
World Journal of
Meta-Analysis

ISSN 2308-3840 (online)

World J Meta-Anal  2020 October 28; 8(5): 348-434

Published by Baishideng Publishing Group Inc



WJMA https://www.wjgnet.com I October 28, 2020 Volume 8 Issue 5

World Journal of 

Meta-AnalysisW J M A
Contents Bimonthly Volume 8 Number 5 October 28, 2020

EVIDENCE REVIEW

Gastrointestinal and hepatic manifestations of COVID-19 infection: Lessons for practitioners348

Pasha SB, Swi A, Hammoud GM

Current trend in the diagnosis and management of malignant pheochromocytoma: Clinical and prognostic 
factors

375

Cassell III AK, Bague AH

REVIEW

Implications of COVID-19 for inflammatory bowel disease: Opportunities and challenges amidst the 
pandemic

383

Naseer M, Poola S, Dailey FE, Akin H, Tahan V

META-ANALYSIS

Comparing the incidence of major cardiovascular events and severe microvascular complications in 
patients with type 2 diabetes mellitus: A systematic review and meta-analysis 

400

Zhu YY, Yang ZY, Li P, Huang XY, Zhang XH, Ji LN, Tang JL

Effects of antithrombotic agents on post-operative bleeding after endoscopic resection of gastrointestinal 
neoplasms and polyps: A systematic review and meta-analysis

411

Xiang BJ, Huang YH, Jiang M, Dai C



WJMA https://www.wjgnet.com II October 28, 2020 Volume 8 Issue 5

World Journal of Meta-Analysis
Contents

Bimonthly Volume 8 Number 5 October 28, 2020

ABOUT COVER

Editorial board member of World Journal of Meta-Analysis, Dr. Huang is Distinguished Professor at the First 
Affiliated Hospital, Zhejiang Chinese Medical University in Zhejiang, China. Having received his Bachelor’s 
degree from Zhejiang University in 1999, Dr. Huang undertook postgraduate training first at Zhejiang University, 
receiving his Master’s degree in 2005, and then at Zhejiang Chinese Medical University, receiving his PhD in 2012. 
He rose to Chief Physician in the Gastroenterology Division of the First Affiliated Hospital, Zhejiang Chinese 
Medical University in 2016 and has held the position since. His ongoing research interests involve the application 
of evidence-based medicine in digestive diseases. Currently, he serves as Commissioner of the Spleen and Stomach 
Disease Branch of the China Association of Chinese Medicine. (L-Editor: Filipodia)

AIMS AND SCOPE

The primary aim of World Journal of Meta-Analysis (WJMA, World J Meta-Anal) is to provide scholars and readers 
from various fields of clinical medicine with a platform to publish high-quality meta-analysis and systematic 
review articles and communicate their research findings online. 
    WJMA mainly publishes articles reporting research results and findings obtained through meta-analysis and 
systematic review in a wide range of areas, including medicine, pharmacy, preventive medicine, stomatology, 
nursing, medical imaging, and laboratory medicine.

INDEXING/ABSTRACTING

The WJMA is now abstracted and indexed in China National Knowledge Infrastructure (CNKI), China Science and 
Technology Journal Database (CSTJ), and Superstar Journals Database

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Jia-Hui Li; Production Department Director: Xiang Li; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Meta-Analysis https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2308-3840 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

May 26, 2013 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Bimonthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Saurabh Chandan https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/2308-3840/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

October 28, 2020 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2020 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2020 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2308-3840/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJMA https://www.wjgnet.com 348 October 28, 2020 Volume 8 Issue 5

World Journal of 

Meta-AnalysisW J M A
Submit a Manuscript: https://www.f6publishing.com World J Meta-Anal 2020 October 28; 8(5): 348-374

DOI: 10.13105/wjma.v8.i5.348 ISSN 2308-3840 (online)

EVIDENCE REVIEW

Gastrointestinal and hepatic manifestations of COVID-19 infection: 
Lessons for practitioners

Syed B Pasha, Ahmed Swi, Ghassan M Hammoud

ORCID number: Syed B Pasha 0000-
0001-9547-6201; Ahmed Swi 0000-
0003-3551-0653; Ghassan M 
Hammoud 0000-0003-3551-0652.

Author contributions: Hammoud 
GM conceived the idea; Pasha SB 
and Swi A wrote the manuscript; 
Hammoud GM reviewed and 
revised the manuscript.

Conflict-of-interest statement: 
None of the authors have any 
conflict of interest to disclose.

Open-Access: This article is an 
open-access article that was 
selected by an in-house editor and 
fully peer-reviewed by external 
reviewers. It is distributed in 
accordance with the Creative 
Commons Attribution 
NonCommercial (CC BY-NC 4.0) 
license, which permits others to 
distribute, remix, adapt, build 
upon this work non-commercially, 
and license their derivative works 
on different terms, provided the 
original work is properly cited and 
the use is non-commercial. See: htt
p://creativecommons.org/licenses
/by-nc/4.0/

Manuscript source: Invited 
manuscript

Received: July 30, 2020 
Peer-review started: July 30, 2020 
First decision: September 13, 2020 
Revised: September 26, 2020 

Syed B Pasha, Department of Internal Medicine, University of Missouri, Columbia, MO 65212, 
United States

Ahmed Swi, Ghassan M Hammoud, Division of Gastroenterology and Hepatology, University of 
Missouri School of Medicine, Columbia, MO 65212, United States

Corresponding author: Ghassan M Hammoud, MD, MPH Professor, Division of 
Gastroenterology and Hepatology, University of Missouri School of Medicine, 1 Hospital 
Drive, Columbia, MO 65212, United States. hammoudg@health.missouri.edu

Abstract
Originating from Wuhan in China, coronavirus disease 2019 (COVID-19) spread 
globally within months and was declared a pandemic by World Health 
Organization in March 2020, making it one of the biggest healthcare calamities of 
our time. As more data on COVID-19 infection became available, what was 
initially thought to be a simple respiratory illness was found to be more complex. 
Many extra-pulmonary manifestations are now frequently reported for COVID-19 
in available literature, most commonly gastrointestinal and hepatopancreato-
biliary manifestations. Due to early scarcity of data, extra pulmonary 
manifestations were initially overlooked and may have contributed to nosocomial 
spread of the infection. Practitioners, especially gastroenterologists, who 
frequently encounter patients with these symptoms, need to be aware of them. 
This can not only help minimize the nosocomial spread, ensure safety of provider 
but also help conserve already stretched-thin healthcare resources. A tremendous 
amount of COVID-19 related literature is getting added to the growing pool every 
day, making it difficult for providers to follow. The aim of our review is to 
summarize the available evidence for gastrointestinal and hepatopancreatobiliary 
manifestations of COVID-19. We here briefly discussed the possible 
pathophysiologic mechanism for these manifestations and summarized the 
recommendations put forward by multiple gastrointestinal societies regarding 
safe and effective clinical practice during the ongoing pandemic.

Key Words: COVID-19; Severe acute respiratory syndrome; Coronavirus; Angiotensin 
converting enzyme; Gastrointestinal; Liver
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Core Tip: This review is to summarize the available evidence for extrapulmonary 
manifestations of coronavirus disease 2019 infection, particularly emphasizing on 
gastrointestinal and hepatopancreatobiliary manifestations. Here we briefly discussed 
the possible pathophysiologic mechanism for the disease, and summarized the 
recommendations of multiple gastrointestinal societies regarding safe and effective 
clinical practice during the ongoing pandemic. Lastly, we've touched briefly upon 
management of chronic liver disease and transplant patients.
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INTRODUCTION
The pathogen responsible for a mysterious cause of pneumonia, linked to a seafood 
market in Wuhan, China, first reported in early December 2019, was later identified as 
a novel coronavirus by the Chinese Center for Disease Control (CDC)[1,2]. Based on 
phylogenetics, the Coronavirus Study Group of the International Committee on 
Taxonomy of Viruses named it the severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2) and the disease was later named coronavirus disease 2019 (COVID-19) 
by the World Health Organization (WHO)[3-5]. Within months, the disease spread 
across the globe like wildfire infecting many and was declared a pandemic by the 
WHO on March 11, 2020[6].

This is not the first time that a CoV has caused a global health crisis. Just within the 
last two decades, the SARS- and MERS-CoVs had been responsible for two major viral 
outbreaks, causing the death of 774 and 838, respectively[7-9]. This number in 
comparison to the ongoing pandemic appears to be miniscule. Within a period of nine 
months, the SARS-CoV-2 has managed to infect more than 28 million people and has 
nearly claimed a million lives[10]. The ongoing pandemic has left the global economies 
shattered and health care systems exhausted. The current pandemic has reached a 
level not seen since the Spanish flu of 1918 and will go down the history books as the 
worst healthcare crisis experienced by mankind in the 21st century.

Early in the pandemic, COVID-19 was thought be an exclusively respiratory illness. 
However, as the number of cases grew and reports of numerous extra pulmonary and 
atypical presentations emerged, it became apparent that COVID-19, is much more than 
a simple case of viral pneumonia.

Typical symptoms of COVID-19 include fever, cough, dyspnea, fatigue which are 
accompanied by radiographic evidence of pneumonia[11]. Additionally, a wide range of 
extra-pulmonary symptoms, including gastrointestinal (GI) and hepatic dysfunction 
are frequently reported. The presence of viral RNA in fecal samples from COVID-19 
patients also raise concern for fecal-oral transmission in addition to the already 
established droplet and airborne routes[11].

GI symptoms of COVID-19 may not only precede the typical respiratory 
manifestations but can sometimes be the only presenting symptom[12]. Interestingly, 
the first reported case of COVID-19 in the US developed GI symptoms such as 
vomiting and diarrhea prior to the onset of respiratory symptoms[11]. The predominant 
focus on the respiratory aspect of the disease can allow these atypical presenters to slip 
through the cracks. This can potentially result in significant exposure and increased 
risk of transmission in unsuspecting healthcare workers (HCWs). Wang et al[13]’s study 
had particularly highlighted this concern. They reported isolated GI symptoms in 
around 10% of cases and mentioned of one patient who was overlooked and admitted 
under a surgical specialty. This single patient was inadvertently responsible for 
infecting more than 10 HCWs[13].

Thus, it is important for clinicians, especially gastroenterologists to be aware of 
these atypical and often missed presentations of COVID-19. This will not only serve to 
mitigate the spread but also help reduce clinician’s anxiety during this pandemic.

https://www.wjgnet.com/2308-3840/full/v8/i5/348.htm
https://dx.doi.org/10.13105/wjma.v8.i5.348
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VIROLOGY OF SARS-COV-2
Before moving on to these extra-pulmonary manifestations of COVID-19, a brief 
overview of SARS-CoV-2 would better serve the ensuing discussion. Ranging from 60 
to 140 nm in diameter, coronaviruses are one of the largest, single-stranded RNA 
viruses known. Around 39 different types of coronaviruses have been identified since 
they were first discovered[11,14-16].

Most of them are zoonotic and their natural hosts include mammals and birds[17-20]. 
They are responsible for a multitude of diseases involving respiratory, enteric and 
other organ systems in their hosts[21,22]. Majority of coronaviruses that are capable of 
infecting humans have been thought to originate from an inter-specie crossover event 
between animals and humans[2].

SARS-CoV-2 is the seventh and the newest member of human coronaviruses, which 
also include OC43-, 229E-, NL63-, HKU1-, SARS- and MERS -CoVs[23,24]. The former 
four are endemic and have been responsible for common seasonal upper respiratory 
tract illnesses, while the latter two and the SARS-CoV-2, cause severe pneumonia 
outbreaks which can lead to multi organ failure and death[25].

Like most viruses, there are five key steps in the life cycle of coronaviruses. These 
include attachment, penetration, biosynthesis, maturation and release (Figure 1)[26]. 
Attachment and penetration are crucial steps which rely on receptor recognition and 
subsequent downstream processes allowing virus to gain entry into host cell 
(Figure 2)[27]. The structural transmembrane glycoprotein called Spike (S) is important 
for this process. Functionally it consists of two subunits, S1 and S2, which after a host 
protease dependent activation, allows the virus to bind to its specific receptor and the 
host-virus membrane fusion to take place[26]. In the case of SARS-CoV-2, the target 
receptor is the Angiotensin- converting enzyme 2 (ACE2) receptor and the host 
protease required for S glycoprotein activation is identified as a transmembrane serine 
protease called TMPRSS2[28-33].

The degree to which the virus specific receptor is expressed on a host cell 
determines viral tropism[34]. The high expression of SARS-CoV-2’s target receptor, the 
ACE2 in lungs and distal airway makes them an easy target for SARS-CoV-2 and 
explain the predominant respiratory nature of the disease[35]. However, this ACE2 
receptor is not exclusive to pulmonary tissues and is widely expressed across a broad 
range of human tissues. They are abundant throughout the glandular epithelial cells of 
the GI tract, cholangiocytes, proximal renal tubules among many others[12,36-38]. A lot of 
these cell types also have high co-expression of TMPRSS2, which makes them a target 
for SARS-CoV-2[39,40].

Another important concept is the affinity of a virus for its specific receptor. This not 
only is an important determinant of its successful replication, but also demonstrates a 
correlation with transmissibility and disease severity. The evidence for this comes 
from an observation made during the 2002-03 SARS pandemic. Compared to the 
earlier 2002 phase, a lower pathogenicity and transmissibility was seen with the 2003 
re-emergence phase which also co-related with a lower viral affinity for its receptor[27]. 
The role of host proteases such as the TMPRSS2 is also important in this regard. Not 
only can they facilitate viral penetrance but can also enhance it. This can allow the 
virus to infect cells with relatively low ACE2 expression, which would otherwise not 
be possible[30]. The binding affinity of SAR-CoV-2 is 10 to 20-fold greater than that of 
SARS-CoV[41]. This can not only explain its higher transmissibility but also the 
involvement of multiple organ systems in COVID-19.

PATHOPHYSIOLOGY OF COVID-19
The innate immune system consists of epithelial cells, dendritic cells and 
macrophages[35]. These cells not only serve as the first line of defense, but by the 
process of antigen presentation also activate the adaptive arm of immune system. 
Effectors cells of adaptive immunity are CD4 and the CD8 T-Cells. By activating B-
Cells, the CD4 T-cells also activate humoral immunity, while CD8 T-cells directly kill 
the virus infected cell[26]. This is body’s natural immune response to any foreign 
pathogen. However, in a subset of COVID-19 patients, overactivation of this normal 
immune response can occur. This results in severe manifestations of the disease 
including acute respiratory distress syndrome and multi-organ failure. Higher levels 
of various pro-inflammatory cytokine, including IL-6, IL-10, granulocyte-colony 
stimulating factor, monocyte chemoattractant protein 1, macrophage inflammatory 
protein 1 alpha and tumor necrosis factor (TNF) - alpha is often seen in such patients. 
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Figure 1  Five steps of severe acute respiratory syndrome coronavirus-2 life cycle.

Figure 2  Entry of viral particle in the host cell. SARS-Cov-2: Severe acute respiratory syndrome coronavirus-2.

This phenomenon is also called ‘cytokine storm’[42-44]. The levels of these pro-
inflammatory cytokines correlates with disease severity[26]. Thus an aberrant immune 
response is the underlying mechanism for severe COVID-19.

MORBIDITY AND MORTALITY OF COVID-19
Case fatality rate (CFR), which is a crude way to assess mortality has demonstrated 
tremendous regional and demographic variability for COVID-19[45]. While a mild 
disease phenotype is reported for the majority (80%), epidemiological studies have 
indicated a higher mortality in the elderly (> 60 years)[46].

Initial studies from China estimated a CFR between 1.36% and 33% and reported 
majority (80%) of deaths in the elderly[42,47-50]. The official numbers later released by the 
Chinese government reported it at 3.17%[51]. The US CDC not only reported variable 
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CFRs across different age groups but also found a positive correlation between older 
age and rates of hospitalization[46]. CFRs ranged from 0 in < 19 years to up to 10%-27% 
in > 85 years[46]. Similarly, the rates of hospitalization also ranged between 2%-3% in 
<19 years to greater than 31% in > 85 years[46]. The worldwide CFR for COVID-19 for 
all age groups currently stands at approximately 3% but can range from as high as 12% 
in Italy to < 0.1% in Singapore[45].

Some authors have attributed the observed regional differences in mortality to their 
respective demographic characteristics. For example, the abnormally high CFR 
reported from Italy was thought to be related to its relatively older population[26]. 
While the morbidity and mortality of COVID-19 is almost certainly higher in older age 
groups, it is important to be aware that severe disease can occur in any age group[46].

Compared to its predecessors, the SARS-CoV (approximately 10%) and MERS-CoV 
(34%-37%), the mortality rate for COVID-19 appears to be substantially low[45,52,53]. But 
longer incubation period and sustained viral shedding during pre-symptomatic phase 
have enabled a much more efficient spread for SARS-CoV-2[53,54]. The estimated 
reproduction number for SARS-CoV-2 ranges from 2.24 to 3.58, which is higher than 
that of its predecessor[55,56]. The mean incubation period for SARS-CoV-2 is 5.2 days 
(95%CI: 4.1-7.0)[57], but the incubation period can generally range from 1 to 14 d[16,56,58].

TRANSMISSION
A direct person-to-person transmission by respiratory droplets is the predominant 
route of transmission for COVID-19[59]. This can occur during coughing, sneezing, or 
normal breathing. Droplets generated via these routes can travel up to six feet and can 
remain suspended in air for up to three hours[60]. Aerosol transmission during aerosol 
generating procedures, such as endotracheal intubation and nebulization can also 
occur[61]. Indirect transmission via fomites is another potential mode of transmission. 
Viral particles can remain viable on different surfaces (plastic, steel etc.) for up to a few 
days[62]. Viral particles have also been detected in samples from toilet bowl and sink 
used by COVID-19 patients[63]. A cluster of COVID-19 cases associated with a shopping 
mall in Wenzhou, China was thought to be linked to a common restroom[64].

During the SARS outbreak of 2003, the SARS-CoV particles were detected in the GI 
biopsy and stool specimens, indicating potential for fecal-oral transmission and GI 
troposim[65]. Based on shared homology, the same was speculated for SARS-CoV-2, 
which was afterwards confirmed by the presence of fecal viral RNA and nucleocapsid 
proteins in the cytoplasm of GI epithelial cells on autopsy[66,67]. Around 36% to 53% of 
stool samples can test positive for SARS-CoV-2 viral RNA[38]. The stool sample from 
the first US case of COVID-19 also tested positive for the viral RNA[68].

Patients with GI symptoms can have a 70% higher chance of testing positive on the 
nasopharyngeal swabs, suggesting a higher overall viral burden[69]. Stool samples can 
turn positive around 2-5 d after a positive respiratory specimen and can remain 
positive despite a negative respiratory specimen in up to 23% to 82% of cases[38]. The 
reason for this can be a longer survival or persistent viral replication in the GI 
environment[38,68].

A study from China reported positive stool samples in more than half (53%) of the 
cases, which can remain positive up to 12 d. Around 23% of these samples can 
continue to test positive despite a negative respiratory test[67]. Another study reported 
53% of stool samples testing positive on RT-PCR. But reported lower fecal viral load 
compared to respiratory samples[70]. Zhang et al[71] also demonstrated presence of viral 
particles in oral and anal swabs. While it can be argued that positive RT-PCR does not 
necessarily mean a live virus capable of causing infections, Wang et al[72] actually found 
live SARS-CoV-2 virus in stool samples.

In summary, droplet and aerosol routes are still responsible for bulk of transmission 
but fecal-oral transmission can be another possibility. Gastroenterologists who can 
encounter patients with GI symptoms in their practice should be aware of the risk of 
such transmissions and adopt necessary precautions.

GI SYMPTOMS OF COVID-19
GI symptoms such as diarrhea, anorexia, nausea, vomiting and abdominal pain are 
commonly reported in COVID-19[25,73]. The retrospective study by Guan et al[48] which 
included 1099 COVID-19 cases from 552 centers across China, reported nausea, 
vomiting in 5% and diarrhea in 3.8% cases. Another study reported at least one GI 
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symptom in 32.5% of cases. These included anorexia (56.7%), diarrhea (37.8%), nausea 
(16.5%), abdominal pain (10.4%) and vomiting (7.9%)[39]. A cross-sectional study found 
GI symptoms in more than half (50.5%) of the cases on initial presentation. The 
severity of these symptoms correlated with the overall disease severity and significant 
liver function abnormalities[74]. The retrospective study by Luo et al[75] which included 
1141 cases found at least one GI symptom in 16% of cases on initial presentation. These 
included anorexia (98%), nausea, vomiting (66%), diarrhea (37%) and abdominal pain 
(25%). Jin et al[76]’s study which was the first COVID-19 study outside Wuhan reported 
the prevalence of GI symptoms at 11.4%. Diarrhea, at 8.14% was the most common of 
these symptoms[76].

A single-center case series from Flushing, New York, including 892 cases, reported 
GI symptoms in a quarter. Diarrhea (19.8%) was the most common, followed by 
nausea (16.6%), anorexia (11.8%), vomiting (10.2%) and abdominal pain (7.8%)[77]. 
Another retrospective study from New York which included 1059 patients, reported 
diarrhea in 22% of cases. Nausea, vomiting and abdominal pain were reported in 16%, 
9% and 7%, respectively[78]. A multicenter, retrospective cohort study, from 
Massachusetts reported at least one GI symptom in up to two-thirds (61.3%) of cases. 
These symptoms included anorexia (34.8%), diarrhea (33.7%) and nausea (26.4%). 
Around 20% experienced isolated GI symptoms, while 14% developed these 
symptoms prior to the onset of other disease manifestations[79]. An outpatient 
questionnaire based study by Sierpiński et al[80] which included 1942 cases with mild to 
moderate disease reported at least one GI symptom in 53.6%. These included Anorexia 
(47%) and diarrhea (24%).

A meta-analysis of 60 studies including 4243 cases from 6 countries, found pooled 
prevalence of GI symptoms at 17.6%. Anorexia (26.8%) was most common, followed 
by diarrhea (12.5%), nausea/vomiting (10.2%) and abdominal pain/discomfort 
(9.2%)[3].

GI symptoms are also seen in pediatric cases. A retrospective study including 20 
pediatric cases from Wuhan, reported GI symptoms, such as diarrhea and vomiting in 
15% and 10% of cases, respectively[81].

In addition to GI symptoms, gross and microscopic changes of the GI tract are also 
seen on autopsy of COVID-19 patients. Segmental dilation and stenosis of small 
intestine, along with mucosal shedding and necrosis is reported on autopsy, while 
inflammatory infiltrates and interstitial edema, consistent with a colitis/enteritis like 
picture is seen on histology[38,67]. Macroscopic abnormalities of GI tract can also be 
evident on imaging. Lui et al[82] reported bowel wall thickening involving any portion 
of the bowel, as well as ileus, ascites, pneumatosis intestinalis and pneumoperitoneum 
on abdominal imaging.

We have summarized the most frequently reported GI symptoms across different 
studies in Tables 1-4.

PROPOSED MECHANISM FOR GI SYMPTOMS
There are several proposed mechanisms for the GI manifestations of COVID-19 
(Figure 3). Subjective and nonspecific symptoms such as anorexia and nausea are 
difficult to accurately characterize and can be over-reported. Objective symptoms, 
such as diarrhea and vomiting are speculated to be either a result of direct viral attack 
or due to an adverse drug reaction. An overwhelming systemic inflammatory response 
commonly seen in severe cases can also produce these symptoms.

The structural similarities and inter-specie immunologic cross-reactivity between 
animal and human coronaviruses have indicated a zoonotic origin for most human 
coronaviruses[54]. Some of these inherently have the ability to cause gastroenteritis in 
their animal hosts[18,20,54]. Some of the endemic human coronaviruses, such as OC43 and 
229E have antigenic similarities to these animal coronaviruses[54,138,141]. It is possible that 
the recombination events resulting in these inter-specie barrier crossover can allow 
some of them to retain their enteric infectivity[54]. This can be a possible scenario in 
SARS-CoV-2, which via the ACE2 receptor can infect and exert a direct cytopathic 
effect on enterocytes. Fecal leukocytes and occult blood which can be seen in other 
cases of viral diarrhea is reported in 1.7% and 5.2% of fecal samples, respectively[38]. 
Increased inflammatory infiltrates and interstitial edema of the GI tract indicating 
active inflammation is also observed on histology[67]. The presence of an infectious 
SARS-CoV-2 virion in stool, and persistent fecal viral RNA shedding which in some 
cases, can outlast respiratory shedding points towards viral replication in GI tract[67,72]. 
Together, these findings can support a direct viral attack on enterocytes resulting in 
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Table 1 Prevalence of common gastrointestinal symptoms reported by coronavirus disease 2019 patients in studies from Wuhan, 
China, n (%)

Ref. Number of patients Diarrhea Nausea Vomiting Anorexia Abdominal pain

Huang et al[42] 41 1 (3) NA NA NA NA

Yang et al[58] 52 NA NA 2 (4) NA NA

Chen et al[1] 99 2 (2) 1(1) NA NA

Ping et al[83] 9 1 (11.1) 1(11.1) 1(11.1) 6 (66.7) NA

Wang et al[13] 138 14 (10.1) 14 (10.1) 55 (40) 3 (2.2)

Luo et al[75] 1141 68 (6) 134 (11.7) 119 (10.4) NA 45 (3.9)

Zhou et al[84] 191 9 (4.7) 7 (3.7) NA NA

Zhang et al[85] 140 18 (12.9) 24 (17.3) 7 (5) NA 8 (5.8)

Chen et al[86] 274 77 (28.1) 24 (8.8) 16 (5.8) NA 19 (6.9)

Xu et al[87] 1324 28 (2.1) NA NA 56 (4.2) NA

Shi et al[88] 645 29 (4.5) NA NA NA NA

Han et al[89] 108 15 (14) NA NA NA NA

Fang et al[90] 305 146 (49.5) 59 (29.4) 3 (2) 101 (50.2) 12 (6)

Xu et al[91] 355 130 (36.6) NA NA NA NA

Ma et al[92] 81 6 (7.41) NA NA NA NA

Liu et al[93] 238 14 (9.2) 2 (1.3) 3 (2) 14 (9.2) 1 (0.7)

Huang et al[94] 36 3 (8.3) NA NA NA NA

Mao et al[95] 214 41 (19.2) NA NA NA 10 (4.7)

Liu et al[96] 109 12 (11) NA NA NA NA

Shu et al[97] 545 49 (8.9) 0 (0) NA NA

NA: Not applicable.

cellular dysfunction and increased permeability which in turn can lead to 
malabsorption, culminating in diarrhea[73]. It is also a possibility that viral involvement 
of upper GI glandular epithelium produces nausea and vomiting in a similar way.

Adverse drug reactions can be another possible explanation. Some of the antivirals, 
antibiotics and immunomodulators, commonly prescribed to COVID-19 patients are 
known to cause diarrhea. Compared to earlier studies, a higher prevalence of GI 
symptoms was reported in later studies. This temporal variation also happens to 
coincide with a more widespread use of these medications[38]. Hypoxia induced 
necrosis and cellular injury resulting in enterocyte dysfunction is another possibility[38].

HEPATOBILIARY MANIFESTATIONS OF COVID-19
Hepatic dysfunction, as evidenced by abnormal laboratory tests is frequently seen in 
COVID-19. Histological changes including lobular and portal inflammation have also 
been reported[142]. Most cases of COVID-19 associated hepatic dysfunction are mild and 
transient, but in a small subset of patients a higher degree of dysfunction and hepatic 
enzyme derangements can be seen[143].

One of the earliest studies from Wuhan, reported aspartate transaminase (AST) 
elevation in 37% of cases[42]. This number was even higher in critically ill [62% vs 25% 
intensive care unit (ICU) vs non-ICU cases, respectively][42]. Another study from 
Wuhan, reported liver function test (LFT) abnormalities in 43% of cases. AST 
elevations were more common than alanine aminotransferase (ALT) (35% vs 28%), 
while total bilirubin was elevated in only 18%[1]. Though most cases had only mild to 
moderate degree of LFT derangements, a case of severe liver injury with profound 
ALT and AST elevation was also reported[1]. Guan et al[48]’s analysis of data reported to 
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Table 2 Prevalence of common gastrointestinal symptoms reported by coronavirus disease 2019 patients in Chinese studies outside 
Wuhan, n (%)

Ref. Number of patients Diarrhea Nausea Vomiting Anorexia Abdominal pain

Ai et al[98] 102 15 (14.3) 9 (8.8) 2 (2) NA 3 (2.9)

Chen et al[99] 9 2 (22) 0 (0) NA 0 (0)

Zhao et al[100] 77 1 (1.3) 6 (7.8) NA NA NA

Chang et al[101] 13 1 (7.7) NA NA NA NA

Zhao et al[102] 75 7 (9.3) NA NA NA 1 (1.3)

Yang et al[103] 55 2 (3.6) NA NA NA NA

Li et al[104] 83 7 (8.4) NA NA NA 7 (8.4)

Qi et al[105] 267 10 (3.7) 6 (2.2) 46 (17.2) NA

Xu et al[106] 90 5(5.6) 2 (2.2) 5 (5.6) NA NA

Xiao et al[67] 73 26 (35.6) NA NA NA NA

Lin et al[107] 95 23 (24.2) 17 (17.9) 4 (4.2) 17 (17.8) 2 (2.1)

Wen et al[108] 417 29 (7) NA NA NA NA

Xu et al[109] 45 0 (0) NA NA NA NA

Yan et al[110] 168 12 (7.1) 9 (5.4) 7 (4.2) 14 (8.3) 7 (4.2)

Wang et al[111] 18 3 (16.7) 1 (5.6) NA NA

Chen et al[112] 291 25 (8.6) 17 (5.8) NA 1 (0.3)

Liu et al[113] 620 53 (8.5) NA NA NA NA

Fan et al[114] 55 6 (10.9) NA 4 (7.3) NA NA

Yao et al[115] 40 3 (7.5) 3 (7.5) NA NA NA

Tian et al[116] 37 8 (25.8) NA NA NA NA

Song et al[117] 51 5 (10) 3 (6) 9 (18) NA NA

Lu et al[118] 265 17 (6.4) 6 (2.3) NA NA

Fu et al[119] 52 7 (13.5) 1 (1.9) NA NA NA

Fu et al[120] 36 3 (8.3) NA NA NA NA

Xu et al[121] 62 3 (4.8) NA NA NA NA

Jin et al[76] 651 56 (8.6) 28 (4.3) NA NA

Qian et al[122] 91 21 (23.1) 11 (12.1) 6 (6.6) 23 (25.3) NA

Chen et al[123] 175 35 (20) NA 7 (4) NA 5 (3)

Kuang et al[124] 944 21 (2.7) NA NA NA NA

Hu et al[125] 24 2 (8.3) NA NA NA NA

Guan et al[48] 1099 42 (3.8) 55 (5) NA NA

NA: Not applicable.

the Chinese National Health Commission found AST, ALT and total bilirubin 
elevation in 22.2%, 21.3% and 10.5% of cases, respectively. LFT derangements were 
more commonly seen in severe cases (AST 39.4% vs 18.2%: ALT 28.1% vs 19.8% and T. 
Bili 13.3% vs 9.9%; Severe vs non-severe, respectively)[48]. Data from 56 COVID-19 
patients admitted to the People’s Liberation Army Hospital in Beijing reported LFT 
abnormalities in 28.6% of cases[144].

A study from New York, reported mild (2-5 × ULN) AST and ALT elevation in 
13.8% and 11.5% cases on admission. Severe (> 5 × ULN) AST and ALT elevations 
were seen in 2.8% and 1.9%. 4.3% had abnormal bilirubin (> 1.2 mg/dL), 11.9% had 
abnormal alkaline phosphatase and 24% had an INR > 1.13[77]. LFT abnormalities, 
especially AST elevations were associated with severe disease and higher mortality[77]. 
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Table 3 Prevalence of common gastrointestinal symptoms reported by coronavirus disease 2019 patients in studies from United States, 
n (%)

Ref. Number of patients Diarrhea Nausea Vomiting Anorexia Abdominal pain

Cholankeril et al[126] 207 22 (10.8) 22 (10.8) NA 14 (7.1)

Hajifathalian et al[78] 1059 234 (22.1) 168 (15.3) 91 (8.6) 240 (22.7) 72 (6.8)

Kujawski et al[127] 12 4 (33.3) 3 (25) NA NA 2 (16.7)

Ferm et al[77] 892 177 (19.8) 148 (16.6) 91 (10.2) 105 (11.8) 70 (7.8)

Redd et al[79] 318 107 (33.7) 84 (26.4) 49 (15.4) 110 (34.8) 46 (14.5)

NA: Not applicable.

Table 4 Prevalence of common gastrointestinal symptoms reported by coronavirus disease 2019 patients in studies from across the 
world

Ref. Location Number of 
patients Diarrhea Nausea Vomiting Anorexia Abdominal 

pain

COVID-19 National Emergency response 
Center[128]

South Korea 28 2 (7) NA NA NA 1 (4)

Young et al[129] Singapore 18 3 (17) NA NA NA NA

Pung et al[130] Singapore 17 4 (23.5) 1 (5.9) NA NA

Tabata et al[131] Diamond Princess 
Cruise Ship

104 8 (9.6) NA NA NA NA

Kluytmans et al[132] Netherlands 86 16 (18.6) NA NA NA 5 (5.8)

Wölfel et al[133] Germany 9 2 (22) NA NA NA NA

Dreher et al[134] Germany 50 8 (16) 1 (2) 2 (4) NA NA

Gritti et al[135] Italy 21 5 (23.8) NA NA NA NA

Spiteri et al[136] Europe 38 1 (3.2) NA NA NA NA

COVID-19 National Incident Room 
Surveillance Team[137]

Australia 295 48 (16.3) 34 (11.5) NA 6 (1)

Sierpiński et al[80] Poland 1942 470 (24.2) NA NA NA NA

NA: Not applicable; COVID-19: Coronavirus disease 2019.

The strength of this study was that it looked at the prevalence of LFT derangements on 
admission. This can help mitigate the effects of confounders such as medications and 
other factors.

Like adult cases, pediatric cases have also demonstrated hepatic dysfunction. A 
study from Wuhan reported ALT elevation in a quarter of pediatric cases[81].

In summary, liver dysfunction seen in COVID-19 is mostly transient and mild with 
a hepatocellular, rather than cholestatic pattern[145]. AST elevations are also more 
common than ALT, which is in contrasts to the typical pattern of viral induced liver 
injury[77]. Liver injury is more commonly seen in severe cases. Except for a few, most 
studies have not described prevalence of pre-existing liver diseases which can be a 
potential confounder[145].

We have summarized studies which have reported hepatic dysfunction in Table 5.

PROPOSED MECHANISM FOR HEPATIC DYSFUNCTION IN COVID-19
There are many possible explanations for COVID-19 associated hepatic dysfunction. 
SARS-CoV-2 can directly infect hepatocytes and cholangiocytes, which also harbor the 
virus specific ACE2 receptors (Figure 4)[145]. Expression profiling have indicated a 20-
fold higher expression of ACE2 in cholangiocytes, compared to hepatocytes[145]. In 
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Table 5 Prevalence of hepatic abnormalities reported in different studies, n (%)

Ref. Location Number of 
patients AST elevation ALT elevation T. Bili 

elevation

Huang 
et al[42]

Wuhan, China 41 15 (37) NA NA

Chen et al[1] Wuhan, China 99 35 (35) 28 (28) 18 (18)

Zhou 
et al[84]

Wuhan, China 191 NA 59 (31) NA

Chen 
et al[86]

Wuhan, China 274 84 (31) 60 (27) NA

Xu et al[91] Wuhan, China 355 102 (28.7) 91 (25.6) 66 (18.6)

Huang 
et al[94]

Wuhan, China 36 18 (58) 4 (13.3) 4 (12.9)

Shu et al[97] Wuhan, China 545 35 (10.1) 41 (7.5) 189 (34.7)

Cai et al[146] Shenzhen City, Guangdong, China 298 25 (8.4) 39 (13.1) 24 (8.1)

Ai et al[98] Xiangyang, China 102 26 (25.5) 20 (19.6) NA

Zhao 
et al[102]

Hefei, Anhui, China 75 14 (18.7) 15 (20) 12 (16)

Zhao 
et al[100]

Beijing, China 77 20 (26) 26 (33.8) NA

Qi et al[105] Chongqing, China 267 19 (7.1) 20 (7.5) 6 (2.2)

Lin et al[107] Zhuhai, Guangdong, China 95 4 (4.2) 5 (5.3) 22 (23.2)

Xu et al[109] Multiple locations in China (All outside 
Hubei province)

45 NA NA NA

Yan 
et al[110]

Hainan Province, China 168 18 (17.3) 9 (8) 7 (6.4)

Wang 
et al[111]

Zhengzhou, Henan, China 18 Abnormal LFTs 4 (25) NA

Chen 
et al[112]

Changsha and Loudi, Hunan, China 291 44 (15.1) 30 (10.3) 27(9.3)

Yao 
et al[115]

Xi’an, Shaanxi, China 40 16 (40) 21 (52.5) 10 (25)

Tian 
et al[116]

Liaocheng, Shandong, China 37 4 (10.8) 2 (5.4) 13 (35.1)

Fu et al[120] Kunming, Yunnan, China 36 4 (11.1) 4 (11.1) 11 (30.56)

Xu et al[121] Zhejiang, China 62 10 (16.1) NA NA

Qian 
et al[122]

Multiple sites, Zhejiang, China 91 9 (9.9) 7 (7.7) NA

Chen 
et al[123]

Multiple sites, Wenzhou, Zhejiang, 
China

175 19 (11) 23 (13) NA

Guan 
et al[48]

Multiple sites across China 1099 168 (22.2) 158 (21.3) 76 (10.5)

Borderline elevation (1-2 × ULN) 
40%

Borderline elevation (1-2 × 
ULN) 26.5%

mild elevation (2-5 × ULN) 
13.8%

mild elevation (2-5 × ULN) 
11.5%

Ferm 
et al[77]

New York, United States 892

moderate to severe elevation (> 
5 × ULN) 2.8%

moderate to severe (> 5 × 
ULN) 1.9%

4.3%

Tabata 
et al[131]

Diamond Princess Cruise, Japan 104 18 (17.3) 17 (16.3) NA

AST: Aspartate transaminase; ALT: Alanine aminotransferase; NA: Not applicable.
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addition to maintaining normal function of biliary system, cholangiocytes also play an 
important role in liver regeneration and immune response. Direct involvement of 
these cells can cause liver injury as manifested by impaired hepatic transaminases[145]. 
Liver biopsy on autopsy of COVID-19 patients show micro vesicular steatosis as well 
as lobular and portal inflammation[142]. Although non-specific, these findings can 
represent direct hepatic injury from SARS-CoV-2 infection. However, no viral 
inclusions have been detected to date in hepatic or biliary tissue and the pattern of LFT 
derangement seen is mostly hepatocellular rather than cholestatic, which is expected 
in biliary and cholangiocyte involvement[145]. This indicates that the liver involvement 
in COVID-19 is not a likely consequence of direct liver injury.

Indirect liver injury from overwhelming release of inflammatory cytokines 
(cytokine storm) or ischemia is a more likely explanation[144]. AST elevation is more 
commonly seen than ALT which is in contrast to the pattern of liver injury typically 
seen in viral hepatitis[147]. Preferential AST elevations are more commonly seen with 
toxic and ischemic liver injury which involves zone 3 hepatocytes[147]. A higher 
prevalence of LFT abnormalities in severe cases of COVID-19 also supports this 
finding[77]. Overwhelming release of inflammatory cytokines such TNF-α, interferon-λ 
and various interleukins such IL-2, IL-6, IL-7, IL-8 can lead to global tissue damage 
and multiorgan dysfunction including the liver[145].

Liver injury seen in COVID-19 can also be drug induced. A wide range of 
medications can cause hepatotoxicity. These can range from commonly taken OTC 
acetaminophen to antiviral drugs currently under investigation for COVID-19. A 
summary of these drugs will be mentioned in Table 6.

Due to high worldwide prevalence of chronic liver disease (CLD), it is possible that 
hepatic dysfunction seen with COVID-19 is a consequence of pre-existing liver disease 
exacerbation[143]. Patients with CLD can have interruptions in their ongoing treatment 
resulting in exacerbations. Corticosteroids and immunomodulators which are 
increasingly being used to treat COVID-19 can also exacerbate underlying viral 
hepatitis. Singh et al[148] did a comparative study of patients with and without pre-
existing CLD. Their study, which included 2780 patients, reported similar elevations in 
ALT, AST, GGT, Alkaline Phosphatase and total bilirubin in both groups, suggesting 
COVID-19 associated hepatic injury as a more likely reason for LFT derangements[148].

CHRONIC LIVER DISEASE AND COVID-19
Data on the effects of COVID-19 on pre-existing liver disease, at present is limited. 
Most studies have not specified the prevalence of chronic liver disease in their COVID-
19 cases. The few studies that have, report it between 1.25% to 11%[145]. 2.1% of 1099 
COVID-19 cases included in Guan et al[48]’s study had pre-existing chronic hepatitis B 
which was associated with worse outcomes. In Singh et al[148]’s study, 9% of COVID-19 
patients also had pre-existing liver disease. At 42%, nonalcoholic steatohepatitis was 
the most common liver condition, while cirrhosis was present in 1.8% of cases. The 
authors also compared laboratory and clinical characteristics of patients with pre-
existing liver disease to those without. The results demonstrated a significantly higher 
mortality rate with chronic liver disease (RR 3.0, 95%CI: 1.5-6.0; P = 0.001) and 
cirrhosis (RR 4.6, 95%CI: 2.6-8.3, P < 0.001), irrespective of the cause[148]. However, liver 
function derangements from baseline were seen in both groups and the overall 
prevalence of hepatic dysfunction during the disease course did not appear to be 
different either[148].

Another study found a significantly higher risk of disease progression, LFT 
derangement and prolonger viral shedding in patients with co-existing nonalcoholic 
fatty liver disease[149]. Impaired hepatic immune system in these patients was 
speculated to be a reason[149]. A case series from Northern Italy did not find any 
COVID-19 related complications in the majority of Autoimmune liver disease 
patients[150]. Another Italian study did not find any difference in disease course 
between patients with autoimmune hepatitis (AIH) on immunosuppressive therapy 
and who are those not[151].

To address the current scarcity of data for CLD patients, two international registries 
have been created. These are the Surveillance Epidemiology of Coronavirus (COVID-
19) Under Research Exclusion (SECURE-Cirrhosis) and European association for the 
study of liver (EASL) supported COVID-HEP registries. According to the combined 
weekly update (released on August 25th, 2020) a 31% mortality rate is seen in CLD 
patients with cirrhosis compared to 7% in those without. In liver transplant recipients, 
the mortality rate is 18%[152].
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Table 6 Commonly administered pharmacotherapy for coronavirus disease 2019 and their gastrointestinal adverse effects[162]

Drug Proposed mechanism in COVID-
19 GI side effects Hepatic side effects Pancreatic 

side effects

Remdesivir Inhibitor of viral RNA-dependent 
RNA polymerase.

Nausea, Vomiting, gastroparesis, GI 
bleeding

Increased LFTs NA

Chloroquine and 
Hydroxychloroquine

Disruption of endosome-mediated 
viral entry and transport.

Nausea, vomiting, abdominal 
cramping

NA NA

Lopinavir/Ritonavir Protease inhibitor. Disrupts viral 
replication.

Diarrhea, nausea, vomiting LFT elevation, hepatitis, 
worsening of underlying 
CLD

Pancreatitis

Ribavirin Nucleoside analog inhibitor of viral 
RNA synthesis.

Nausea NA NA

Nitazoxanide Increase production of type I IFNs 
enhancing antiviral activity.

Abdominal pain, nausea, diarrhea, 
acid reflux

NA NA

Nelfinavir HIV-1 protease inhibitor. Action 
against SARS-CoV-2 unclear.

Diarrhea, nausea, increased flatulence LFT elevation NA

INF-α Enhances cell mediated immune 
response against the virus.

NA Auto-immune hepatitis NA

Barcitinib JAK inhibitor. Downregulation of 
hyper-inflammatory state seen in 
severe disease.

Nausea LFT elevation NA

Tocilizumab IL-6 inhibitor. Downregulation of 
hyper-inflammatory state seen in 
severe disease.

Gastrointestinal perforation in patients 
on high dose steroids or history of 
diverticulitis

LFT elevation NA

LFT: Liver function test; SARS-CoV-2: Severe acute respiratory syndrome coronavirus-2; IFN: Interferon; HIV: Human immunodeficiency viruses; CLD: 
Chronic liver disease; GI: Gastrointestinal; NA: Not applicable.

Figure 3  Summary of proposed mechanisms for gastrointestinal manifestations of coronavirus disease 2019. SARS-Cov-2: Severe acute 
respiratory syndrome coronavirus-2.

To summarize, an overall higher COVID-19 related mortality is seen with pre-
existing liver diseases, especially cirrhosis. However, autoimmune hepatitis appears to 
be an exception to this rule.

PANCREATIC MANIFESTATION OF COVID-19
Although not as common as the other extra-pulmonary organs, pancreatic 
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Figure 4  Summary of proposed mechanisms for Hepatobiliary dysfunction seen in coronavirus disease 2019. AST: Aspartate transaminase; 
ALT: Alanine aminotransferase.

involvement can also be seen in COVID-19. A few cases of possible COVID-19 induced 
pancreatitis have been reported[153,154]. A Chinese and an Italian study also found some 
form of pancreatic injury in 17% and 8.5% of cases, respectively[155,156].

PROPOSED MECHANISM FOR PANCREATIC INJURY
ACE2 receptor is also found in pancreas, especially its islet cells[157]. Pancreatic islet cell 
injury and ensuing, acute diabetes was previously seen with SARS infection[157]. The 
SARS-CoV virus was detected in pancreatic cells, indicating direct viral attack[158]. Like 
its predecessor, SARS-CoV-2 can also involve the pancreas[159]. The two-thirds of cases 
reported by Wang et al[155] developed hyperglycemia, which can be a consequence of 
endocrine pancreas involvement. Pancreatic injury can also be a part of the multi 
organ failure seen in severe COVID-19[155,156,160]. An English study from Liverpool 
reported 5 COVID-19 related cases of metabolic-pancreatitis. All these patients were 
overweight or obese and had hypertriglyceridemia and glucose intolerance. Transient 
metabolic distress induced by COVID-19 was hypothesized to cause pancreatitis in 
these cases[161]. Dehydration and drug induced pancreatic injury are other possibilities 
(Figure 5)[156].

COVID-19 PHARMACOTHERAPY AS A POTENTIAL DRIVER OF GI, 
HEPATIC AND PANCREATIC MANIFESTATIONS
Many of the commonly encountered extra-pulmonary manifestations of COVID-19 can 
be an adverse reaction to frequently prescribed drugs. We will summarize some of the 
well-known GI and hepatic side effects of these commonly administered drugs 
(Table 6)[162].

MANAGEMENT OF GI SYMPTOMS
GI symptoms associated with COVID-19 are mostly mild to moderate in severity. 
Diarrhea seen in these patients is typically low volume and does not cause severe 
dehydration[74]. Management of these patients should involve adequate hydration and 
correction of electrolyte imbalances. Anti-emetics can also be administered for nausea 
and vomiting, provided there are no contraindications. Anorexia is a nonspecific 
symptom and is likely due to severe inflammation. Enteral nutrition should be 
encouraged whenever possible. A dietician consultation can also be beneficial for these 
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Figure 5  Summary of proposed mechanisms for pancreatic injury seen in coronavirus disease 2019.

patients.

MANAGEMENT OF LIVER INJURY IN COVID-19
COVID-19 associated liver injury is mostly transient and is likely indirect, which could 
be related to hypoxia, systemic inflammatory response, and drugs. Therefore, 
management of liver injury in COVID-19 should revolve around correction or removal 
of underlying etiology. Correction of hypoxia via oxygen supplementation or 
mechanical ventilation, renal replacement therapy for cytokine storm and restoration 
of effective intravascular volume in cases of shock can often correct liver injury[145]. 
Prompt identification and discontinuation or dose reduction of drugs responsible for 
drug induced liver injury is also important. Hepato-protective anti-inflammatory 
drugs such as L-ornithine-L-aspartate can also be used as adjuvant treatment in severe 
cases[145].

MANAGEMENT OF CHRONIC LIVER DISEASE DURING PANDEMIC
Significantly higher COVID-19 associated mortality is seen in cirrhotics[163]. Data from 
international registries have also pointed towards a higher mortality in these 
patients[152]. Therefore cirrhotics and CLD patients warrant special attention and for 
this reason three liver associations have provided recommendations for management 
of CLD during the pandemic (Table 7)[164].

The EASL[165], the American Association for the Study of Liver Diseases (AASLD)[166] 
and three European referral centers have also made recommendation for the 
management of AIH which are summarized in Table 8[167].

At present, the data on the safety of corticosteroids or other immunosuppressive 
medications is limited. Given the incomplete understanding of the effect of immune-
modulating therapy on COVID-19, as well as the effect of COVID�19 on 
immunosuppressed patients, the AASLD and EASL have provided guidance on the 
use of these drugs which is summarized in Table 9[168].

MANAGEMENT OF CHRONIC GI DISORDERS DURING PANDEMIC
Management of chronic GI disorders such as inflammatory bowel diseases (IBD) 
which require close follow ups and often require immunosuppressive medications is 
also challenging. Despite its limitations, virtual platforms, such as telehealth offer a 
safe and convenient alternative to in-person visits and can be an effective platform for 
triaging. This can minimize potential exposure to COVID-19 and can determine need 
for in-person visits and urgent interventions. In situations where no alternative to in-
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Table 7 Selected American Association for the Study of Liver Diseases, Asian Pacific Association for the Study of the Liver, and European Association for the Study of the Liver recommendations for liver 
disease management during the coronavirus disease 2019 pandemic[164]

Selected recommendations

To limit nosocomial 
spread

(1) Limit in-person visits by effective triaging; (2) Use of virtual platforms such as telehealth to provide alternatives for in-person visits; (3) Symptom and exposure screening prior to entering the healthcare facility 
to identify at-risk individuals; (4) Minimize staffing to essential staff only; (5) Decrease frequency of laboratory and imaging monitoring; (6) Ensure adherence to recommended PPE by HCW and patients; (7) Ensure 
adequate social distancing at the healthcare facility (Remodel if necessary); (8) Postpone and delay nonurgent or elective procedures (refer to Table 12); and (9) Minimize research activities including clinical trials 
wherever possible.

Management of CLD 
patients with COVID-
19

(1) Early hospital admission is recommended for these patients; (2) Prioritization of COVID-19 testing for cirrhotics, CLD patients on immunosuppressive therapy and those with acute decompensation; (3) Frequent 
LFT monitoring is recommended; (4) Consider early enrollment in clinical trial when possible; (5) Include non-COVID-19 etiologies in differentials for liver dysfunction; (6) Pay special attention to COVID-19 
patients with NAFLD, which is often associated with severe COVID-19; (7) Consider hepatitis B surface antigen screening; (8) Monitor for drug induced liver injury; (9) 2-3 g/d of acetaminophen is generally safe 
and can be used in these patients. NSAIDs can also be used as needed but limit their use whenever possible; (10) Consider HBV prophylaxis prior to initiating immunosuppressive medications, especially IL-6; and 
(11) Hold Remdesivir in patients with decompensated liver disease and ALT > 5 × ULN.

Management of 
chronic viral hepatitis 
(HCV and HBV)

(1) Continuing treatment for chronic HCV and HBV despite COVID-19 status is recommended; (2) Can hold initiating treatment for HBV in the absence of flare; and (3) Treatment for HCV and HBV in the 
uninfected should continue according to established guidelines.

Management of HCC (1) Based on the risk and benefit, a delay in surveillance of up to 2 mo is acceptable for high risk individuals; (2) Continuation of HCC treatment per guidelines is recommended, however can be postponed if 
necessary; (3) For COVID-19 patients, can consider postponing elective transplant and resection surgery and withholding immunotherapy; and (4) Early inpatient admission is advised for HCC patients.

Management of pre- 
and post- transplant 
recipients

(1) Screening of both, the donor and recipient for COVID-19 is recommended; (2) Donors testing positive for COVID-19 should be deferred; (3) CMS has classified transplant surgeries as Tier 3b. As such, these 
procedures should not be postponed or delayed; (4) Patients with poor short-term prognosis should be prioritized; (5) Low threshold for admitting transplant listed COVID-19 patients to the hospital is 
recommended; (6) For post-transplant patients, immunosuppressive dose reductions can be considered in moderate COVID-19 cases. For mild COVID-19 cases no immunosuppressive dose reduction is advised; 
and (7) Vaccination against pneumonia and influenza is recommended in post-transplant recipients.

AASLD: American Association for the Study of Liver Diseases; APASL: Asian Pacific Association for the Study of the Liver; EASL: European Association for the Study of the Liver; PPE: Personal protective equipment; HCWs: Healthcare 
workers; CLD: Chronic liver disease; COVID-19: Coronavirus disease 2019; LFT: Liver function test; NAFLD: Nonalcoholic fatty liver disease; NSAIDs: Non-steroidal anti-inflammatory drugs; HBV: Hepatitis B virus; ALT: Alanine 
aminotransferase; HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; CMS: Centers for Medicare & Medicaid Services.

person evaluation exists, precautions including social distancing, proper hand 
hygiene, wearing of facemasks at all times and symptoms and exposure screening 
prior to entry in the healthcare facility is recommended[169].

Another problem gastroenterologists face during the pandemic is to determine 
whether to continue chronic immunosuppressive treatments that are often required for 
these conditions. Many of these medications carry an increased risk of infections which 
range between 0.5% to 30%[169]. Societies like American Gastroenterological Association 
(AGA), European Crohn’s and Colitis Organization and International Organization for 
the Study of IBD have provided recommendations regarding their use during the 
pandemic which will be summarized in Table 10[169].
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Table 8 Expert guidance for management of autoimmune liver disease during coronavirus disease 2019 pandemic[168]

Selected recommendations from EASL, AASLD for management of auto-immune 
hepatitis

(1) In-person visits should be minimized as much as possible. Switch to virtual platforms whenever 
possible; and (2) COVID-19 testing is recommended in cases of acute decompensation and liver 
failure.

Low risk of complications (stable patient on 
chronic immunosuppressive treatment)

(1) Frequent patient-provider communications for close monitoring; (2) Use of virtual platforms 
should be preferred whenever possible; and (3) Ensure adequate drug supply and refills to reduce 
running out of medications.

Moderate risk of complications (symptomatic 
disease in the absence of cirrhosis, compensated 
cirrhosis)

(1) Can empirically treat via virtual healthcare platform whenever possible; and (2) Avoiding liver 
biopsy whenever possible is also recommended.

High risk of complications (acute flare, 
decompensated cirrhosis)

(1) Minimize invasive procedures wherever possible; (2) In COVID-19 patients, dose reduction of 
antimetabolites is recommended if lymphopenia develops; and (3) In case of infection corticosteroids 
should be tapered as quickly as possible.

EASL: European Association for the Study of the Liver; AASLD: American Association for the Study of Liver Diseases; COVID-19: Coronavirus disease 
2019.

Table 9 Expert guidance on immunosuppression for liver disease in the setting of coronavirus disease 2019[168]

Selected recommendations from AASLD and EASL on use of immunosuppressive therapies in CLD 
patients

(1) Initiating corticosteroids and immunosuppressive therapy should be preceded; and (2) by careful risk vs benefit 
assessment.

Patients uninfected by COVID-19 on 
immunosuppressive therapy

Dosage reductions or adjustment is not advised.

Patients infected with COVID-19 on 
immunosuppressive therapy

(1) Corticosteroid dose reductions after specialist consultation (consider tapering to avoid adrenal insufficiency); 
and (2) Dose reductions in azathioprine, cyclosporine, mycophenolate is recommended in severe COVID-19 
(especially with accompanying lymphopenia).

Patients requiring initiation of 
immunosuppressive therapy

Initiating treatment is recommended in these patients regardless of COVID-19 status.

AASLD: American Association for the Study of Liver Diseases; EASL: European Association for the Study of the Liver; CLD: Chronic liver disease; COVID-
19: Coronavirus disease 2019.

Table 10 Recommendations on use of immunosuppressive therapies in inflammatory bowel diseases[169]

Asymptomatic infection Mild to moderate infection Severe or Critical 
infection

Corticosteroids (1) Dose reduction of Prednisone to < 20 mg/d; and (2) 
Consider switching to budesonide.

(1) Discontinue; and (2) Taper in chronic users.

Immunomodulators 
(thiopurines, methotrexate)

(1) Consider risks vs benefits; and (2) Can resume after 14 d in asymptomatic patients or when test negative.

Biologicals (1) Consider risks vs benefits; (2) Can resume after 14 d in asymptomatic patients or when test negative; (3) Can decrease 
infusion frequencies for infliximab and vedolizumab; and (4) Tofacitinib and JAK inhibitors should be discontinued.

GENERAL RECOMMENDATION FOR GASTROENTEROLOGISTS AND 
HEPATOLOGISTS
The ongoing pandemic has put an immense strain on healthcare systems and created 
and overwhelming demand for critical supplies. Judicious use of available resources 
and ensuring safety of HCWs who are constantly exposed, with consequently higher 
rates of infections is essential for optimum functioning of healthcare machinery during 
the pandemic[170,171]. The US CDC has issued interim guidelines for infection prevention 
and control which is summarized in Table 11[172].
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Table 11 Interim infection prevention and control guidelines by Centers for Disease Control and Prevention[172]

Interim Infection Prevention and Control guidelines by CDC

Encourage and promote Telehealth visits over in-person visits whenever possible.

COVID-19 symptom screening for everyone entering a healthcare facility.

Limiting entry points to a healthcare facility, ensuring effective screening for all.

Encourage hand hygiene and source control measures for everyone, especially HCWs.

Encourage physical distancing and limiting the number of visitors and personnel at any given time.

Implementing use of PPEs (e.g. N95/PAPR) for HCWs in areas with moderate to substantial community spread.

To mitigate spread from asymptomatic carriers; depending on the availability, a targeted SARS-CoV-2 testing for all patients can be considered.

To reduce exposures for HCWs the use of Engineering controls should be optimized.

CDC: Centers for Disease Control and Prevention; PPE: Personal protective equipment; HCWs: Healthcare workers; SARS-CoV-2: Severe acute respiratory 
syndrome coronavirus-2.

RECOMMENDATIONS FOR ENDOSCOPIES
To mitigate the spread and to conserve limited resources, Joint Gastroenterology 
Societies, the Centers for Medicare and Medicaid Services, the US surgeon General and 
American College of Surgeons have all proposed delaying non-urgent and elective 
procedures[173-176]. AGA recommends a review of any planned procedures by trained 
medical personnel to determine urgency of a procedure[171]. AGA and AASLD have 
also provided an outline for triaging[166,171]. Though this approach is quite reasonable; 
the ensuing diagnostic and therapeutic delays is another challenge that needs to be 
addressed. Therefore, gradual, and stepwise resumption of procedures, while, of 
course ensuring patient and provider safety is the need of the day. Canadian 
Association of Gastroenterology has recently laid a framework for resumption of 
nonurgent endoscopic procedures[177]. Stepwise increment and expansion of 
endoscopic services with a minimum of 2 wk’ time in between is recommended. 
Factors related to local risk of transmission, infection dynamics and success of 
mitigation measures in the community must considered before this[177]. Adequate 
availability of healthcare resources including personal protective equipment (PPE), 
staff and equipment, as well as the ability to implement recommended social 
distancing must be taken into consideration as well[177]. Lastly, triaging which is a 
powerful tool for efficient healthcare delivery should be vigilantly implemented at 
every level. Evidence based approach to triaging endoscopic procedures are 
summarized in Table 12.

When a procedure needs to be performed, proper personal protection equipment 
must be worn by the providers. Recommendations for PPEs during GI procedures are 
summarized in Table 13[171].

CONCLUSION
The disease caused by the novel coronavirus is more of a systemic condition than an 
isolated respiratory illness. GI and hepatic manifestations of COVID-19 are frequently 
reported and anorexia, nausea, vomiting, diarrhea are few of the commonly seen GI 
symptoms in COVID-19. Hepatic function derangement is also common, mostly mild, 
and transient and pancreatic injury is also reported. These symptoms can be a result of 
a direct infection or an indirect consequence of associated systemic inflammation or 
hypoxia from respiratory failure. Side effects of drugs currently being used to treat 
COVID-19 could also be a possible explanation for these manifestations. Fecal oral 
transmission in the setting of these symptoms poses a considerable risk of exposure for 
gastroenterologists who deal with these patients. The limited availability of PPE only 
makes matters worse. Effective and safe delivery of care while conserving these critical 
supplies is of utmost importance. For this purpose, various gastroenterology societies 
have also put forward their recommendations. With no end to the pandemic in sight, it 
is important for HCWs and gastroenterologists to be aware of and adherent to these 
guidelines.
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Table 12 Procedures that can be delayed during the ongoing pandemic

Procedures that can be delayed Procedures that cannot be delayed

Diagnostic procedures for mild/stable dysphagia[177]. Endoscopies for upper GI bleeding (Blatchford score > 1)[166,171,177].

Diagnostic procedures for suspected GI malignancy can be delayed for up to 
a few months[171].

Upper endoscopies for foreign body with severe/progressive dysphagia[177].

Routine surveillance and screening colonoscopies are non-urgent and can be 
postponed[171].

Lower endoscopies for acute obstruction requiring decompression[177].

Procedures for asymptomatic (with normal LFTs) gallstones and biliary 
strictures can be postponed[177].

ERCP for acute cholangitis or symptomatic common bile duct stone[166,177].

Follow up Colonoscopies for positive FIT test can be delayed for up to 7 to 9 
mo without any adverse impact on outcomes[178].

Follow up band ligation for recent variceal bleeding[166,177].

Placement of percutaneous endoscopic gastrostomy or jejunostomy tubes[177].

Procedures that can significantly impact medical decisions should be performed. These can include endoscopies for evaluation of high likelihood GI 
malignancies, resection of high-grade dysplasia or histologically proven neoplasia and investigation for IBD flares[171,177].

Colonoscopies for lower GI bleeding can be delayed up to 72 h without any change in outcome[178].

Liver biopsies to diagnose autoimmune hepatitis and transplant rejection in liver transplant patients[166].

Transplant surgeries are categorized Tier 3b by CMS and should be performed[175].

Endoscopic drainage of infected pancreatic fluid collections and necrosectomies[177].

GI: Gastrointestinal; LFT: Liver function test; ERCP: Endoscopic retrograde cholangiopancreatography; IBD: Inflammatory bowel disease; CMS: Centers for Medicare & Medicaid Services.
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Table 13 Recommended personal protective equipment during gastrointestinal procedures[171]

Recommendations for PPEs during GI procedures

Masks Regardless of patient’s COVID-19 status, NIOSH approved N95/PAPR should be used by staff for any GI procedure.

Gloves Regardless of patient’s COVID-19 status, gloves should be worn by providers during any GI procedure. Double gloves are 
preferred over single.

Negative Pressure Rooms GI procedures for confirmed COVID-19 patients should be performed in negative pressure rooms when available.

Disinfection Standard endoscope disinfectants can reduce microorganisms by 99.99% and should be sufficient for SARS-CoV-2.

NIOSH: National Institute for Occupational Safety and Health; COVID-19: Coronavirus disease 2019; GI: Gastrointestinal; SARS-CoV-2: severe acute 
respiratory syndrome coronavirus-2.
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