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Abstract

The pandemic of coronavirus disease 2019 (COVID-19), caused by a newly
identified B-coronavirus (SARS-CoV-2) has emerged as a dire health problem,
causing a massive crisis for global health. Primary method of transmission was
firstly thought to be animal to human transmission. However, it has been
observed that the virus is transmitted from human to human via respiratory
droplets. Interestingly, SARS-CoV-2 ribonucleic acid (RNA) has been isolated
from patient stools, suggesting a possible gastrointestinal (GI) involvement. Most
commonly reported clinical manifestations are fever, fatigue and dry cough.
Interestingly, a small percentage of patients experience GI symptoms with the
most common being anorexia, diarrhea, nausea and vomiting. The presence of
viral RNA in stools is also common and fecal tests can be positive even after
negative respiratory samples. The exact incidence of digestive symptoms is a
matter of debate. The distribution of Angiotensin converting enzyme type 2
receptors in multiple organs in the body provides a possible explanation for the
digestive symptoms” mechanism. Cases with solely GI symptoms have been
reported in both adults and children. Viral RNA has also been detected in stool
and blood samples, indicating the possibility of liver damage, which has been
reported in COVID-19 patients. The presence of chronic liver disease appears to
be a risk factor for severe complications and a poorer prognosis, however data
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from these cases is lacking. The aim of this review is firstly, to briefly update what
is known about the origin and the transmission of SARS-CoV-2, but mainly to
focus on the manifestations of the GI tract and their pathophysiological
background, so that physicians on the one hand, not to underestimate or
disregard digestive symptoms due to the small number of patients exhibiting
exclusively this symptomatology and on the other, to have SARS-CoV-2 on their
mind when the “gastroenteritis” type symptoms predominate.

Key words: SARS-CoV-2; COVID-19; COVID-19 gastrointestinal manifestations;
Gastrointestinal tract; COVID-19 on chronic liver diseases; ACE2 receptors and COVID-
19; COVID-19 and gastrointestinal pathophysiology

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Although respiratory transmission and symptoms are still the primary route and
expression of coronavirus disease 2019 (COVID-19), the gastrointestinal system could be
an alternative or additional way for COVID-19 to be transmitted and manifested, most
likely due to the presence of Angiotensin converting enzyme type 2 receptors which are
observed throughout its length. The main aim of this article is mainly to focus on the
manifestations of the gastrointestinal tract and their pathophysiological background, so
that physicians on the one hand, not to underestimate or disregard digestive symptoms due
to the small number of patients exhibiting exclusively this symptomatology and, on the
other, to have severe acute respiratory syndrome coronavirus 2 on their mind when the
“gastroenteritis” type symptoms predominate.

Citation: Galanopoulos M, Gkeros F, Doukatas A, Karianakis G, Pontas C, Tsoukalas N, Viazis
N, Liatsos C, Mantzaris GJ. COVID-19 pandemic: Pathophysiology and manifestations from
the gastrointestinal tract. World J Gastroenterol 2020; 26(31): 4579-4588

URL: https://www.wjgnet.com/1007-9327/full/v26/i31/4579.htm

DOI: https://dx.doi.org/10.3748/wjg.v26.i31.4579

INTRODUCTION

Novel viral diseases, such as the severe acute respiratory syndrome coronavirus
(SARS-CoV) from 2002 to 2003, HIN1-influenza in 2009, and most recently, the Middle
East respiratory syndrome coronavirus (MERS-CoV) posed serious threats to Health
care systems!'l. In December 2019, a cluster of patients presenting with atypical
pneumonia was reported by hospitals in Wuhan, China?. This was attributed to a
newly identified B-coronavirus, which initially named 2019 novel coronavirus by
WHO. The virus was afterwards renamed as severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) and the disease it caused named coronavirus disease 2019
(COVID-19)FL On January 30, 2020 WHO declared COVID-19 outbreak as a Public
Health Emergency of International Concern*”l. Later, on March 11, 2020 the WHO
declared this outbreak as Pandemic. Indeed, as of May 3, 2020, a total of 3349786 cases
of COVID-19 have been confirmed globally causing 238628 deaths due to acute
respiratory failure or other complications'®. In contrast to SARS-CoV and MERS-CoV,
the new virus is highly transmissible between individuals even during the pre-clinical
phase of COVID-19.

Although the COVID-19 is typically an airborne infection, the massive expression of
its receptor, Angiotensin converting enzyme type 2 (ACE2) throughout the
gastrointestinal (GI) tract, the identification of virus in the surface epithelial cells of the
stomach, small intestine and the colon, atypical presenting clinical symptoms from the
GI tract, and prolonged shedding of virus or viral fragments in the stools of infected
individuals have raised concerns whether the virus can be transmitted via an oral-fecal
route as well as whether the GI tract serves as a repository for future re-infections"!1.

Taking all the above into consideration, the aim of this review is to update what is
known on the origin and transmission of SARS-CoV-2, as well as to focus on the
pathophysiology and clinical manifestations from the GI tract of COVID-19.

4580 August 21,2020 | Volume26 | Issue3l |


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.wjgnet.com/1007-9327/full/v26/i31/4579.htm
https://dx.doi.org/10.3748/wjg.v26.i31.4579

Jaishideng®

Galanopoulos M et al. COVID-19 gastrointestinal manifestations

ORIGIN OF SARS-COV-2

SARS-CoV-2 is a B-coronavirus, which is spherical positive-single stranded
Ribonucleic acid (RNA) virus. Coronaviruses were identified in the 1960s and belong
under the family of Coronaviridae (Figure 1). Members of this large family of viruses
are able of causing enteric, neurological, hepatic and respiratory manifestations in
various animal species, such as cattle, cats, camel and bats!"’l. So far, seven
Coronaviruses (HCoVs) capable of infecting humans and causing respiratory diseases
have been identified including HCoV-OC43, HCoV-229E, HCoV-NL63 and HCoV-
HKUT1. The first two HCoVs, HCoV-OC43 and HCoV-229E are known since the
1960sP"1. The other two known betaCoVs, SARS-CoV and MERS-CoV are responsible
for severe and potentially fatal respiratory tract infections, with the fatality rates being
up to 10% and 35%, respectively (Table 1),

The genetic sequence analysis has shown that SARS-CoV-2 shares genetic identity of
79.0% and 51.8% to SARS-CoV and MERS-CoV, respectively, explaining the
nomenclature of SARS-CoV-2. SARS-CoV-2 is also 96% identical to the entire genome
of bat coronavirus. Based on the evolutionary analysis and virus genome sequencing,
bat has been proposed as natural host of the virus!'*"l.

TRANSMISSION

It has been proposed that COVID-19 originated in the Open Seafood market of Wuhan
with bat being the presumed potential reservoir of SARS-CoV-2 and animal-to-human
the primary mode of transmission (Figure 2). The virus was transmitted by intimate
contact, primarily between patients or asymptomatic carriers with family members
and friends!'*. Among patients who were not residents of Wuhan, 72.3% had a
previous contact with people from Wuhan and 31.3% reported recent travel to
Wuhan!"l. Of note, the incubation period of COVID-19 is usually 3-7 d, but it may
extend up to 12.5 d, which renders tracing the asymptomatic carriers extremely
difficult!™. As a result, mathematical models have estimated that every seven days,
this novel epidemic doubled in contrast with the basic reproduction number (RO-R
naught), which is 2.21".

COVID-19 is predominantly an airborne infection; transmission occurs via
respiratory droplets and potentially via aerolised material™. Although an oral-fecal
transmission has been proposed, the origin of the virus in the GI tract (swallowed
saliva and/or rhino-pharyngeal exudate?) and the clinical significance of viral RNA
shedding in the stools cannot per se confirm this mode of transmission because Reverse
transcription-polymerase chain reaction (RT-PCR) may detect viral fragments and not
the whole virus whereas stool cultures for the SARS-CoV-2 are still lacking or have
low specificity™!. Thus, more studies are needed to understand the mechanisms of
transmission and incubation times, along with the duration of infectivity and clinical
course.

MAIN CLINICAL AND LABORATORY MANIFESTATIONS OF COVID-19

COVID-19 presents predominantly as a respiratory infection, with the most common
symptoms being fever, fatigue and dry cough (Table 2)"*?1. The median age of patients
hospitalized for confirmed cases of COVID-19 is 56 years, with a slight male
preponderance (54 %)™,

In the early stages of the disease, lymphopenia appears to be the commonest
laboratory finding (up to 80%), while the total white blood cell number varies'*'**!,
This finding might suggest that SARS-CoV-2 acts on lymphocytes by inducing a
cytokine storm in the body. Other studies support that SARS-CoV-2 consumes many
immune cells and inhibits the body’s normal function!"’. Persistent severe
lymphopenia is associated with a grave outcome. Chest pain in association with a rise
in troponin etc. indicates involvement of myocardium. As ACE2 is widely distributed
in the human tissues, liver enzymes may also show abnormalities!"). The most
common laboratory findings are summarized in Table 3.

Chest CT should be preferred over plain chest X-rays because it may reveal bilateral
ground glass or patchy shadowing, especially in the lower lung lobes in the great
majority of patients. In patients presenting solely with GI symptoms and undergo
abdominal CT scans, the radiologist should examine the lower respiratory tract to
identify signs of pneumonia. However, there are patients without or minimal imaging
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Table 1 Direct comparison between severe acute respiratory syndrome coronavirus, Middle East respiratory syndrome coronavirus and

severe acute respiratory syndrome coronavirus 2, based on receptor usage, primary and intermediate host, incubation period, number
of cases and deaths, and basic reproduction number (R0)

Prima Intermediate Number of Number of
Virus Receptor v Incubation period cases deaths Fatality RO
host host
(Globally) (Globally)
SARS-CoV ACE2 Bats Raccoon dogs and ~ Approximately between 8000 800 10% 2-5
civets 2dand 10 d, and up to
14d
MERS- DPP4 (CD26) Bats Camels Typically, between 2 d 2500 800 35% 2-5
CoV and 14 d
SARS- Most likely Bats Pangolin (Manis Current estimates Over 3349786 as  Over 238628 as of 3.4% as of 3 2-3.5
CoV-2 ACE2 pentadactyla) between 3d to 7 d, and of 03 May, 2020 03 May, 2020 Marclrl,
up to14d 2020871

SARS-CoV: Severe acute respiratory syndrome coronavirus; MERS-CoV: Middle East respiratory syndrome coronavirus; SARS-CoV-2: Severe acute
respiratory syndrome coronavirus 2; ACE2: Angiotensin converting enzyme type 2.

Table 2 Pulmonary findings in patients with coronavirus disease 2019

Dyspnea .
Number of 0 ysp . 0 Chest pain/
Ref. . Cough (n, %) Sputum production (n, %) . 0
patients o Tightness (n, %)
(n, %)
Wan, 138 82 (59.4%) 43 (31.2%) 37 (26.8) NA
et all’!l
Guan 1099 745 (67.8%) 205 370 (33.7%) NA
et all™”! (18.7%)
Chen 99 81 (82%) 31(31%) NA 2 (2%)
et all™!
Zhan, 140 90/120 (75%) NA NA 44/120 (36.7%)
et all®
Xuetall 10 5 (50%) NA NA NA
Jinetal®™ 651 53/74 (71.62%) in patients with GI NA 29/74 (39.19%) in patients with GI symptoms NA
symptoms 382/577 (66.2%) in patients 198/577 (34.32%) in patients without GI
without GI symptoms symptoms
Cheung 59 22 (37.3%) 4(68%) NA NA
et all”™!

GI: Gastrointestinal; NA: Not applicable.

abnormalities.

COVID-19 is generally a mild disease and patients, especially children and young
adults, do not develop serious respiratory symptoms. However, a proportion of
patients are hospitalized with hypoxia and/or radiographic evidence of pneumonia.
The course of severe disease is bi-phasic, an early phase presenting with typical
respiratory viral infection symptoms followed by a sudden deterioration and
complications [acute respiratory distress syndrome (61.1%), arrhythmia (44.4%) and
shock (30.6%)] leading to multi-organ failure and death due to massive cytokine
release syndromel'*"**'’l. The median hospital stay is 10 d and mortality was originally
reported to be approximately 3%. However, this review has found case fatality to be
approximately 1.4%!'**'*1. Even though the number of deaths from SARS-CoV-2 is
considered an intimidating phenomenon, according to previously published studies
the Middle Eastern Respiratory Syndrome virus or SARS-CoV exhibited a higher case
fatality ratel"’l.
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Table 3 Presentation of laboratory findings in coronavirus disease 2019 patients

Author Number of patients Most common findings

Notes/comments

Wang et all”'l 138
Guan et all™l 1099
Zhang et al™ 140
Chen et al*! 99

Chenetal™ 113

|Lymphocytes; 1PT; TLDH Differences between ICU and non-ICU patients

|Lymphocytes; 1CRP; 1D-dimers Lymphopenia is common, severe in some cases
|Lymphocytes; |Eosinophils; 1CRP; 1D-dimers Correlation between blood eosinophil and lymphocyte count
|Hb; | Alb; tD-dimers; TLDH Damage in lymphocytes, changes in immune cells

Substantial differences between deceased and recovered
patients

|Lymphocytes; fWBC; 1D-dimers

WBC: White blood cells; PT: Prothrombin time; LDH: Lactate dehydrogenase; ICU: Intensive care unit; CRP: C-reactive protein; Alb: Albumin; Hb:

Hemoglobin.

Order

Family

Subfamily

Nidovirales

Coronaviridrae

Orthocoronavirinae Torovirinae

Alpha
coronavirus

Genus

Beta Gamma Delta Bafinivirus Toronovirus

coronavirus coronavirus coronavirus

HCoV-229E
HCoV-NL63
PEDV
TGEV

HCoV-0C43
HCoV-HKUT1
MERS-CoV
SARS-CoV
SARS-CoV-2

Figure 1 Phylogenetic relationship of the various types of coronaviruses within the family Coronaviridae, subfamily Orthocoronavirinae
and their respective genera: Alpha, beta, gamma, and deltacoronavirus. Coronaviridae is the largest family within the order of Nidovirales. Family
Coronaviridae includes subfamily Torovirinae and subfamily Orthocoronavirinae. Subfamily Orthocoronavirinae comprises four genera: Alphacoronavirus,
betacoronavirus, gammacoronavirus and deltacoronavirus. Genomic characterization has shown that probably rodents and bats ate the gene sources of
alphacoronavirus and betacoronavirus. The above diagram was created with Biorender.com. SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; MERS-
CoV: Middle East respiratory syndrome coronavirus; SARS-CoV: Severe acute respiratory syndrome coronavirus.
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GASTROINTESTINAL MANIFESTATIONS IN ADULT AND PEDIATRIC
POPULATION

Various studies from several countries have reported a variety of GI symptoms,
especially nausea, abdominal pain, and diarrhea, in patients with COVID-19
(Table 4)r0#>27-£1 GI symptoms are of special significance in COVID-19 patients
because, in contrast to other coronaviruses, they appear early and may worsen during
the course of disease, whereas in some cases may be solitary!’***.. In patients,
presenting solely with GI symptoms there is usually a delay in disease diagnosis and
time to first respiratory symptoms, which renders these patients as a source of viral
dissemination!’*]. Thus, GI symptoms seem to be of special significance in COVID-19.

A recent review estimated a 17.6% prevalence of GI symptoms in COVID-19
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Table 4 Gastrointestinal findings in patients with coronavirus disease 2019

. Anorexia / Loss of Diarrhea (n, Nausea (n, Vomiting (n, Abdominal pain/ Gl bleeding (
Ref. Number of patients . o 0 0 0 : 0 0
appetite (n, %) %) %) %) discomfort (n, %) n, %)
Wang 138 55 (39.9%) 14 (101%) 14 (101%)  5(3.6%) 3(22%) NA
et all*']
Guan 1099 NA 42 (3.8%) 55 (5%) both for nausea and NA NA
etall™ vomiting
Panetal™ 103 81 (78.64%) 35(33.98%) NA 4 (3.88%) 2 (1.94%) NA
Zhan 140 17/139 (12.2%) 18/139 24/139 7/139 (5%)  8/139 (5.8%) NA
et al™ (12.9%) (17.3%)
Fan% 305 101,/201 (50.2%) 146/295 59/201 32/201 12/201 (6%) NA
et all™! (49.5%) (29.4%) (15.9%)
Linetal® 95 (58 with GI 17 (17.9%) 23 (242%) 17 (17.9%) 4 (42%) 2(21%) 2 (21%)
manifestations)
Cheung 59 (15 with GI NA 13 (22%) NA 1 (1.7%) 7 (11.9%) NA
et all*®! manifestations)
Xia et al™®l 20 NA 3 (15%) NA 2 (10%) NA NA
Xiao et all®l 73 NA 26 (35.6%)  NA NA NA 10 (13.7%)

GI: Gastrointestinal.

Jaishideng®

patients”l. The exact incidence of digestive symptoms is a matter of debate, with
anorexia being reported as the most common symptom in one study (39.9%-50.2%),
whereas diarrhea posing as most common in both adult and pediatric populations in
other studies (2%-49.5%)" 1. Notably, Fang et al®” corroborated the incidence of
diarrhea and found that more than 50% of reported diarrhea occurred following
admission and initiation of antiviral therapy, with approximately 22.2% complaining
about loose stool before COVID-19 diagnosis. Excluding anorexia as non-specific,
approximately 20% of patients develop GI symptoms. Gastrointestinal symptoms
usually worsen with disease progression and signifies a more insidious onset of
diseasel”’l. There are also reports in the literature of acute hemorrhagic colitis as well as
GI bleeding*>**!1,

Interestingly, as aforementioned, a small number of patients seem to exhibit solely
GI symptoms like vomiting and diarrhea without concomitant respiratory
manifestations. Worthy of note is the first confirmed case of SARS-CoV-2 infection in
the United States, where the patient had been reportedly suffering from a 2 d history
of vomiting and diarrhea before admission™. A portion of those patients only
manifests fever a few days following admission!*!. The latter demands a high level of
awareness among clinicians, because patients are still admitted in non-COVID-19
wards for GI symptoms and this could represent a potential infection hazard, as was
described by Zhang et al*! in the Lancet.

What is also worthy of mention here is that the presence of digestive symptoms and
specifically diarrhea is associated with a higher incidence of stool positivity for viral
RNA as well as a higher viral load for SARS-CoV-2 RNA. The presence of viral RNA in
stool was detected in almost half (48.1%) of the patients”, with a reported duration of
33-47 d after the first onset of disease and even after clearance of nasal-throat RT-PCR
samples compared to approximately 9% of patients without GI symptoms**.

SARS-CoV-2 may cause liver injury which is similar to respiratory coronaviruses,
with which it shares genome”, but its incidence is less common than that of SARS-
CoV infection (5%-37% vs up to 60%)!"*”). Mild to moderate elevation of amino-
transferases is often reported, but signs of significant liver injury are rather rare. On
the contrary, higher rates of GI symptoms and liver injury with greater elevations of
aminotransferases, are associated with severe disease and are often seen in Intensive
Care Unit patients™ ). To date, there has been one case report of SARS-CoV-2
infection manifesting as acute hepatitis, without the presence of any respiratory
symptoms, in a patient under therapy for HIV infection®’.

Lastly, data regarding children with COVID-19 is scarce. Although clinical
presentation is similar to that in adults, i.e. upper respiratory symptoms (dry cough,
nasal congestion, pharyngalgia) and diarrhea, pediatric patients develop milder
clinical manifestations and biochemical and radiological abnormalities are less
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pronounced than in adults”. Specifically, high fever, lymphopenia, leukopenia or
leukocytosis, and elevated transaminases are seldom seen in children. Nevertheless,
there are recent reports from United Kingdom and other Western countries of cases of
critically ill children presenting with features of multisystem inflammatory state,
similar to toxic shock syndrome and Kawasaki disease linked to COVID-19, but
further research on this topic is expected™ .

Finally, and in addition of the above, as these GI symptoms are not specific and may
develop in patients without COVID-19, such as patients with peptic ulcer disease,
inflammatory bowel disease, other gastrointestinal infections, intake of NSAIDs,
antibiotics, PPIs, or traditional remedies etc., it is of utmost importance that physicians
and radiologists are fully aware to suspect underlying COVID-19 even in patients with
pre-existing GI conditions™!.

PATHOPHYSIOLOGY OF GASTROINTESTINAL AND LIVER MANI-
FESTATIONS

As discussed previously, SARS-CoV-2 enters and replicates into cells by binding to its
ACE?2 receptor!®l. ACE2 receptor is expressed in type 2 alveolar cells, but abundant
expression of ACE2 has been found in epithelial cells throughout the GI tract and
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cholangiocytes!’l. Distribution of ACE2 staining positivity is mainly in the cytoplasm of
the epithelial cells of the stomach and intestine and the cilia of glandular epithelial
cells. In COVID-19 patients, the presence of viral nucleocapsid protein has been
verified in almost the entirety of the GI lumen, such as gastric, duodenal and rectal
glandular epithelial cells, apart from the esophagus. From a histological point of view,
the epithelium of the digestive tract shows plasmacytic and lymphocytic infiltration
with interstitial edema, mainly in the stomach, duodenum and rectum and more
patchy lymphocytic infiltration in the esophagus. Thus, SARS-CoV-2 may cause
digestive symptoms either by direct viral invasion in target cells and/or immune-
mediated tissue and end-organ injury®”!. However, symptoms of COVID-19 might be
indirectly caused by infection-induced respiratory complications, which lead to tissue
hypoxia, loss of cell integrity, cell injury and finally cell death. In favor of this
hypothesis is the common use of antibiotics, NSAIDs and corticosteroids for the
treatment of tissue hypoxia in critically ill patients®”. However, as many patients
developed diarrhea after hospitalization or after administration of medication, drug-
induced GI manifestations, such as nausea, abdominal pain, and diarrhea, cannot be
excluded™!.

Liver exposure to SARS-CoV-2 is unavoidable. The presence of ACE2 receptors in
cholangiocytes supports a retrograde mode of liver damage following the entrance of
the virus in bile tree cells*. Liver biopsies confirm the presence of viral RNA in liver
tissues. Furthermore, atypical signs of hepatocyte injury have been presented, such as
cell apoptosis along with ballooning, acidophilic bodies and lobular inflammation,
corroborating the mechanism of direct viral injury!'”l. Liver injury may also be induced
by treatment, as drugs particularly associated with liver injury, such as antibiotics,
antiretrovirals and NSAIDs, are regularly administered to COVID-19 patients. Last but
not least, SARS-CoV-2 may trigger the massive release of pro-inflammatory cytokines
leading to cardio-pulmonary manifestations, tissue hypoxia and thrombosis, which
may cause or exacerbate underlying liver injuryl.

COVID-19 AND ITS IMPACT ON CHRONIC LIVER DISEASES

The impact of SARS-CoV-2 on chronic liver diseases remains largely unknown and
under investigation. Guan et al'”! found that patients with pre-existing hepatitis B
infection had a more severe course of COVID-19 indicating that SARS-CoV-2
replication and persistent liver injury need further investigation in patients with
chronic HBV hepatitis/infection on long-term treatment. Furthermore, screening of
liver donors for SARS-CoV-2 and/or active COVID-19 is essential before liver
transplantation to avoid transmission of the virus to the graft recipient. Preliminary
studies suggest that patients with cancer or liver cirrhosis are more susceptible to
SARS-CoV-2 infection, probably because of their immunocompromised status.
Data on other chronic liver conditions, such as non-alcoholic fatty liver disease,
alcohol-related liver disease and autoimmune hepatitis are very limited and the impact
of SARS-COV-2 liver injury should be further investigated. The severity and incidence
of complications in these patients, including secondary infection, hepatic
encephalopathy and liver failure should also be examined.

CONCLUSION

The respiratory system is the primary route for transmission of COVID-19. Several
studies have proposed that the GI tract is affected by SARS-CoV-2, but an oral-fecal
route of transmission has not yet been documented. Patients with COVID-19 may
develop a variety of GI manifestations, which may pre-exist or not be accompanied by
respiratory symptoms. Clinicians should be alerted and not underestimate or
disregard these early or mild GI symptoms because patients may be infected and
transmit the virus. Liver injury may also occur during COVID-19 but seems to be
multifactorial. The time window between fecal and respiratory PCR tests show that
viral RNA shedding persists for longer periods. Further research is needed to confirm
whether RT-PCR testing in feces in combination with respiratory tract tests are helpful
to assess the presence of infectious virus and the termination of quarantine.
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