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Abstract

The coronavirus disease 2019 (COVID-19) pandemic has caused changes in the
global health system, causing significant setbacks in healthcare systems
worldwide. This pandemic has also shown resilience, flexibility, and creativity in
reacting to the tragedy. The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection targets most of the respiratory tract, resulting in a severe
sickness called acute respiratory distress syndrome that may be fatal in some
individuals. Although the lung is the primary organ targeted by COVID-19
viruses, the clinical aspect of the disease is varied and ranges from asymptomatic
to respiratory failure. However, due to an unorganized immune response and
several affected mechanisms, the liver may also experience liver cell injury,
ischemic liver dysfunction, and drug-induced liver injury, which can result in
respiratory failure because of the immune system’s disordered response and other
compromised processes that can end in multisystem organ failure. Patients with
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liver cirrhosis or those who have impaired immune systems may be more likely than other groups to experience
worse results from the SARS-CoV-2 infection. We thus intend to examine the pathogenesis, current therapy, and
consequences of liver damage concerning COVID-19.
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Core Tip: The coronavirus disease 2019 (COVID-19) pandemic has imposed an unprecedented burden on public health and
healthcare globally. It can decompensate pre-existing liver disease or induce acute liver injury. Its presence in hepatocytes
directly exhibits cytopathic action and damages the liver because of hypoxia, inflammation, and medication toxicity. The
pathophysiology of COVID-19-related liver involvement includes viral cytotoxicity, immunological dysregulation's
secondary effect, hypoxia brought on by respiratory failure, ischemia damage from vascular endotheliitis, heart failure, or
drug-induced liver injury. This study focuses on the pathophysiology, available treatments, and outcomes of liver injury in
relation to COVID-19.
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INTRODUCTION

The continuing infection caused by coronaviruses, which exploded in 2019, has accelerated into a pandemic problem
worldwide. The disease is mainly a respiratory tract viral infection caused by newly emerging strains of coronaviruses.
More than 60 million confirmed coronavirus disease 2019 (COVID-19) cases, including almost 1.5 million deaths, have
been reported globally in 189 countries since its inception up to October 2022[1]. Severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) disease infection has mainly targeted the respiratory tract system. It can cause severe disease
with acute respiratory distress syndrome, which seems to increase its potential fatality in some infected patients[2].
However, lately, the notion that COVID-19 is a systemic infection and inflammatory disease is gaining eye-catching
attention, as the disease is showing a systemic feature that affects other visceral organs, including the liver and
gastrointestinal tract[3-7]. The chief viral receptor for SARS-CoV-2 infection is angiotensin-converting enzyme 2[8,9].
After virus attachment to the host cell, the host transmembrane serine protease-2 (TMPRSS2) primes the viral S protein
[10]. The viral RNA forms two major polyproteins in the host cytosol: protein phosphatase 1 alpha and protein phos-
phatase 1, which is further converted into 16 non-structural proteins (nspl to nsp16)[11]. Phosphatase 1, unlike SARS-
CoV-2 infection-induced lung system and myocardial injury, the clinical manifestation of liver organ involvement has
been a point of contention since the beginning of the COVID-19 pandemic[3,12-18]. The debate includes potential
pathophysiology mechanisms where active viral replication of SARS-CoV-2 in the liver produces liver cytotoxicity and
drug-induced liver injury, exacerbating underlying liver disease[19,20]. The incidence of increased concentration of liver
transaminase enzymes aspartate aminotransferase and alanine aminotransferase in COVID-19 patients ranges from 2.5%
to 76.3%[21-24]. As the liver is humans' primary metabolic and detoxifying organ, the therapeutic efficacy and safety
profile could alter the moderate loss of hepatic function. As such, mechanistic insights causing liver injury linked to
COVID-19 are required. To date, there is little comprehensive evidence of underlying histopathological changes. In
addition to vascular abnormalities that include liver cell necrosis, mild lobular and portal inflammation, unbalanced
portal vein branches producing intrahepatic, typically ductular proliferation, and hepatic steatosis (microvesicular) seem
to be regularly observed in the livers of diseased patients[25-29]. Although through real-time reverse transcription
polymerase chain reaction (PCR), viral RNA has been detected in the liver among major organs excluding the respiratory
tract[13], a classic hepatic picture has not yet been reported. Hepatic tropism and direct cytopathic effects are the potential
mechanisms for infections associated with liver injury[19,26-29]. S protein is the principal mediator for the entrance of
SARS-CoV-2, which interconnects with the host angiotensin-converting enzyme 2 (ACE2) receptor and TMPRSS2
receptors specifically[30]. However, other factors, such as ganglioside[31], can affect how S protein and ACE2 interact.
Recently, Ou and colleagues evaluated the capacity of S protein-containing pseudovirions to infect several cell lines.
Interestingly, viral vectors encoding the S protein were more effective at transfecting the HuH7 hepatocyte cell line and
the Calu3 human lung cancer cell line than the control pseudovirions[32]. As permissive cell types for coronavirus
infection are recognized, hepatocyte cell lines such as HuH?7 cells have emerged as viable positive controls in SARS-CoV-2
immunostaining[33]. These findings indicate that SARS-CoV-2 infection of human liver ductal teratoma may be possible.
Viral replication may occur inside the bile duct epithelium despite the discovery of noticeably greater ACE2; no direct
proof of SARS-CoV-2 cholangiocellular infection has been revealed in infectious patients with COVID-19. The detection
and identification of SARS-CoV-2 viral RNA or proteins in bile, which are largely generated by hepatocytes and cholan-
giocytes, are indirect indications of SARS-CoV-2, cholangiocellular infection, and ongoing direct interaction between
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biliary fluids with cholangiocellular apical membrane. However, only a single case report indicates SARS-CoV-2 RNA is
present in bile[34]. Activating hepatic stellate cells is crucial as the primary source of cellular fibrosis in developing
chronic liver disorders[35]. Hepatocellular and cholangiocellular damage caused directly or indirectly by COVID-19 may
produce a proinflammatory milieu that leads to the activation of hepatic stellate cells and, as a result, the development of
fibrosis. Fibrosis has been reported in patients with non-alcoholic fatty liver disease or underlying chronic liver disease
(CLD). Long-term follow-up studies are required to establish hepatic fibrosis as a potential long-term side effect of
COVID-19, especially in patients with pre-existing liver illnesses, even though the current evidence suggests minor and
transient liver damage associated with the virus. SARS-CoV-2 can cause cytopathic consequences such as host lipid
metabolism and mitochondrial dysfunction. Hepatic steatosis in patients may be caused by cytokine storm-induced
immunopathology, activity, and adverse medication reactions such as corticosteroids. Microvesicular steatosis is often
brought on by abnormalities in mitochondrial oxidation, either hereditary or acquired; mammalian target of rapamycin
(mTOR), which serves as the primary regulator for autophagy, also stimulates de novo lipogenesis[36-40] through
mechanisms reliant on viral non-structural protein 6, which is substantially husbanded in SARS-CoV-2 and has been
demonstrated in hijacking the autophagy pathway[41-43]. Additionally, it has been discovered that cells infected with
Middle East Respiratory Syndrome, HuH?7, exhibit hyperactivation of the mTOR pathway, which prevents viral
replication when inhibited by the drug rapamycin[44]. Given the most recent findings that SARS-CoV-2 infection limits
autophagy[45],it is probable that the mTOR-dependent infection mechanisms of SARS-CoV-2, SARS-CoV, and MERS-
CoV are related. Furthermore, it has been demonstrated that interleukin 6 (IL-6) stimulation dramatically boosts mTOR
activity[46]. The most common factor in COVID-19-associated acute respiratory distress syndrome (ARDS) is the need for
invasive ventilation, substantial doses of positive end-expiratory pressure, and vasoconstrictor therapy due to
hemodynamic instability[47-50].

MECHANISM OF SARS-COV-2 INFECTION

The entry of SARS-CoV-2 virus into host cells requires dense glycosylated spike (S) protein containing two functional
components, S1 and S2. The S2 subunit controls the fusion of the viral and cell membranes, whereas the S1 subunit
controls virus binding to the host cell receptors[51,52]. The serine protease TMPRSS2 must first prime the S protein.
TMPRSS2 breaks down the S protein at the S1/S2 and S2 subunit sites[8]. The receptor-binding domain (RBD), composed
of about 300 amino acids, is a trimer of separate monomers that comprise the S protein, which is roughly 1300 amino
acids long. The RBD on S protein plays a specific role that involves direct participation when host receptors are
recognized[53-55]. Zhou et al[9] showed that S protein and ACE2 binding are necessary for infection in HeLa cells. Walls
and associates also discovered the activity of human ACE2 as a SARS-CoV-2 functional receptor[56]. In a metaphor, the
virus S protein can unlock the human body's ACE2 lock. The SARS-CoV-2 S protein has 10-20 times the affinity of ACE2
compared to SARS-CoV, as reported by surface plasma resonance analysis[53]. This is a significant finding that could
help explain the virus's high infectivity rate. Many studies have reported the activity of human ACE2 as a SARS-CoV-2
functional receptor[56,57].

HEPATOPATHY/RISK FACTOR

There are insufficient data regarding the influence of hepatitis B on COVID-19, which has a high incidence, particularly in
Asia and China. As per the studies, 2% of severe COVID-19 cases involved hepatitis B infection compared to mild
COVID-19 cases (0.06%)[58]. Patients who have a history of hepatitis B or C infection are more likely to develop severe
hepatitis, similar to the higher susceptibility for developing severe immunodeficiency infection faced by patients with
cirrhosis[3,59-61]. Compared to others, patients with liver disease more commonly develop leukopenia and lympho-
cytosis, as they suffer from conditions such as leukocytosis with neutrophilia and elevated C-reactive protein[62]. People
with related gastrointestinal neoplasms express a higher degree of angiotensin 2 receptors, contributing to the risk of
SARS-CoV-2 infection since this enzyme provides an entry for the virus to enter the cells. However, this could be
regulated by systemic inflammatory responses and gastrointestinal tract level, as angiotensin 2 modulates this response
[63,64]. Monocyte chemoattractant protein-1, known to aggravate COVID-19 and promote steatohepatitis, is higher in the
serum of coronavirus-infected patients[18].

ETIOLOGY OF LIVER INJURY IN COVID-19-INFECTED PATIENTS

Viral immunologic injury

SARS-CoV-2 has also been successfully detected in blood and fecal samples from COVID-19 patients, indicating potential
intestinal involvement of the virus[65-67]. Through tests with HeLa cells that produced ACE2, Zhou et al[9] demonstrated
that ACE2 is the cell receptor for the entrance of SARS-CoV-2 into host cells. It was recently found that cholangiocytes
might express ACE2 at a level up to 20 times greater than hepatocytes. SARS-CoV-2 may be able to infect cholangiocytes
and lead to bile duct dysfunction, as per the expression pattern of ACE2. Viral immunologic damage may be one of the
causes of liver injury since cholangiocytes are involved in immune responses and liver regeneration on a multifaceted
and crucial level. In individuals with COVID-19, levels of alkaline phosphatase (ALP) and gamma-glutamy]l transferase
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(GGT), which indicate bile duct damage, do not significantly rise despite the clinical data showing and demonstrating
elevated levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), and lactate dehydrogenase (LDH) in
these individuals. Additionally, the autopsy report revealed no viral inclusions in the liver tissue[68].

Damage of cholangiocytes by SARS-CoV-2

According to research by Qi et al[63], the epithelial cells of the bile duct express the ACE2 receptor 20 times more than
liver cells[69,70]. This indicates that SARS-CoV-2 may damage and infect bile duct cells directly, which could eventually
result in bile duct dysfunction. Epithelial cells for bile ducts are crucial for liver regeneration and the immune system;
thus, liver damage may result when SARS-CoV-2 infects them and results in cholestasis[69,70]. Increased concentrations
of ALP and GGT are reliable signs of damage to bile duct epithelial cells[71]. More studies are necessary to conclusively
connect liver damage to the bile duct cell damage brought on by the SARS-CoV-2 infection. Researchers have
hypothesized a potential mechanism for SARS-COV-2-induced liver damage. Infection of liver cells occurs when hepatic
parenchymal cells, which are produced from bile duct epithelial cells, compensate for the hyperplasia of ACE2 expression
in the liver tissues[72]. Nonspecific liver inflammation can cause an increase in cytokines and inflammatory biomarkers,
including IL-2, IL-6, IL-7, and IL-10, interferon gamma (IFN-g) inducible protein 10, and tumor necrosis factor alpha
(TNF-a)[12,73], which can cause severe damage (e.g., hepatomegaly, elevated serum transaminase, high bilirubin, hepatic
encephalopathy, and even liver failure). In case inflammatory response syndrome worsens without appropriate
management, COVID-19 patients may experience multiple organ failure and death[12,74].

Hypoxic injury

The liver is susceptible to cardiovascular abnormalities because of composite vascular supply and substantial metabolic
activity. The condition known as ischemic hepatitis, also referred to as hypoxic hepatitis, is frequently found in critically
ill patients and is the consequence of underlying circulatory, cardiac, or respiratory failure that can result in passive
congestion or reduced hepatic perfusion[75,76]. Systemic stress causes a compensatory reduction in peripheral and
splanchnic blood flow, which in turn, causes a reduction in hepatic blood flow, and as a result, hepatocellular hypoxia,
particularly in zone 3[12,77]. Cell injury via lipid peroxidation can occur when reactive oxygen species are generated by
re-exposing ischemic hepatocytes to oxygen in a condition called reperfusion injury[78]. Furthermore, Kupffer cells can

trigger the reunion and activation of polymorphonuclear leukocytes by producing cytokines as a response to ischemia
[78].

Drug-induced damage to the liver

In the interim, a variety of different medications including antiviral (lopinavir /ritonavir, remdesivir), antibiotic
(macrolides), antimalarial/antirheumatic (hydroxychloroquine), immunomodulating (tocilizumab, corticosteroids), and
antipyretic (acetaminophen) medications, are being used in clinical studies or an off-label manner. However, most
medications (e.g., ritonavir and remdesivir) have already shown hepatotoxic potential. Also included is corticosteroid
treatment, which the World Health Organization currently advises for patients with severe SARS-CoV-2 infection[79].
These findings are further supported by the Human Protein Atlas database, which demonstrates that the greatest pattern
of ACE2 expression throughout human intestinal cells have a variety of cell types (information accessible at https://
www.prote inatl as.org/ENSGO0 00001 30234-ACE2/tissue). Additionally, it has been proven that human intestine
organoids are susceptible to SARS-CoV and SARS-CoV-2 infections[80]. The most common clinical symptoms, including
fever, coughing, exhaustion, and shortness of breath, were highlighted in early clinical trials. Later investigations were
able to unearth evidence that COVID-19 also has extrapulmonary manifestations. Because the liver is the primary organ
for metabolism and detoxification, it is essential to maintain optimal liver function when utilizing any of the COVID-19
therapeutic modalities. It is well known that liver damage results from hepatic inflammation, including activation of
innate immune cells and cytokine production[81]. An old drug called chloroquine has recently been tested in treatments
of COVID-19 patients after showing indications of being a potential treatment. The drug’s superior efficacy in viral
control was well demonstrated when concurrent clinical trials on chloroquine conducted in 10 hospitals across China
showed successful inhibition of viral replication[82]. The pharmacodynamics of this drug in treating COVID-19 may
show involvement of the arresting of cytokine storms, the activation of CD8 T cells or prevention of endocytosis-mediated
uptake of the virus[83,84]. The COVID-19 virus primarily affects the lungs[74]. However, it can also harm the liver
through a variety of mechanisms, including an disorganized immune response, virus-related liver cell damage, drug-
induced liver injury (DILI), and ischemic liver dysfunction in the context of multiorgan failure[85]. Patients with cirrhosis
and those with impaired immune systems may be more likely to experience negative consequences after contracting
SARS-CoV-2[21]. The direct cytopathic impact of COVID-19, DILI, an uncontrolled immunological response, or sepsis are
only a few of the possible causes of liver damage[86]. In COVID-19 patients who also experience diarrhea, SARS-CoV-2
RNA has been found in blood and stool samples, indicating that the liver is likely implicated in the etiology of this illness
[67]. The underlying condition might become worse because of COVID-19. CLD increases the risk of death, especially in
critically ill patients, by causing hepatic decompensation or acute-on-chronic liver failure[56,86,87]. In severe COVID-19
infections, liver damage is more frequently caused by an inflammatory cytokine storm[86,88] than by the virus itself in a
direct cytotoxic manner[86]. While in the final stage of SARS, the continued interaction between the lung and systemic
inflammation causes multiorgan vascular dysfunction and a cytokine storm, and prothrombotic factors aggregate and
produce thrombosis due to the bone marrow and liver acute phase responses[89,90]. The human body's primary organ for
drug metabolism is the liver. The medications used to treat COVID-19 individuals may harm the liver. According to
Kulkarni et al[21], there is drug-induced liver damage as frequently as 25.4% of the time. In the United States, antimalarial
drugs, including chloroquine and hydroxychloroquine, have received emergency authorization to treat COVID-19.
However, because hydroxychloroquine concentrates in the liver, individuals with hepatitis or other hepatic illnesses, as

Bienideng>  VVIH | https://www.wjgnet.com 520 April 27,2024 | Volume16 | Issued |


https://www.prote
https://www.prote

Singh L et al. COVID-19 and liver injury

well as those taking other medications known to be hepatotoxic, should exercise caution[91]. Along with antimalarial
drugs, antiviral drugs such as lopinavir-ritonavir, remdesivir, and favipiravir have been utilized to treat COVID-19.
According to one case study, remdesivir was the drug that produced the most instances of hepatotoxicity, with 23% of
patients reporting elevated levels of liver enzymes linked to the drug[92]. A 50-year-old man who developed ARDS and
died from severe COVID-19 had his first COVID-19-related autopsy. The liver’s autopsy revealed minor lobular and
portal activity, as well as moderate microvesicular steatosis. The SARS-CoV-2 virus or liver damage brought on by drugs
is thought to be the source of the injury. There was an increase in proinflammatory CCR6+T-helper 17 (Th17) in CD4 T
cells and cytotoxic granules in CD8 cells. Hepatocyte dysfunction may also be caused by decreased CD4 and CDS8 cell
numbers[93]. The clinical findings of patients with and without a history of non-alcoholic fatty liver disease (NAFLD)
were compared. The results showed that patients with NAFLD had a longer viral shedding time (P = 0.0001) and a
greater probability of disease development. According to research published by Sonzogni and associates[94], a hepatic
biopsy from one of these patients revealed microvesicular steatosis along with overactivation of T cells, which raised the
potential for collateral damage of the liver caused by virally induced cytotoxic T cells. The main finding of the study
revealed that patients with severe and non-severe COVID-19 may be at combined risk for elevated blood ALT levels. In
adult patients with severe and non-severe COVID-19, the secondary outcomes included the risk of the variant parameters
namely elevated AST, hyperbilirubinemia, and hypoalbuminemia. The amount of GGT from the included prior studies
was also evaluated using a pooled mean difference (MD). Serum ALT or AST values over 40 U/L were deemed to be
high. As opposed to hypoalbuminemia, defined as a serum albumin level below 40 g/L, hyperbilirubinemia is defined as
a total bilirubin (TBIL) level greater than 17 mmol/L[95]. Immune-mediated injury, or ischemic hepatitis, can result from
a significant systemic inflammatory response brought on by COVID-19. Current therapies include lopinavir/ritonavir,
hydroxychloroquine, and remdesivir, all of which have the potential to be hepatotoxic and increase the risk of DILI[96,
97]. The underlying chronic hepatitis B may reactivate while using tocilizumab or other immunosuppressive options.
Although it has been hypothesized that viral replication within the infected hepatocytes might directly induce
cytotoxicity, SARS-CoV-2 viral inclusions have not been found in the liver[68]. The clinical signs and symptoms of
COVID-19 might be anything from asymptomatic to respiratory failure. Fever (50%) and cough (38%) are the symptoms
that patients experience most frequently. Patients have also mentioned experiencing other symptoms such as headaches,
nausea, vomiting, and diarrhea[98,99]. Inflammatory cytokines including IL-1, IL-6, IL-8, and TNF-a increase COVID-19
severity. When there is a serious infection, abnormal liver enzyme and bilirubin levels are discovered, which makes it
challenging to treat individuals with liver disease who are also on immunosuppressants, notably cirrhosis or
autoimmune hepatitis[100-102]. Conversely, investigations have indicated a relationship between elevated LDH levels,
creatinine kinase, and myoglobin in critically ill COVID-19-infected patients. Therefore, it is proposed that elevations of
aminotransferase levels might also be due to other conditions apart from liver damage. Nevertheless, COVID-19 infection
could cause myositis similar to that caused by severe flu. A liver biopsy of a patient who died due to COVID-19 infection
revealed the presence of microvesicular steatosis as well as mild lobular and portal inflammation[17,103,104]. Purely
hepatocellular and cholestatic types of drug-induced liver damage are clinical conditions. Patients with COVID-19 who
have abnormal liver function are typically described as having hepatocellular damage. The primary signs and symptoms
of COVID-19 are fever, cough, exhaustion, and dyspnea. Because acetaminophen is a common constituent in antipyretic
medications, some COVID-19 patients may have a history of using them. These substances are known to be typical
medications that can directly poison hepatocytes. The use of several patented Chinese medications to prevent COVID-19
infection may potentially induce liver damage. Recent liver pathology findings from analyzing COVID-19 patients point
to the possibility of drug-induced liver damage, as the data revealed the presence of mild lobular inflammation and
moderate microvascular steatosis[97]. Antiviral medications such as ribavirin, in addition to altering liver function, may
also induce or worsen tissue hypoxia through hemolysis, which might raise blood liver enzyme levels. Before receiving
COVID-19 medication, patients with chronic liver diseases such as hepatitis B or C may already have increased transa-
minase levels, which might increase their chance of developing drug-induced liver damage. As a result, individuals with
COVID-19 who also have basic liver disorders as comorbidities are clinically treated with antipyretic medications,
traditional herbal remedies, or antiviral medications. Multiple proinflammatory cytokines and inflammatory indicators,
including TNF, IL-2, IL-6, IL-7, IL-18, granulocyte-colony stimulating factor, IFN, and ferritin, can be abundantly released
when a cytokine storm occurs[12]. Fulminant and deadly hypercytokinemia may start a series of events that result in
tissue damage or organ failure, including liver failure[105].

Autoimmune liver disease

The clinical effect of pre-existing immunosuppression on the severity of COVID-19 is still an intricate topic. The hazards
that some illness groups confront are a source of worry. For instance, individuals with rheumatoid diseases and inflam-
matory bowel diseases have been linked to greater disease severity while using maintenance corticosteroids and
thiopurines, respectively[106,107]. However, the effect of immunosuppression on the course of the illness in patients who
have had solid organ transplantation, such as liver transplantation (LT), resembles that of non-immunosuppressed
persons (described below)[108,109]. Additionally, interval meta-analyses have confirmed that immunosuppressed
individuals do not have a noticeably higher chance of contracting severe SARS-CoV-2 infections[110,111]. SARS-CoV-2 is
a member of the same family as SARS-CoV and MERS-CoV, the Coronaviridae. They are pathogenic and have a similar
structure to the genomic sequence of SARS-CoV-2, which is 80% and 50% identical to that of SARS-CoV and MERS-CoV,
respectively[51]. One week after the start of the illness, the presence of severe symptoms, including dyspnea and
hypoxemia, might be a marker of severe pneumonia, which can result in ARDS, multiple organ dysfunction syndromes,
and even mortality[112]. Due to its similar genetic lineage B, the new coronavirus reacts to the same receptor as both beta-
coronaviruses[113]. The RBD, a ligand that interacts with the host cell surface receptor, is present in the glycoprotein (S
protein) located on the virion envelope S, allowing for the fusing of membranes, viral penetration, and viral
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multiplication[113,114]. Although the target receptor is mainly expressed in type II pneumocyte of the lungs, the predom-
inance of extrapulmonary symptoms suggests that SARS-CoV-2 infection may potentially impact other organs. It has
been established by transcriptomics and immunohistochemical investigations that the lower respiratory tract, heart,
lungs, ileum, esophagus, kidney, and bladder contain the largest percentage (>1%) of ACE2 receptors. Other organs such
as the liver, stomach, brain, pancreas, arteries, endothelium, breast, uterus, oral and nasal mucosa, and ovary have lower
ACE2 expression[115-117]. The majority of SARS-CoV-2 infection risk factors are associated with metabolic syndrome. As
a vital organ for lipid metabolism, the liver is a critical factor in determining metabolic disorders and glucose metabolism.
As a result, several studies have related severe COVID-19 to metabolic dysfunction-associated fatty liver disease
(MAFLD)[12]. Even when compared to the meta-analysis statistics described before[28], patients with underlying hepatic
problems were older and afflicted with numerous additional comorbidities, such as hypertension (68%) or diabetes (48%).
The previously mentioned SARS-CoV-2 target receptor has variable distribution in the liver. Several published reviews
have determined its presence in cholangiocytes and lack in Kupffer or sinusoidal endothelial cells[118,119]. It has been
discovered that, among those over 65, sex has no bearing on the likelihood of this complication[120,121]. The connection
between low testosterone and clinical outcomes, likewise fatty liver and atherosclerosis, metabolic syndrome, type 2
diabetes, and obesity, is one hypothesis that has been proposed. Female sex hormones have a preventive effect against
these diseases in younger women[122]. Individuals with chronic hepatitis C, alcoholic liver cirrhosis, alcoholic liver
damage, and chronic hepatitis B were shown to have the lowest association. By contrast, those with non-alcoholic liver
disease and non-alcoholic cirrhosis had the strongest association. Additionally, SARS-CoV-2-infected individuals who
also had pre-existing liver illnesses showed greater hospitalization and mortality rates than other patient groups[123].
Age, having non-liver cancer, and having higher baseline blood creatinine levels are all risk factors for patient mortality
[124]. Immunosuppressants used to lower transplant rejection risk may make patients more susceptible to COVID-19, but
they may also reduce the uncontrolled inflammatory response that results from SARS-CoV-2 infection. Additionally,
long-term immunosuppressant usage may lengthen the viral shedding period, extending the duration of the
communicable period[125]. For patients with acute liver failure, a high Model for End-Stage Liver Disease score, or
hepatocellular carcinoma (HCC) at the Milan criteria's top limits, most societies advise against transplantation. Both
organ donors and receivers should be checked for SARS-CoV-2 infection as an additional precaution[126]. SARS-CoV-2
vaccines are being developed at an unprecedented rate. Since the start of the pandemic, 126 new vaccines have been put
into clinical development, as per the World Health Organization (WHO) COVID-19 vaccine tracer. WHO has given the
go-ahead for seven of them for commercial usage. BNT162b2 (Pfizer-BioNTech) and mRNA-1273 (Moderna), based on the
mRNA encoding SARS-CoV-2 spiny glycoprotein variations, are the most widely used COVID-19 vaccines. Other
vaccines include ChAdOx1 nCov-19 (AZD1222, the Oxford-AstraZeneca) and Ad26.COV2.S (Johnson & Johnson/
Janssen) is an adenoviral vector-based vaccine. A recombinant human adenovirus type 26 vector encoding the SARS-
CoV-2 S protein is used in the Johnson & Johnson/Janssen vaccination. Conversely, the Oxford-AstraZeneca vaccine is an
adenoviral vector that is replication-free and carries a full-length, codon-optimized gene that encodes the SARS-CoV-2 S
protein in chimpanzees. Since none of the three vaccinations contain live viruses, they cannot even trigger viral
replication in immunocompromised people[127]. The COVID-19 vaccine should be taken into consideration for patients
with hepatocellular carcinoma (HCC) who are receiving locoregional or systemic therapy without delaying their course
of therapy[128-130]. Similarly, those with chronic liver disease who use antiviral medicines for the treatment of hepatitis
B or hepatitis C should not stop taking those medications while getting the COVID-19 vaccination. Hepatopathy has
already been linked to the severity of illness brought on by two additional extremely pathogenic coronavirus strains:
MERS-CoV and SARS-CoV-1. Many factors affect the pathogenesis including hypoxic hepatitis (secondary to respiratory
failure), hepatic congestion associated with mechanical ventilation (high levels of positive end-expiratory pressure
(PEEP), virally induced intrahepatic cytotoxic T cells and Kupffer cells, and drug toxicity. Hepatic impairment has been
linked to the most severe COVID-19 instances when thrombocytopenia, activated coagulation, and fibrinolysis are
present[74]. In COVID-19 patients, abnormalities in the liver’s biochemistry have been observed. ALT and AST show
moderate increases that range from 14% to 53%[12,74,120] and are frequently seen in these anomalies. Patients with more
severe symptoms than those with mild to moderate symptoms, particularly those who require admission to an intensive
care unit, may have higher rates of transaminase increase[131]. The SARS-CoV-2 gene was the target of PCR testing to
diagnose COVID-19 in samples of the nasal or pharynx collected before admission. All patients underwent at least one
chest computed tomography scan after admission. These requirements must be satisfied for release from the hospital: two
negative reverse transcriptase-PCR findings for SARS-CoV-2 respiratory samples obtained at least 24 h apart, remission
of respiratory symptoms, improvement in lung inflammation, and normal body temperature for at least 3 d[132,133]. A
fatty liver was seen in 40.0% of all mild cases[17]. Hepatic dysfunction should be of concern, according to growing
research, as it is prevalent in COVID-19 patients[134]. As per meta-analysis, 27.4% of COVID-19 patients had liver
dysfunction[135]. As per the WHO report dated March 5, 2021, there have been 115289961 COVID-19 cases documented
globally. Where the Americas made up the majority (44%), Europe came in second (34%), and Southeast Asia came in
third (12%)[8,136]. Except for individuals under 1-year-old, children with COVID-19 often only have minor symptoms
affecting the upper respiratory tract[6]. The most common technique of diagnosis for COVID-19 infection is PCR testing
using a nasal swab sample. At the same time, presumptive diagnoses can also be made using clinical, laboratory, and
imaging data[8]. Direct invasion and cytokine storms are the two key phases in the pathogenic processes of SARS-CoV-2.
Direct invasion is the phase of SARS-CoV-2 infection where the virus penetrates target cells by binding to the ACE2
receptor through the viral structural S protein[137]. Pneumocytes, gastrointestinal epithelia, vascular endothelium, the
liver, and nasal and bronchial epithelial cells all have the ACE2 receptor[138,139]. Type 2 transmembrane serine protease
(TMPRSS2) in host target cells promotes viral uptake, particularly in alveolar epithelial type II cells[93]. Some infected
individuals may undergo cytokine storms, an extrapulmonary systemic hyperinflammation syndrome[12]. Interleukin
(IL-2, IL-6, IL-7, 11-10) and TNF-a are just a few of the cytokine types that may see an increase in levels as a result of a
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cytokine storm[140]. A cytokine storm also increases inflammatory biomarkers such as granulocyte colony-stimulating
factor, IFN-g inducible protein 10, and monocyte chemo-attractant protein 1[141]. Significantly increased cytokine levels
are a serious issue since they can lead to serious illness[142]. Serum ferritin, IL-6, and IL-10 were found to be powerful
predictors of severe COVID-19 illness by a meta-analysis[23]. The most prevalent pre-existing liver diseases in COVID-19
patients are cirrhosis, HCC, autoimmune hepatitis, chronic hepatitis B, chronic hepatitis C, MAFLD, alcohol-related liver
disease, and autoimmune hepatitis[21,143,144]. Certain underlying hepatic conditions may impact the prognosis for
COVID-19. It may be the underlying mechanism because MAFLD is a proinflammatory hypercoagulable condition linked
to severe illness and thrombosis in COVID-19 patients[145]. The best course of action for people with end-stage chronic
liver disease or immediate liver failure is LT[146,147]. The primary biochemical markers used in the diagnosis of liver
damage include ALT, AST, TBIL, ALP, GGT, albumin, and prothrombin time (PT)[148].

Gastrointestinal damage caused by lung infection

The potential gastric complications have been summarized in Figure 1. Immunity and chronic enteritis depend on CD4+
T cell infiltration of the intestinal mucosa. The entrance of CD4+ T lymphocytes into small intestinal cells is known to be
facilitated by the C-C chemical receptor type 9 (CCR9)[149]. CCR9+ CD4+ T lung-derived cells expanded after viral
infection, according to Wang et al[18]. Chemokine (C-C motif) ligand 25 can be incorporated by the small intestinal
epithelium[150], which, therefore, encourages the recruitment of CCR9+ CD4+ T cells into the small intestine[151]. It
damages the intestinal flora's balance and the gut immune system. As a result of the high levels of IL-17A produced, Th17
cell polarization and neutrophil recruitment were induced in the gut[152]. As a result, various gastrointestinal symptoms,
such as diarrhea and intestinal immunological damage, might manifest. Additionally, intestinal inflammation may cause
intestinal flora and cytokines to enter the circulation and travel to the lungs, influencing the immune system[153,154].
However, there are times when these antiviral immunological processes manage to get beyond the regulatory system, as
shown in some patients. It ultimately helps to cause viral infection-induced multi-organ failure, which includes liver
failure. Significant tissue and organ damage can also result from a host immune system's overreaction when stimulated.
Significant tissue and organ damage can also result from an overreaction of the host immune system caused by the
activation of a systemic inflammatory state brought on by elevated cytokine production. The latter condition, called a
"cytokine storm", is recognized to harm tissue significantly[18]. Due to their advanced age and pre-existing medical
conditions such as diabetes, asthma, and cardiovascular disease, COVID-19 patients experience more severe consequen-
ces, which increases their death rate. Through multisystem inflammation, COVID-19 can harm the liver directly or
indirectly. As a result, pre-existing liver illnesses may raise patients' risk of developing severe COVID-19[155]. The three
primary causes of COVID-19-induced liver injury are ischemia and hypoxia. Other considerations include pre-existing
liver illness (such as hepatitis steatosis, cholangitis, thrombosis, Kupffer cell proliferation, and liver dysfunction), severe
inflammatory responses/sepsis, and the direct cytotoxic action of the virus on cholangiocytes (through ACE2 receptors)
[156]. Individuals with severe COVID-19 are at a significant mortality risk for hypoxic liver injury (HLI), which is not an
uncommon occurrence. HLI is mainly caused by lung and heart failure and is related to immune-mediated inflammation.
Patients with HLI are at a significant risk of death due to numerous organ failures. Comparing HLI instances to non-HLI
cases, there is a statistically significant increase in the levels of (TBIL), (CRP), procalcitonin and IL-6. Additionally,
compared to non-HLI patients, HLI patients had a considerably lower median survival time[157]. Elevated levels of
ferritin, CRP, IL-6, LDH, and cytokine storm (known as cytokine release syndrome) are the hallmarks of this condition
[158]. Damage in the liver is triggered by dysfunctional monocytes and macrophages[159]. Hepatotoxicity can be treated
successfully with hydroxychloroquine, either alone/or in combination with lopinavir/ritonavir, remdesivir,
azithromycin, umifenovir, darunavir, baricitinib, IFN-b, and imatinib. These medications are now often used for off-label
COVID-19 therapy in several nations due to their quick accessibility[160].

COVID-19 AND LIVER-ASSOCIATED CLINICAL FEATURES

According to reports from China, patients who recuperated from severe COVID-19 symptoms experienced symptoms
including pigmentation and a darker complexion. The primary factor for pigmentation and darkening of the skin is
multiple organ damage, particularly liver disease[161,162]. Through three distinct pathways, liver dysfunction, aberrant
liver function, and liver injury-poor liver function can readily change pigmentation. When the amount of estrogen rises,
liver dysfunction prevents the inactivation of estrogen; it reduces the inhibition of thiamine on tyrosinase, which then
enhances the transformation of tyrosine into melanin[163]. When the liver cannot properly metabolize the melanocyte-
stimulating hormone released by the anterior pituitary gland, the body produces more melanin[164,165]. Liver damage
increases blood iron levels, and if that blood is given to the facial skin, it may create a darkened face[166,167].The most
prevalent comorbidities experienced by the patients in a clinical review that included 331 critically ill COVID-19 patients
were hypertension (136 cases, or 41.1%), CHD (66 cases, or 19.9%), and diabetes (60 cases, or 18.1%). The majority of the
patients’ treatments included inhaling oxygen (262 cases, or 79.2%), antibacterial therapy (256 cases, or 77.3%), adjuvant
corticosteroid therapy (211 cases, or 63.7%), gamma globulin (146 cases, or 44.1%), mechanical ventilation (120 cases, or
36.3%), and muscle relaxants (37 cases, or 11.2%). A total of 273 (82.5%) of the 331 critically ill patients received antiviral
medication including oseltamivir, arbidol, lopinavir/ritonavir, ganciclovir, and IFN. According to an investigation, 36
(13.2%) of the patients in this group experienced liver damage complications[168]. This research suggests that lopinavir
may make ritonavir more likely to cause liver damage or vice versa. The reactive metabolites and drug-induced oxidative
stress are thought to play a role in the molecular mechanism of hydroxychloroquine-induced liver damage, or the inflam-
matory processes after the viral infection itself may have an ad hoc or synergistic impact[169]. Azithromycin, hydroxy-
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Figure 1 Potential complications due to coronavirus disease 2019. COVID-19: Coronavirus disease 2019.

chloroquine, and lopinavir/ritonavir use are linked to many liver damage pathways, including drug-induced oxidative
stress[170]. Due to the many medications involved, providing a consistent molecular idea suited for all pharmaceuticals
under consideration is impractical. However, the molecular mechanisms through which a single medication, such as
acetaminophen, damages the liver through cytochrome P450, particularly its isoform 2E1, are well understood and may
be applied to individuals who take an excessive amount of the drug.

Contrary to the majority of other medicines that generate unanticipated idiosyncratic liver disease, acetaminophen's
intrinsic liver harm is predictable. Polypharmacy, a well-documented therapeutic strategy employed for COVID-19
patients (for instance, patients who were treated with up to 18 different medicines), poses a more significant risk for DILI
than the use of a single drug from a molecular perspective. If two or more hepatotoxic medicines were administered
concurrently for therapy, polypharmacy increased the incidence of DILI by a ratio of up to six[171]. SARS-CoV-2 can
cause an asymptomatic infection or a condition that might be fatal[172,173]. Since the COVID-19 pandemic began in 2019,
there have been worries that people with pre-existing CLD may be more likely to experience worse health outcomes after
contracting SARS-CoV-2. This is particularly significant considering that advanced age, obesity, diabetes, and severe
COVID-19 and CLD share risk factors[68,174]. Progressively rising levels of ALT, AST, ALP, and LDH were found during
hospitalization in the first case of COVID-19 reported in the United States.

By contrast, the bilirubin level with PT remained normal[62]. Males are more likely than females to experience liver
impairment, according to Xie et al's[57] analysis of liver function in patients not receiving critical care. Fifty-two patients
from the COVID-19 trial who required mechanical breathing or help with at least 60% of the inspired oxygen fraction
were included in the research. According to the research, 29% of the patients had liver damage, 15% had acute renal
damage, and another 15% had cardiac damage[174]. The liver damage caused by COVID-19 is hepatocellular rather than
cholestatic, and as a result, it primarily manifests as increases in ALT, AST, and LDH levels. Hepatocellular damage
markers such as AST are also linked with mortality risk in COVID-19 patients[175].

HEMATOLOGICAL AND HEPATIC VARIATIONS

Changes in blood cellularity are observed during the early onset of the disease. A study with 1099 participants showed
that 83.2%, 36.2%, and 33.7% of the patients had lymphopenia, thrombocytopenia, and leukopenia, respectively. These
patients showed a rise in ALT and AST values, which indicated liver damage, particularly in severe COVID-19 cases|3,58,
62,176]. It is speculated that the virus's attachment to ACE2 can directly cause cytopathic damage, which can lead to liver
damage. Patients with COVID-19 also have cholangiocytes with high ACE2 expression. In addition to an extended PT,
hypoproteinemia and coagulation abnormalities are further COVID-19 hepatic symptoms. This phenomenon may even
be secondary to the use of hepatotoxic medicines as the cause of acute viral hepatitis, which is thought to be the source of
viral tropism in the liver tissue[172]. In disseminated intravascular coagulation conditions, an increase in the D dimer and
thrombocytopenia was observed in 36.2%-46.4% of critically ill patients, and a poorer prognosis was identified[172].
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THERAPEUTIC RECOMMENDATIONS FOR COVID-19: VACCINES, LABEL, AND OFF-LABEL MEDICA-
TIONS FOR PATIENT CARE

Classical antimalarial drugs include chloroquine, aminoquinolines, and hydroxychloroquine, which are polymerase
inhibitors. The drug kills the malaria parasite by accelerating the formation of poisonous heme within the parasite
through heme polymerase inhibition. It is believed that the function of medicines in treating COVID-19 is to stop the
virus from entering host cells by limiting the glycosylation of host receptors and by inhibiting the generation of viral
proteins through endosomal acidification. The WHO recommends the use of hydroxychloroquine or chloroquine together
with lopinavir/ritonavir for COVID-19 therapy, regardless of the severity and length of the disease. On the other hand,
regardless of the severity of the disease, remdesivir and systemic corticosteroids are suggested as prospective pharmaco-
logical options for conditional use in routine care of hospitalized COVID-19 patients (WHO/2019-nCoV / therapeutics/
2020.1). The WHO recognizes this type of off-label pharmaceutical usage as being nation-specific. In several nations,
clinicians provide COVID-19 therapeutic options that have yet to receive official approval (MEURI; http://www.who.
int/). COVID-infected patients have been treated with off-label, compassionate-use treatments such as IFN and the
repurposed medication Kaletra, which is an authorized combination of the virus, steroids, anti-IL-6 inhibitors, and
protease inhibitors lopinavir and ritonavir, chloroquine, and azithromycin[177].

Coronaviruses are positive-sense single-stranded RNA viruses with an envelope measuring 80-220 nm in diameter.
The virus is known as a coronavirus because it has an envelope measuring 20-nm-long spikes that resemble the sun's
corona when seen under an electron microscope. Both humans and animals can become ill as a result of the infection.
Among the RNA viruses that are currently known, it has the largest genome[178]. The coronavirus nucleoprotein (N)
covers the RNA genome to create a coiled tubular shape. The viral envelope (E) that surrounds this helical nucleocapsid
contains two or three structural proteins, including the S structural protein, which serves as the target for neutralizing
antibodies, and the matrix protein (M), which is incorporated in the envelope. Numerous beta-coronavirus strains also
include hemagglutinin esterase. There are four structural proteins, namely N, E, M, and S and RNA-dependent RNA
polymerase (RdRp), which are encoded by the five essential genes in coronaviruses. The highly conserved arrangement of
these genes is 5'-RdRp-S-E-M-N-3'[179].

It was observed that 51.1% of all confirmed cases were males. Eighty percent of the confirmed cases that were reported
either had either no pneumonia or mild to moderate. In comparison, 15% showed severe pneumonia and 6% required
critical care due to respiratory failure, shock, and multiple organ failure. The COVID-19 fatality rate is 3.8% across all of
China, with fatality rates of 5.8% in Wuhan City and 0.7% across the remainder of mainland China. Old age (60 years and
above) and medical comorbidities, namely hypertension, diabetes mellitus, cardiovascular disease, chronic pulmonary
illness, or cancer, are risk factors for acquiring severe pneumonia or dying from it. Laboratory testing found leukopenia,
lymphopenia, and mildly raised C-reactive protein in COVID-19 cases, but patients having severe pneumonia showed
higher levels of leukocytes, neutrophils, and creatinine kinase. According to computed tomography of the chest, both
lung fields exhibit a ground glass appearance, interstitial infiltration, or numerous patchy consolidations[180]. Some
individuals had the rapid onset of severe pneumonia, pulmonary edema, acute respiratory distress syndrome, acute
respiratory failure, and multiple organ failure. Chen et al[163] were the first to detect abnormal liver enzymes in infected
patients. Forty-three cases (43.4%) of Wuhan's confirmed patients had elevated blood levels of the enzymes AST, ALT,
and lactic dehydrogenase. Except for one instance, which had extremely high levels of aminotransferases, most had a
modest increase in aminotransferase. None, however, was seen to have liver failure or apparent intrahepatic cholestasis
[181]. The biggest subfamily of S viruses in the Nidovirales family is the coronaviruses. In the past 20 years, the virus has
been responsible for three major outbreaks, including the most recent pandemic that the SARS-CoV-1 brought on. In 2002,
Guangdong Province in China had the first outbreak of the 21st century. SARS-CoV-1 formed a severe form of SARS and
caused 8098 fatalities (9.6%) worldwide[182-186]. The lung is the main organ affected by pneumonia caused by COVID-
19. Typical respiratory symptoms, including dyspnea, coughing up sputum, exhaustion, ARDS, respiratory failure, and
even death, affect the majority of COVID-19 patients. Contrarily, extrapulmonary clinical manifestations can affect a
variety of other organs, including the cardiovascular system (i.e. acute coronary syndrome, arrhythmias, pericarditis,
myocarditis,) the kidneys (acute kidney injury and acute tubular necrosis) and the liver[187].

ABNORMALITIES IN LIVER FUNCTION TEST PREVALENCE AMONG COVID-19 PATIENTS

There are few studies particularly investigating the clinical characteristics of liver failure in COVID-19 patients. These
investigations revealed a rising trend in the liver enzyme levels seen in individuals who were severely ill or who did not
survive. The percentage of patients with elevated ALT, AST, and GGT levels was 82%, 75%, and 72%, respectively.
According to a recent finding, the incidence of abnormal liver test results was 76.3% and that of liver damage was 21.5%
among hospitalized COVID-19 patients[188]. In that research, 26.7% of patients with abnormal liver tests indicated a
tendency toward developing severe pneumonia within 2 wk of hospitalization, and individuals had higher levels of
abnormal liver tests. Patients diagnosed with severe COVID-19 had considerably more liver damage than those with non-
severe COVID-19. The scientists also noted that individuals with hepatocyte types had noticeably increased chances of
suffering from severe COVID-19. In a different investigation, the levels of ALT, AST, GGT, ALP, and TBIL were
significantly greater in dead patients than in healthy ones[173].
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POSSIBLE IMPACT OF DRUGS ON LIVER FUNCTION IN COVID-19 PATIENTS

It is hypothesized that COVID-19 individuals who use certain medications may suffer from liver damage. For instance,
individuals with COVID-19 may have liver damage as a result of taking various medications including antibiotics,
antivirals, and antipyretics, as well as analgesics and traditional Chinese medicine[174]. It was observed that medications
like ACE inhibitors (ACEis) and angiotensin II receptor blockers (ARBs) may impair liver functioning in COVID-19
patients. In research, participants who used ACEis or ARBs throughout their hospitalization had higher liver enzyme
levels; however, the rise was not statistically significant in those who were not hospitalized[189]. Serum GGT, a possible
cholangiocyte damage diagnostic marker, is up to 72% higher in individuals with severe COVID-19[173,185]. According
to a preliminary investigation, the ACE2 receptor is highly expressed in cholangiocytes[189]. These data suggest that
SARS-CoV-2 may bind to cholangiocytes that are ACE2-positive and cause liver damage[188].

Nevertheless, liver tissue from a patient who passed away from COVID-19 did not contain any viral inclusions[190]. A
significant factor in the liver damage brought on by COVID-19 may be dysfunctional control of the innate immune
response. The following potential processes could cause COVID-19 patients’ livers to become damaged: (1) immune-
mediated inflammation including cytokine storm and hypoxia caused by pneumonia; (2) direct cytotoxicity due to active
viral replication in the liver cells; (3) drug-induced liver damage, including the potential hepatotoxicity of uminefovir in
patients with severe COVID-19, concerning antiviral medications like lopinavir/ritonavir, chloroquine as remdesivir, and
tocilizumab; (4) patients who have a history of chronic hepatic illness are more susceptible to acquiring hepatic damage
from this viral infection; and (5) reactivation of pre-existing hepatic disease hepatitis B virus reactivation could occur as a
result of using biological medications such as tocilizumab and baricitinib, which have the potential to cause liver
impairment. Another unanswered question is whether SARS-CoV-2 infection worsens cholestasis in an individual or with
underlying cholestatic hepatic disorders. More mechanistic research is needed to better understand how viruses enter and
replicate in liver cells and the possible liver effects of the prescriptions used to treat COVID-19[188].

MANAGEMENT AND PREVENTION

Preventing liver damage in COVID-19

All COVID-19 patients should have their liver biochemical markers monitored, including ALT/AST, albumin, bilirubin,
and PT, for possible risk of liver damage. For instance, if serum AST and LDH levels increase while the ALT level is
normal, skeletal muscle or myocardial damage should be diagnosed rather than a liver injury because chronic liver illness
is a significant medical burden among older COVID-19 patients; doctors are encouraged to give attention to the treatment
of pre-existing liver disease. Antiviral medications for the treatment of chronic hepatitis B should not be stopped to
prevent the virus from reactivating. However, anti-HBV medicines should also be considered for patients receiving
glucocorticoid therapy[12,13,18,172].Those receiving glucocorticoids or immunosuppressants as part of their treatment
for autoimmune liver disease should be closely monitored because of their compromised immune systems. People with
cirrhosis also require close monitoring for the development of complications and secondary infections[15,18]. Due to the
ability of the new coronavirus to trigger a cytokine storm and a sequence of immunological responses, certain COVID-19
patients may quickly advance to multiple organ failure or death, septic shock, and acute respiratory distress syndrome.
Therefore, prompt treatment in severe instances is necessary to avoid any additional liver damage. During COVID-19
clinical management, a variety of antiviral drugs, nonsteroidal anti-inflammatory drugs, traditional Chinese herbs, and
glucocorticoids may be used. As such, it is advisable to streamline treatment and minimize the use of redundant
medication types, doses, and durations to lower the risk of drug-induced liver injury[191].

COVID-19 liver injury management

The primary COVID-19 treatments currently employed include intensive care, treating hypoxemia with oxygenation
assistance/mechanical ventilation, providing continuous renal replacement therapy for cytokine storm syndrome,
maintaining sufficient blood volume, and other supportive therapies (Table 1). These therapies are essential for
preventing and treating multiple organ failures, including liver damage[192].

RESULTS AND DIRECTIONS FOR THE FUTURE

The COVID-19 pandemic has caused considerable setbacks in several healthcare services, particularly the management of
CLD, and has been a historically severe worldwide health disaster. According to Besur et al[179], the pandemic delayed
CLD screening and frequent follow-up appointments, which had an impact on CLD prevention and treatment and
worsened the prognosis for CLD patients. Late detection of CLD consequences such as HCC may have an impact on these
patient’s clinical outcomes. Social isolation practices have increased the likelihood that CLD patients may have
decompensation, mental health impairment, and malnutrition[186]. Additionally, individuals with COVID-19 reported
experiencing recurrent gastrointestinal issues[74]. In individuals with severe COVID-19, research found an abnormally
high level of aminotransferase that may not have a hepatic origin[76]. The study shows a consistent link between the
severity of COVID-19 and liver damage, although the mechanisms behind this damage are still unknown, given the
multifaceted nature of the condition. One possible condition is hepatocyte apoptosis[187]. It was noted that while Frank's
steatohepatitis symptoms were only present in two instances, macrovesicular steatosis, which displays a fat distribution
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Table 1 Future directions and preventative strategies for coronavirus disease 2019

Aspect Actions
Prevention Monitor liver biochemical markers (ALT/AST, bilirubin, prothrombin time and albumin, prothrombin time) to detect liver
damage

Differentiate liver injury from other conditions (e.g., skeletal muscle or myocardial damage)
Focus on the treatment of pre-existing patients with liver disease

Consider continuation of antiviral medications for chronic hepatitis B to prevent reactivation
Consider anti-HBV medications for patients receiving glucocorticoid therapy

Cautiously monitor the COVID-19 course in patients with autoimmune liver disease on glucocorticoids or immunosup-
pressants

Intensively monitor individuals with cirrhosis for complications and secondary infections due to immunocompromised state

Reduce the risk of drug-induced liver impairment by streamlining the treatment and avoiding redundant pharmaceutical
types, doses, and durations

Management Provide intensive care and supportive therapies to prevent and treat patients with multiple organ failure, including liver
damage

Correct hypoxemia with oxygenation support or mechanical ventilation
Continuous renal replacement therapy for cytokine storm syndrome
Maintain adequate blood volume
Monitor liver enzymes and other liver function markers regularly
Implications The COVID-19 pandemic has impacted the management of CLD and delayed screening and follow-up appointments
Future directions Social isolation practices may lead to decompensation, mental health impairment, and malnutrition in CLD patients
COVID-19 can cause liver damage, potentially through direct harm, immune-mediated hepatotoxicity, or cytokine storm
Liver involvement may be associated with the severity of COVID-19

Obesity and comorbid conditions like diabetes or hypertension increase the risk of liver disease and worsen SARS-CoV-2
infection

Liver dysfunction is a potential risk factor for mortality in COVID-19 patients
Liver cells may be directly infected by SARS-CoV-2, leading to liver dysfunction

Histological characteristics of liver infection include significant apoptosis and binuclear hepatocytes

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CLD: Chronic liver disease; COVID-19: Coronavirus disease 2019; SARS-CoV-2: Severe
acute respiratory syndrome coronavirus 2.

unusual for NAFLD, was widespread in patients (75%). COVID-19 may have exacerbated steatosis in some individuals.
This discovery is in line with those made public by previous investigations. For instance, a team connected to the Centers
for Disease Control revealed that 50% of the livers from autopsies under study had steatosis[185]. ACE2 and TMPRSS2
are primarily used by SARS-CoV-2 as the docking and entrance receptor on host cells for cellular entry[189]. Additionally,
it has been proposed that myositis, rather than liver damage, maybe the cause of the high aminotransferase level in
COVID-19 individuals[191]. A reliable predictor of death was hypoalbuminemia[192]. Even at therapeutic quantities,
acetaminophen, a common medication used to treat COVID-19 symptoms, can affect aminotransferase levels[193].
Compared to individuals without NAFLD, patients with NAFLD showed quicker disease development and a longer viral
shedding time[194]. Obese patients with NAFLD also showed an increased risk for severe disease[195]. High PEEP may
cause comparable hemodynamic changes in the liver of mechanically ventilated patients[176,187]. Most reports and
research concentrate largely on the causes and side effects of cardiovascular damage due to the Kawasaki-like presenta-
tion of multisystem inflammatory syndrome in children (MIS-C)[188,174]. Recently, the assessment of COVID-19 severity
or MIS-C presentation has incorporated liver involvement and the use of liver enzymes as potential prognostic markers
[175]. Adults who have comorbid conditions, including obesity, diabetes, or hypertension, may develop non-alcoholic
hepatosteatosis (fatty liver disease). The condition worsens patients’” SARS-CoV-2 infection[176]. According to research
published in September 2020 by Zhou et al[186], younger children were more commonly affected by liver involvement in
COVID-19 instances than older children. Young age-related liver immaturity is thought to be the cause[182]. Acute
COVID-19 cases were thought to be caused by direct liver damage from hepatotropic viral invasion because of the
reported ACE2 receptors on the surface of liver and bile duct epithelial cells[183]. By contrast, MIS-C[184] has a precise
immune-mediated hepatotoxicity mechanism. When the COVID-19 infection is severe, “cytokine storm” and multiorgan
dysfunction are types of liver involvement where cytokines encourage the increase and release of liver enzymes[185]. The
progression of the reported situation is comparable to sepsis-associated liver dysfunction, in which increased levels of
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hepatic markers and bilirubin, as well as reduced synthesis function, result in hypoproteinemia and coagulation
abnormalities[195]. Additionally, as part of the cytokine storm, IL-6 participation in COVID-19-related liver failure has
been demonstrated[176]. The subfamily of SARS-CoV-2 has four genera, namely alpha-coronavirus, beta-coronavirus,
gamma-coronavirus, and delta-coronavirus, according to genomic and phylogenetic studies[172]. Early in December
2019, Wuhan, China, reported the first case of pneumonia with a previously unidentified origin after being identified as a
new beta-coronavirus using high-throughput sequencing research; the case was designated SARS-CoV-2. The WHO
formally proclaimed the SARS-CoV-2 virus a pandemic of worldwide concern following its sudden global outbreak[148].
Early liver impairment in COVID-19 individuals raises their mortality risk. Cholestasis was detected in 151 patients
(42.5%) and hepatocellular damage in 101 patients (28.5%). It was shown that severely sick individuals were more likely
to have liver dysfunction[149]. In all, 9.6% of the chosen group had an elevated ALP level > 150 U/L and a cholestatic
pattern of liver damage. High levels of ALT/AST, GGT, ALP, and TBIL were found to be the aberrant liver functions that
were observed in a different investigation of cholestatic liver damage carried out at the Shanghai Public Health Clinical
Center from January 20 to December 31, 2020[150]. The most frequent cancer is HCC, nevertheless. Patients with HCC
also have underlying CLD, such as chronic hepatitis B or C virus infection, NAFLD, and alcoholic liver damage[151].
According to reports, COVID-19 infections are very likely to occur in cancer patients. A study in a Chinese hospital
showed that 28 of 1276 confirmed COVID-19 cases had cancers, with two having HCC[152]. SARS-CoV-2 infection of
liver cells may be directly connected to liver dysfunction in COVID-19 patients. About 2% to 10% of COVID-19 patients
who had diarrhea contain SARS-CoV-2 RNA in their blood and stool, suggesting the possibility of exposure to the liver
virus. The upper respiratory tract, lung tissue, and liver cholangiocytes are considered the main target sites for SARS-
CoV-2 and SARS-CoV due to their affinity for the ACE2 receptor. In these tissues, the virus multiplies and shows
symptoms[183] and the reported conspicuous cytopathy. Disturbed levels of liver enzymes, an elevated alveolar-arterial
oxygen gradient and GGT level, a reduced level of albumin, and the presence of circulating CD4+ T cells and B
lymphocytes are all indicators of SARS-CoV-2 infection and significant apoptosis with binuclear hepatocytes are the main
histological characteristics of COVID-19 liver infection[195].

CONCLUSION

COVID-19 has been shown to impact additional organs in addition to the respiratory system, with the liver being one of
the most often afflicted organs. Several factors, such as virus-associated immunological liver injury, direct cholangiocyte
destruction resulting in liver injury, hypoxia injury, DILI, and autoimmune liver disease, can result in liver damage.
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