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Abstract
Coronavirus disease 2019 has a wide range of clinical spectrum from asymptomatic infection to severe infection resulting in death within a short time. Currently, it is known that severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) does not only cause a respiratory tract infection but a more complicated disease that can lead to multiple system involvement including the liver. Herein, we evaluate the epidemiology, the impact of liver injury/dysfunction on disease prognosis, the pathophysiological mechanisms and management of liver injury. More than one-fourth of the patients have abnormal liver function tests, mostly a mild-to-moderate liver dysfunction. Liver injury is significantly associated with a poor clinical outcome. Direct cytotoxic effect of SARS-CoV-2, the immune response (“cytokine storm”), the complications related to the disease, and drugs used in the treatments are the pathophysiological mechanisms responsible for liver injury. However, the exact mechanism is not yet clearly explained. The binding of SARS-CoV-2 to the angiotensin-converting enzyme 2 receptors and entering the hepatocyte and cholangiocytes can cause cytotoxic effects on the liver. Excessive immune response has an important role in disease progression and causes acute respiratory distress syndrome and multi-organ failures accompanied by liver injury. Treatment drugs, particularly lopinavir/ritonavir, remdesivir and antibiotics are a frequent reason for liver injury. The possible reasons should be meticulously investigated and resolved.
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Core Tip: The study evaluated the incidence of liver injury in coronavirus disease 2019 (COVID-19) patients and its impact on clinical outcomes and pathophysiological mechanism of liver injury. More than one-fourth of COVID-19 patients had suffered from liver injury, mostly a mild-to-moderate liver dysfunction. Liver involvement is independently associated with adverse clinical outcomes. Direct viral cytotoxic effect, complications of the disease, and drugs used in the treatments are the pathophysiological mechanisms suggested for liver injury. However, the exact mechanism was not clearly explained. The actual cause should be carefully investigated in the presence of abnormal liver function tests, and appropriate treatments provided for possible factors.


INTRODUCTION
The emergence of the novel coronavirus disease 2019 (COVID-19) pandemic was a breaking point that deeply affected the whole world and changed medical priorities in daily practice. From the early time of the pandemic, it has been understood that severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is not only a respiratory system virus that causes severe lung disease but a systemic disease agent that can affect all systems. Numerous studies from around the world have shown that the liver is damaged in varying degrees in patients with SARS-CoV-2 infection[1]. Recent studies have shown that a considerable part of the COVID-19 patients showed abnormality in liver function tests[2-5]. Liver injury causes a poorer outcome in affected patients, however, its effect on the disease may be more profound than it appears. Herein, we aimed to evaluate the epidemiological characteristics and impact of the liver injury on the clinical outcome, the interaction between pre-existing chronic liver diseases (CLDs) and COVID-19, the pathophysiology of liver involvement and hepatic histopathological findings, and management of liver injury.

DEFINITION
The liver is a vital organ that is mainly responsible for protein synthesis, storage of glycogen and regulation of blood glucose levels, metabolism of toxic substances, and many other physiological processes[1]. A great majority of studies revealed that a mild-to-moderate liver involvement was present in a considerable part of COVID-19 patients. However, what liver damage means has not been clearly defined. Zheng et al[6] pointed out that there is no clarity on what liver damage means in their letter to the editors. There are no standardized diagnostic criteria to be considered as a liver injury. The cut-off value of liver function tests varies among studies. The World Health Organization defined the severity of acute COVID-19 as mild, moderate, severe, and critical illness based on respiratory and other systemic findings using technical guidelines[7]. However, the degree of liver and other organ involvement has not been defined yet. There is no standard for cut-off values of liver function tests established by the consensus of researchers. Researchers usually have used different cut-off values, as Zheng Ye et al[6] emphasized. Most of them defined any elevated value above the upper limit of normal (ULN) as liver injury, others preferred values 2-3 times higher than UNL[6,8]. Cai et al[8] defined liver test abnormalities as two groups, elevations of liver enzymes (higher than ULN) and liver injury. Aspartate transaminase (AST)/alanine transaminase (ALT) values above 3 times ULN, or alkaline phosphatase (ALP), gamma-glutamyl transferase (GGT), and total bilirubin values above 2 times ULN were accepted as liver injury.
Lv et al[9] stated concern about the possible misinterpretation of AST data. Determining liver injury incidences based on AST may have led to overestimation. It is believed that ALT is more specific for liver disease and reflects the real hepatic injury. AST is a less specific marker for the liver due to being produced by other tissue such as kidneys, cardiac, and skeletal muscles rather than the liver. Therefore, to be sure of the source of AST, isoform analysis should be done that is not available in routine practice. In addition, antibiotics and antivirals used during the disease also contribute frequently to the elevation of the AST value[5]. A recent study showed that the first rising enzyme is AST followed by ALT[10]. These raise the question of whether the increase in AST may have been caused by other tissues or causes. On the other hand, the studies reported the association between AST level and the disease severity regardless of its source.
In addition, previous diagnosed or undiagnosed CLDs such as chronic viral hepatitis, alcoholic liver disease, non-alcoholic fatty liver disease (NAFLD), may also result in abnormal liver tests. The use of an established set of standards for liver dysfunction/liver injury by researchers is essential in terms of comparability of study results. Therefore, there is an urgent need to define clearly what liver dysfunction/injury means.

EPIDEMIOLOGY AND PROGNOSIS
Incidence of liver dysfunction
Numerous studies have reported liver injury and varying levels of liver dysfunctions in SARS-CoV-2 infection[3,5]. Most infections manifested as mild to moderate liver disorders presented with abnormal liver function tests [AST/ALT elevations, GGT/ALP elevations, and in some cases hypoproteinemia and prolonged prothrombin time (PT)][2-4,11-15]. In their meta-analysis, Kulkarni et al[5] reported liver function test abnormality in 19% of 1290 non-severe COVID-19 patients from nine articles. Cai et al[8] reported liver injury in 24.9% of non-severe cases. Emerging data from cohort studies have pointed out that liver dysfunction is a commonly encountered entity, usually in more than one-third of hospitalized COVID-19 patients[11,16,17]. However, as pointed out above, the incidence of liver injury varies between cohorts, sometimes due to reasons such as differences among study and patient populations, the variety of the drug treatments, and their usage rates. Herein, we mostly addressed several meta-analyses and reviews which evaluated and summarized liver involvements in SARS-CoV-2 infections. A meta-analysis reported the pooled incidence of liver dysfunction as 23.1% at early presentation and 24.1% through the disease course among 15407 patients[5]. The incidence of abnormal levels of liver function was also reported as 29% in another meta-analysis evaluating a total of 38 studies with 3062 COVID-19 patients[17].
In a review, Alqahtani et al[18] analyzed more than thirty published, ahead of print and preprint reports which consisted of mostly case series. They summarized the details of the study types, patients’ numbers, hepatobiliary function markers, inflammatory markers, and proposed possible mechanisms of liver injury. More than 20 publications included in the review had reported abnormal levels of aminotransferase, up to 61.1% of cases. Almost all cases had a modest liver injury except one who had an AST reaching a maximum of 1263 U/L and ALT reaching 2093 U/L. Another retrospective study by Chen et al[19], included in the review, reported that one case had experienced severe hepatitis with an AST of 1445 and ALT of 7590 U/L. A negligible part of patients had pre-existing liver disease. COVID-19 causes usually mild-to-moderate liver injury presented with modest abnormality in liver function tests, and it occasionally resulted in severe hepatitis.
In a comprehensive review evaluating the incidence of hepatic abnormalities in SARS, the Middle East respiratory syndrome, and SARS-CoV-2, Kukla et al[20] analyzed 2541 patients infected with SARS CoV-2 in 11 studies reported from China and reported that liver involvement had occurred with predominantly mild to moderately high transaminases, hypoalbuminemia, and prolongation of PT. A large-scale study of 5700 patients hospitalized with COVID-19 reported elevations of ALT and AST in 39.0% and 58.4% of the patient population, respectively[21]. Cai et al[8] reported 76.3% abnormal liver function tests (higher than ULN) and 21.5% liver injury (defined higher than 3 × AST/ALT or 2 × ALP/GGT/total bilirubin) at admission.
A slight hyperbilirubinemia is accompanied by elevated transaminase in COVID-19. Its incidence was reported as 13.4% in Kulkarni et al[3]’s study. The studies also reported the increase in other liver function tests (ALP, GGT), prolonged PT and decrease in albumin level. Cai et al[8] reported GGT elevation in more than 15% of the patients at admission and in approximately half of the patients during hospitalization. The pooled incidence of prolonged PT was 9.7% in adults with a meta-analysis[5]. As a result, although the incidence rates are in a wide range in studies, the incidence of liver injury was present in at least one-fourth of patients or more.

Liver dysfunction and clinical outcomes
Accumulated data since the beginning of the pandemic shows that liver dysfunction is significantly associated with a poor outcome in SARS-CoV-2 infection[3,8,11,16,17,22]. Cai et al[8] reported that patients with liver injury had a 9-fold-greater risk of severe COVID-19. A meta-analysis involving 3722 cases in 13 studies revealed that mortality and clinical severity were associated with liver injury in COVID-19 patients[3]. Fu et al[16] reported a higher mortality rate in patients with abnormal liver function tests compared to those with normal liver function tests (29.6% vs 6.5%, P < 0.001), especially AST elevation and total bilirubin elevation groups. Serum AST level was higher in deceased patients and severe COVID-19 cases than in surviving patients and non-severe cases [odds ratio (OR) = 4.48, 95% confidence interval (CI): 3.24-7.21, P < 0.001][3]. A comprehensive meta-analysis investigating the incidence of elevated liver functions, and the association of the patients' outcomes with liver dysfunction and CLDs upon 15407 patients revealed that COVID-19 patients with elevated liver functions had an increased risk for mortality (OR = 3.46, 95%CI: 2.42-4.95, P <0.001) and severe disease (OR = 2.87, 95%CI: 2.29-3.6, P <0.001) compared to patients without elevated liver functions[5]. In another meta-analysis, a higher level of AST, ALT, and bilirubin values, prolonged PT, and a lower level of serum albumin value were found to be associated with severe COVID-19[23]. In consequence, the elevated transaminase and abnormality of other liver function tests were common in COVID-19 patients and independently associated with adverse clinical outcomes.

PATHOPHYSIOLOGY OF LIVER INJURY
Although much has been learned about SARS-CoV-2 in the elapsed time since the beginning of the pandemic, there remain many points that need to be clarified, particularly its pathogenesis. There is still a dilemma about whether SARS-CoV-2 increases transaminases directly by viral cytotoxic effect or by the consequences of the disease such as hyperinflammation, sepsis, and drugs[24]. Although not yet fully clarified, the pathogenesis of COVID-19 associated liver injury appears to be related to direct viral hepatitis, or the disease-induced complications such as severe respiratory involvement related to hypoxia [e.g., acute respiratory distress syndrome (ARDS)], sepsis, cytokine storm, or drug-related liver enzyme elevations during the infection[9,20,25]. Possible mechanism of liver injury is given in Figure 1.

Direct cytopathic effect of SARS-CoV-2 on the liver
Recent studies show that SARS-CoV-2 uses angiotensin-converting enzyme 2 (ACE2) receptors, mainly expressed in type 2 alveolar cells of the lungs, to enter the body[26,27]. ACE2 receptors are also mainly localized in the heart, kidney, testes, and other tissues[8]. The liver is a potential target organ for the virus due to its containing high levels of ACE2 receptors[28]. The direct cytotoxic effect and/or inflammatory response of the body to SARS-CoV-2 may be responsible for liver injury. It has been suggested that the binding of SARS-CoV-2 to the ACE2 receptors and entering the hepatocyte and cholangiocytes can cause a direct viral cytotoxic effect on the liver[5], a suggestion that is supported by the findings of a previous study where SARS-CoV-2 RNA was detected in a liver sample[29]. Nardo et al[30] reviewed the pathological findings of COVID-19 patients and proposed that the pathological findings of COVID-19 might be caused by hepatocellular infection with direct cytopathic effect of SARS-CoV-2 and cytokine storm, hypoxic conditions due to ARDS and drug-induced liver injury (DILI) may contribute to these findings. Previous studies had extensively investigated the cell entry mechanism of SARS-CoV-2, and reported that viral entry is triggered by the binding of receptor-binding domain of ACE receptors to the target cells such as alveolar type 2 cells, hepatocytes or cholangiocytes and activated by human proteases such as TMPRSS2[31-33]. However, more data is required to assess the relevance between virus and liver damage. Interestingly, ACE2 expression in cholangiocytes is at similar levels to the lungs, and higher than in the hepatocytes[28]. This may explain the increase in ALP, GGT, and total bilirubin levels. However, COVID-19 patients do not commonly denote a cholestatic pattern of hepatic dysfunction; increased transaminase levels are more predominant. This can be explained by the possibility that hepatic dysfunction predominantly results from secondary causes such as hypoxia and cytokine storm than the direct viral cytopathic effect of the virus[28,34]. Further studies are required to explain why serum transaminases are elevated more than ALP and bilirubin, and to assess the relevance between virus and liver injury.

Complications of SARS-CoV-2
COVID-19 has a wide range of clinical spectrum from asymptomatic infection to severe infection resulting in death within a short time. COVID-19 patients particularly with severe illness suffer from various degrees of respiratory system involvement and multiple organ failure. Its pathogenesis is complicated and mainly based on immune system dysfunction, at local and systemic levels[35]. Accumulated data on COVID-19 pathogenesis indicates that SARS-CoV-2 induces an excessive cytokine release, known as cytokine storm in some patients, and causes ARDS and multiple organ failures including heart, liver, and kidney[35-37]. Cytokine storm is the life-threatening overactivation of immune cells and dysregulated inflammatory cytokine and chemical production in relation to a triggering factor such as bacterial, fungal and viral pathogens, and is accepted as the main cause of multiple organ injury. It was confirmed that a high level of inflammatory markers such as C-reactive protein, cytokines [interleukin (IL) 1, IL-6, IL-18, tumor necrosis factor, granulocyte-colony stimulating factor], and chemokines are associated with severe infection[11,34,35,38-43]. Cytokines and chemokines stimulate both the innate and adoptive immune system resulting in apoptosis of the infected cells and immune cell hyperstimulation. Therefore, cytokine storm may play a role in the appearance of abnormal liver function tests.
Thromboembolic events are frequent in COVID-19 patients, and another possible explanation of liver involvement is endothelial injury and hyper-coagulability[44]. In a preliminary study, the signs of acute (thrombosis, luminal ectasia) and chronic (fibrous thickening of the vascular wall or phlebosclerosis, presence of abnormal portal intrahepatic system) hepatic vascular involvement was found in all specimens in varying degrees among the main pathological findings[45].
Multiple organ dysfunction induced by other COVID-19-related complications probably contribute to elevated liver function tests. COVID-19 patients, particularly with a severe and critical illness, are at risk for secondary bacterial and fungal infections[46]. Sepsis is a common condition in COVID-19 patients, especially those who are followed up in the intensive care unit and can cause multiple organ dysfunction, including the liver. Besides, the development of septic shock increases the risk of hepatotoxicity through hypoperfusion[47]. Hypoxia and cardiac failure in affected COVID-19 patients can lead to liver injury[34]. Circulatory events, underlying CLD disorders are other secondary reasons for liver injury[11,28,34].

Therapeutic drugs 
Liver injury may be partially attributed to the drugs used in COVID-19 treatment[5,11]. Liver damage has been reported with the use of lopinavir/ritonavir as an antiviral in SARS-CoV-2 infection[5,8,11]. Cai et al[8] did not detect any significant evidence for increased risk for liver injury in patients using suspected drugs (including antibiotics, non-steroidal anti-inflammatory drugs (NSAIDs), ribavirin, herbal medication used in Chinese medicine, and interferon), except for lopinavir/ritonavir. Patients who used lopinavir/ritonavir had a higher GGT and ALP level. Similarly, Cichoż-Lach et al[11] reported that they did not find any association between the use of antibiotics, NSAIDs, ribavirin, and interferon, and hepatic complications. Only lopinavir/ritonavir had provoked the deterioration of liver function. In a study, the rate of lopinavir/ritonavir use had been detected higher in the patients with hepatic dysfunction than in those without hepatic dysfunction[48]. Kulkarni et al[5] also reported that drug-induced liver injury due to the use of lopinavir/ritonavir, remdesivir, and arbidol is common, but not resulting in life-threatening conditions. The incidence of abnormal liver function tests with lopinavir/ritonavir ranges from 22.7% to 54.6%. Remdesivir is another drug that causes frequent increases (15.2%) in liver function tests. Elevated liver function tests were reported at a rate of 18.7% with the use of arbidol.
Hydroxychloroquine, an antimalarial drug, is one of the most used and studied as immunomodulatory drugs in the treatment of COVID-19[49,50]. Although there is conflicting information about its effectiveness in COVID-19, hepatotoxicity is not a common side effect of hydroxychloroquine. Hydroxychloroquine has been used in the treatment of systemic lupus erythematosus, rheumatoid arthritis, and related diseases for over 70 years[51]. There are only a few case reports of hepatoxicity with hydroxychloroquine[34,52].
Interpreting the data on whether antibiotics, NSAIDs, and other drugs used to treat COVID-19 patients cause hepatotoxic effects is a complicated issue. As discussed above, elevated AST and ALT levels are seen in severe cases or occur during the disease course even if it is normal on admission. These cases stay longer in hospital and combat unfavorable conditions such as secondary bacterial and fungal infections, sepsis, and cytokine storm which require the administration of certain other medications. Rather than thinking that liver enzyme elevation is related solely to the drugs used, it seems more plausible to account that all factors contribute.

HISTOPATHOLOGICAL FINDINGS OF THE LIVER
Understanding histopathological findings of COVID-19 has an important role in elucidating the pathogenesis of the disease and how liver damage develops. The most common finding in histopathology is steatosis. In a review that involved 9 biopsies and 226 autopsies, histopathology findings of COVID-19 cases in the published studies were evaluated and the most important histopathological findings of lung, heart, liver, and kidney were summarized[53]. Although a limited number of samples was performed in biopsy/autopsy, the most remarkable findings have been detected as steatosis and inflammation. Similarly, Díaz et al[24] reported detecting hepatic steatosis and vascular thrombosis as major and prevalent histological liver findings. Portal and lobular inflammation and Kupffer cell hyperplasia or proliferation were other frequent findings. Steatosis was higher than the normal population. It should be noted that these findings may lead to a bias since patients with more severe illnesses are included in the autopsy or biopsy studies. Besides, it can also be explained by the co-existence of other common causes of steatosis (e.g., diabetes, obesity, NAFLD, hypertension, and heart diseases) in severe COVID-19 patients[9,24].

PRE-EXISTING LIVER DISEASES
The prevalence of CLDs among COVID-19 patients is low. Kulkarni et al[5] reported the pooled prevalence of underlying CLDs as 3.6% (95%CI: 2.5-5.1) among 15407 patients in 50 articles, and as 3.9% among 1587 severely ill patients in 15 articles that reported it. However, there are higher rates of its prevalence in different studies. Oyelade et al[54] reported its prevalence as 3%-11% in their meta-analysis. Fu et al[16] reported the prevalence of CLDs as 19.9% (viral hepatitis 8.9% and NAFLD 1%) in their study population and did not find any significant associations between CLDs and elevated liver function tests. Certain studies reported that underlying CLDs are associated with higher mortality[55-57]. Contrary to this, in the comprehensive meta-analysis by Kulkarni et al[5], the presence of CLDs was not associated with severe COVID-19 (OR = 0.8, 95%CI: 0.31-2.09, P = 0.67). Similar to Kulkarni, Lippi et al[58] could not find any association between CLDs and COVID-19 severity (OR = 0.96, 95%CI: 0.36–2.52) and its mortality (OR = 2.33, 95%CI: 0.77–7.04). Conflicting results in the literature about the relation between SARS-CoV-2 infection and pre-existing liver disease may be associated with the heterogeneity of the study populations and the type (e.g., alcoholic liver disease, NAFLD, viral hepatitis) and severity of the underlying liver diseases (e.g., cirrhosis, decompensated disease or hepatocellular carcinoma), and further investigation is needed to clearly understand.
An observational study found the presence of alcohol-related liver disease, decompensated cirrhosis, and hepatocellular carcinoma as independent risk factors for higher mortality in patients with CLDs[55]. In APCOLIS study (APASL COVID-19 Liver Injury Spectrum Study), patients with obesity (in cirrhotic) and diabetes mellitus (in non-cirrhotic) were vulnerable to liver injury[59]. In fact, it appears that chronic liver patients in advanced stages, rather than all chronic liver patients, have a higher risk of severe infection and mortality[56]. 
The individual risk to being infected with COVID-19 in patients with CLDs depends on several factors including comorbidity, etiology of chronic disease, and baseline liver disease stage[56,60]. Controlled viral hepatitis B and C was not accepted as an exact predisposing factor to SARS-CoV-2 infection[25]. Patients with cirrhosis or hepatocellular carcinoma may be more vulnerable to SARS-CoV-2 infection because of the impairment of patients’ immune systems[61]. However, many more studies are needed to clarify the issue of whether chronic viral hepatitis creates a predisposition to SARS-CoV-2 infection.

MANAGEMENT OF LIVER INJURY 
In mild cases of COVID-19, liver injury usually resolves spontaneously[61]. If liver injury develops during the COVID-19 clinical course, it should first be investigated whether the abnormal liver function tests are related to the drugs including antivirals, antibiotics, NSAIDs used in the treatment, and if necessary, the drug held responsible for liver damage should be discontinued[34]. However, severe liver injury may require a more meticulous evaluation and careful treatment. The actual cause of liver injury should be investigated, and appropriate treatment provided for possible factors. If present, hypoxia and hypoperfusion should be regulated. Timely control of immune-mediated systemic inflammation and cytokine storm improve the prognosis and reduce respiratory cell infiltration and hypoxia. Anti-inflammatory treatments such as dexamethasone or other corticosteroids that have been found to reduce mortality by suppression of inflammation are used. Dexamethasone 6 mg IV or orally for 10 d (or until discharge if earlier), is recommended in severe cases of COVID-19 particularly with end organ dysfunction. Alternatively, methylprednisolone 32 mg and prednisone 40 mg which are equivalent doses to dexamethasone 6 mg can also be used[62-64]. Corticosteroids are also one of the treatment options in hemophagocytic lymphohistiocytosis, a type of cytokine storm associated with deepening laboratory abnormalities including elevated liver function tests and seen in COVID-19 patients[35]. Other immunomodulatory and cytokine antagonists can be used in the treatment[35]. Adding tocilizumab to standard of care is recommended for progressive severe and critical cases of COVID-19 who have elevated markers of systemic inflammation[62]. Thus, liver damage due to hypoxia or hyperinflammation can be reduced with appropriate and on-time treatment.
To prevent the risks that may arise with COVID-19 infection, EASL recommends SARS-CoV-2 vaccination as early as possible in patients with CLDs, hepatocellular carcinoma, and candidates for liver transplantations as the potential benefits of the vaccine outweigh the risks associated with the vaccine. In transplanted patients, the optimal time of vaccination is 3-6 mo after transplantation[60].

CONCLUSION
In conclusion, we summarized the epidemiological characteristics of liver involvement in COVID-19 infection and the effects of liver dysfunction on the COVID-19 prognosis. We also evaluated the data on the pathophysiology of liver injury. Abnormal liver function tests have been detected in more than one-fourth of patients with COVID-19 and were associated with poorer outcomes. Abnormal liver function tests in COVID-19 need to be carefully investigated. The detection of real mechanisms on liver injury is a complicated and concurrent condition. Direct viral cytotoxic effect, the disease-induced complications and drugs used in COVID-19 treatment can cause singular or joined liver injury. Appropriate treatment should be provided for the possible reasons of liver injury.
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Figure 1 Possible mechanisms of liver injury in coronavirus disease 2019. ACE2: Angiotensin-converting enzyme 2; ARDS: Acute respiratory distress syndrome; NSAIDs: Non-steroidal anti-inflammatory drugs; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2.
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