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Following the SARS-CoV-2 outbreak and the subsequent development of the COVID-19 pandemic, organs such as the lungs,
kidneys, liver, heart, and brain have been identifed as priority organs. Liver diseases are considered a risk factor for high mortality
from the COVID-19 pandemic. Besides, liver damage has been demonstrated in a substantial proportion of patients with COVID-
19, especially those with severe clinical symptoms. Furthermore, antiviral medications, immunosuppressive drugs after liver
transplantation, pre-existing hepatic diseases, and chronic liver diseases such as cirrhosis have also been implicated in SARS-CoV-
2-induced liver injury. As a result, some precautions have been taken to prevent, monitor the virus, and avoid immuno-
compromised and susceptible individuals, such as liver and kidney transplant recipients, from being infected with SARS-CoV-2,
thereby avoiding an increase in mortality. Te purpose of this review was to examine the impairment caused by SARS-CoV-2
infection and the impact of drugs used during the pandemic on the mortality range and therefore the possibility of preventive
measures in patients with liver disease.

1. Introduction

In December 2019, a pneumonia outbreak started inWuhan,
Hubei Province, China. Its causative agent was then iden-
tifed as a previously unknown coronavirus and was given
the interim name novel coronavirus 2019 (2019-nCoV). In
February 2020, the World Health Organization (WHO),
based on taxonomy and phylogeny, renamed 2019-nCoV as
severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2), while the resulting disease was designated coro-
navirus disease 2019 (COVID-19). SARS-CoV-2 is a posi-
tive-sense single-stranded RNA virus with a length of

27–32KB from the subfamily Orthocoronavirinae [1]. Te
virus can be transmitted from person to person through
respiratory droplets and close contact. Parallels have been
noted in the occurrence of SARS-CoV-2 and SARS-CoV.
Te clinical manifestations of COVID-19 include fever, dry
cough, and diarrhea [2]. In addition, liver dysfunction has
also been reported in studies [1]. Tus, autopsies performed
on fatal severe acute respiratory syndrome cases have said
that fat degradation and central lobule necrosis of liver tissue
have been seen in patients who have died through severe
acute respiratory syndrome (SARS) [3]. SARS-CoV was
identifed in the liver of infected individuals, and about 60%
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of patients with SARS experienced symptoms of liver injury
[4]. Besides, an increase in liver enzymes was reported in
patients with the Middle East respiratory syndrome-related
coronavirus (MERS-CoV) infection in 2012, along with
records of peri-venular necrosis and mild portal in-
fammation [5]. As a consequence, during infection, SARS-
CoV-2 can be contained in human liver tissue. Te preva-
lence of liver damage in SARS-CoV-2 virus infection is
14–53% and is recurrent but mild [6]. It is also assumed that
drugs used for SARS-CoV-2 treatment such as lopinavir/
ritonavir, remdesivir, chloroquine, and tocilizumab have
destructive and toxic efects on the liver [7]. However, de-
spite the signifcant prevalence of steatosis and hepatic f-
brosis reported in autopsies, liver injury in COVID-19 is
subclinical [8]. A study by Fan et al. showed that liver
disorders are more common in men [2]. Besides, another
study found that the angiotensin-converting enzyme 2
(ACE2) receptor is signifcantly increased in women’s liver
tissue, implicating a better prognosis compared to men [9].
COVID-19-associated liver damage is defned as any liver
injury during the course and treatment of COVID-19 in
patients with or without underlying liver diseases [10]. Also,
liver damage may be due to direct or indirect efects of
SARS-CoV-2, such as septic shock, ischemia, multiorgan
dysfunction, drug-related toxicity, and hepatitis due to the
infammatory response of the immune system following the
cytokine storm due to the evolution of COVID-19 [10]. Tis
study aimed to understand the mechanisms and pathways
that play a role in the development of liver disease caused by
SARS-CoV-2, to reduce the incidence of clinical symptoms
and complications following COVID-19 recovery.

2. Mechanisms of Liver Injury in COVID-19

Liver injury following SARS-CoV-2 infection or drug usage
manifests as microvascular steatosis and mild lobular and portal
activity, according to the liver autopsy fndings in COVID-19
deceased patients [11]. Furthermore, studies have shown that
ACE2, like SARS-CoV, acts as a receptor for SARS-CoV-2,
which is expressed inmore than 80%of alveolar cells in the lungs
[12, 13]. Other organs, in addition to the lungs, have been re-
ported to express ACE2; as a result, they are directly afected by
the cytopathic efects of SARS-CoV-2 [14]. ACE2 has also been
signifcantly expressed in the gastrointestinal tract, vascular
endothelium, and cholangiocytes [12]. Besides, transmembrane
protease serine 2 (TMPRSS2), the co-receptor for SARS-CoV-2
needed to release viral particles, is expressed in cholangiocytes
and liver cells [15]. In this regard, SARS-CoV-2 binds to this
receptor and enters the target cell, leading to damage to chol-
angiocytes and liver cells [15]. On the other hand, viral infection
leads to cholangiocyte susceptibility to hepatic disorders caused
by SARS-CoV-2 through dysfunction of genes involved in the
formation of tight junctions and bile acid transmission [16].

Nonetheless, the exact mechanisms associated with these
disorders are debatable. However, some of the assumed
mechanisms include the following:

(1) Increased immune response activity following SARS-
CoV-2 infection: intrinsic immune activity in the

liver plays an essential role during COVID-19. In this
regard, the number of liver macrophages signif-
cantly increases following the disease. Tus, the
production of proinfammatory cytokines and bio-
markers such as c-reactive protein (CRP), serum
ferritin, lactate dehydrogenase (LDH), D-dimer,
interleukin (IL)-6, IL-2, and excessive activity of
cytotoxic Tcells following infection with SARS-CoV-
2 and consequent liver tissue damage has also been
reported [17, 18].

(2) Active replication of the virus in hepatocytes and
cholangiocytes, which in turn leads to cytotoxicity:
pathobiological studies indicate the presence of
SARS-CoV-2 RNA in liver cells [19]. As mentioned,
ACE2 is expressed in hepatocytes and bile duct
epithelial cells, and as a result, SARS-CoV-2 binds to
target cells via ACE2. Terefore, the liver serves as
a potential target for direct viral infection. In this
regard, following the targeting of bile ducts and liver
cells, damage to these areas leads to liver cirrhosis
and sepsis [20]. Moreover, during biopsy specimens
of COVID-19 victims, it was found that the cytotoxic
efect of the virus on the liver leads to moderate
microvascular steatosis and mild lobular and portal
activity [7].

(3) Gut-liver axis: as mentioned above, ACE2 is highly
expressed in small intestinal cells. Te virus may also
be transmitted through the reticular system of the
liver due to venous blood circulation from the small
intestine to the liver [6]. Also, due to the detection of
viral RNA in fecal samples, the virus can be trans-
mitted by potential circulation from the intestine to
the liver [10].

(4) Anoxia: respiratory failure is one of the complica-
tions of COVID-19, which in turn leads to hypoxic
hepatitis following severe hypoxia [21].

(5) Drug-induced liver injury (DILI): it has been re-
ported that antiviral drugs can lead to liver disorders
and damage. In this regard, we can mention lopi-
navir/ritonavir, remdesivir, chloroquine, tocilizu-
mab, and uminefovir [21].

(6) Reactivation of pre-existing liver disease: studies
show that patients with chronic liver diseases are
more prone to liver disorders and damage following
infection with the SARS-CoV-2 virus. Besides, drugs
such as tocilizumab and baricitinib lead to hepatitis B
virus (HBV) reactivation and eventual liver dys-
function. Te efect of SARS-CoV-2 infection on
cholestasis exacerbation in cholestatic liver patients
is also debatable (Figure 1).

3. Immune Response and Inflammation in
Liver Injury

Infammatory cytokine storms increase the secretion of
infammatory cytokines by the over-activity of lymphocytes
and macrophages [22]. In this regard, it was observed that
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the activity of the innate and acquired immune systems
following infection with SARS-CoV-2 is associated with
systemic infammatory response syndrome (SIRS) [23].
Dysfunction of the innate immune response may be one of
the causes of liver disorders following SARS-CoV-2 in-
fections. It has been shown that changes in the levels of
biomarkers such as CRP, lymphocytes, neutrophils, and
cytokines such as IL-6 can, in turn, lead to liver disorders
[24]. Moreover, cytokine storm, also known as cytokine
release syndrome (CRS), identifed CRP, IL-6, LDH, and
ferritin promotion, leading to ARDS and liver disorders [25].
It has also been reported that the progression of SARS-CoV-
2 disease is due to the systemic production of proin-
fammatory cytokines. It is worth noting that during hep-
atitis, IL-6 is a potent cytokine, and compared to other
cytokines, such as IL-1β and TNF-α, it leads to more severe
infammation. Tis cytokine is also a marker of systemic
infammation due to its half-life [26, 27]. Moreover, it has
also been observed that, in people with high disease severity,
peripheral blood cell counts such asT17 and CD8 T, as well
as cytokines such as IL-2, IL-6, IL-7, IL-10, G-CSF, MCP-1,
and TNF-α, ratio increases in people with lower disease
severity [28–30]. Moreover, IFN secretion in COVID-19 is
directly related to hepatic impairment and retinoid toxicity;
as a result, IFN secreted during infection leads to impaired
immune function and toxic efects on oxidative metabolism
and mitochondrial activity [20, 31].

Furthermore, the SARS-CoV-2 virus has been reported
to trigger several proinfammatory signals through TLRs and
activation of CTL cells [32]. Infammatory signals in

COVID-19 are also amplifed by TLRs expressed by infected
cells. Given the increasing progression of infectious diseases
following a decrease in T lymphocytes, infammatory
pathways are activated, which in turn causes macrophage
activity and secondary infammatory reactions. In addition
to impairing lung function, these infammatory responses
can impair the function of other organs, such as the
liver [29].

Accordingly, in the early stages of infection, the control
of liver disorders leads to an inhibition of disease pro-
gression. In this regard, liver damage is stimulated by the
infammation of the liver, activating innate immune cells
and releasing cytokines. In addition, factors such as CRP
20mg/ml and lymphopenia are directly related to liver
damage. Tus, in 63% to 70.3% of patients with SARS-CoV-
2, lymphopenia increases mortality [24].

4. The Hypothesis in the Pathogenesis of
COVID-19’s Liver Damage

Another cause of infammation in COVID-19-induced liver
damage is high concentrations of retinoic acid or retinol
esters. In this regard, one of the suggested pathogenesis clues
in liver damage is the accumulation of more than 80% of
vitamin A in the star cells of the liver. Its excessive increase,
in turn, leads to the activity and hypertrophy of liver cells
and fnally causes fbrosis and liver damage [20]. Evidence
suggests that acute hypervitaminosis A is associated with
viral hepatitis, with elevated serum and liver concentrations
of vitamin A and decreased serum retinol-binding protein 4
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Figure 1: SARS-CoV-2 function in liver disorder.Te SARS-CoV-2 virus can either bind directly to its receptors on the surface of liver cells,
such as ACE2 and TMPRSS2, or it can be indirectly through the efect of antiviral drugs or transmitted through the gastrointestinal tract and
exert its infuence. Besides, increased intrinsic immune system activity such as macrophage cells and the production of proinfammatory
cytokines and infection-induced lymphopenia exacerbates clinical symptoms and liver disorders.
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(RBP4) [33]. On the other hand, viral infections such as
SARS-CoV-2 have been shown to increase the retinoid
cascade activity, hepatic apoptotic stimulation by cellular
induction, and ultimately impair transient cholestatic liver
function [20]. During this disorder, the damaged bile ducts
and liver cells secrete stored compounds of vitamin A into
the bloodstream. As a result, following increased apoptosis,
necrosis, and acute neutrophil infltration, lungs and other
organs are damaged during COVID-19 infection [20]. In this
regard, it has been speculated that one of the causes of
COVID-19 disease symptoms is retinoid toxicity, which is
directly related to the severity of the disease with the serum
concentration of vitamin A compounds (retinol esters and
retinoic acid metabolites) [20].

Furthermore, ischemic gangrenous cholecystitis is one of
the late consequences brought on by the SARS-CoV-2 in-
fection [34]. It develops as a result of host immune response
dysfunction, activation of the coagulation cascade, and
subsequent medium artery thrombosis [34]. Additionally, it
has been demonstrated by histology and immunohisto-
chemical investigations that gallbladder vasculitis, as well as
endothelial overexpression of medium-sized arteries, in-
creased CD4 T cells, and excessively elevated macrophage
frequencies, contributes to gallbladder endothelial dys-
function [35, 36]. Te pathophysiological processes are
controversial despite several studies in this area. For in-
stance, it is believed that after infection by SARS-CoV-2,
systemic infammation or immunosuppression directly or
indirectly causes late symptoms of cholecystitis through an
opportunistic infection [37]. Subclinical coagulopathy of
COVID-19 is still associated with gallbladder wall ischemia
and small vessel thrombosis. Since less than 1% of gastro-
intestinal and liver cells express ACE2, it is speculated that
modulation of gut microbiota following SARS-CoV-2 in-
fection is in turn efective in liver infection [34]. In fact,
adjusting the gut microbiota is a suitable and safe thera-
peutic approach to prevent disorders caused by the disease
COVID-19 [34]. In this regard, Odun-Ayo and Reddy have
reported that the administration of probiotics in the SARS-
CoV-2 infection leads to a normal balance in the intestinal
microbiota and thus reduces the possibility of opportunistic
and bacterial infections during the COVID-19 disease [38].
In other words, the administration of various antibiotics,
antivirals, and antifungals, as well as systemic corticoste-
roids, leads to hepatotoxic efects, which can be considered
one of the possible components in the pathophysiological
process of liver damage in COVID-19 patients [39, 40].

5. Chronic Liver Disease

COVID-19 can lead to liver damage; approximately 2 to 11%
of patients have chronic liver disease (CLD). In this way,
CLD includes nonalcoholic fatty liver disease (NAFLD),
alcohol-related disease, and chronic viral hepatitis [41].
Patients with CLD had signifcant levels of aspartate ami-
notransferase (AST), alanine aminotransferase (ALT), and
alkaline phosphatase (ALP) at the time of admission [41].
However, elevated levels of the hepatic enzymes AST and
ALT by various factors are not diferent in patients with or

without CLD [40]. As mentioned earlier, these factors in-
clude hepatotoxicity of the drug (anti-infammatory and
antiviral drugs used during hospitalization), proin-
fammatory cytokines of the immune system, ischemia, and
congestion associated with positive pressure ventilation,
which in turn lead to liver disorders [41]. Besides, the du-
ration of hospitalization, the length of stay in the intensive
care unit (ICU), and the need for ventilation have been
reported to be longer in CLD patients than in patients
without CLD [41]. Liver cirrhosis and hepatitis B are the
most common causes of CLD among COVID-19 patients,
with a prevalence of approximately 4%. On the other hand, it
was found that the risk of mortality is signifcantly higher in
patients with liver diseases, especially cirrhosis [42].
Cirrhosis-related immune system dysfunction has been
reported in patients with advanced chronic liver disease
predisposed to SARS-CoV-2 infection [43].

5.1. Cirrhosis andCOVID-19. As a result of cirrhosis-related
immune disorders, severe acute respiratory syndrome from
SARS-CoV-2 increased in patients with liver cirrhosis
during this outbreak, resulting in severe COVID-19 and
increased liver disorder injury [44]. Furthermore, acute or
chronic liver dysfunction in individuals with un-
compensated liver cirrhosis may occur due to stress or sepsis
[45]. Also, cirrhotic patients are more susceptible to the
infuenza virus than non-cirrhotic patients. However, cir-
rhotic and COVID-19 patients have a higher risk of acute-
on-chronic liver failure (ACLF) [46]. Studies in New York
also show that 0.4% of the patients have cirrhosis [47]. As
noted, cirrhosis leads to increased mortality in patients with
the acute respiratory distress syndrome (ARDS), while the
efect of cirrhosis on COVID-19 is controversial. However, it
has been shown that patients with COVID-19 with pre-
existing liver disease require particular clinical intervention
due to impaired immune function [44]. In this regard,
monitoring compensated cirrhosis patients and caring for
severe patients are challenges during the SARS-CoV-2
epidemic [43].

5.2. Hepatitis B Virus (HBV) and COVID-19.
Experiments suggest that the severity of COVID-19 may not
be afected by chronic infection with HBV, but there are
diferences of opinion [48]. Besides, the suppression of
immune system activity may be efective in severe clinical
symptoms and pulmonary disorders due to an overactive
immune system [11]. It is hypothesized that severe symp-
toms and diseases are induced by overactive macrophages
and the cytokine cascade, resulting in the dysfunction of
several organs. Tere is also evidence of temporary increases
in liver transaminase enzyme levels following systemic viral
infections. Te increase in the level of transaminases in-
dicates the activity of the immune system and the in-
fammation caused by the cytokine cascade produced, which
leads to “bystander hepatitis” without liver dysfunction [43].
COVID-19 patients with HBV infection have been shown to
have an increased risk of liver injuries and diseases, as well as
mortality [44]. An analysis of 15 patients with chronic
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hepatitis B infection and COVID-19 showed a substantial
rise in total bilirubin levels and a higher mortality rate than
COVID-19 patients without HBV infection. Additionally,
Chen et al. found that people with chronic hepatitis B were
more likely to develop COVID-19 [49]. Other studies have
found no association between the severity of COVID-19
disease and chronic viral hepatitis infection [17].

5.3. Hepatocellular Carcinoma (HCC) and COVID-19.
Te data about the severity of COVID-19 in HCC patients
have not been recorded. COVID-19 care in these cases has
worse efects than in patients without cancer [19]. According
to the AASLD, HCC is a chronic liver disorder that can take
up to two months to recover completely. Treatments for
HCC, on the other hand, should not be postponed [12]. In
this regard, according to a study conducted on
1590 COVID-19 patients with cancer, it was demonstrated
that the severity of the disease is higher in cancer patients.
Tese patients are also more susceptible to getting infected
with SARS-CoV-2 [50]. In this way, since HCC is cancer,
treatment for people with HCC should be delayed [12].
Zhang et al. discovered that in a sample of 28 patients, those
with malignancies such as HCC had signifcantly lower
clinical rates than those without malignancies [51]. It has
also been reported that the immune system is impaired in
these patients due to anemia, hypoproteinemia, and adverse
nutritional conditions; it eventually exacerbates the infection
caused by SARS-CoV-2 [52]. However, information onHCC
and COVID-19 diseases is limited and debatable.

6. Pre-existing Liver Diseases

In COVID-19 patients, the prevalence of pre-existing liver
disease is 2–11% [44]. It has been reported that elderly
patients and those undergoing medical treatment are at
greater risk of disease progression and consequent liver
damage caused by SARS-CoV-2 [43]. Besides, a meta-
analysis by Oyelade et al. demonstrated that patients with
pre-existing liver disorders were more susceptible to severe
COVID-19 infections and higher mortality [53]. Tis result
may be associated with thrombocytopenia, lymphopenia,
elevated alanine aminotransferase (ALT) levels, and hypo-
albuminemia [54]. It has been reported that in pre-existing
liver conditions, elevated liver enzymes can be a clinical
challenge for the patient [55]. Singh and Khan compared the
test results of people without liver disease and those of
people with pre-existing liver diseases. Experiments indicate
the efect of obesity as one of the factors in the progression of
COVID-19, as it causes NAFLD or metabolic-associated
fatty liver disease (MAFLD) [41]. In this regard, reports
have shown that patients with MAFLD also have
NAFLD [56].

On the other hand, NAFLD refers to a group of disorders
that include nonalcoholic fatty liver disease, the non-
progressive subtype of NAFLD, and the nonalcoholic
steatohepatitis type (NASH) [57]. NASH is a potentially
progressive form of NAFLD that leads to severe fbrosis and
cirrhosis and mortality from liver disease; however, NASH,

in addition to steatohepatitis, causes other problems [58].
One of the main pathological features of NASH is ballooned
hepatocytes [57]. In addition, Eslam et al. have shown that,
due to the low association of NAFLD with metabolic risk
factors, NAFLD progresses to MAFLD following excessive
alcohol consumption [59]. Furthermore, pre-existing dis-
orders such as MAFLD and NAFLD are expected to increase
the production of proinfammatory cytokines, enhance re-
active oxygen secretion in COVID-19, and subsequently lead
to an increase in infammatory cytokine cascades [60, 61].

6.1. Metabolic-Associated Fatty Liver Disease (MAFLD) and
COVID-19. Metabolic-associated fatty liver disease
(MAFLD) is another cause of chronic liver disease and
afects almost a quarter of the world’s population. Besides,
MAFLD is considered one of the major metabolic disorders
and has pre-existing liver diseases [62]. Little is known about
COVID-19 patients who also haveMAFLD.Tere have been
reports of COVID-19 progression in people with MAFLD,
including liver disorder development during hospitalization
and increased viral shedding time[56]. Patients with
MAFLD also have a high body mass index (BMI), hyper-
tension, diabetes, and dyslipidemia, which contribute to the
disease’s progression [56]. In this regard, in a study of 214
Chinese patients, it was observed that after adjustment for
age, sex, smoking, diabetes, hypertension, and hyperlipid-
emia, the presence of MAFLD and obesity was associated
with increased severity of COVID-19 infection [63].
COVID-19 severity is greater in MAFLD patients with se-
vere fbrosis than in patients with moderate or mild fbrosis
[56]. Because MAFLD patients have no clinical symptoms,
they are not considered in the early stages of liver disorders
and COVID-19 [56].Te study by Biquard et al. showed that
in MAFLD patients, the number of receptors sensitive to the
SARS-CoV-2 virus, such as ACE2, is not associated with
TMPRSS2 [56]. Phosphatidylinositol 3-phosphate5-kinase
(PIKfyve), as well as mRNA expression of the genes related
to SARS-CoV-2 infectivity, did not increase signifcantly
[56]. As a result, liver damage due to MAFLD is not as-
sociated with increased ACE2 expression. However,
MAFLD leads to increased toll-like receptor (TLRs) ex-
pression at the level of hepatocytes [64]. In MAFLD and
obesity, adipocytes and kupfer cells have been shown to
increase the secretion of proinfammatory cytokines such as
tumor necrosis factor-alpha (TNF-α) [56]. In addition to
obesity and diabetes, the insulin resistance of adipose tissue
and free fatty acid fux to the liver has been shown to lead to
the activation of liver macrophages during MAFLD [56].M1
and M2 macrophages are functionally distinct macrophages
in the liver. In this respect, macrophage M1 has in-
fammatory activity while macrophage M2 has anti-
infammatory activity by increasing chemokine
expression [56].

As a consequence, the equilibrium of action of these two
cells dictates the patient’s clinical state. Researchers conclude
that, in MAFLD patients, innate immune system dysfunc-
tion contributes to increased pathogenesis. As a result,
disease progression is aided by the conversion of
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infammation-inducing M1 macrophages to infammation-
suppressive M2 macrophages [56]. Also, the efect of
MAFLD on the progression of COVID-19 is determined by
the rate of secretion of proinfammatory mediators such as
TNF-α and IL-6 [65]. Te innate immune cells such as
macrophages, natural killer, and natural killer T cells are
signifcantly present in liver tissue. Experiments have shown
a chronic rise in insulin levels inMAFLD patients, regardless
of whether or not they have diabetes, leading to decreased
lung capacity in COVID-19 patients [56].

Moreover, immune defciency, hepatic metabolic dis-
orders, and systemic abnormalities triggered by MAFLD
reverse the role of antiviral responses during SARS-CoV-2
infection [66]. As a result, overweight/obesity, type 2 di-
abetes, evidence of metabolic dysfunction, chronic lung
disease, infammatory bowel disease (IBD), hypertension,
immunodefciency, and kidney failure are all diagnostic
criteria for MAFLD as risk factors, in addition to hepatic
steatosis [56, 67]. MAFLD is also considered one of the
hepatic indications of metabolic syndrome in COVID-19
patients, with persistent infammation and association with
the cytokine cascade during SARS-CoV-2 infection, both
contributing to disease development and death [56].

6.2. Nonalcoholic Fatty Liver Disease (NAFLD) and COVID-
19. In people with NAFLD, the progression of COVID-19
and the rate of virus shedding are considerably higher.
Patients with persistent liver abnormalities have been shown
to have NAFLD and a high BMI [6]. A study of 202 patients
in China reported that risk factors such as obesity and
NAFLD increased the progression of COVID-19 and con-
sequently impaired liver function [6]. Furthermore, data
show that NAFLD has a signifcantly greater impact on
disease severity and the occurrence of pulmonary compli-
cations, respiratory dysfunction, hypoxemia, progressive
systemic infammatory reaction, and ARDS in COVID-19
patients than in obesity [56].

6.3. Nonalcoholic Steatohepatitis (NASH) and COVID-19.
Studies have shown that obesity and high BMI in SARS-
CoV-2 infection, in turn, exacerbated COVID-19 [52].Tere
is also a direct link between obesity and the need for me-
chanical ventilation [68]. Since adipose tissue has more
surface receptors than lung tissue, adipose tissue is more
susceptible to infection with SARS-CoV-2 [69]. It has been
reported that during COVID-19, after adipose tissue be-
comes infected, the disease then spreads to other organs [70].
Obese people are also more likely to develop NAFLD,
leading to severe COVID-19, impaired liver function during
hospitalization, and increased virus shedding time [52].
COVID-19 progression is also accelerated in NAFLD pa-
tients with comorbidities such as diabetes and hypertension.
Te development and intensity of COVID-19 also increased
in young adults with NAFLD [71]. Te bipolar state of
macrophages in NAFLD patients has been shown to afect
the infammatory response or host resistance to signals from
the gut-intestinal axis during COVID-19. As noted, the
progression and severity of COVID-19 disease in patients

with NAFLD are due to an imbalance between M1 mac-
rophages that promote infammation and M2 macrophages
that suppress infammation [45]. Also, cytokines produced
during NAFLD signifcantly increase the progression of
COVID-19. As a result, bone involvement is increased
following increased serum levels of monocyte-absorbed
chemotherapy (MCP-1) protein in COVID-19 patients.
NAFLD progresses to NASH as a result of long-term
COVID-19 infection [72].

7. Liver Transplantation (LT) and COVID-19

During the SARS-CoV-2 outbreak, transplant recipients are
more vulnerable to infection, disease prevalence, and long-
term shedding of the infectious virus. With a majority of
around 3.7 million individuals, liver transplantation is the
world’s second most successful solid organ transplant [73].
Depending on the SARS-CoV-2 duration, longevity exten-
sion in tissues, and the virus duration in the blood, this virus
can also spread from the donor to the organ [74]. However,
details about how it spreads from the donor to the recipient
have not yet been elucidated. Furthermore, owing to
a dysfunctional immune system, studies indicate that
transplant patients are more vulnerable to COVID-19 than
ordinary people. On the other hand, these people have
a lower death rate than ordinary people [52].

Acute liver disease is one of the disorders of liver
transplantation in this respect. Acetaminophen toxicity,
acute viral hepatitis, antiviral drug-induced liver injury,
autoimmune hepatitis, Wilson’s disease, acute ischemic
hepatitis (shock liver), and acute fatty liver during pregnancy
are some of the causes of acute liver failure [75].

Knowledge concerning past coronaviruses, including
MERS-CoV and SARS-CoV, shows the primary process of
virus replication and the secondary phase of virus clearance
upon immune response in the case of SARS-CoV-2 infection
[76]. Te secondary step can reduce CD4+ T cell counts,
CD8+ T cell function, and macrophages, leading to a cyto-
kine cascade and subsequent COVID-19 exacerbation [76].
While immune system regulators modulate the immune
response, it is linked to increased viral load and better
disease outcomes. As a result, immunomodulation controls
the severity of COVID-19 in people with LT [76].

Te oversecretion of proinfammatory cytokines such
as IL-6, IL-8, and TNF-α during COVID-19 causes
pulmonary dysfunction, which exacerbates clinical
symptoms and is improved by suppressing the immune
system [77]. Nevertheless, immunosuppression caused
by SARS-CoV-2 infection is being investigated [12]. Te
immune system is a double-edged sword for COVID-19
status suppression. As a result of the elevated viral load
and the resulting prolongation of the disease, the im-
mune response is unnecessarily inhibited [78]. It has also
been documented that immunosuppression, after
interacting with immune system overexpression, causes
an increase in the severity of COVID-19 in transplant
recipients; as a result, these individuals have long-term
viral shedding with a large viral load, and they spread the
virus to other people [79].
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According to studies, overuse of antiviral medications,
immunosuppressive drugs, and multidrug therapy has been
associated with liver transplantation (LT). Furthermore,
despite the detailed literature on antiviral therapy during
SARS-CoV-2 infection, drug interactions in vulnerable
populations, such as transplant recipients, should be con-
sidered [75]. As a result, the mortality rate of liver transplant
patients is believed to be higher.

In SARS-CoV-2 positive individuals, steroid medica-
tions are also used following transplantation to prevent
adrenal insufciency [45]. Also, when co-administering
drugs like hydroxychloroquine or azithromycin with cal-
cineurin inhibitors (CNI) and mammalian target of rapa-
mycin (mTOR) inhibitors, CNI and mTOR levels should be
controlled [45]. Studies have shown that calcineurin in-
hibitors (tacrolimus or cyclosporine), mTOR inhibitors
(everolimus), and mycophenolate are prescribed to most
transplant recipients [76]. In this respect, the fndings
suggest that calcineurin and mTOR inhibitors had appro-
priate efects on the severity of COVID-19 disease at regular
doses. Te use of mycophenolate enhanced the severity of
COVID-19 disease, the functions of which are summarized
in Table 1.

Te direct impact of SARS-CoV-2 on lymphocytes such
as CD8+ has been shown to induce lymphopenia, which
contributes to disease exacerbation [76]. Chloroquine and
hydroxychloroquine have both been found to have antiviral
and immunomodulatory properties. Ampicillin, amlodi-
pine, azithromycin, propranolol, and antacids are among the
medicines that interfere with it. Tacrolimus levels have been
found to be signifcantly elevated by chloroquine [75]. In this
respect, preventive steps should be taken due to the immune
suppression status and susceptibility of patients with pro-
gressive liver disease and patients after LT to COVID-19
[85]. Te unacceptably high mortality rate (20.5%) in pa-
tients undergoing surgery during the COVID-19 epidemic,
the need to reserve ICU beds, and the increased risk of
infection with the SARS-CoV-2 during drug treatment with
immune inhibitors are examples of the reasons for the re-
duction of liver transplantation during the outbreak of the
SARS-CoV-2 [19].

Finally, it has been shown that inhibiting immune
function causes sustained viral shedding and progression of
COVID-19 development in liver transplant recipients [75].

8. Hepatic IschemiaandHypoxicandCOVID-19

Yang et al. reported in 2019 that hypoxia caused hepatocyte
apoptosis and infltration of infammatory cells in both
in vitro and in vivomodels of hepatic ischemia and hypoxia.
Furthermore, in patients with SARS-CoV-2, ischemia, and
hypoxia of tissues and organs are frequent pathophysio-
logical occurrences following COVID-19 [86]. Increased
viral replication, cytokine production, infammation, in-
travascular coagulation, and hypoxic pulmonary vasocon-
striction, all of which are pathophysiological hallmarks of
SARS-CoV-2 illness development, might be consequences of
increasing hypoxia [87]. Besides, hypoxic hepatitis can result
from hepatic ischemia and hypoxia in severe instances.

Ischemic liver damage is caused by decreased blood fow to
the liver and hypotension; according to research by Chew
et al. in 2021, as a consequence, the use of vasopressors was
suggested as an alternative for ischemic liver injury [88].
Furthermore, it has been observed that intubation of patients
on vasopressors increases the risk of ischemia damage owing
to hypoxia [88].

9. Drug-Induced Liver Injury

Many medications can afect liver function and, as a result,
cause liver damage. Liver disorders have been confrmed to
be drug-dependent or drug-independent [52]. Te elevation
of the liver enzymes asymptomatically and the onset of acute
hepatitis are consequences. Examples include antibiotics,
anti-infammatory, antiviral, hepatotoxic antiviral drugs,
and steroid medications [26]. As previously mentioned,
drug-dependent liver diseases are characterized by moderate
microvascular steatosis and mild hepatitis [11]. Also, there
was evidence of signifcant vascular steatosis slight lobular
and portal function in liver biopsy specimens following
COVID-19 infection or drug utilization [11].

Furthermore, Cai et al. observed that more than 10% of
admitted patients had elevated levels of liver enzymes due to
the use of prescription medications [89]. However, there is
no reliable information on drug-induced liver abnormalities
during COVID-19. In this regard, it has been stated that the
use of angiotensin II receptor blockers and ACE inhibitors
during COVID-19 can cause liver failure [89]. Drug-induced
liver injury has also been recorded in people with HCV and
the human immunodefciency virus (HIV) [72]. Conse-
quently, it is believed that liver complications in COVID-19
patients may be related to the usage of possibly hepatotoxic
antiviral drugs and antibiotics for bacterial infections [7, 72].
Furthermore, serum levels of the MCP-1 protein have been
shown to rise in COVID-19 patients, resulting in severe
steatohepatitis [72]. As a result, one of the reasons for the
association between COVID-19 and DILI is using steatosis-
inducing medications, including sodium valproate, amio-
darone, tamoxifen, and methotrexate, as predisposing fac-
tors for osteoporosis [72]. For example, tamoxifen, as an
estrogen antagonist, has been reported in hepatocellular
carriers through hepatotoxicity mechanisms such as reduced
fatty acid oxidation beta and steatohepatitis, a risk factor for
women 50–70 years of age with mastectomy, diabetes,
hysterectomy, high cholesterol, high blood pressure, and
osteoporosis [90]. On the other hand, clinical symptoms of
steatohepatitis, fbrosis, liver cell necrosis, micronedolar
cirrhosis, hepatomegaly, ALT, nausea, vomiting, weakness,
and infammatory infltration have been reported in cases
treated with tamoxifen [90]. Moreover, according to DiG-
iovanna et al. followed by retinoid therapies, bone de-
mineralization happens in humans due to an excessive soar
in the retinoid circulation, which can lead to an excessive
soar in the retinoid circulation osteoporosis stimulation [91].
Also, Anthony Mawson et al. reported that the liver damage
caused by SARS-CoV-2 infection causes the secretion of
retinoic acid and retinol esters stored in liver cells to the
circulation in dangerous concentrations without attaching
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to the protein. Te elevation of retinoid level in the
bloodstream also causes infammation in injured tissues like
the lungs, heart, blood vessels, and skin [20]. Given the
COVID-19 disease pandemic, several anticancer and anti-
viral drugs have been suggested to prevent and mitigate
clinical symptoms and pulmonary insufciency. Tese in-
clude hydroxychloroquine, azithromycin, lopinavir/ritona-
vir in combination with or indirectly with interferon-beta,
remdesivir, baricitinib, imatinib, darunavir, and
mifenovir [45].

As a result, during the COVID-19 pandemic, the Réseau
d’Étude Francophone de l’Hépatotoxicité des Produits de
Santé (REFHEPS) community reviewed medications related
to liver disorders, some of which are mentioned as follows
(Table 2):

(1) According to LiverTox, remdesivir has not been
attributed to liver injury. Besides, in clinical trials
using remdesivir, there have been no reports of
medication usage and hepatotoxicity [53]. How-
ever, the efect of remdesivir on liver damage is
debatable, owing to its use in COVID-19 patients
and the liver diseases caused by this condition [101].
In this way, hepatic dysfunction has been identifed
in COVID-19 patients after receiving remdesivir,
possibly due to an association with P-glycoprotein
(P-GP) inhibitors [93]. A US study of 12 patients
with COVID-19 found that liver enzymes increased
following remdesivir as clinical signs worsened [45].
Also, a case series study conducted by Grein et al. in
2020 on the efect of remdesivir reported that,
despite an escalation in liver enzymes in 23% of
patients with COVID-19, clinical improvement was
shown in 68% of patients. It can be concluded that
remdesivir, despite its minor side efects, can also
improve SARS-CoV-2 cases [102].

(2) Methylprednisolone has been related to the mod-
ulation of cytokine cascades. However, patients
with liver cirrhosis are more likely to experience
spontaneous bacterial peritonitis and elevate the
likelihood of HBV reactivation [52]. Also, accord-
ing to a study by Jeronimo et al., 0.5mg/kg/day of
methylprednisolone was signifcantly more com-
mon in COVID-19 patients with a moderate to
severe status than with placebo or standard care.
Moreover, higher doses such as 40mg of methyl-
prednisolone are recommended in extreme cases

[103]. However, the treatment results must be
interpreted with caution [103, 104].

(3) As previously mentioned, dysfunction develops in
many organs during COVID-19 disease due to
a cytokine cascade and the subsequent in-
fammation, including lung, heart, and liver dis-
orders. In COVID-19 patients, immune inhibitors
like tocilizumab are used to alleviate excessive in-
fammation for this purpose. Tocilizumab has been
linked to severe liver injury, including acute liver
disease, acute hepatitis, and liver transplantation in
some cases [93]. Furthermore, using the humanized
monoclonal antibody tocilizumab as a form of the
IL-6 receptor blocker causes an increase in ALT
enzyme levels. Jaundice is an unusual sign of liver
injury caused by this medication [26]. Tocilizumab
has also been observed to induce a slight rise in LFTs
in clinical trials; however, this increase is generally
temporary and disappears within 2–6 weeks [24].

(4) According to studies, the use of hydroxyl chloro-
quine has been linked to a minority of cases of DILI
[99]. It has established the potential for suppressing
viral multiplication by performing clinical trials
(>20) on chloroquine in ten hospitals across China
following success in vitro trials [24]. In COVID-19,
colchicine is used to relieve infammation caused by
the disease. DILI is not caused by the use of this
drug in low doses [93].

(5) Another drug used during COVID-19 is azi-
thromycin. It is a macrolide molecule that has anti-
infammatory and immune-regulating efects. It
also plays a role in many respiratory and infectious
diseases by afecting the innate and acquired im-
mune systems [105]. In clinical trials, Gyselinck
et al. observed that, by administering a dose of 5mg/
5 days, azithromycin increased the utilization of
immune cells such as monocytes; in contrast, by
increasing the amount by 1 g, they illustrated an
increase in side efects and cardiac toxicity
[105, 106].
Azithromycin has been confrmed to induce acute
liver injury within a few days of beginning therapy
and clinical symptoms of cholestatic hepatitis
within 1–3 weeks of starting therapy [45]. In
conjunction with hydroxyl chloroquine, azi-
thromycin is used as a macrolide antibiotic. Te

Table 1: Te role of inhibitory medications in liver transplantation patients.

Medication Function

Calcineurin inhibitors Te fndings show that calcineurin inhibitors have antiviral efects by reducing the
cytokine cascade during COVID-19 disease [80, 81].

mTOR inhibitors
On the other hand, the mTOR inhibitors have a benefcial impact on memory Tcell
function and inhibit the replication of viruses such as cytomegalovirus, herpes

virus-8, Epstein-Barr, and human immunodefciency virus [82].

Mycophenolate
According to studies, mycophenolate also has a cytostatic impact on activated

lymphocytes [83]. Also, it causes an exacerbation of SARS-CoV-2 virus infection
[84].
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liver damage caused by this drug was hepatocellular,
and most patients recovered entirely [99].

(6) Interferon-beta has been found to afect asymp-
tomatic and minor liver diseases in research. One of
the manifestations of liver diseases afected by it is
a slight increase in serum aminotransferase level
and a natural and temporary increase in serum
alkaline phosphatase level [99].
It has been found that patients receiving lopinavir/
ritonavir during COVID-19 have a high proportion
of elevated liver enzymes (56.1% vs. 25%). Lopi-
navir/ritonavir has been identifed as an HIV
treatment approved for coronavirus diseases such as
MERS-CoV [12]. However, the utility of these
medications in the treatment of COVID-19 is still
being investigated. During SARS-CoV-2 infection,
lopinavir also serves as a protease inhibitor [12].
Evidence shows that when these two drugs are
administered together, the endoplasmic reticulum
stress pathway in the liver is stimulated. As a result,
the caspase mechanism is activated, which leads to
liver cell apoptosis.
Additionally, oxidative stress and infammatory
responses occur due to the drug’s acceleration of
liver injury [12]. According to clinical trials con-
ducted by Cao et al. in 2021, lopinavir-ritonavir did
not have adequate inhibitory efects in patients with
severe disease compared with standard health care.
Also, it has side efects such as gastrointestinal
disorders, which include anorexia, nausea, ab-
dominal discomfort, or diarrhea [107].

(7) Experiments have shown that lopinavir induces
mild to extreme promotion in serum aminotrans-
ferase levels, ranging from 3% to 10%. Serum en-
zyme levels that are elevated difer from
hepatocellular to cholestatic [99].

(8) It has been proposed that low doses of ritonavir do
not raise serum levels of liver enzymes and that any
elevated liver enzymes are self-limiting and
asymptomatic. Furthermore, because of its enzy-
matic inhibitory properties, ritonavir causes high
plasma levels of concomitant medications, which
raises liver disorders [99]. Ritonavir increased
lopinavir levels by inhibiting the liver enzyme cy-
tochrome P450 (CYP450). Consequently, cyto-
chrome P450 3A4 (CPY3A4) produces a toxic
mediator of ritonavir or other metabolized factors,
which causes liver disorders [93].

(9) Baricitinib is an inhibitor of Janus kinase (JAK)-1
and 2 approved for treating rheumatoid arthritis.
Consequently, its use causes a minor and temporary
elevation in transaminase enzyme levels [99]. Based
on clinical trials in 2020, the FDA approved the use
of baricitinib in combination with remdesivir to
treat COVID-19 patients who require invasive
mechanical ventilation of excess oxygen or extra-
cellular membrane oxygenation (ECMO) [108].

However, baricitinib alone has not been approved
by the FDA to treat COVID-19 [108].

(10) During the fu epidemic, oseltamivir was recom-
mended by the WHO for people at high risk for
infection [107]. During experiments, oseltamivir
was administered to 89.9% of COVID-19 patients in
Wuhan, China. However, there is not enough detail
about its efect on liver function [12]. Generally, in
a study of 1099 patients with SARS-CoV-2, no
specifc information was obtained regarding the
impact of oseltamivir on the treatment and pre-
vention of the SARS-CoV-2 virus [107].

(11) Ribavirin can be prescribed as a treatment for
SARS-CoV-2 because of its broad spectrum.
However, signifcant toxicities, such as severe he-
molysis, have been identifed following the use of
this drug during this outbreak [12].

(12) Studies have also attributed angiotensin-converting
enzyme inhibitors (ACE inhibitors) and angioten-
sin II receptor blockers (ARBs) to liver damage.
Following ACEIs/ARBs, high levels of liver enzymes
have been identifed in hospitalized patients [89].

(13) Despite new therapeutic strategies in the treatment
of COVID-19, pirfenidone has not yet been tested
in clinical trials. However, it has been reported that,
due to the low side efects and potential benefts of
pirfenidone, this drug can be considered a treat-
ment target [109].

Pirfenidone has been proposed as an antifbrotic treat-
ment in patients with idiopathic pulmonary fbrosis (IPF).
Furthermore, although this medication helps suppress liver
fbrosis, it also increases the potential for liver disease. Te
reason for this liver damage is unclear, but an elevation in
liver enzyme levels has been documented in these patients
[100].

Finally, since the SARS-CoV-2 infection causes symp-
toms such as fever and pain, it has been recommended that
nonsteroidal anti-infammatory medications and acet-
aminophen be used to alleviate symptoms. Overuse of
acetaminophen (paracetamol), on the other hand, can cause
liver problems [99].

It is worth noting that liver dysfunction caused by SARS-
CoV-2 infection can result in improper drug metabolism in
the liver, leading to increased liver toxicity.

10. Clinical Approach in Liver Injury
and COVID-19

As mentioned, the experiments have found that the levels of
AST, ALT, ALP, gamma-glutamyl transferase (GGT), and
bilirubin in the deceased COVID-19 patients are consid-
erably higher than those in in the recovering patients [12].
GGT as a diagnostic marker for cholangiocyte damage is
elevated by more than 72% in extreme COVID-19 patients
[45]. Furthermore, peripheral blood testing revealed a sub-
stantial decline in CD4 and CD8 Tcells, an improvement in
CC chemokine receptor (CCR) 6+ T helper (T) 17 CD4

10 Canadian Journal of Gastroenterology and Hepatology



T cells, and CD8 cell granulation, both of which are asso-
ciated with liver manifestations. It has also been reported
that, despite signifcant reductions in CD4 and CD8 cell
counts, they are over-reactive [11]. During a study, it was
found that the rate of AST/ALT in patients with mild
symptoms was 18.2/19.8% and in patients with severe
symptoms was 39.4/28.1% [19].

Furthermore, when compared to normal levels, ASTand
ALT increase one- to two-fold, protecting the liver from
ischemic or hypoxic damage [56]. It was also discovered that
people using lopinavir/ritonavir had a 56.1% rise in liver
enzymes compared to individuals without treatment. A rise
in liver enzymes caused by liver injury or the use of antiviral
medications, on the other hand, is controversial. Moreover,
in such a way that the patients recovered and died, re-
spectively, AST levels of more than 40U/L were observed in
16% and 52% of subjects, and ALT levels were observed in
27% and 19% of subjects. Hypoalbuminemia was also re-
ported in 65% of deaths and 14% of recovery cases [12].

11. COVID-19 Influence on Liver
Cancer Management

Health care systems are facing unprecedented challenges as
a consequence of the coronavirus disease 2019 (COVID-19)
pandemic, which has a particularly adverse efect on in-
dividuals with liver cancer (LC) [110]. According to reports,
the initial wave of the COVID-19 pandemic had a signifcant
impact on the normal management of patients with liver
cancer [110]. Several organizations ofered several advice
based on expert opinion data at the start of the frst wave of
the COVID-19 pandemic to lessen its efects on LC
[110–112]. Given the extent of the disruption in patient care,
which includes screening to diagnosis, staging, and treat-
ment, the research’s fndings highlight the potential clinical
signifcance of the changes that have been made [110]. Tey
also predict that the COVID-19 pandemic will likely have
a signifcant impact on outcomes [112]. Unfortunately, the
crisis in health care leads to disruption in screening pro-
grams and subsequently increases the possible consequence
of changing to a more advanced stage of diagnosis. Also, the
progression, spread, and fnally prognosis of the tumor can
be afected by the delay in intervention measures such as
transplantation, removal, or erosion. As a result, ultrasound
screening delays due to the COVID-19 pandemic can be
considered [110]. In general, the recovery status of patients
and public health policy lead to a signifcant impact on LC
management changes. Te prospective analyses of project
CERO-19 will give important information on the thera-
peutic efcacy of approaches used during these major health
crises [110].

12. Conclusion

Due to the prevalence of COVID-19 and the severity of the
clinical symptoms due to viral infection, the involvement of
other organs such as the liver, heart, brain, and lungs during
this pandemic increased disorders and severe complications

of the disease. In some cases, an increase in mortality has
been observed. As mentioned in the text, the mortality rate
during this pandemic is primarily related to liver disorders
and diseases. Also, this study explains the efect of SARS-
CoV-2 and the number of diagnostic markers on disease
outcomes. Besides, due to the presence of viral receptors on
the epithelial cells of the small intestine, followed by the
presence of viral RNA in fecal samples, as well as the
possibility of virus transmission from the intestine through
the bloodstream to the liver, measures to prevent fecal-oral
transmission of the virus are essential.

Furthermore, according to a study by Chen et al., 5% of
people with COVID-19 had chronic liver disease, of which
about 76.9% died. As a result, they indicate the importance
of liver dysfunction in patients with SARS-CoV-2 [12]. Also,
Chew et al. fnd that, in addition to the virus’s direct in-
fuence on liver damage, variables including ischemia and
drug-induced liver damage play a substantial role in liver
damage during SARS-CoV-2 infection. However, this liver
damage does not always result in liver failure and death [88].
Terefore, monitoring and providing preventive measures to
inhibit and control infection in high-risk patients and those
susceptible to severe COVID-19 are essential, such as in
people with pre-existing liver disease, HCC, liver transplant
patients, and patients taking antiviral drugs. Furthermore,
the mortality rate is higher in the elderly and in people with
pre-existing diseases. However, information on the efect of
pre-existing chronic liver disease on the severity of COVID-
19, as well as the efect of this disease on liver function, is
insufcient and requires more extensive and detailed
research.
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[76] J. Colmenero, M. Rodŕıguez-Perálvarez, M. Salcedo et al.,
“Epidemiological pattern, incidence, and outcomes of
COVID-19 in liver transplant patients,” Journal of Hep-
atology, vol. 74, no. 1, pp. 148–155, 2021.

[77] C. Huang, Y. Wang, X. Li et al., “Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China,”Te
Lancet, vol. 395, no. 10223, pp. 497–506, 2020.

[78] A. I. Ritchie and A. Singanayagam, “Immunosuppression for
hyperinfammation in COVID-19: a double-edged sword?”
Te Lancet, vol. 395, no. 10230, p. 1111, 2020.

[79] M. G. Michaels, R. M. La Hoz, L. Danziger-Isakov et al.,
“Coronavirus disease 2019: implications of emerging in-
fections for transplantation,” American Journal of Trans-
plantation, vol. 20, no. 7, pp. 1768–1772, 2020.

[80] Y. Tanaka, Y. Sato, and T. Sasaki, “Suppression of corona-
virus replication by cyclophilin inhibitors,” Viruses, vol. 5,
no. 5, pp. 1250–1260, 2013.

[81] M. Willicombe, D. Tomas, and S. McAdoo, “COVID-19
and calcineurin inhibitors: should they get left out in the
storm?” Journal of the American Society of Nephrology,
vol. 31, no. 6, pp. 1145-1146, 2020.

[82] L. J. Bowman, A. J. Brueckner, and C. T. Doligalski, “Te role
of mTOR inhibitors in the management of viral infections,”
Transplantation, vol. 102, no. 2S, pp. S50–S59, 2018.

[83] A. C. Allison and E. M. Eugui, “Mycophenolate mofetil and
its mechanisms of action,” Immunopharmacology, vol. 47,
no. 2-3, pp. 85–118, 2000.

[84] D. C. Brennan, C. Legendre, D. Patel et al., “Cytomegalovirus
incidence between everolimus versus mycophenolate in de
novo renal transplants: pooled analysis of three clinical
trials,” American Journal of Transplantation, vol. 11, no. 11,
pp. 2453–2462, 2011.

[85] M. G. Hospital, Massachusetts General Hospital COVID-19
Treatment Guidance, 2020.

[86] R.-X. Yang, R.-D. Zheng, and J.-G. Fan, “Etiology and
management of liver injury in patients with COVID-19,”
World Journal of Gastroenterology, vol. 26, no. 32,
pp. 4753–4762, 2020.

[87] N.Waseem and P.-H. Chen, “Hypoxic hepatitis: a review and
clinical update,” Journal of clinical and translational hep-
atology, vol. 4, no. 3, pp. 263–268, 2016.

[88] M. Chew, Z. Tang, C. Radclife et al., “Signifcant liver injury
during hospitalization for COVID-19 is not associated with
liver insufciency or death,” Clinical Gastroenterology and
Hepatology, vol. 19, no. 10, 2191 pages, 2021.

[89] Q. Cai, D. Huang, H. Yu et al., “COVID-19: abnormal liver
function tests,” Journal of Hepatology, vol. 73, no. 3,
pp. 566–574, 2020.
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