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Abstract

There have been numerous concerns about the disease and how it affects the human
body since the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
pandemic began in December 2019. The impact of SARS-CoV-2 on the liver is being
carefully investigated due to an increase in individuals with hepatitis and other liver
illnesses, such as alcoholic liver disease. Additionally, the liver is involved in the
metabolism of numerous drugs used to treat comorbidities and coronavirus disease
2019 (COVID-19). Determining how SARS-CoV-2 affects the liver and what factors
place individuals with COVID-19 at a higher risk of developing liver problems are the
two main objectives of this study. This evaluation of the literature included research
from three major scientific databases. To provide an update on the current impact of
COVID-19 on the liver, data was collected and relevant information was incorporated
into the review. With more knowledge about the effect of the disease on the liver, better
management and therapeutics can be developed, and education can ultimately save

lives and reduce the long-term impact of the pandemic on our population.
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Core Tip: We investigated the impact of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) on the liver due to an increase in individuals with hepatitis and other
liver illnesses, such as alcoholic liver disease. Additionally, the liver is involved in the
metabolism of numerous drugs used to treat comorbidities and coronavirus disease
2019 (COVID-19). Determining how SARS-CoV-2 affects the liver and what factors
place individuals with COVID-19 at higher risk of developing hepatic issues are the two

main objectives of this study.

ETRODUCTION
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a highly infectious
pathogenic coronavirus that appeared in late 2019 causing a pandemic of acute
respiratory disease, which is known today as coronavirus disease 2019 (COVID-19)1.
At a fast rate, the virus spread worldwide, replicated, and mutated into multiple major
variants, posing a threat to global public health. SARS-CoV-2 is part of the order
Nidovirales, family Coronaviridae, supfamily Orthocoronavirinae, Betacoronavirus genus,
and Sarbecovirus subgenusl'2l. It is a single-stranded, positive-sense, enveloped
ribonucleic acid (RNA) virus that is 79.6% identical to SARS-CoV-2 and 96.2% like a bat-
ived coronavirus strain2l. The host receptor for SARS-CoV-2 entry is identical to
SARS-CoV-2, the angiotensin-converting enzyme 2 (ACE-2)Bl. SARS-CoV-2 binds to
ACE-2 with a higher affinity to the receptor-binding domain (RBD) of its spike
protein?l. Therefore, SARS-CoV-2 is more infectious. Since the first reports, which were

discovered in Wuhan, China's Hubei Province, at the end of 2019, cases have been




documented on every continent®l. Globally, more than 500 million confirmed cases of
COVID-19_from exposure to SARS-CoV-2 have been reported[3l. SARS-CoV-2 tends to
replicate in the upper and lower respiratory tract and is transmitted by droplets and
aerosols from asymptomatic and symptomatic infected subjectsl4l. Most infections occur
between 2-14 d (about 2 wk) with an incubation period of 5-7 dl4l. These infections tend
to be uncomplicated. A small percentage of patients areéospitalized due to severe
inflammation and pneumonia. Complications tend to be respiratory and multiorgan
failureldl. Risk factors for complicated diseases are older age, diabetes, hypertension,
chronic cardiovascular disease, chronic pﬁnonary disease, and immunodeficiencyl4l.
The distribution of COVID-19 cases across most countries is highest in the age group of
20-59 years oldl*l. Major reductions in social interactions have been implemented in
many countries with SARS-CoV-2 outbreaks, leading to rapid reductions. An estimate
of the infection fatality rate that is currently reported is 0.5%-1.0%4l. Despite a rapid
worldwide spread, attack rates have been lowered in most regions, demonstrating the
efficacy of control measuresl4.

Based on initial COVID-19 data, both healthy individuals and those with pre-existing
liver disease infected with the SARS-CoV-2 virus exhibit abnormal liver function tests
(LFTs), implying that the virus may play a direct role in liver damagel®l. The incidence
of liver injury in patients with COVID-19 has been estimated to range from 14.8% to
53.0%lel. A clinical study showed that patients with stable liver cirrhosis who contracted
the SARS-CoV-2 virus can experience rapid deterioration as evidenced by an increase in
the Child-Pugh scorel®l. The incidence of liver injury in cases of death from COVID-19 is
58.0%l°l. Liver injury following the contraction of the SARS-CoV-2 virus is characterized
by hypoalbuminemia, hyperbilirubinemia, and an increase in alanine transaminase
(ALT) and aspartate transaminase (AST)56], There may also be an increase in gamma-
glutamyl transferase (GGT) and alkaline @osphatase (ALP), indicating injury to liver
bile duct cellsl®l. The degree of liver injury has a positive correlation with the severity of
the infection. Mortality is statistically correlated with elevated AST and low albumin
levels of 26.3-30.9 g/LI¢l. The mechanism by which SARS-CoV-2 damages hepatocytes is




still unclear; however, pathogenic mechanisms may include direct damage, immune-

mediated, ischemia and hypoxia, thrombosis, and drug-induced(>6l. This article aims to
investigate the effects of SARS-CoV-2 on the liver and the risk factors for liver problems

in coronavirus-infected patients.

METHODOLOGY

PubMed, Google Scholar, and Med Line Plus were used to conduct an electronic
literature review. For the data compiled, the search was limited to peer-reviewed
articles published between January 1, 2015, and July 1, 2022. The articles were chosen
based on keywords such as coronavirus, COVID-19, SARS-CoV-2, and the effects of the
virus on the liver. The articles were then examined and included depending on the

topic's applicability.

REPORTED SYMPTOMS OF SARS-CoV-2 LIVER INJURY
Elevated LFTs in COVID-19

Altered LFTs have been observed in almost half of the hospitaliz& patients with
COVID-19 infectionl”l. In particular, elevated levels of liver enzymes glutamic-pyruvic
transaminase (ALT), glutamic-oxaloacetic transaminase (AST), glutamyl transpeptidase
(GGT), alkaline phosphatase (ALP), and bilirubin have been seen to manifest as liver
injury in such patientsl®8l. Previous studies have shown that the incidence of COVID-19
liver damage with elevated ALT ranges between 9.6% and 37.6%, elevated AST between
14.8 and 36.0%, and the proportion of abnormal GGT between 13.0%-24.4%Pl. These
abnormal tests are the result of increased AST and ALT, whereas AST was more
common than ALT. In addition, 10.5% to 69.0% of hospitalized COVID-19 patients
showed abnormal LFTs. Hypoalbuminemia has also been reported as a consequence of
COVID-19-related liver injury and was observed more significantly in men with
COV&)-N compared to women!!?l. When comparing and analyzing those with severe
and non-severe COVID-19 cases, liver function abnormalities like hypoalbuminemia,

GGT, aminotransferase, and bilirubin elevations were more frequent in those with




severe disease as opposed to mild/moderate forms of the infection'l. The liver injury
caused by COVID-19 was related to the degree of severity of the infection and

manifested as different degrees of liver function abnormalities!2.

Pathological chanﬁ in liver biopsies

Histopathological findings from liver biopsies of COVID-19 patients showed moderate
microvascular steatosis with lobular and portal vein involvementl!3l. Hepatocyte
degeneration, with neutrophil infiltration of the hepatic lobes and sinusoidal
enlargement of the central lobule, was observed. Congestion of hepatic sinuses with
micro thrombosis and sinusoidal expansion, lymphocytic infiltration of the lobes, and
hepatic necrosis in the periportal and centrilobular segments was also identified in
patients!!4l. Furthermore, pathological findings showed hepatocellular necrosis, cellular
infiltration, an increase in the number of mitotic hepatocytes, and fatty degenerationl!5l.
In addition, COVID-19 Liver injury showed an elevation of eosinophilic bodies along
with dilated hepatocytesll. Sinusothelial micro thrombosis disease was evident in
approximately 20.0% of cases with focal endothelial damagel'®l. Acinag atrophy was
depicted in autopsy specimens in the late course of the infection!!?l. Increased liver
stiffness is also correlated with increased levels of biomarkers of liver injury, such as
ALT and GGT, suggesting underlying hepatocellular and cholangiocellular damage at
the biochemical levell'8l. Changes in liver elasticity, viscosity, and steatosis levels were
also observed in liver tissues in COVID-19 patients, with increased fibrosis compared to
the control group (P < 0.001)8l. In some studies, the liver appeared pale and yellowish
on sectioning, with a nutmeg appearancel!®l. The infection has been studied to cause
cholangiocellular injury and cholestasis and consequently bile duct proliferation, with
bile plug formation. In general, analyses have revealed that as the severity of COVID-19
in a patient increase, the levels of AST, ALT, total bilirubin, GGT, and ALP increase,

resulting in a greater degree of liver injury, as observed in hepatocytes!?l.

SARS-CoV-2 RELATED LIVER INJURY: PATHOGENIC MECHANISMS




Liver injury in patients infected with SARS-CoV-2 occurs via several mechanismsl?!l.
Several studies indicate that liver injury in patients with SARS has manifested through
the elevation of liver enzymes, mainly ALT and/or AST in the early stage of the
infectionl?!l. The incidence of liver injury in SARS patients ranges from 14.8% to
53.0%[21. On pothesis for the cause of liver injury is a direct invasion of the hepatic
parenchyma by SARS-CoV-212ll. Autopsy of patients with SARS found a large number
of virus particles in the parenchyma and vascular endothelium of the liver2ll. The main
receptor used by SARS to enter cells is ACE-2 which is abundantly present in
cholangiocytes, endotheljal cells, and the progenitor cells of the liver(22l. This results in
acute liver and hepatitis biopsies in postmortem patients showing a significant increase
in macrovesicular steatosis with eosinophilic bodies and high levels of mitotic cells
suggesting hepatocyte apoptosisl?!l. The results suggest that SARS infection causes
direct injury to the hepatic parenchyma and concomitantly compromises the
regenerative capability of the liverl2l. Hepatic injury is further exacerbated by the
body’s immune response to severe COVID-19 ir&ctionml. SARS activates both the
innate and acquired immune system resulting in the release of high levels of several
inflammatory cytokines by immune cellsl?’l. The resulting cytokine storm in severe
SARS infections is the cause of death in 28.0% of fatal cases of COVIDI[?#l, Multiorgan
failure is a sequela of the cytokine storm, and the liver is no exception. Critically ill
patients exhibited increased levels of interferon-lambda (IFN- A), transforming growth
factor-alpha (TGF-a), thymic stromal lymphopoietin, interleukin-16 (IL-16), IL-23, IL-33,
and markers linked to coagulopathy, such as thrombopoietin. Patients with severe
COVID are commonly anoxic due to respiratory failure. This requires patients to be
mechanically ventilated and/or on vasopressor support. Lower cardiac output has a
detrimental impact on the hemodynamics of the liver(2l. The resultant reduced hepatic
blood flow can lead to anoxic hypoxic hepatitis and/or cholestasis/?l. Another
complication of hepatic injury due to the high levels of inflammatory cytokines released
by the body includes thrombosis ad vascular congestion of the liver, which have been

observed in autopsy samples of patients with severe COVID-19. Patients with severe




OVID-19 were found to have elevated levels of total bilirubin and ALT, as well as
elevated levels of inflammatory biomarkers such as IL-6, IL-10, C-reactive protein
(CRP), and D-dimer. One of the mechanisms contributing to the damage observed in
the liver of these patients is due to the SARS-CoV-2 infected cells which upregulate and
produce large amounts of cytokines to help combat the virus, resulting in collateral
damage to both infected and uninfected cells. This hyper-stimulated systemic
inflammatory response induces macro- and micro-circulatory dysfunction, leading to
global hypo-perfusion resulting in hypoxia, hypo-tension, and a hypercoagulable state.
Therefore, microvascular thrombosis should be considered an important cause of liver
injury and dysfunction in patients with COVID-19/25]. Hepatic injury during COVID-19
infection car&»e exacerbated by medications leading to elevated levels of ALT and AST.
Remdesivir has shown in vitro antiviral activity against SARS-CoV-2 and a shorter
recovery time in clinical trials, but elevated hepatic enzymes have also been reported as
a major adverse drug reaction. Although some studies attribute this abnormal increase
to viral infection rather than the side effect of the drug, others proposed that, whether
or not it was affected by SARS-CoV-2, remdesivir increased the risk of hepatotoxicity.
Other commonly used drugs to treat COVID-19 such as lopinavir/ritonavir have also
resulted in hepatic injury. ACE medications and angiotensin II receptor blockers, which
take a more focused approach, have been reported to raise liver enzymes in
COVID-19 patients. In autopsies of COVID-19 deaths, moderate microvesicular
steatosis and mild lobular and portal activity were observed and probably associated
with drug-induced liver injury. Other medications used for patients with COVID-19
that can trigger liver injury include antibiotics such as macrolides and quinolones,

antivirals such as ribavirin, and even steroids/26l.

SARS-CoV-2 INFECTION AND PRE-EXISTING LIVER DISEASES

The effect of COVID-19 on pre-existing liver diseases discussed belgw are hepatitis B

and C virus infection, liver cirrhosis, liver cancer, liver transplant, non-alcoholic fatty

liver disease (NAFLD), and alcoholic liver disease (Figure 1).




COVID-19 effect on hepatitis B virus and hepatitisﬁ virus infection

Hepatitis C virus (HCV) and hepatitis B virus (HBV) were reported as the leading
causes of liver diggases, but no specific data on the prevalence of these infections were
provided. Many studies involving patients with COVID-19 showed a relatively low
prevalence of chronic liver djsease (CLD) at baseline, equal to 3.0%. Similarly, a
prevalence rate of 3.0% CLD is associated with documented underlying chronic HBV or
HCV infections in specific populations/?l. In one study of patients admitted to hospitals

r COVID-19 in the northeastern United States, HCV infection was observed in P <

1% of patients, but information on HCV RNA levels was insufficient. In the same
study, 23 cases (3.8%) presented positive HCV serology, of whom six patients (0.99%)
had detectable viral HCV load at the time of hospital admission for the diagnosis of
COVID-197l. In contrast, 2.0% of all patients showed_hepatitis B surface antigen
(HBsAg) positive chronic infection[?’). The study showed patients with recorded chronic
HBV or HCV infection did not experience a more severe clinical course of COVID-19
compared to patients with HBsAg negative or undetectable HCV RNA, which
measured the delay in SARS-CoV-2 clearance in HBV patients. Similarly, median viral
clearance was not affected by preexisting HBV or HCV infectionl?’]. Lastly, chronic HBV
or HCV infection (in the absence of cirrhosis) did not affect the prognosis of COVID-19

in the United States population.

COVID-19 effect on liver cirrhosis

Liver cirrhosis (Figure 2) increases the mortality of SARS-CoV-2 viral infectionl?8l. The
pathophysiological mechanism for the SARS-CoV-2 virus begins with the spike
glycoprotein (S) to allow viral entry into the target cell. The virus replicates to infect
other surrounding cells through the ACE-2 receptor in cholangiocytes and hepatocytes
to cause biliary and liver symptoms. Elevated liver enzymes are multifactorial and
strongly associated with liver injury. A prevalent hepatic phenomenon associated with

SARS-CoV-2 infection presents with elevated ALT and AST levels, with abnormal ALP




and bilirubin readings/?l. Elevated serum levels of GGT, a marker of hepatobiliary cell
injury, are found in a quarter of patients hospitalized with COVID-19[2]. Higher levels
of a hepatocellular enzyme associated with severe cases of COVID-19 directly affect
mechanisms that include increased cytokine release in the viral presence or
microthrombotic ischemic liver injuryl?’l. Although respiratory symptoms are the most
reported among COVID-19 patients, these pulmonary manifestations are vulnerable to
decompensated liver cirrhosis but are currently un tudied. A cohort study with 250
patients with prior CLDs reported high mortality in patients with cirrhosis (RR: 4.6,
95.0% CI: 2.6-8.3)I%5L In an international study, a positive correlation was showg, that
patients with cirrhosis are predisposed to significant toxic liver injury due to SARS-
CoV-2 infection, as acute-on-chronic liver failure had occurred in 20.0% of patients who
experienced severe cirrhosis with COVID-19[28]. The viral ability of SARS-CoV-2 to bind
to ACE-2 receptors on epithelial cells of the bile duct demonstrates its ability to affect
liver regeneration capabilities and immune responsel?l. By affecting the innate
immunity of the reticuloendothelial system, the immunosuppressed state causes a

cytokines-mediated reaction, resulting in liver decompression!(23l.

COVID-19 effect on liver cancer

Pre-existing liver diseases are considered risk factors for poorer prognosis in COVID-19
as various pathophysiological processes result in liver damage due to SARS-CoV-2
infection. Biochemical presentations of liver injury include %:rated levels of ALT/AST,
ALP, GGT, or total bilirubin above the normal range. The decrease in lymphocyte count
and the increase in neutrophil counts demonstrate the role of innate immunity in
COVID-19-associated hepatic injury. Postmortem studies in liver histology in COVID-
19 patients show moderate microvascular and macrovascular steatosis with mild
inflammation of the lobular portal. This highlights the pathological changes observed in
hepatocellular carcinoma (HCC). Elevated levels of eosinophils are observed in autopsy

studies in centrilobular steatosis, in addition to the increased number of mitotic cells[30],

Patients with HCC are closely monitored, as increased inflammation due to COVID-19




may predispose patients to post-hepatectomy liver failure. Furthermore, COVID-19 can
potentially exacerbate CLD and alter treatments for cancer patients with a higher risk of
infection and poor outcomes!®l. The management and monitoring of patients with HCC
are performed by imaging (magnetic resonance imaging, ultrasound) and measuring
alpha-fetoprotein levelsi2?l. The practice guidelines recommend the establishment of
surveillance iﬁr\rals to reduce the radiologic capacity of at-risk patients, with a 98.0%
estimate that at-risk patients would not develop HCC during each surveillance interval.
Locoregional a ystematic therapies are recommended for advanced HCC treatment.
However, oral therapy with tyrosine kinase inhibitors (i.e., sorafenib and lenvatinib)

and immunotherapy effectively serve as first-line therapies to reduce exposurel2?l.

COVID-19 effect on liver transplantation

With the severity of SARS-CoV-2 infection dependent on comorbidities (i.e.,
cardiovascular disease and diabetes mellitus), underlying liver diseases do not
necessarily influence the outcome of COVID-19 infection. Solid-organ transplants,
including liver transplant (LT) recipients, are increasingly susceptible to severe
infections due to chronic immunosuppression, thereby increasing the risk for severe
COVID-19 infection. A meta-analysis that included 17 articles and the outcomes of 1481
COVID-19 LT patients was cwpared with 239704 non-LT patients infected with
COVID-19. From 17 articles, a cumulative incidence of mortality of 17.4% (95.0% CI,
15.4-19.6) was found among LT recipients with COVID-19 with causes of death
reported as 62.54% by COVID-19-related complications (95.0% CI, 56.24-68.55), 29.88 %
by pulmonary failure (95.0%61, 24.28-36), and 1.6% liver-related (95.0% CI, 0.1-2.84).
Mortality was proportionate between LT and non-LT patients [OR, 0.8 (0.6-1.08); P =
0.14]531. Twelve studies in the same meta-analysis reported that 23.0% of LT patients
who had developed a severe COVID-19 infection were positive with symptoms that
included fever (49.7%), cough (43.76%), dyspnea (29.27%), and symptoms
gastrointestinal (27.26%)P1l. Eight studies from the same meta-analysis reported

modification change immunosuppression in 55.9% of LT recipients infected with




COVID-1931, Comorbidities such as ypertension, diabetes, and obesity were common
in infected patients where 72.0% of the patients were hospitalized, and 16.0% required
care in thg intensive care unit (ICU)B!. Although hospitalization of LT recipients far
exceeded non-LT patients [OR, 1.99 (1.41-2.8), P < 0.001], the ICU care requirement was
comparable between groups, as the cumulative incidence of graft dysfunction was 2.3%

(13-4.1)B1,

COVID-19 effect on non-alcoholic fatty liver disease

Many observational studies have shown that patients with comorbidities such as
cardiovascular disease, arterial hypertension, diabetes mellitus, CLD, or cancer are
susceptible to more se&re episodes of COVID-19, as seen in NAFLD and other less
common disorders(32l, Recently, several meta-analyses have shown that obesity and
diabetes (both strongly associated with NAFLD) are significantly associated with the
progression of rrare severe disease and increased mortality in patients with COVID-
19821, They have reported a six-fold increased risk of severe COVID-19 in the presence
of obesity in NAFLD. In addition, a meta-analysis showed that obesity could exacerbate
COVID-19 infection. Patients with severe COVID-19 disease had higher body mass
indices, and obesity was associate%with the development of the disease, the need for
care, and admission to an ICU32l, The risk a severe COVID-19 in obese patients was
more significant than in younger patients. This suggests that NAFLD patients are at
increased risk of liver damage, although liver enzyme levels at admijssion or during
hospitalization were generally not significantly elevated. Furthermore, NAFLD was not
associated with adverse clinical outcomes in younger patients with COVID-19. Another
study found that NAFLD was more ca‘nmon in patients with severe COVID-19 than in
stable patients. However, the mean age and the number of comorbidities were also
significantly higher in patients with severe COVID-19 infectionsl32l. Patients with
NAFLD had a substantially higher risk of disease progression, more likely changes in
liver enzymes, and longer viral shedding times than non-NAFLD patients. Non-

NAFLD patients showed that moderate to high Fibrous-4 and NAFLD fibrosis scores




were strongly and independently correlated with the severe progression of COVID-19

diseasel32l,

COVID-19 effect on alcoholic liver gsease

The ACE-2 receptor is exceedingly expressed in alveolar type II cells and liver and bile
duct cells, making it significantly feasible for SARS-CoV-2 to infect cells in those areas.
Especially, cholangiocytes have a specific ACE-2 receptor in more concentrations than
hepatocytes, making them more susceptible to COVID-19 infection. However, because
the liver harbors a widespread quantity of macrophages, generating an ample cytokine-
mediated immune reaction, hepatocytes can also be prone to a SARS-CoV-2 infection.
Patients with COVID-19 patients with liver cirrhosis have always shown elevated levels
of ALT, AST, D-dimer, CRP, IL-6, and ferritin. Although the current literature is limited,
research has proven that people with CLDs could have increased models for end-stage
liver disease and undergo extended liver and pulmonary complications while infected
with COVID-19. Specifically, the mortality rate in patients with preexisting liver disease
is 1.8%. Lastly, the severity of liver harm due to COVID-19 infection tends to be
substantially worse and more widespread in people with pre-existing alcoholic liver

cirrhosis than in those without(331,

ANTI-SARS-CoV-2 TREATMENTS EFFECTS ON THE LIVER

Currently, various treatments for COVID-19 (SAR-CoV-2) are being investigated, some
of which may be associated with hepatotoxicityl®l. Remdesivir (RDV), an antiviral
medication, was initially developed and tested for the treatment of hepatitis C and later
the Ebola and Marburg viruses. Amid the COVID-19 pandemic, RDV was approved for
emergency use to treat COVID-19 in many countries®l. In patients diagnosed with
COVID-19, in vitro and in vivo studies indicate that RDV has an antiviral effect on SARS-
CoV-2I%l. Various medication-related adverse events include but are not limited to
reasonable degrees of nausea and vomiting, headache, fatigue, renal dysfunction, and

rashl¥]l. The risk of an adverse event involving the liver exists as one of the clearest




potential risks from RDVI®l. RDV therapy is administered intravenously for 3 to 10 d
and is often accompanied by reversible mild to moderate elevations in serum AST
levels, but has been rarely associated with clinically apparent liver injury. Effects on the
liver range from asymptomatic to mild-with elevations in serum ALT and AST upon
introduction of RDV therapy in patients with COVID-19. The systemic effects of
COVID-19 likely overshadow the outcomes of hepatic involvement®’]. However, there
is uncertainty regarding if the effect on liver enzymes is due to remdesivir, COVID-19
solely, or bothl®40l 1t is recommended that patients remain under the supervision of
health professionals to monitor liver health before and during remdesivir infusions(371.
To fully assess the risk of remdesivir-associated liver damage, more studies are
necessary for this area’l. Lopinavir (LPV) is an antiretroviral protease inhibitor, used
together with ritonavir (booster) in the prevention and treatment of human
immunodeficiency virus (HIV) infection®#!l. Lopinavir/ritonavir (LPV/r) was
developed to inhibit HIV protease, the primary distinction for the SARS-CoV-2
counterpart (3CLpro) lies within the varying spatial structure of the HIV aspartic
protease as compared with 3CLpro cysteine proteaselll. The LPV/r combination
improves LPV pharmacokinetics by decreasing liver metabolism by inhibiting the
cytochrome (CYP) P450 3A4 enzymel*!],

A randomized controlled study in adult pﬁients hospitalized with COVID-19 shows
that of those adults treated with LPV/r, only one individual in the LPV/r group
presented elevated ALT, more than 2.5 times above the normal limit(*142l. When
comparing patients treated with LPV/r to patients in the control group, there was no
evidence of liver dysfunction noted in controls. It is important to acknowledge that the
patient presenting with an elevated ALT had a_pre-existing chronic liver condition,
possibly contributing to the liver disturbancel2l. Another research study suggests that
no observable side effects were found in the LPV /r group, e)cﬁpt for transient elevation
of ALT elevation (< 125 U/L) in three patientsl¥3l. Given that none of the patients
progressed to a severe clinical status at the end of the follow-up period, it is believed

that LPV/r treatment rarely causes harm in patients recovering from COVID-19142l.




LPV/r is considered an independent factor for liver injury®l Interferons (IFNs) are
natural antiviral immune modulators that help the body’s immune system defend
against infection and disease, including viruses and cancerl>l. Studies have shown that
during SARS and middle east respiratory syndrome, Type I IFNs are markedly
suppressed and the administration of exogenous Type I IFNs has been shown to reduce
the severity of the symptoms gf these diseases!*‘l. To assess the effectiveness and safety
of interferon B-la (IFN p-la) in patients with severe COVID-19, a randomized clinical
trial was conducted¥’l. Comparisons were made between patients receiving IFN and
those receiving controlled standard therapy. Hepatic complication rates were measured
between patients in the treatment group and those patients receiviﬁ standard care
while the preexisting liver disease was considered!*l. The frequency of hepatic failure
did not differ between the IFN and control groups (11.90% vs 23.07%), suggesting that
IFN-B-1a may not be a major factor in the liver damage seen by COVID-19 patients!*].
Studies show that IFNs used to treat patients with COVID-19 are unlikely to be
associated with liver disease. IFNs may lead to hepatic toxicity when combined with

er drugs®l. To authenticate these results, additional studies are necessaryl#l.
Baricitinib is a JAK-STAT inhibitor used to treat individuals with rheumatoid arthritis
who cannot tolerate more than one tumor necrosis factor (TNF) antagonistl®. By
decreasing adaptor-asscﬁted kinase 1 activity, a regulator of clathrin-mediated
endocytosis, baricitinib has been shown to affect the hyperinflammatory state that
developed during SARS-CoV-2 infection and may prevent endocytosis and viral
infectionl(648], Furthermore, the oral administration of baricitinib and the excellent
pharmacokinetic profile (very short half-life, low plasma protein binding, and minimal
interference with CYP enzymes) make it a viable combination therapy with direct-
acting antivirals such as LPV/r and RDVI#l. The growing number of reports of
infections and thrombosis following the use of JAK inhibitors for the treatment of
COVID-19 should be taken seriously as liver damage, cholestasis, and hepatitis
unexpectedly manifested in a non-negligible fraction of individualsl®l. Furthermore,

these unfavorable hepatic consequences should be evaluated. Tocilizumab is a




monoclonal antibody that is used to block the inflammatory protein IL-6. Tocilizumab
improves joint pain and swelling from arthritis and reduces other symptoms caused by
inflammation. More recently, tocilizumab use has been indicated for the trgatment of
cytokine release syndrome in patients with COVID-19 infection*?l. Common side effects
of tocilizunab include a runny or stuffy nose, sinus pain or sore throat, headache, or
dizziness. The most common side effects of tocilizumab include headache and
hypertension but, rarely, hepatotoxicity ranging from mild transaminase elevation to

severe drug-induced liver injury can occur!>.

SARS-CoV-2 VACCINES EFFECT ON THE LIVER

It is not yet clear whether RNA or DNA-based vaccines have any direct effect on the
liver, resulting in hepatotoxicity. Although anti-coronavirus treatments have been
found to cause mitochondrial and endoplasmic reticulum dysfunction, the effects of
vaccines require further testingl®l. Patients receive what are often considered benign
mRNA vaccines for Crigler-Najjar syndrome and rabies, which have some form of
hepatotoxicity. While there is no definitive cause, there seems to be a potential link
between the two. This is not the case with DNA vaccines, which makes them strikingly
different. Immune system stimulation occurs via a completely different mechanism than
mRNA vaccines, with I[FN-1 secretions triggering the immune response. Unlike mRNA
vaccines, DNA vaccines do not require subsequent doses to maintain monoclonal
antibody protection, making DNA vaccines not only potentially more efficacious than
mRNA vaccines, but requiring lower amounts to achieve a less toxic overall therapeutic
effect. More research is needed to fully understand the mechanisms involved and how
they affect the liver. Existing studies exclude patients with chronic liver disease as they
are contraindicated by mRNA vaccines, making little information available regarding
the pathophysiology, and comparing that of otherwise healthy individualsl¢l. Patients
with CLD are at an increased risk of infection, which is expected given the insufficient
immune response. Vaccinations are imperative to reduce mortality in patients with

CLD5U. According to the Advisory Committee on Immunization Practices (ACIP),




patients with CLD should be vaccinated against SARS-CoV-2 and influenza,
pneumococcus, tetanus, diphtheria, pertussis, herpes zoster, hepatitis A, and hepatitis
Bl>2. Specifically, with the COVID-19 vaccine, ACIP suggests an mRNA vaccine with a
booster dose five months after completing the two scheduled doses. For severely
immunosuppressed patients, a booster dose is recommended after three months to
strengthen theé‘u:nune responsel®l. A double-blind randomized trial studying the
administration of a third dose of the mRNA vaccine in transplant recipients showed a
strong immune response compared to the placebo groupl®l. In a case report of healthy
patients with no history of liver disease, patients developed jaundice and elevated liver
enzymes after administration of the mRNA vaccine, either after the first or second dose.
In these cases, the laboratory values and symptoms resolved without treatment after
several weeks. The data suggests that this response is due to a neutrophil-predominant
inflammatory responsel®. Comparatively, much data shows contraindications to
multiple COVID-19 vaccines, including booster doses, specific to CLD patients. Data are
still needed to assess the efficacy and long-term effects of multiple COVID-19 vaccines
iEatients with CLD.

The severity of the liver disease may be assessed using the Child-Pugh scale. This scale
anticipates mortality in CLD and is categorized into three stages: good hepatic function,
moderately impaired hepatic function, and advanced hepatic dysfunction®l. Multiple
factors, including the stage of CLD, can be a determinant of the efficacy of a vaccine,
and those in later stages are more susceptible to infections and adverse events. This is
possibly due to the inefficiency of the body in producing an adequate immune
responsel®ll. However, the World Health Organization (WHO) currently recommends
that COVID-19 vaccines for those with deficient immune systems be given additional
boosters to help increase a sufficient immune responsell. It is recommended that
vaccinations be administered as early in the disease process as possible to gain the best
performance of the vaccinel®2l. In a study on the antibody response of the vaccine in
CLD patients, subjects were given the recommended series of the mRNA vaccine. The

results showed that 24.0% of the subjects had a poor antibody responsel®®l. Additional




research is needed to further assess the success of the vaccine in varying severities of

CLD.

DISCUSSION

Lessons from previous coronavirus outbreaks and other viral epidemics indicate that
the combination of sysﬁ'nic and partial inflammatory responses induced by these
infections may result in severe respiratory syndromes and related complications (such
as abnormal liver function, cardiac insufficiency, and renal failure)l®l. Manifestaﬁ'ons of
liver damage from SARS-CoV-2 include a decrease in albumin and an increase in ALT,
AST, liver enzymes, and bilirubin’l. Increases in GGT and ALP are also seen in COVID-
19 patients, indicating liver damgage to bile duct cells!”l (Figure 3). Since liver biopsies
taken from a small number of COVID-19 patients did not reveal viral inclusions, but
rather a macro-vesicular steatosis, liver damage may also be the result of bile duct cell
damagel”l. The pathogenic alterations frequently take the form of macro-vesicular
steatosis and mild lobular and portal inflammation[5%60. According to earlier research,
severe instances of coronavirus infection Ed a strikingly higher frequency and severity
of liver impairment than moderate cases. The mechanism by which coronaviruses harm
hepatocytes and influence hepatic function is still unknown, even though multiple
clinical sadies have shown a high link between coronaviruses and liver damagel®l.
Potential mechanisms of liver injury that have been reported include immune-mediated
damage because of the severe dysregulated inflammatory response, direct cytotoxicity,
systemic hypoxia with hypoxic hepatitis, drug-induced liver injury, reactivation of pre-
existing liver disease, mitochondrial dysfunction, SARS-CoV-2-induced hepatic
steatosis, microthrombotic disease, ischemic hepatitis, cardiomyopathy with hepatic
congestion, and extrahepatic release of transaminasesl®!l. Ischemic, hypercoagulable,
and hyperinflammatory states are independent predictors of death in patients with
COVID-19 and not liver injuryl®?. Coronavirus infection significantly increases
immunological activation. Numerous cytokines and chemokines (IL-6, IL8, IFN, and

TNF, among others) are generated by immune cells after coronavirus infection and




released into the blood, causing inflammation in different organs or even acute
respiratory distress syndrome and multiple organ failure, suggesting that coronavirus-
induced systemic inflammatory response syndrome (SIRS) and cytokine storms are
important causes of liver damagel®23l. This shows that immunotherapy is necessary for
individuals with coronavirus infection, and as a result, corticosteroids and interferons
are frequently utilized due to their ability to reduce inflammationl®. Hypoxia may
result in a long-term increase in reactive oxygen species, which may encourage the
release of a variety of inflammatory mediators that harm the liverlt?]. As a result, it will
be important to keep an eye on patients' hypercoagulable conditions, such as
thrombocytopenia and elevated levels of D-dimer and ALP, to prevent thrombosis and
additional ischemia and hypoxial®23l.

Immune compromise is typically caused by hepatitis B and C, liver cirrhosis, liver
malignancy, and immunosuppressive medications after liver transplantationl®!. The
severity and mortality rate in HBV infection patients are higher than in those with
negative HBV due to delayed clearance of SARS-CoV-26l. The Child-Pugh scores of
those who have already developed liver cirrhosis are likely to rise due to liver injury
caused by COVID-195¢l. Furthermore, COVID-19 complications occur earlier and to a
greater extent in patients with systemic immunocompromised statusl®l. COVID-19 also
has a significant impact on the treatment of liver diseases!'!l. The discontinuation of
high-dose corticosteroid therapy in hepatitis B and C patients receiving anti-HBO
treatment may result in HBV reactivation during SARS-CoV-2 infection!®l. In addition,
lopinavir and ritonavir have been shown to increase the risk of developing liver injury
in HBV or HCV infection patients/®!ll, Coronavirus infection is currently treated with
redelivering, lopinavir/ritonavir, interferon-a, baricitinib, and tocilizumab. The
difficulty in developing optimized drugs for coronavirus infection is mainly due to
severe side effects. Remdesivir, lopinavir, and ritonavir have all been linked to an
increased risk of liver injury, with the severity of the injury being closely related to the
dose of these drugs. IFNs have the potential to trigger a non-specific immune response,

resulting in hepatocyte damage and autoimmune hepatitis, as well as an increased risk




of developing severe complications such as systemic inflammatory reaction syndrome
and acute respiratory distress syndromelél. Baricitinib, as a JAK inhibitor, can increase
the risk of thrombosis and cause liver damagel®%l. Tocilizumab can also reactivate HBV
in SARS-CoV-2 co-infection, causing both viral hepatitis and COVID-19 recovery to be
delayed; whereas other studies have shown hepatotoxicity as a potential side effect [50].
Overall, coronavirus vaccines will be critical in preventing outbreaks, but several factors
must be considered to avoid an activated innate inflammatory response, an increase in
the incidence of autoimmune diseases, and vaccine-indyced liver injurylel.

Furthermore, a study observed 900 patients (32.2% in the 18-39 age group, 39.7% in
the 40-69 age group, and 28.1% in the 70+ age group) with SARS-CoV-2I%1. It was seen
that those with comorbidities, median D-dimer, and CRP levels all increased with age.
AST/ALT and ﬁLP/ GGT levels also increased significantly during COVID-19I63l.
Patients with elevated hepatocellular transaminases (AST/ALT) and cholestasis
parameters (ALP/GGT/bilirubin) were found in 40.3% (n = 262/650) and 45.0% (n =
287/638), respectively[(ﬂl.ﬁportantly, patients between the ages of 40 and 69 were
more likely to experience COVID-19-associated liver injury (16.0%, P < 0.001), abnormal
liver chemistry, and liver-related death (6.5%, P < 0.001)[¢]. After the initial SARS-CoV-
2 polymerase chain reaction result was positive, elevated AST and bilirubin levels
independently predicted mortality in the entire population and patients aged 40 to 69

yearsl&3].

E!NCLUSION

The incidence of liver injury in patients with COVID-19 has been estimated to be as
high as 53.0%. Those affected by COVID-19-associated liver injury generally fall
between the ages of 40 and 69. The mechanism by which SARS-CoV-2 damages
hepatocytes is still unclear. However, the SARS-CoV-2 virus may play a direct role in
liver damage because bgth healthy individuals and those with preexisting liver disease
exhibit abnormal LFTs. The liver injury caused by COVID-19 is related to the degree of

severity of the infection and manifests itself with different degrees of liver




abnormalities. The degree of liver injury manifested by AST, ALT, total bilirubin, GGT,
and ALP has been shown to have a positive correlation with the severity of the disease.
Interestingly, some studies have even shown that mortality correlates with elevated
AST and low albumin levels. Furthermore, SIRS and cytokine storms augment liver
injury and dysfunction. Commonly used medications may play_a role in liver
hepatotoxicity, however further studies are necessary. Pre-existing liver diseases are
considered risk factors for worse prognosis in COVID-19, specifically, liver cirrhosis
was shown to increase the mortality in these patients. Although vaccines have
significantly changed the course of this pandemic, CLD jg a contraindication of multiple
COVID-19 vaccines. However, the increased severity of liver disease in determining the
immune response to the COVID-19 vaccine is still unclear, and more studies are
required in this area. As more information about the virus becomes available, it will be
critical to comprehend the pandemic's effects on the liver, as well as the possible long-

term consequences, especially in the immunocompromised population.
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