Hepatology

Baishideng Publishing Group Inc



# World Journal of
Hepatology

Jaishideng®

Contents Monthly Volume 14 Number 6 June 27, 2022

REVIEW

1053  Impact of direct-acting antiviral regimens on hepatic and extrahepatic manifestations of hepatitis C virus
infection
Salama 11, Raslan HM, Abdel-Latif GA, Salama SI, Sami SM, Shaaban FA, Abdelmohsen AM, Fouad WA
MINIREVIEWS

1074  Second-line treatment of advanced hepatocellular carcinoma: Time for more individualized treatment
options?
Rajappa S, Rau KM, Dattatreya PS, Ramaswamy A, Fernandes P, Pruthi A, Cheng R, Lukanowski M, Huang YH

1087  Metabolic-associated fatty liver disease from childhood to adulthood: State of art and future directions
Lanzaro F, Guarino S, D'Addio E, Salvatori A, D'Anna JA, Marzuillo P, Miraglia del Giudice E, Di Sessa A

1099 Liver dysfunction during COVID-19 pandemic: Contributing role of associated factors in disease
progression and severity
Sahu T, Pande B, PL M, Verma HK

1111 Understanding fatigue in primary biliary cholangitis: From pathophysiology to treatment perspectives
Lynch EN, Campani C, Innocenti T, Dragoni G, Biagini MR, Forte P, Galli A

1120  Fibrosis regression following hepatitis C antiviral therapy
Elsharkawy A, Samir R, El-Kassas M
ORIGINAL ARTICLE
Basic Study

1131  COVID-19 liver and gastroenterology findings: An in silico analysis of SARS-CoV-2 interactions with liver
molecules
Peiter GC, de Souza CBT, de Oliveira LM, Pagliarin LG, dos Anjos VNF, da Silva FAF, de Melo FF, Teixeira KN
Case Control Study

1142 Clinical outcomes of coronavirus disease 2019 in liver transplant recipients
Shafiqg M, Gibson C
Retrospective Cohort Study

1150  Intensive care unit readmission in adult Egyptian patients undergoing living donor liver transplant: A
single-centre retrospective cohort study
Salah M, Montasser IF, El Gendy HA, Korraa AA, Elewa GM, Dabbous H, Mahfouz HR, Abdelrahman M, Goda MH,
Bahaa El-Din MM, El-Meteini M, Labib HA

WJH | https://www.wjgnet.com I June 27,2022 | Volume14 | Issueb6



World Journal of Hepatology
Contents
Monthly Volume 14 Number 6 June 27, 2022
1162  Impact of alcohol consumption on treatment outcome of hepatocellular carcinoma patients with viral
hepatitis who underwent transarterial chemoembolization
Rattanasupar A, Chang A, Prateepchaiboon T, Pungpipattrakul N, Akarapatima K, Songjamrat A, Pakdeejit S, Prachayakul
V, Piratvisuth T
Retrospective Study
1173  Relationship between phase angle, steatosis, and liver fibrosis in patients coinfected with human
immunodeficiency virus/hepatitis C virus
Fernandes SA, Tovo CV, da Silva ALM, Pinto LP, Carteri RB, Mattos AA
1182  DNA and RNA oxidative damage in hepatocellular carcinoma patients and mortality during the first year
of liver transplantation
Lorente L, Rodriguez ST, Sanz P, Gonzalez-Rivero AF, Pérez-Cejas A, Padilla J, Diaz D, Gonzalez A, Martin MM, Jiménez
A, Cerro P, Portero J, Barrera MA
1190  Direct-acting antivirals for hepatitis C virus-infected patients with hepatocellular carcinoma
Tajiri K, Ito H, Kawai K, Kashii Y, Hayashi Y, Murayama A, Minemura M, Takahara T, Shimizu Y, Yasuda 1
1200  Use of doppler ultrasound to predict need for transjugular intrahepatic portosystemic shunt revision
Duong N, Healey M, Patel K, Strife BJ, Sterling RK
Observational Study
1210  Gut dysbiosis and body composition in cirrhosis
Maslennikov R, Ivashkin V, Alieva A, Poluektova E, Kudryavtseva A, Krasnov G, Zharkova M, Zharikov Y
1226  Prevalence of nonalcoholic fatty liver disease and its association with age in patients with type 2 diabetes
mellitus
Yamane R, Yoshioka K, Hayashi K, Shimizu Y, Ito Y, Matsushita K, Yoshizaki M, Kajikawa G, Mizutani T, Watarai A, Tachi
K, Goto H
SYSTEMATIC REVIEWS
1235  Factors early in life associated with hepatic steatosis
Quek SXZ, Tan EXX, Ren YP, Muthiah M, Loo EXL, Tham EH, Siah KTH
META-ANALYSIS
1248  Efficacy and safety of sofosbuvir/velpatasvir with or without ribavirin in hepatitis C genotype 3
compensated cirrhosis: A meta-analysis
Loo JH, Xu WXF, Low JT, Tay WX, Ang LS, Tam YC, Thurairajah PH, Kumar R, Wong YJ
1258  Spontaneous bacterial empyema in cirrhosis: A systematic review and meta-analysis
Reiche W, Deliwala S, Chandan S, Mohan BP, Dhindsa B, Ramai D, Perisetti A, Rangray R, Mukherjee S
Gishidengs WIH | https://www.wjgnet.com I June?27,2022 | Volumel4 | Issue6



World Journal of Hepatology

Contents

Monthly Volume 14 Number 6 June 27, 2022

ABOUT COVER

Editorial Board Member of World Journal of Hepatology, Lemonica Koumbi, MSc, PhD, Postdoctoral Fellow,
Department of Nutritional Sciences and Dietetics, International Hellenic University (IHU), Thessaloniki 57400,
Thessaloniki, Greece. lemonica.koumbi@gmail.com

AIMS AND SCOPE

The primary aim of World Journal of Hepatology (WJH, World | Hepatol) is to provide scholars and readers from
various fields of hepatology with a platform to publish high-quality basic and clinical research articles and
communicate their research findings online.

WJH mainly publishes articles reporting research results and findings obtained in the field of hepatology and
covering a wide range of topics including chronic cholestatic liver diseases, cirrhosis and its complications, clinical
alcoholic liver disease, drug induced liver disease autoimmune, fatty liver disease, genetic and pediatric liver
diseases, hepatocellular carcinoma, hepatic stellate cells and fibrosis, liver immunology, liver regeneration, hepatic
surgery, liver transplantation, biliary tract pathophysiology, non-invasive markers of liver fibrosis, viral hepatitis.

INDEXING/ABSTRACTING

The WJH is now abstracted and indexed in PubMed, PubMed Central, Emerging Sources Citation Index (Web of
Science), Scopus, Reference Citation Analysis, China National Knowledge Infrastructure, China Science and
Technology Journal Database, and Superstar Journals Database. The 2022 edition of Journal Citation Reports® cites
the 2021 Journal Citation Indicator (JCI) for WJH as 0.52. The WJH’s CiteScore for 2021 is 3.6 and Scopus CiteScore
rank 2021: Hepatology is 42/70.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Y7-Xuan Cai; Production Department Director: Xiang I7; Editorial Office Director: Xiang Li.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Hepatology https:/ /www.wignet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1948-5182 (online) https:/ /www.wijgnet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
October 31, 2009 https:/ /www.wjgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Monthly https:/ /www.wijgnet.com/bpg/Getlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Nikolaos Pyrsopoulos, Ke-Qin Hu, Koo Jeong Kang https:/ /www.wjgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wignet.com/1948-5182/editorialboard.htm https:/ /www.wignet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
June 27, 2022 https:/ /www.wijgnet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2022 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2022 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

JBaishideng®

WJH | https://www.wjgnet.com 11 June 27,2022 | Volume14 | Issue6


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/1948-5182/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

#

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.4254 / wijh.v14.i6.1099

World Journal of
Hepatology

World | Hepatol 2022 June 27; 14(6): 1099-1110

ISSN 1948-5182 (online)

MINIREVIEWS

Liver dysfunction during COVID-19 pandemic: Contributing role of
associated factors in disease progression and severity

Tarun Sahu, Babita Pande, Manasa PL, Henu Kumar Verma

Specialty type: Gastroenterology
and hepatology

Provenance and peer review:
Invited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): B
Grade C (Good): C, C

Grade D (Fair): 0

Grade E (Poor): 0

P-Reviewer: Das S, India; Demirli
Atici S, Turkey; Socea B, Romania
A-Editor: Liu X, China

Received: January 16, 2022
Peer-review started: January 16,
2022

First decision: February 8, 2022
Revised: February 13, 2022
Accepted: May 28, 2022

Article in press: May 28, 2022
Published online: June 27, 2022

Jaishideng®

WJH | https://www.wjgnet.com 1099

Tarun Sahu, Babita Pande, Department of Physiology, All India Institute of Medical Sciences,
Raipur 492001, Chhattisgarh, India

Manasa PL, Center for Basic Sciences, Pt. Ravishankar Shukla University, Raipur 492001,
Chhattisgarh, India

Henu Kumar Verma, Department of Immunopathology, Institute of Lungs Health and Immunity,
Munich 85764, Bavaria, Germany

Corresponding author: Henu Kumar Verma, PhD, Research Scientist, Senior Researcher,
Department of Immunopathology, Institute of Lungs Health and Immunity, Ingolstddter
Landstrasse 1, Munich 85764, Bavaria, Germany. henu.verma(@yahoo.com

Abstract

In December 2019, a new strain of coronavirus was discovered in China, and the
World Health Organization declared it a pandemic in March 2020. The majority of
people with coronavirus disease 19 (COVID-19) exhibit no or only mild symptoms
such as fever, cough, anosmia, and headache. Meanwhile, approximately 15%
develop a severe lung infection over the course of 10 d, resulting in respiratory
failure, which can lead to multi-organ failure, coagulopathy, and death. Since the
beginning of the pandemic, it appears that there has been consideration that pre-
existing chronic liver disease may predispose to deprived consequences in
conjunction with COVID-19. Furthermore, extensive liver damage has been linked
to immune dysfunction and coagulopathy, which leads to a more severe COVID-
19 outcome. Besides that, people with COVID-19 frequently have abnormal liver
function, with more significant elevations in alanine aminotransferase and
aspartate aminotransferase in patients with severe COVID-19 compared to those
with mild/moderate disease. This review focuses on the pathogenesis of severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection in the liver, as
well as the use of liver chemistry as a prognostic tool during COVID-19. We also
evaluate the findings for viral infection of hepatocytes, and look into the potential
mechanisms behind SARS-CoV-2-related liver damage.

Key Words: SARS-CoV-2; COVID-19; Liver function; Hepatic injury; Viral infection

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

June 27,2022 | Volume14 | Issue6 |


https://www.f6publishing.com
https://dx.doi.org/10.4254/wjh.v14.i6.1099
mailto:henu.verma@yahoo.com

Sahu T et al. Liver dysfunction during COVID-19

Jaishideng®

Core Tip: Understanding the hepatic consequences of severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) infection, as well as its molecular mechanism, has advanced significantly. Since the start
of the pandemic, it appears that there has been thought that pre-existing chronic liver disease may
predispose to deprived outcomes when combined with coronavirus disease 19 (COVID-19). Evidence
suggests that COVID-19 patients have abnormal liver function more frequently, with more significant
elevations in alanine aminotransferase and aspartate aminotransferase in severe COVID-19 patients than
those with mild/moderate disease. In this review, we focus on the pathogenesis of SARS-CoV-2 infection
in the liver, as well as the use of liver chemistry as a prognostic tool during COVID-19.

Citation: Sahu T, Pande B, PL M, Verma HK. Liver dysfunction during COVID-19 pandemic: Contributing role of
associated factors in disease progression and severity. World J Hepatol 2022; 14(6): 1099-1110
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INTRODUCTION

A new strain of coronavirus was discovered in China in December 2019 which was declared as a
pandemic in March 2020 by the World Health Organization[1,2]. It was initially noted by the large
number of pneumonia cases that suddenly appeared amongst local citizens of Wuhan region. The
majority of those with coronavirus disease 19 (COVID-19) show no indications or just moderate
manifestations which include fever, cough, anosmia, and headache. Meanwhile, about 15% develop
severe lung infection over the course of 10 d, resulting in respiratory failure, that can result in multi-
organ failure, coagulopathy, and ultimately death[3,4].

A systematic review and meta-analysis by Li et al[5] involving 281461 individuals with COVID-19
revealed that 23% of them developed severe lung infection, out of which 5.6% died. A similar study by
Tan et al[6] with 16561 patients from 17 countries also reported that 15% developed severe lung infection
and the mortality rate was between 23.4% and 33.0%. A recent population-based cohort study from
England revealed that individuals with pre-existing respiratory diseases are more vulnerable to COVID-
19 related admissions to intensive care unit (ICU) and death. A total of 8256161 individuals were
screened for pre-existing lung disease like asthma, chronic obstructive pulmonary disease, and
bronchiectasis, out of which 14479 (0.2%) were admitted in hospital with COVID-19 and among which
1542 were upgraded to ICU, while 5956 died from COVID-19[7]. Similar reports are also published from
South Korea that 7669 individuals with pre-existing lung disease were admitted due to COVID-19 and
251 (3.2%) died[8].

Since the beginning of the pandemic, there seems to be consideration that pre-existing chronic liver
disease (CLD) may dispose to deprived consequences along with COVID-19, especially because
interconnecting possible causes for COVID-19 and CLD, such as old age, overweight, and diabetes.
Furthermore, extensive liver damage is linked to immune dysfunction and coagulopathy, which leads to
a more severe outcome of COVID-19[9,10]. In addition, individuals with COVID-19 often have
abnormal liver function, with more substantial elevation in alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) in severe COVID-19 than in mild/moderate COVID-19[11]. However,
there are many unanswered questions that need to answer. In this context, this review deeply
emphasizes on the pathogenesis of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
infection in the liver, as well as the application of liver chemistry as a prognostic tool during COVID-19.
We also evaluate the findings for viral infection of hepatocytes and look into the potential mechanisms
behind SARS-CoV-2-related liver damage. Lastly, we discuss the management of this disease and
therapeutic strategies for liver damage due to COVID-19.

MECHANISM OF LIVER INJURY DURING COVID-19

Mechanism of infection

Fan and colleagues[12] found that patients without a history of liver disease also had abnormal liver test
parameters, indicating direct entry of the SARS-CoV-2 virus into the liver via interaction with
angiotensin converting enzyme (ACE) 2 receptors. These receptors are also expressed in liver cells,
lungs, intestines, and many other different tissues of the human body[13,14]. Evidence also
demonstrates that SARS-CoV-2 spike proteins bind to ACE2 receptors in cholangiocytes rather than
hepatocytes, which may cause liver damage[15]. However, Chai and colleagues found significantly low
(0.31%) ACE2 expression in hepatocytes compared to 20 times higher expression in bile duct cells as per
single-cell sequencing. Further, for transmission to the liver, the SARS-CoV-2 virus could use the gut-
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liver route through the hepatic reticular system[16].

Systemic inflammatory response syndrome and cytokine storms

The inflammatory cytokine storms have been considered responsible for liver injury of COVID patients.
There is increased levels of interleukins (ILs) like IL-2 and IL-6 in the serum of COVID-19 patients that
have been linked with poor clinical outcomes (Figure 1). In addition to the secretion of tumor necrosis
factor-a, IL-2, IL7, IL-18, IL-4, and IL-10 increased pro-inflammatory cells (CCR4+CCR6+ Th17), which
was more prominent in ICU admitted patients compared to non-ICU admitted ones[17-19]. These
inflammatory cytokine storms cause systemic inflammatory response syndrome, acute respiratory
distress syndrome, ischemia, and ultimately cell destruction and necrosis of the liver and multiple organ
damage[18].

Ischemia and hypoxia reperfusion injury

It is well known that most patients with severe symptoms of COVID-19 have hypoxia and severe cases
require oxygen. The inefficient lung function and other multi-organ damage can cause hypoxia and
ischemia along with shock. Ischemia and hypoxia promote lipid accumulation, glycogen consumption,
and adenosine triphosphate depletion in hepatocytes, suppressing cell survival signal transduction,
which leads to liver cell death. Also, respiratory distress syndrome accelerated reactive oxygen species
(ROS) generation and oxidative stress. ROS and lipid peroxidation products can activate redox-sensitive
transcription factors, causing the release of a variety of pro-inflammatory factors that harm the liver.
These alterations can aggravate the ischemia of hepatocytes and affect the excretion of toxic metabolites
that eventually induce liver injury[18,19].

Antibody-dependent enhancement

To inhibit the viral infection, antibodies are used that specifically block the binding of viral protein and
cell surface receptors. However, during certain viral infections, specifically viruses with many antigenic
epitopes, there is enhanced affinity of binding of virus proteins to host cell receptors. This mechanism is
known as antibody-dependent enhancement (ADE). Certain viruses like corona virus (SARS-CoV)
through this pathway use the antiviral antibodies to enter into host cells like macrophages, granu-
locytes, and monocytes, and also for replication inside these cells through interaction with Fc and/or
complement receptors[20,21]. This causes an increase in infection and disease progression with
worsening outcomes. It has been suspected that SARS-CoV-2 may use ADE property to infect immune
cells through a non-ACE2-dependent pathway, leading to liver injury[18]. However, further research is
warranted to confirm the ADE mediated replication of the SARS-CoV-2 and the underlying mechanism.
Further, ADE is considered an important aspect for the development and application of vaccines against
SARS-CoV-2 since the virus may use ADE mechanism to amplify the infection and increase the severity
of disease[22,23].

Hepatotropism of SARS-COV-2

Due to the challenges in obtaining tissue samples from COVID-19 persons and the need for research
laboratory confinement facilities, the tissue repositories for SARS-CoV-2 replication have yet to be
thoroughly understood. To obtain cell entrance, the viral protein binds ACE2, and TMPRSS2 and
FURIN are also necessary for infection; hence, the activation of these receptors revealed initial signs for
probable hepatic susceptible cells. According to RNA sequencing in healthy hepatocytes, cholangiocytes
(alveolar type 2 cells) had the most significant gene expression levels for ACE2, followed by sinusoidal
endothelial cells and liver cells[24,25]. TMPRSS2 and FURIN also have diverse gene expression patterns
across various hepatic cells. Cell lines generated from hepatocellular carcinoma can sustain the whole
viral life cycle[26], although replication in hepatic cells is still to be revealed. Zhao and colleagues
created human liver ductal organoids that express ACE2 and TMPRSS2, which could mimic SARS-CoV-
2 infection, indicating that the bile duct epithelium might facilitate pseudo-particle entrance[27].

The impact of liver damage and underlying liver disease on SARS-CoV-2 hepatotropism is unknown,
and no research has mainly looked at the histological abnormalities seen in COVID-19 patients with pre-
existing CLD. However, before COVID-19, studies indicated that in individuals with hepatitis C virus-
related cirrhosis, ACE2 expression is 30 times higher than that in healthy people's livers[28].
Furthermore, hepatic mRNA expression of ACE2 and TMPRSS2 was elevated in non-infected
individuals with obesity and non-alcoholic hepatic steatosis, but not with only steatosis[29]. SARS-CoV-
2 hepatotropism might be exacerbated by liver damage and inflammation by altering viral receptor
expression, with ACE2 being recognized as an interferon-inducible gene in human respiratory epithelial
tissue[30]. Nevertheless, this discovery should be considered carefully since the upregulation might be
due to the shortened isoform of ACE2, known as deltaACE2, instead of the viral receptor protein itself
[31]. An in vitro study revealed that high-density lipoprotein scavenger receptor B type 1 (SR-B1)
facilitates ACE2-dependent coronavirus adhesion[32], which is quite similar to hepatitis C virus
infection[33].
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Figure 1 Schematic representation of possible causes of liver injury. ACE2: Angiotensin converting enzyme 2; SARS-CoV-2: Severe acute respiratory
syndrome coronavirus-2; ROS: Reactive oxygen species.
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Clinical manifestations and pathological alterations in hepatic dysfunction and abnormality in COVID-
19 patients

COVID patients suffer from respiratory problems as a primary consequence of SARS-CoV-2 infection.
The last two years of extensive research has revealed different respiratory problems, including multi-
organ damage due to COVID. Initial studies in COVID patients from China showed the prevalence of
functional abnormality of the liver and liver damage in many hospitalized patients[34-37]. The liver
dysfunction and damage have been observed at the biochemical and histological levels.

The abnormal liver test results are essential biomarkers for evaluating liver abnormalities as a
function of COVID severity[38]. The liver function abnormalities are confirmed through the increased
concentrations of certain liver enzymes in serum such as ALT > 40 U/L, AST > 40 U/L, gamma-
glutamyl transferase (GGT) > 49 U/L, alkaline phosphatase (ALP) > 135 U/L, and total bilirubin > 17.1
pmol/L[39,40]. Most of the studies showed increased concentrations of enzymes ALT and AST in SARS-
CoV-2 infected patients[12,17,35]. Fan et al[12] in their retrospective, single-center study observed
abnormal liver functions in one third which are characterized by abnormal liver tests like increased
levels of enzymes, i.e., the "cholangiocyte-related enzymes" such as gamma-glutamyl transferase &
alkaline phosphatase, and total bilirubin in addition to alanine and aspartate aminotransferases
(Table 1). In their multicentric study, Ding and colleagues found that the concentrations of AST and
direct bilirubin both at the time of initial observation and peak were independently associated with
COVID-19 patients' mortality[37]. Besides, LDH, prealbumin, albumin, ALP, GGT, and total and direct
bilirubin in COVID patients have been suggested for diagnosis and progression of disease severity[41].
Liver damage in patients with COVID-19 has also been attributed to hypoxemia and reperfusion or
passive congestion[42].

Xu and colleagues[43] reported liver damage through liver biopsy of a dead COVID patient
manifested as moderate micro-vesicular steatosis and mild lobular and portal activity. This damage
could be due to direct infection of SARS-CoV-2 or hepatotoxicity caused by drugs used to treat the
patients[43]. Ji and colleagues also examined the postmortem liver biopsy showing microvascular
steatosis over T cell activation. They suggested that COVID-19 associated liver injury may be immune-
mediated rather than direct cytopathic damage[16]. Philips and colleagues' evidence regarding COVID-
19-associated liver damage obtained through liver biopsy, such as hepatocyte apoptosis, binuclear or
occasionally multinuclear syncytial hepatocytes, mild focal lobular or portal inflammation, and altered
hepatocyte mitochondrial features, substantiated that SARS-CoV-2 may not be involved in liver damage
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Table 1 Studies of abnormal liver biochemistries in patients with coronavirus disease 19

Patients _. . 8

Ref. n) Findings Conclusion
Wanget 105 56.2% of the patients had abnormal ALT, AST, and total Patients with COVID-19 often have abnormal liver function indices
al[11], bilirubin throughout the course of the disease
2020
Fanetal 148 37.2% had abnormal liver function at hospital admission; More than one third of SARS-CoV-2 infected patients admitted to
[12], 14.5% out of these patients had high fever; patients with hospitals had elevated liver function parameters, which are linked to
2020 abnormal liver function had longer mean hospital stays a prolonged hospital stay

(15.09 + 4.79 d) than patients with normal liver function

(12.76 £ 4.14 d)
Dinget 2,073 Out of 2073 patients, 61.8% showed abnormal liver COVID-19-related mortality is predicted by abnormal levels of AST
al[37], chemistries during hospitalization, and 14.3% had liver and D-Bil during admission. Infection with HBV does not raise the
2021 injury risk of poor COVID-19-related outcomes in patients
Caietal 417 76.3% had abnormal liver test results and 21.5% had liver The negative effects on liver damage are mostly due to certain drugs
[38], injury during hospitalization.ALT, AST, total bilirubin, and  taken during hospitalization
2020 gamma-glutamyl transferase levels rose to more than 3 x the

upper limit of normal, respectively
Fanetal 288 Except for AST, the levels of total bilirubin and ALP in In critical patients, COVID-19 can induce significant hepatic
[41], normal and severe patients varied within the normal range, ~ dysfunction, necessitating early monitoring and management.
2021 with an increasing trend in critical patients Because of their connection with disease severity in COVID-19,

LDH, ALP, GGT, total bilirubin, prealbumin, and albumin may be
useful for assessing and predicting disease prognosis

COVID-19: Coronavirus disease 19; SARS-CoV-2: Severe acute respiratory syndrome coronavirus-2; ALT: Alanine aminotransferase; AST: Aspartate

aminotransferase; ALP: Alkaline phosphatase; GGT: Gamma-glutamyltransferase; D-BiL: Direct bilirubin.
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or impaired liver function, which indicated liver involvement in severe systemic inflammatory diseases,
fatty liver disease, sepsis, or multi-organ dysfunction[44].

The impact of COVID has been classified into mild or non-severe and severe according to the
manifestation of symptoms. The mild symptoms are fever, cough, expectoration, shortness of breath,
muscles ache, and other upper respiratory tract symptoms, and without abnormalities, or with mild
changes on chest radiography, such as multiple small patchy shadows and interstitial changes,
primarily in the outer zone of the lung and under the pleura. Severe COVID symptoms include
significantly increased respiration rate (> 30 times/min) or hypoxia with oxygen saturation at resting
state < 93%; or partial pressure of oxygen/fraction of inspired oxygen (PaO,) /FiO2) < 300 mmHg; or
respiratory/another organ failure with emergency ICU monitoring and treatment, or shock[34,39].

CONTRIBUTING ROLE OF COVID ASSOCIATED FACTORS IN DISEASE PROGRESSION
AND SEVERITY

Liver functional test abnormalities

Clinical evidence demonstrated that elevated serum levels of the liver enzymes ALT and AST were
associated with adverse outcomes such as shock and ICU admission, and mechanical ventilation, as well
as disease progression symptoms such as the development of severe pneumonia[39,45,46]. Fan and
colleagues reported longer hospital stays of around average 15 d in COVID patients with abnormal liver
functions. Increased levels of liver enzymes increased hospitalization compared to COVID patients with
normal liver functions. The liver test abnormalities have been stated as a predictor of disease
progression and severity of COVID symptoms[47]. According to Leo and colleagues, the underlying
events for abnormal liver function test results are due to "cytokine storm, a sinusoidal thrombotic event
associated to SARS-CoV-2 infection coagulopathy, liver damage induced by hypoxia or could be
secondary to alterations of blood outflow and inflow that may occur when positive end-expiratory
pressure is applied"[48]. Recently, in a retrospective study, Kalal and colleagues from India also
documented elder age (median 50 years), longer hospital stays, and higher values for liver function tests
in severe patients than in non-severe (mild and moderate) patients (median age 37 years)[49]. A large
retrospective cohort study from China documented the abnormal AST and direct bilirubin levels in
COVID patients at hospital admission were associated with COVID-19-related mortality[37]. Therefore,
the liver function tests for monitoring AST and direct bilirubin have been suggested as imperative to
halt the disease progression.
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Drug hepatotoxicity

During the first phase of the COVID-19 pandemic, the primary therapeutic procedure was to treat
patients with antibacterial drugs such as moxifloxacin, cephalosporins, antiviral drugs oseltamivir and
acyclovir, and antipyretic drugs such as acetaminophen to alleviate COVID-19 symptoms[12]. The
benefits like improved outcomes in decreasing diarrhea, fever, worsening of chest radiographs, and
worsening of viral load by treating severe acute respiratory syndrome (SARS) patients with lopinavir/
ritonavir for 3 wk were earlier validated[50]. However, the side effects of lopinavir and ritonavir
administered during treatment of patients with SARS-CoV-2 viral infection have been noted[51], with
even four times increased risk of liver damage, which can be attributed to a higher dose of this
medication[12,39]. Yip and colleagues also recorded treatment with lopinavir-ritonavir, with or without
ribavirin, interferon beta, or corticosteroids was independently linked with heightened ALT/AST serum
concentrations[45].

It has been speculated that the overdose of a combination of lopinavir and ritonavir could trigger the
hepatic endoplasmic reticulum stress cascade, stimulate inflammatory reactions, activate hepatocyte
apoptosis through the caspase mechanism, suppress hepatocyte growth, and amplify the liver damage
oxidative stress[18]. In a mouse model, the role of ritonavir in hepatotoxicity has been shown to occur
through CYP3A4-dependent pathways, which are modulated by pregnane X receptor. This transcription
factor is concerned with ritonavir bioactivation, oxidative stress, endoplasmic reticulum stress,
destruction of membrane integrity, and interruption of the internal and external Ca2+ homeostasis of
liver cells, and causes death[18,52]. It has been studied that SARS-CoV-2 replication can be inhibited by
human immunodeficiency virus (HIV) protease inhibitors; however, progression of liver damage has
been observed in patients undergoing hormones and HIV protease inhibitor therapy. In a retrospective
study in China, Shen and colleagues also reported traditional Chinese medicines, herbal and dietary
supplements, and antituberculosis drugs as the main causes of drug-induced liver injury[18,53]. Fan and
colleagues also reported that administration with ACE inhibitors/angiotensin II receptor blockers
(ARBs) did not produce any side effect in COVID-19 patients, even in those with hypertension as co-
morbidities. Thus, the prolonged and higher dose of antibiotics, non-steroidal anti-inflammatory drugs,
herbal medications, and interferon used to treat COVID-19 patients seems to link with the progression
of disease with severe outcomes like liver failure.

Pre-existing liver problem and other co-morbidities/factors

Most of the COVID-19 patients reported fever as a symptom of infection, for which they used
antipyretic and analgesic drugs. Therefore, overdose or prolonged use of these drugs has been linked to
liver damage. Due to their hepatotoxic properties, the use of drugs like lopinavir/ritonavir could be
fatal to patients with pre-existing liver problems or weak immune systems like old age, children, and
patients with co-morbidities[12,51].

Aged patients with co-morbidities such as hypertension, diabetes, cardiovascular disorders etc.
showed severe outcomes compared to other age groups or those without co-morbidities[54]. In addition
to age, clinical features like inflammation and hypoxia at the time of admission to hospital and drug
treatment have been associated with COVID-19 related development and progression of liver damage
[48]. COVID-19 patients with hypertension who received ACE inhibitors and ARBs at the time of hospit-
alization developed higher though insignificant liver abnormalities than patients without a history of
hypertension[12]. Liver tissues of patients with chronic liver diseases such as existing cirrhosis,
dysplasia, non-alcoholic steatohepatitis, and simple steatosis showed elevated levels of ACE2 than
normal liver tissues[55]. Patients with alcohol-related liver disease have been suspected as a high-risk
group for COVID-19 related severity because these patients, due to drinking habits, are less likely to
maintain social isolation and follow regular therapy[56]. Ji and colleagues also noticed patients with
non-alcoholic fatty liver disease with a high body mass index are at greater risk for progression and
severity of COVID-19 outcomes and reported longer viral shedding time. The respective researchers
hypothesized that in patients with non-alcoholic fatty liver disease, "the polarization status of hepatic
macrophages might be skewed from inflammation-promoting M1 macrophages to inflammation-
suppressing M2 macrophages, which results in progression of COVID-19"[16].

The virulence of SARS-CoV-2 has imposed challenges for organ transplants. Since the immune
system of the recipient is already dwindling due to chronic illness, these patients are susceptible to
infection. Both recipient and donor of liver transplant are at risk of SARS-CoV-2 infection before liver
transplantation, increasing the hospital stay and treatment duration that further aggravating the
infection in patients undergoing liver transplantation[57]. Thus, strict guidelines for the diagnosis of
donor and maintenance of isolation and sterilized environment during operation and postoperative
patient care should be assured.

DISEASE MANAGEMENT, PREVENTIVE MEASURES, AND TREATMENT

SARS-CoV-2 is a novel coronavirus that causes COVID-19. Retrospective studies and clinical trials that
we mentioned in the previous section of this review demonstrated that the drug hepatocytotoxicity due
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to inappropriate dose and long-term use causes aggravated immune response and systemic inflam-
matory reaction due to invading virus or viral reactivation of existing liver disease, and the adverse
clinical outcome & disease progression and co-morbidities[16,46,47]. Therefore, frequent monitoring
conditions of COVID-19 patients with pre-existing liver disease or who developed liver abnormalities
during treatment is needed. Evaluating liver enzymes during in-hospital stay or post-COVID-19
duration at different time intervals in months could help track liver health and effective treatment. Still,
there is a possibility of managing the disease with combined efforts among individual, societal, and
health care sectors, the research community, and the government level. Detailed strategy is mentioned
in Figure 2.

Disease management of patients with liver disease

We confirmed from previous research that SARS-CoV-2 infection causes mainly liver damage and
abnormal liver functions, which manifest as hypoxia, systemic inflammatory reactions, and medication;
thus, regulating these associated factors, such as oxygen supplementation, mechanical ventilation, and
renal replacement therapy for cytokine storm, could reduce liver injury[18,42]. If hepatotoxicity due to
drug use is suspected, patients must be admitted to intensive care for any severe symptoms, and
emergency precautionary measures must be taken. Patients with chronic liver diseases such as cirrhosis
and non-alcoholic fatty liver disease treated with immunosuppressive drugs should be prioritized for
COVID-19 testing and hospitalization. Patients showing signs of chronic viral hepatitis (HCV and HBV)
should be treated according to prescribed guidelines. In case of urgent liver transplantation, the donor
and recipient should be tested for COVID before operation and postoperative precautionary measures
should be taken to prevent any infection. If post-transplant patients are detected with SARS-CoV-2
infection, they should be administered with a reduced dose of immunosuppressive agents according to
a degree of severity along with vaccination[18,58].

Dietary management for health

Probiotics, vitamins, and minerals are essentially dietary supplements that are helpful to improve
overall health condition and deficiency of proper nutrition weakens the immune system. Insufficient
intake of vitamin A and serum retinol, vitamin C, and selenium have been linked with the severity of
liver fibrosis in patients with non-alcoholic fatty liver disease[59]. As a result, it has been speculated that
taking probiotics, vitamins such as fat-soluble vitamins A, D, and E and water-soluble vitamin C, and
minerals such as zinc, magnesium, and copper during COVID-19 could boost and maintain liver health.
Sivandzadeh and colleagues have highlighted the anti-inflammatory properties of probiotics and
micronutrients, along with the antioxidant and immunomodulatory properties of vitamins that could
reduce the TNF-q, oxidative stress, and apoptosis of hepatocytes[60].

Research in liver health

COVID-19 pandemic has arrived as a hurdle and interrupted research, clinical trials related to liver
health, and drug development due to pandemic generated difficulties such as problem in the
recruitment of patients, timely supply of research related aids, and maintenance of laboratories
specifically during lockdown[61]. For example, liver cancer management has been affected due to
COVID-19, and the more prominent among them is the cancellation of screening, diagnosis, and
treatment[62]. The development of non-invasive tools, and proteomics, transcriptomics, lipidomics, and
metabonomics based biomarkers for diagnosis and progression of liver disease could also helpful to
lessen the COVID severity[63]. Research on development of software and algorithms for maintaining
databases of patients” details for early diagnosis and treatment of liver disease such as liver fibrosis at
the community level (https://clinicaltrials.gov/ct2/show/NCT04666402) could help to track patients
with liver disease and their treatment & care at the time of COVID. Research and more clinical trials on
regressing fibrosis and enhancing tissue regeneration using cell therapy could be the promising
alternative to liver transplant that could increase the longevity of patients[64]. The clinical trials on role
of vitamin C as an antioxidant to improve liver functions and the underlying mechanism on healing the
non-alcoholic fatty liver disease suggest that it could be a compelling dietary supplement to reduce the
COVID associated symptoms and the severity[65]. Drug development and clinical trials through
nanotechnology for diseases like non-alcoholic fatty liver disease/metabolic-associated fatty liver
disease[66], and other liver disease could ensure better health in patients with liver disease in this
COVID pandemic era. Now, after global vaccination and following proper corona guidelines, the
normal research activity has started, which could progress with the support of government and funding
sources/sponsors.

Future directions

Still, there is a lack of safe drugs that can effectively treat COVID patients precisely because of its
umbrella effect at the multi-organ level. In a meta-analysis from Morocco, around 20 medicinal plants
belonging to 19 genera and 14 botanical families and their products have been reported to prevent and
treat COVID 19. The extracts of these plant species are rich in bioactive compounds like flavonoids,
alkaloids, saponins, essential oil, etc. which are effective as antiviral, antibacterial, antifungal, anti-
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Figure 2 Associated factors for liver disease progression and its management strategies in patients with coronavirus disease 19. CLD:
Chronic liver disease; NAFLD: Non-alcoholic fatty liver disease; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; GGT:
Gamma-glutamyltransferase; DBIL: Direct bilirubin. Created with BioRender.com.

inflammatory, antioxidant, antipyretic antiseptic, antibiotic, and analgesic agents[67]. Certain plants
such as Tinospora cordifolia, Andrograhis paniculata, Cydonia oblonga, Zizyphus jujube, and Cordia myxa are
also beneficial for symptomatic management of COVID-19[68]. Through randomized controlled trials,
the integrated therapy including treatment with both Western as well as herbal medicine has also been
shown to promote faster recovery, and reduce symptoms and duration of treatment time in COVID-19
patients[69]. However, some traditional Chinese herbal medicines were suspected to impose side effects
and increase the disease course[70]. The MACH-19 (Mushrooms and Chinese Herbs for COVID-19)
trials are ongoing, and these herbs could be used as potential adjuvant to COVID-19 vaccines[71]. Thus,
effective herbal medicines and more clinical trials to evaluate their potential to cure COVID-19 are
required. The immunogenicity of vaccines developed against SARS-CoV-2 in patients still needs to
explore. The vaccination of two doses has been widely carried out all over the world, so the post-
vaccination symptoms are required to monitor in patients with liver diseases like chronic disease
cirrhosis and non-fatty liver disease, and in liver transplant recipient whose immunity is compromised.
Better pathogenesis knowledge helps to formulate specific therapy that may arrest viral replication.
Therefore, the promotion of intensive research on liver health due to COVID-19 by the government and
an approach for collaborative research among physicians, scientists, and academicians from different
institutes is required. Public awareness regarding maintaining hygiene, the right lifestyle, self-care,
following COVID-19 protocols, and vaccination could help to reduce community transmission and
COVID-19 related causalities.

CONCLUSION

A large number of studies, including retrospective and clinical trials conducted around the world, have
supported the existence of liver dysfunction in COVID-19 patients. The main factors contributing to
disease severity and progression are drug-associated hepatotoxicity and immune-mediated liver injury
due to the possibility of direct cell cyto-toxicity. Through ACE2 receptor mediated SARS-CoV-2
infection of liver cells, viral reactivation might occur in cases of pre-existing liver dysfunction. As
predictors of disease progression and liver damage, biochemical indicators of the liver have been
proposed. However, reports on liver damage by direct infection with SARS-CoV-2 and safer drug
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rendering protection to the liver are insufficient. Therefore, further research on different aspects such as
the mechanism of liver injury, drug-related toxicity, different stages of disease progression, link of liver
dysfunction with co-morbidities, immune state of patients, along with effective drug (specifically
exploiting the indigenous herbal medicine knowledge) and vaccine development is need of the time.
Individuals, particularly patients with liver disease, may take preventive measures such as masking,
physical distancing, avoiding self-medication without a physician's prescription, avoiding alcohol
consumption, exercise, a balanced diet, adequate sleep, and a healthy lifestyle to reduce their chances of
contracting SARS-CoV-2 infection.
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