gastrointestinal
symptoms. The previous study stated that in epithe-
lial cells of the ileum, the expression of ACE2 was
high in absorptive enterocytes, and low in progeni-
tor absorptive cells. In the colon, the expression of
ACE2 was found to be high in enterocytes, and low
expression was found in immature enterocytes. ¥
ACE2 expression was primarily mapped to the lu-
minal surface of differentiated small intestinal epi-
thelial cells, while lower ACE2 expression was ob-
served in crypt cells and the colon and, in contrast,
another article was found to have high ACE2 ex-
pression in the colon®?® Enterocyte performs as a
barrier. It processes antigen through two pathways,
including major pathway by using lysosome to de-
grade antigen and minor trans-cytolytic pathway by
releasing the antigen into interstitial space. Entero-
cytes can present as antigen-presenting cells and
also have absorptive function. The absorptive enter-
ocyte makes up > 80% of all small intestinal epithe-
lial cells. Macromolecule transports through entero-
cyte via transcellular transport and efficiently trans-
ports into the enterocyte by receptor-mediated endo-
cytosis.®” Abnormality of enterocytes, for example
the destruction of enterocyte caused by rotavirus,
can cause malabsorption. It leads to a decrease in
the absorption of NA", water, and mucosal disac-
charidases. As a result, the colon will be unable to
absorb sufficient water, leading to diarrhea. Villus
enterocyte is mature and covers the villi that are
differentiated into digestive and absorptive func-
tions. Absorptive enterocyte synthesizes disaccha-
ridases, peptidases, and other enzymes that are ex-
pressed on the apical surface that carries out their
digestive function.*®

ACE2 acts as a key regulator of processes
in the human body, such as dietary amino acid ho-
meostasis, innate immunity, gut microbial ecology,
and transmissible susceptibility to colitis.*> ACE2
is required for the expression of this transporter on
the luminal surface of intestinal epithelial cells. The
pattern of coronavirus entrance is through the apical
site of the polarized epithelial cells and it can be
released through either apical or basolateral. The
apical release will release the virus to the gut lumen
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and close by the target cell, while basolateral release
will send the virus to the blood and lymph vessel.*”
However, the role of enterocytes and ACE2 recep-
tors in the pathogenesis of SARS-CoV-2 still needs
to be investigated.

Possibility of Fecal-Oral Transmission

From a previous case report, in the first
case of COVID-19 in the United States, some sam-
ples of patients were collected to detect the RNA
virus of SARS-CoV-2. The specimens taken were
nasopharyngeal swab, oropharyngeal swab, serum,
urine, and stool. On the 7th day of the illness, the
stool was tested for SARS-CoV-2 and the result was
positive for SARS-CoV-2 (Ct value, 36 to 38).%
Another investigation from 73 patients infected with
SARS-CoV-2 showed that the stool was tested posi-
tive for SARS-CoV-2 RNA. The duration for stool
to show positive results ranged from 1-12 days and
might be longer until 47 days from another research.
Furthermore, 17 (23.29%) patients continued to
have positive results in stool after reopresenting nega-
tive results in respiratory samples.**"

Viral host receptor ACE2 stained positive
mainly in the cytoplasm of gastrointestinal epithelial
cells. The positive staining of ACE2 and SARS-
CoV-2 was also noticed in gastrointestinal epitheli-
um from patients who were tested positive for
SARS-CoV-2 RNA in feces."'” In fluid specimens,
such as sputum, feces, and serum, SARS-CoV can
be detected for 96 hours.®? J Kim (2020) was trying
to isolate the SARS-CoV-2 virus from SARS-CoV-
2 positive serum, urine, or stool sample. They were
inoculated the virus to CACO-2 cells and the cells
were cultured for 5 days after primary inoculation.
Later, secondary inoculation was presented never-
theless, the virus could not be isolated from the sam-
ple even in the stool or serum samples contain the
highest RNA concentration. It may cause by the low
level of the viral load.®” Some studies observed
viral load in stool samples, informed that the peak of
viral load found two until four weeks after the onset
of the symptoms.®**> The peak load of the viral in
the stool is 1.1x10® copies/ml and becomes the low-
est compare to viral load in sputum and nasopharyn-
geal.®® In children, viral loads from anal swabs
compared to throat specimens were no difference.”
Although there was viral RNA detected in feces, the
infectivity of the viral could not be proven yet. The
unsuccessful viral isolation might be caused by the
lower of viral load or the isolation specimen was not
at the peak of the viral load.

As the viral RNA found in the stool, its
spreading into wastewater should be surveilled. The
finding of SARS-CoV-2 RNA in influent water and
wastewater has been reported worldwide. In Spain,
83% of influent samples and 11% secondary treated
water samples were tested positive for SARS-CoV-2
RT-qPCR target. The studies have been reported the
finding of SARS-CoV-2 RNA in wastewater in The
Netherland, France, USA, Italia, and Australia.®® 40

The virus contained in feces may run into dilution
and the viral load decreased approximately 2.5x10°
copies/mL.“" In the urban areas in Indonesia, about
1% of the wastewater collected and treated safely,
yet in the rural areas, wastewater is not collected
and treated in 2016. They used septic tanks which
were located less than 10 meters from community
wells.*? This may cause water pollution according
to the fecal-oral transmission for viruses or bacterial
diseases. The fecal-oral transmission of the SARS-
CoV-2 virus should be taken into consideration,
although the level of viral load in wastewater was
low. There were no studies yet about the infectivity
of SARS-CoV-2 that was isolated from the stool
and wastewater.

CONCLUSION

Health care providers should pay atten-
tion to patients who have complaints of respiratory
illness or gastrointestinal symptoms in this pandem-
ic era. The symptoms of COVID-19 suspects may
not only appear in the form of respiratory illness,
but also gastrointestinal symptoms, and the trend is
increasing in the later stage of the epidemic. SARS-
CoV-2 enters gastrointestinal epithelial cells, and
the feces of COVID-19 patients are potentially in-
fectious. Neglected environmental hygiene includ-
ing wastewater system and fecal oral hygiene
should be considered as mode of transmission for
SARS-CoV-2.
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