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Abstract

The coronavirus disease 2019 (Covid-19) initially presented as a disease that affected the
lungs. Then, studies revealed that it intricately affected disparate organs in the human
body, with the liver being one of the most affected organs. This review aimed to assess
the association between Covid-19 and liver function, shedding light on its clinical
implication. However, its exact pathophysiology remains unclear, involving many
factors, such as active viral replication in the liver cells, direct cytotoxic effects of the
virus on the liver, or adverse reactions to viral antigens. Liver symptoms are mild-to-
moderate transaminase elevation. In some patients, with underlying liver disease, more
serious outcomes are observed. Thus, liver function should be meticulously considered

in patients with Covid-19.
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Core Tip: Coronavirus disease or Covid-19 is not only a respiratory illness but it can
also affect the gastrointestinal system particularly the liver. Although the exact
pathophysiology is unknown, more serious outcomes are seen when there is an
underlying liver disease. Meticulous attention should be given to liver function in

patients with Covid-19 infection.

INTRODUCTION

In December 2019, several cases of virus-induced lﬁpiratory pneumonia were reported
in Wuhan, China. By March 2020, the virus severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) had already spread to other countries and infected
thousands of individuals worldwide, which made the World Health Organization to

declare a global pandemic. The disease initially presented with symptoms affecting the




pulmonary system. Although some infected individuals could remain asymptomatic,
most individuals with Covid-19 had reported fever, cough, fatigue, headache, and
anosmia as the most common symptoms. However, ~15% of people suffered from
severe Covid-19, including pneumonia with respiratory compromise, coagulopathies,
strokes, multi-organ failure, and death [l. Severe Covid-19 was most commonly
reported in elderly people, men, and those with preexisting comorbidities, such as
hypertension, diabetes, and coronary artery disease [2l.

Studies showed that the impact of Covid-19 can extend from the pulmonary to other
systems in the body and can affect disparate organs. Extrapulmonary manifestations
involved cardiovascular, renal, gastrointestinal tract, reproductive, nervous,
hematologic, and immune system symptoms °l. The liver was found to be one of_the
affected organs following a Covid-19 infection. Several studies of liver dysfunction and
elevated liver function tests such as alanine aminotransferase (ALT) and/or aspartate
aminotransferase (AST) in patients without previous liver disease were reported shortly
after the declaration of the Covid-19 pandemic [4l. For instance, one Chinese study
demonstrated that nearly half of patients manifest liver dysfunction during their illness.
Researchers tried to investigate the possible causes of liver involvement during the
Covid-19 infection. Direct hepatotoxicity resulting from the natural evolution of the
disease, liver damage from the medication used for Covid-19 treatment, or the potential
role of other comorbidities could be considered as factors causing liver dysfunction
during the Covid-19 infection. Others reported that ongoing inflammatory processes
and hypoxia following the Covid-19 infection may cause liver injury 5. Nevertheless,
the exact reasons behind liver damage remain unclear. Hence, multiple possible
mechanisms contribute to these manifestations [°1.

This review aimed to assess the association between SARS-CoV-2 and liver function,
shedding light on its clinical implication. It also presents a perspective on the

appropriate management of patients with Covid-19 with liver injury.

MATERIAL AND METHODS




This narrative review was conducted following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Figure 1). Electronic
databases and online sources were searched up to August 2022 using The Cochrane
Library, the Reference Citation Analysis database, Medline, Embase, and Google
Scholar. The following keywords were combined and used to identify relevant studies:
“Covid-19” AND “liver” AND “liver injury” AND “liver manifestations” AND “liver
tests.” The articles were reviewed, and duplicates were excluded. An initial scan for
titles and abstracts was performed, and then, full papers were kept for assessment. We
included all articles written in the English language, published within the last 2 years
after the Covid-19 pandemic, and where full texts were available. We excluded gray

literature and studies not written in English.

RESULTS
The results of the literature search are summarized in a PRISMA flowchart (Figure 1). A

total of 58 manuscripts were included in this review.

Figure 1: Prisma Flowchart

Liver injury due to Covid-19

Covid-19 manifestations are variable, with different clinical presentations, such as
myalgia, fever, fatigue, headache, nausea vomiting, diarrhea, sore throat, nasal
congestion, taste and smell abnormalities, confusion, chest pain, and abdominal pain [71.
The gastro-intestinal GI tract is a prominent extrapulmonary site for Covid-19
involvement. Many patients complain of GI symptoms, such as nausea, diarrhea, and
abdominal pain at the early stages of Covid-19, with studies estimating that number
between 10% and 15% [8l. A meta-analysis of 12,797 patients from 11 countries found
that diarrhea is the most common GI presentation in patients with Covid-19 (12%),

followed by nausea (9%), vomiting (9%), and abdominal pain (6%) [9,10]. In critical




patients, GI symptoms tend to be more severe, ranging from ileal (55.8%) to bowel
ischemia (3.8%) among other serious complications [101.

Symptoms may persist throughout the disease course and even after its finished,
indicating a possible direct involvement and viral invasion of the GI tract. Stool samples
of up to 50% of hospitalized patients infected with Covid-19 had the virus detectable in
their stool samples, and some of them can still test positive for the viral for up to 1 wk
after viral clearance from the lungs [11l. Histologically, biopsies taken from the
esophagus, stomach, duodenum, and rectum of patients with Covid-19 revealed the
presence of viral ribonucleic acid RNAs [B11. As for the liver in infected patients, a
polymerase chain reaction of the liver tissue confirmed the presence of viral
deoxyribonucleic acid DNAs 2131 Covid-19 was detected in the cytoplasm of
hepatocytes, resulting in mitochondrial swelling, endoplasmic reticulum system
dilatation, and cell membrane impairment [5],

e incidence rate of liver injuries in patients with Covid-19 varies greatly. An
abnormal liver function was defined as an elevation of any parameter (ALT, AST,
Alkaline phosphatase ALP, Gamma-glutamyl transferase GGT, and total bilirubin).
Liver injury is defined as mild (<2 times upper level of normal), moderate (2-5 times
upper level of normal), and severe (>5 times upper level of normal) [16,17]. Studies
found that liver injury in patients with SARS-Cov-2 infection is between 14%-53%
[16,17]. However, even asymptomatic infected patients with Covid-19 have the same
viral load, and consequently, liver damage can happen with elevation of liver enzymes,
but to a lesser extend than the severe symptomatic patients [19]. In a retrggpective
cohort study conducted by Phipps et al on 2273 Covid-19 patients in the USA, 45% had
mild, 21% had moderate, and 6.4% had a severe liver injury [18]. The severity of liver
injury was significantly associated with the severity of the Covid-19 disease [19].
Moderate and severe liver injury was found to be more common in patients who
required admission to the Intensive Care Unit [18]. Liver injury is more common in
patients with high viral load. Thus, the risk of initial liver injury may be increased in

patients infected with Delta mutations and having relatively large viral loads [19]. A




study by Deng et al compared liver injury in patients with Delta and Omicron variEﬁt-
infected patients. The extend of inflammation and liver injury was similar among the
two groups. However, male gender and high peak viral load were independent factors
associated with liver injury [20]. A study conducted in young children with COVID-19
and liver injury showed that these patients have a milder course with less radiological
and laboratory changes compared to adults [21]. :

A Chinese study of 1100 patients reported that AST and ALT levels were elevated in
18% and 20% of patients with non-severe Covid-19, as compared with 56% and 28% of
patients with severe Covid-19, respectively, which can promote AST and ALT elevation
of reaching up to 7590 and 1445 U/L, respectively, in some severe cases [2223]. In
patients with fatal Covid-19, the incidence of liver damage could range between 58.06 %
and 78% [24. ALT elevation tends to peak between days 4 and 17 of hospitalization [2526].
Other symptoms of liver dysfunction are hypoalbuminemia, increased prothrombin

time, elevated serum bilirubin levels, hypoglycemia, and hyperammonemia [1].

Table 1 summarizes the different types of liver injury seen in Covid-19 patient [22-24,
27-35]

Table 1: Liver injury in Covid-19 patients in different trials.

Pathophysiology

The pathophysiology of Covid-19's impact on the liver remains unclear. Several
potential theories could explain the Covid-19 method affecting the liver.

One theory is that Covid-19 might contribute to liver damage through active viral
replication in liver cells. A suggested mechanism for direct injury is hepatocytes
apoptosis. This happens through viral proteins in specific protein 7a that can trigger
cellular apoptosis in the liver but also in different organs, such as the lungs and
kidneys. This cellular destruction is described by Tan et al 25]. Another possible entry of

the virus is through receptors. Three receptors are the most commonly involved in this:




Transmembrane serine protease 2 TMPRSS2, Furin, and Angiotensin converting
enzyme 2 ACE2 proteins. ACE2 receptors are present abundantly in the liver and the
gastrointestinal mucosa. The virus binds to ACE2 receptors, abundantly present in the
liver cells and GI mucosa [2¢l. The Covid-19 was detected inside the cytoplasm of the
hepatocytes, leading to dilatation of the endoplasmic reticulum system, mitochondrial
swelling, and cell membrane impairment. These receptors are more prevalent in the bile
duct cells (53%) than in the liver cells (2.6%) [337]. Liver dysfunction can happen
through bile duct damage more than a direct cytotoxic effect of the virus on the liver 1261,
However, even though the ACE2 receptors are more commonly present in
cholangiocytes than hepatocytes, a cholestatic pattern is less likely observed, and serum
aminotransferase elevation is usually the common presentation. A possible reason for
this is that other contributing factors are in cause and can raise the serum
aminotransferase levels in liver injury. As example, a study discusses the possibility of
the presence of co-receptors on the liver or an increase of the ACE-2 receptors on liver
cell surfaces [151. This could explain the damage detected in the livers of patients with
Covid-19, who showed signs of microvascular steatosis on post-mortem biopsies 1381,
Another pathway for viral entry is TMPRSS2 found on hepatocytes, cholangiocytes,
erythroid cells, and sinusoidal endothelial cells in the liver. Furin is another
transmembrane serine protease that is present in all cell types ['%15 %I, Viral receptors
expression on cell membranes is dynamic, upregulated by viral entry or even
preexisting liver diseases 140

Liver damage could also be caused by the adverse reactions to viral antigens.
Respiratory viruses such the influenza virus, parvovirus, and respiratory syncytial virus
bronchiolitis can all induce liver dysfunction with mild elevation of the liver enzyme
levels to acute liver failure [16l. SARS-CoV-2 is speculated to affect the liver by SARS-
CoV-2 viral antigens, in the form of nucleocapsids and spike proteins [12],

Immune dysregulation caused by Covid-19 plays a role in liver damage. Covid-19
Leads to an inflammation in the lungs with elevation in serum inflammatory markers

and production of pro-inflammatory cytokines, such as tumor necrosis factors,




procalcitonin, C-reactive protein (CRP) and interleukins (IL-1, IL-2, IL-6, IL-8, IL-10, IL-
17). Interferons are released, initiating a cascade that induces the expression of genes
responsible for antiviral activity and viral replication disruption [41. However, the
consequence of rapid viral proliferation is a generalized inflammatory reaction with
elevated inflammatory markers [26,42,43]. This can indirectly contribute to liver
damage [26,42,43]. Research conducted on severe cases of COVID-19 have
demonstrated the involvement of granulocyte-colony stimulating factor, tumor necrosis
factor-a, interferon-inducible protein-10, monocyte chemotactic protein 1, and
macrophage inflammatory protein 1 alpha, T helper 17, CD8 T cells, and IL-2, IL-6, IL-7,
IL-10 in the immune response [44]. Moreover, inflammatory reaction and activation of
the coagulation cascade resulting in a pro-thrombotic state in the blood can disrupt the
gut vascular barrier and exacerbate liver injury [45].

Hypoxemia can also be a cause of liver injury. Cases of severe COVID-19 generally ends
in sepsis state particularly when patients have gut microbiota imbalance and pre-
existing liver disease [44]. Hepatic damage post sepsis is usually associated with shock,
cholestasis, drug toxicity, and inflammation [44]. Severe infection with hemodynamic
instability and shock compromises blood supply to vital organs, including the liver. The
result is hypoxic ischemia of the liver, characterized by centrilobular hepatocellular
necrosis that can progress to irreversible hypoxic injury [¢l. Hypoxemia is one cause of
liver injury with bad prognosis [44]. Recent data shows that hypoxic liver injury in
Covid-19 patients is caused by metabolic acidosis with calcium overloading and
abnormality in the mitochondrial permeability transition pore protein [44].

Hepatotoxic drugs are a common cause of liver injury in Covid-19 patients.
Combinations of antiviral, steroid, and antibiotic drugs were all used to decrease
symptom severity and prevent potentially fatal complications. Since most of these
drugs were metabolized in the liver, medications used for the treatment of Covid-19 can
induce liver dysfunction [4l. The rate of drug-induced liver injury was found to be

approximately 25% in a meta-analysis of 20,874 patients with Covid-19 [47,48].




Remdesivir, tocilizumab, lopinavir/ritonavir, ribavirin, hydroxychloroquine, steroids,
and macrolides, all used for the treatment of Covid-19, can cause hepatotoxicity [4].

Antiviral treatments for Covid-19 are prescribed to approximately 50% of critical
patients, and these drugs cause hepatotoxicity. Evidence suggests that the use of
lopinavir or ritonavir can contribute to liver injury in patients with Covid-19, as those
with liver injury were found to have higher usage rates of these medications compared
with those with normal livers [33]. Patients treated with lopinavir/ritonavir show
commonly liver damage, and liver injury is 3.58 times greater in patients receiving
treatment compared with patients who did not receive treatment [50]. Liver damage is
increased by 12.1% after drug treatment [50]. Ribavirin-induced hemolysis could
exacerbate tissue hypoxia and further liver ischemia and injury. The National Health
Commission of the People’s Republic of China had to stipulate that treatment for long
term with these drugs, especially in high doses, can lead to hepatotoxicity [26].
Remdesivir was approved in May 2020 for the treatment of COVID-19. Remdesivir is
metabolized by Cytochromes P450. The treatment with remdesivir reduces the
hospitalization time for COVID-19 patients and accelerates recovery [44]. In COVID-19
patients treated by remdesivir, reversible elevations of ALT and AST were found with
6% of patients having a marked increase in AST and ALT while only 2% having a life-

threatening situation [44].

Chinese drugs used by individuals to treat their infections may also induce liver injury
[7I. Further, many patients infected with Covid-19 firstly present with fever, cough, and
fatigue; and many of them self-medicate using antipyretics, such as acetaminophen, a
known hepatotoxic medication. Moreover, herbal products, used for cough or pain,
may have a deleterious effect on liver function [7l. Patients with preexisting liver
diseases or chronic hepatitis are more susceptible to drug-induced liver damage, and
thereby, special consideration must be given before prescribing any drug [71.

Figure 2 shows different mechanisms of liver injury in Covid-19.

Figure 2: Mechanisms of liver injury from Covid-19 infection. Copyright ©The Author(s) 2023.




Covid-19 in patients with chronic liver disease

Early evidence denied the likelihood of increased risk of Covid-19 infection in patients
with chronic yet well-managed hepatitis B or C. However, Covid-19 could still affect
liver function in these patients through hepatic decompensation of the already depleted
hepatic reserves, and reactivation of hepatitis viral replication following the
immunocompromised state that SARS-CoV-2 induces in these patients [51l. Furthermore,
patients with preexisting liver diseases tend to have co-existing comorbidities, such as
diabetes, hypertension, and cardiovascular disease that also confer higher chances of
severe diseases to these patients. To date, no studies confirmed that patients with liver
disorders are at increased risk of being infected; however, these patients may have other
risk factors that may complicate the course of infection, making it more severe, such as

iabetes, anemia, and cardiovascular disorders [49],

Chen ef al found that chronic hepatitis B patients are more prone to Covid-19 infection
1521, however, other studies showed that chronic viral hepatitis is not proportional to the
severity of Covid-19 infection P23, Regarding viral hepatitis treatment in patients
coinfected with Covid-19, the Ameri Association for the Study of Liver Diseases
AASLD recommends to continue the treatment for hepatitis B and C if already started
before the Covid-19 infection and considers initiating hepatitis B treatment in patients
suspected of hepatitis B flare; however, studies are still lacking. Starting the treatment

for hepatitis C in a patient with Covid-19 is not yet routinely warranted.

Covid-19 and nonalcoholic steatohepatitis (NASH)

Nonalcoholic fatty liver disease (NAFLD) was found to be associated with a more
severe Cgyid-19 disease course and protracted viral shedding time [54]. Patients with
NAFLD had a higher probability of disease progression and higher risk of elevating
liver tests upon admission to discharge [+7]. This could be caused by hepatic macrophage
dysfunction and imbalance between M1 macrophages, promoters of inflammation and

M2 macrophages, suppressers of inflammation observed in patients with NAFLD and




by exceesive production of cytokines, such as Tumor Necrosis Factor alpha TNF-a by

the adipose and Kupffer cells [38,54].

Obesity was found to increase mortality risks in patients with Covid-19 and was
associated with a higher likelihood of needing invasive ventilation. ACE-2 receptors are
predominantly found in the adipose tissues, which might facilitate Covid-19 invasion in
the fat tissues. Patients with NASH generally have disrupted inflammatory
mechanisms, making them more vulnerable. Thus, close monitoring is advisable in
these patients. These deleterious effects are compounded when considering that obese
patients are also highly at higher risk for NASH [,

Some studies reportedly undermined NAFLD’s role in Covid-19-associated liver
damage. A series of 155 patients hospitalized for Covid-19 infection showed that
steatosis (present in 43% of the cases) was not iassociated with mortality 55l A larger
study conducted on 745 patients from 29 countries having chronic liver disease and
cirrhosis found that the odds ratio for death in patients with NAFLD was 1.01 (95%
confidence interval, 0.57-1.79) [561.

Mushtak et al studied 589 symptomatic Covid-19 patients with who were hospitalized
in the state of Qatar. They found that NAFLD predicts mild to moderate liver injury
while it does not predicts mortality, disease severity or disease progression [%7.

These inconsistent findings require more, larger studies to assess the presence of

increased mortality risk in patients with NAFLD and NASH infected with Covid-19.

Covid-19 and preexisting chronic liver disease

Patients with chronic liver disease and cirrhosis would be more prone to Covid-19
induced liver injury than those without preexisting liver damage. A meta-analysis of
5,595 patients infected with Covid-19 showed that 3% of patients with preexisting liver
disease had higher rates of severe complications (57.335) and mortality (17.65%) than
those without the chronic liver disease [58].

Patients with cirrhosis are known to be a high-risk population and prone to higher rates

of mortality when infected with Covid-19 P%. In a national registry study, Marjot et al




found that patients with cirrhosis had a mortality rate of 32% while patients with no
cirrhosis had a rate of 8%, with higher rates of liver decompensation observed in the
former group 1%l. Lung injury is the primary cause of death in patients with Covid-19,
and liver dysfunction helps exacerbate this injury 0. Cirrhosis have been associated
with inflammation and dysregulation of the immune system. This dysregulation may
explain the increased severity and mortality due to Covid-19. Additionally, in cirrhosis,
coagulation disorders, cirrhotic decompensation, cytokine release, and exacerbation of
ascites or encephalopathy all strain the already depleted liver reserves and increase
mortality rates [59].

Studies on the impact of Covid-19 on patients with alcohol-associated liver disease
(ALD) are limited [*l. Nevertheless, data show that patients with Covid-19 and alcohol-
related cirrhosis also exhibited increased mortality, a finding consistent with other
patients with liver cirrhosis [°l. Kim et al supported these findings through their study
of 867 patients with chronic liver disease having a Covid-19 infection, demonstrating
that patients with ALD had an increased risk of poor survival and higher risk of
mortality rate %2, ALD is associated with danger-associated molecular patterns that
induce an inflammatory state with cytokine release [%3l. In patients with ALD, the
superimposed cytokine storm caused by Covid-19 could increases the inflammatory
process and results in worse outcomes 3.

Hepatocellular carcinoma HCC and Covid-19 infection are also associated with poor
outcomes. Chinese patients with underlying malignancies infected with Covid-19 were
found to have higher odds of being infected with SARS-CoV-2 and progressing to more
severe disease forms. As in any other malignancy, HCC is associated with poor
immunity and hypoproteinemia, in addition to chemotherapy that promotes further
immunosuppression, leading to the recommendation of deferring locoregional
treatments wherever possible and gradually phasing out immunological anticancer

therapies when at risk of Covid-19 disease [64],

Patients who underwent a liver transplant




Many centers for liver transplantation had to cut down their procedures because of the
Covid-19 crisis. Yet, current evidence suggests that liver transplant recipients who are
on immunosuppressants have the same fatality rate as the rest of the population B9l
Management of liver transplant recipients infected with Covid-19 is challenging
because of drug-drug interactions and the right immunosuppressant levels. Current
evidence supports continuing immunosuppressive treatment in liver transplant
recipients and preventing dose reduction. It remains unclear whether steroids help liver
transplant patients with Covid-19, as it was proven to help hospitalized Covid-19
patients [56].

The benefit of vaccination should be heightened in patients with chronic liver disease
due to their imbalanced immune system, from their disease, and immunosuppressive

treatment.

Treatment of liver disease

The advancement of developing the best therapy for Covid19 evolves at a high pace.
Yet, little is known about the ideal treatment for liver injury. AASLD recommends
continuing treatment of viral hepatitis in patients with coinfection with Covid-19 and
prevention of hepatitis flare. If steroids are to be prescribed, the risk of hepatitis flare
should be evaluated. Most liver damages caused by Covid-19 infection are temporary
and rarely result in liver failure. However, when severe liver dysfunction increases,
prompt assessment, and screening for underlying diseases and previous history of liver
diseases are warranted. Exposure to hepatotoxic agents such as alcohol and drug
chemicals should be examined, as should the circulation and ventilation statuses of the
patient.

Liver function tests should be routinely measured to preclude further liver damage.
Furthermore, other etiologies for liver injury should be considered. If AST and Lactate
dehydrogenase LDH are elevated but ALT levels are normal, the skeletal muscle or
cardiac origin of elevation should be considered. L-ornithine-L-aspartate could be

effective in hepatic encephalopathy with elevated ammonia levels [44]. However this is




only used as a complimentary treatment. Probiotics can also be considered, they restore
gut microbiota dysbiosis and prevent any infections. Ursodeoxycholic acid 500 mg/d
protect hepatic function from injury due to its anti-inflammatory and
immunomodulating activities. Nevertheless, further studies are needed to confirm this
benefit [5, 44]. N-acetylcysteine could be used in COVID-19 patients, it causes obvious
drop in inflammatory markers in particular CRP and ferritin levels. In addition, NAC
blocked hemolysis and liver enzyme elevation. Further studies for this treatment are
needed 41,

The treatment of Covid-19-induced liver injury is dependent on the severity of the
damage and the identification and treatment of underlying causes if present. Patients
with mildly elevated liver enzymes do not need hepatoprotective drugs. Patients with
severe liver dysfunction require treatment with hepatoprotective, jaundice-reducing,
and anti-inflammatory drugs, such as polyene phosphatidylcholine, glycyzic acid,
bicyclol, and vitamin E. In critically ill patients, special consideration should be taken
for the extent of liver injury and the number of medications used. This minimizes the
risk of drug-drug interactions and eschews the risk of aggravating the liver injury by
selecting an antiviral drug with minimal hepatotoxicity. One group of antivirals could
be glycyrrhizic acid derivatives as shown by [%°l. Glycyrrhizin has been used for several
years as an anti-inflammatory of choice for liver disease protection.

Inconsistent findings have been reported in the literature on whether anticoagulation
increases the risk of bleeding in cirrhotic patients with Covid-19 since they are excluded
from the majority of published studies related to thromboprophylaxis. However, an
Italian multicenter study conducted on 40 patients reassured no increased hemorrhagic
risk a g cirrhotic patients admitted with Covid-19.

Effects of the Covid-19 vaccine on specific organs, such as the liver and GI tract remain
unknown. Further study is required to evaluate the long-term effects of the vaccine

based on the GI tract.

Prognosis




Liver injury in patients with mild Covid-19 is usually transient and does not require
treatment. Liver failure is also rarely reported.

Despite using elevated serum aminotransferases as indicators of liver injury during
Covid-19 infection, a direct correlation between elevated liver enzymes and Covid-19
severity could not be demonstrated. However, patients with severe Covid-19 disease
tend to have more elevated liver function tests than those with mild disease. After
recovery, liver enzymes gradually return to their normal levels. Further noteworthy
consequences of Covid-19-induced liver injury, especially for elderly individuals,
include the activation of fibrinolytic and clothing pathways and innate immune system
dysregulation.

The prognostic correlation with elevated liver enzymes remains debatable. No evidence
showed that higher liver enzymes are associated with higher mortality risk. Age,
associated comorbidities, and preexisting alcohol-related liver disease are the main risk
factors for poor outcomes 661,

Fan et al concluded in their trial on 148 hospitalized patients that abnormal liver
functions are associated with prolonged hospitalization [33.

Comparable results were drawn from other studies. Wang et al also concluded that the

male sex predisposes to more liver damage [%71.

CONCLUSION

Despite the lack of evidence to elucidate the mechanisms of liver injury induced by
Covid-19 infection, this review provides a comprehensive approach to several theories
investigated. Further research is needed to clarify the factors in cause and determine
factors that might exacerbate liver injury in Covid-19 infected patients. Meticulous
attention should be kept on the liver of patients with Covid-19 infection, especially
during hospitalization. It is not clear yet on how to treat liver damage in patients with
Covid-19 infection. There are no clear guidelines for proper treatment of liver injury in

Covid-19 patients. Comparative studies might be needed for better evidence.
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