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Abstract
Since it was first reported in December 2019, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection has spread rapidly around the world to cause the ongoing pandemic. Although the clinical manifestations of SARS-CoV-2 infection are predominantly in the respiratory system, liver enzyme abnormalities exist in around half of the cases, which indicate liver injury, and raise clinical concern. At present, there is no consensus whether the liver injury is directly caused by viral replication in the liver tissue or indirectly by the systemic inflammatory response. This review aims to summarize the clinical manifestations and to explore the underlying mechanisms of liver dysfunction in patients with SARS-CoV-2 infection.
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Core Tip: The coronavirus disease 2019 (COVID-19) pandemic caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection is one of the most influential emerging infectious diseases worldwide. Accumulating evidence suggests that liver injury is common in COVID-19 patients, and many severe cases tend to be associated with dysregulated liver functions. In this review, we summarize the currently available data of liver enzyme abnormalities in patients confirmed to have COVID-19 and analyze multiple risk factors for liver injury. However, the mechanism of liver impairment seems to be multifactorial. The evidence of direct liver injury triggered by SARS-CoV-2 infection or indirect liver injury induced by overwhelmed cytokine storm will also be discussed.



INTRODUCTION
Coronavirus disease 2019 (COVID-19) has broken out worldwide and was declared as a global pandemic by the World Health Organization (WHO) on March 11, 2020 after it was first reported in December 2019. The virus was later isolated[1] and was named severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) by the International Committee for Taxonomy of Viruses. To date, this virus has spread to 220 countries, infecting 179601602 people with 3891974 deaths (as of June 24, 2021, source: Johns Hopkins University; https://coronavirus.jhu.edu/map.html), which constitutes a public health emergency of international concern.
The severity of symptoms in patients with COVID-19 ranges from mild self-limited respiratory disease to severe progressive pneumonia and respiratory failure, with an overall mortality rate of 2.3%[2]. The typical clinical manifestations of COVID-19 include elevated body temperature (> 37.3 °C), dry cough, dyspnea, leukocytosis, lung infiltration, and no significant improvement after antibiotic treatment for 3 d[3]. In addition to the respiratory system, various organs are reported to be involved in the process of SARS-CoV-2 infection, which caused complications that aggravate the infection[4]. Up to 50% of COVID-19 patients have been reported to have abnormal liver biochemical indicators, including elevated expression of aminotransferases, glutamyl transferase, and alkaline phosphatase (ALP)[3,5,6], and the proportion of infected patients with abnormal liver functions is greater in highly epidemic areas than other regions[7]. In addition, 58%-78% of patients with severe COVID-19 have apparent liver damage. Liver injury in turn increases the risk of other outcomes, such as cardiac arrest, requirement for intubation, acute respiratory distress syndrome, arrhythmia and shock[8]. Therefore, it is crucial to understand the mechanisms of the aberrant liver functions caused by this novel respiratory virus[9]. It is currently believed that three mechanisms may account for the liver damage in COVID-19 patients: (1) Hepatic bile duct endothelial cells and hepatocytes are directly infected by SARS-CoV-2 mediated by the cellular receptors; (2) A cytokine storm is induced by overactivated immune responses and causes inflammatory liver damage; and (3) Multiple risk factors such as underlying liver diseases may cause secondary liver damage following SARS-CoV-2 infection. In this review, we summarize the clinical manifestations and explore the potential underlying mechanisms of liver dysfunctions in patients with SARS-CoV-2 infection.

SARS-COV-2: GENOME STRUCTURE AND TRANSMISSION
Coronaviruses (CoVs) are a group of enveloped positive single-stranded RNA viruses that belong to the Coronaviridae family of order Nidovirales[10]. CoVs are further grouped into α-, β-, γ-, and δ-coronaviruses. Among them, α- and β-CoVs can infect mammals and γ-coronaviruses infect birds and δ-coronaviruses infect both[11]. SARS-CoV-2, initially isolated from human airway epithelial cells, was identified as the seventh member of the CoVs capable of infecting humans. It genetically belongs to the β-CoV genus in the same clade with SARS-CoV and middle-east respiratory syndrome coronavirus (MERS-CoV)[1,12]. 

Genome structure and variability
The SARS-CoV-2 genome shares around 76.5% amino acid sequence identity with SARS-CoV[13] , which might be responsible for the shared transmission mode and pathogenesis of these two viruses. The SARS-CoV-2 genome contains 14 open reading frames, encoding 27 proteins (Figure 1A). Four major structural proteins are encoded by the 3’-terminus of the genome, including the spike surface glycoprotein (S), matrix protein (M), small envelope protein (E), and nucleocapsid protein (N)[11] (Figure 1B). The S protein initiates the infection by interacting with the cellular receptor through its receptor binding domain (RBD). SARS-CoV-2 infects the target cells by S protein on the surface of the virion binding to cellular angiotensin-converting enzyme 2 (ACE2) receptors followed by fusion of the cellular and viral membranes (Figure 1C). In this process, transmembrane protease serine 2 (TMPRSS2), together with the endosomal cysteine proteases cathepsin B and L (CatB/L), are used for S protein priming. The S protein of SARS-CoV-2 is efficiently cleaved at the junction of S1 and S2 proteins to produce an S2 subunit to facilitate SARS-CoV-2 entry[14]. Considering the major role played in the pathogenesis, S protein is considered to be a potential target for vaccine design and drug development[9]. E protein is involved in the assembly and release of virions. As the most abundant viral protein, M protein plays an important role in RNA packaging[15] and N protein mediates the transcription and replication of viral RNA[16]. 
The variability of the SARS-CoV-2 genome is lower when compared to other human CoVs. There were 149 mutations in 103 sequenced SARS-CoV-2 genomes in the early stage of the pandemic[17]. The virus was classified into two major variants (L and S) through population genetic analysis. The L type, derived from the S type of SARS-CoV-2, was reported to be evolutionarily more aggressive[17]. Recently, a more transmissible phylogenetic cluster (named lineage B.1.1.7), which has 23 specific genetic changes in S protein of SARS-CoV-2, was reported in the UK, and rapidly became the dominant strain in London. Mutation N501Y affects the structure of the RBD and P681H is adjacent to the furin-cleavage site, which increases the binding affinity of the virus to ACE2 receptors by 1000-fold. Moreover, the deletion 69-70del on the S protein facilitates viral evasion from immune surveillance. Collectively, these variations have raised concerns about potential antigenic drift of SARS-CoV-2 similar to that of influenza virus[18].

Transmission of SARS-CoV-2
SARS-CoV-2 is a zoonotic virus that spreads in humans through respiratory droplets[19]. Comparative sequence analysis of the SARS-CoV-2 genome has revealed a striking similarity with bat CoVs, indicating that bats may be the origin of this virus[20,21]. Although many COVID-19 cases initially reported in China were traced to have connection with Huanan Seafood Wholesale Market in Wuhan[6,22,23], several reports clearly indicate that the global spread of the SARS-CoV-2 might have preceded the discovery of the first case in Wuhan. The epidemic likely started between October 6 and December 11, 2019 in the USA, Italy and France[24,25];however, debate still exists about the source of SARS-CoV-2. Since the transmission of SARS-CoV-2 needs intermediate hosts, pangolins have been suggested as a probable intermediate host[26]. In February 2020, evidence of human-to-human transmission of SARS-CoV-2 was first reported[27]. Thereafter, a case of SARS-CoV-2 provided proof that human-to-human transmission occurred during the incubation period[28]. With the appearance of the second-generation patients and many medical staff in the hospital being infected, the strong infectious ability of SARS-CoV-2 was confirmed[29]. With the detection of SARS-CoV-2 RNA in fecal sample from a COVID-19 patient in the USA, SARS-CoV-2 could also be transmitted through the fecal–oral route[30]. Since September 2020, the route of transmission from contaminated objects to people has been reported by tracing the origin of local confirmed cases in Qingdao, Tianjin, Dalian, Chengdu and other cities in China, further complicating epidemic prevention and control. 

DYSREGULATED LIVER FUNCTION IN COVID-19 PATIENTS
The common clinical manifestations of patients with COVID-19 are cough, fever, shortness of breath, and other respiratory symptoms[31]. Gastrointestinal symptoms including nausea, vomiting, and diarrhea are also observed in some patients. The abnormal values of liver enzymes have frequently been noted in patients with COVID-19. Existing data suggest that, in most cases, liver enzyme elevations are mild to moderate and rarely severe. Limited pathophysiological studies have indicated that SARS-Cov-2 infection can cause liver injury, although SARS-Cov-2-induced liver injury is not the leading cause of death.

Altered biochemical markers
Liver injury in hospitalized patients is mainly manifested by changes in biochemical liver markers. Many studies have reported the presence of liver dysfunction in COVID-19 patients (Table 1). Respiratory failure is a common characteristic in severe cases, characterized by an imbalance of oxygen supply leading to an increase in transaminases[32]. As reported, 14%-53% of patients have elevated aspartate aminotransferase (AST), alanine aminotransferase (ALT), g-glutamyltransferase (GGT), hypoalbuminemia, and slightly elevated bilirubin[33]. The elevation of AST (39.4%) is more significant than that of ALT (28.1%) in severe cases. Among these markers affected by viral infections, elevated AST is related to a higher risk of death, while elevated GGT[33-38], ALP[34-36], together with bilirubin levels[6,31,33-35], are associated with biliary tract damage. Some patients have hypoalbuminemia, an independent predictor of mortality, which may be related to inflammation and poor prognosis[39,40]. Some studies have also reported C-reactive protein (CRP) elevation in many severe COVID-19 cases[6,31,35,41-44], indicating that overactivation of the immune system might account for disease severity, which can be used to predict worse outcomes in COVID-19 patients. In the elderly population with underlying liver disease, liver enzymes, especially transaminases, are elevated due to lobular necrosis[45].

Pathophysiological characteristics of liver tissues in COVID-19 patients
Mild portal vein inflammation, moderate microvesicular steatosis, and necrotizing inflammation have been observed in liver autopsy tissue of COVID-19[10]. This is likely due to increase of monocyte chemoattractant protein 1 (MCP-1) in patients infected with SARS-CoV-2, which aggravates fatty hepatitis[46]. Autopsy results from COVID-19 patients in Wuhan have shown infiltration of monocytes and lymphocytes in the portal vein area, accompanied by hepatic sinus congestion and microthrombus formation[45]. Cytologically, hepatocyte degeneration with focal lobular necrosis and neutrophil infiltration are observed together with swollen mitochondria, endoplasm reticulum expansion, and decreased glycogen particles in the hepatocytes. The histological manifestations are apoptosis and binuclear hepatocytes. In addition, immunohistochemical results have shown a lack of CD4+ cells and CD8+ T cells in liver tissue, suggesting that immunopathological insult may not be the main factor leading to liver injury. 

POTENTIAL MECHANISMS OF LIVER INJURY IN COVID-19 PATIENTS
SARS-CoV-2 initiates membrane fusion and cytoplasmic invasion by entering respiratory endothelial cells expressing ACE2 and TMPRSS2, triggering an initial immune response characterized by inflammatory cytokine production. Afterwards, the downstream proinflammatory immune responses of pathogenic Th1 cells and monocyte signaling pathways are activated[47]. Two hypotheses have been proposed to explain the mechanisms of liver dysfunctions in COVID-19 patients: direct injury by SARS-CoV-2[48] and indirect injury from a cytokine storm. 

Direct effects of SARS-CoV-2 infection on liver injury
It has been reported that SARS-CoV-2 infection of various types of liver cells causes liver injury through direct cytopathic effects[48]. As a functional receptor for SARS-CoV-2 S protein binding, ACE2 is widely expressed on the surface of various human cells. Due to the low expression level of ACE2 in liver tissue (approximately 0.31%), SARS-CoV-2 was once considered unlikely to infect the liver. However, Li et al[49] systematically evaluated the expression of host receptor genes interacting with SARS-CoV-2 in liver tissue and their distribution patterns in different cell types using single-cell transcriptomics. ACE2 protein is expressed in various cell types in the liver, especially in bile duct cells[50], likely leading to direct injury to the liver (Figure 2). Boettler et al[51] proved that SARS-CoV-2 has a stronger affinity for bile duct cells than hepatocytes because of higher ACE2 receptor expression. 
It has been proposed that SARS-CoV-2 infection of bile duct cells is the source of viral nucleic acid detection in feces[51]. Even in patients with negative throat swabs for viral RNA, 48% of feces were positive for SARS-CoV-2 RNA, which may be derived from portal vein viremia. Although SARS-CoV-2 can infect bile duct cells, the histological characteristics of bile duct injury have not been observed. Wang et al[48] observed many SARS-CoV-2 virions in the hepatocyte cytoplasm of two cases with COVID-19. Most of the virosomes were found to have complete envelopes with crown protrusions, providing evidence that SARS-CoV-2 can enter and replicate in hepatocytes. However, the low expression level of ACE2 on hepatocytes cannot fully explain the hepatotropic nature of SARS-CoV-2. One possibility is that there are alternative receptors or co-receptors other than ACE2. This hypothesis has gradually been confirmed by the discovery of more co-receptors that facilitate SARS-CoV-2 entry. For example, tyrosine-protein kinase receptor UFO (AXL), heparan sulfate, scavenger receptor B type 1 (SR-B1), neuropilin-1 (NRP1) and CD147 have been identified as attachment factors for SARS-CoV-2 infection[52-57], although the abundance of these co-receptors in liver tissue remains to be determined. The other possibility is that the expression of ACE2 in hepatocytes is temporarily upregulated when the virus enters the cells, assisting infection. Again, more evidence is needed to support this hypothesis.

Indirect injury caused by cytokine storm
The variable symptoms in severe and asymptomatic patients with COVID-19 suggest that host immune responses contribute to the pathogenesis. SARS-CoV-2 infection leads to excessive production of a series of cytokines by macrophages and neutrophils known as a cytokine storm[47], which is one of the main features in COVID-19 patients and may be a key factor affecting disease severity and mortality. Cytokines are self-antigens that induce autoimmunity, and could account for the multisystem inflammatory syndrome often seen in COVID-19 patients. CD4+ and CD8+ T cells in the peripheral blood of COVID-19 patients are highly activated via Toll-like receptors. Elevated proinflammatory CD4+ T cells and cytotoxic granular CD8+ T cells suggests an antiviral immune response and excessive activation of T cells in the peripheral blood[10]. The host cells are attacked by activated T cells leading to necrosis and apoptosis, and many damage-related pattern molecules are involved to amplify the inflammatory signals. Lymphopenia is also observed in the disordered cytokine storm, but it is still unknown whether it is caused by destruction of lymphocytes or tissue infiltration. It has been demonstrated that the proinflammatory cytokines are elevated significantly in patients with severe COVID-19, leading to severe pneumonia. The inflammatory cytokines not only protect the host cells from injury but also cause blood clotting, thereby blocking the vessels and resulting in decrease of oxygen saturation and sepsis, which is considered to be one of the causes of insufficient lung ventilation. Therefore, hypoxic hepatitis is common in patients with severe COVID-19, especially elderly patients with right congestive heart failure who are prone to have hypoxic–ischemic liver injury[48]. 
More specifically, the cytokine storm induced by SARS-CoV-2 is characterized by high expression of interleukin (IL)-6 and tumor necrosis factor-α (TNF-α). Activated pathogenic Th1 cells produce proinflammatory cytokines, such as granulocyte– macrophage colony-stimulating factor (GM-CSF) and IL-6. GM-CSF in turn stimulates CD4+ T cells to secrete large quantities of cytokines, such as TNF-α, IL-10, IL-6 and type Ⅰ interferons[58] (Figure 2). The inflammatory response is obvious in COVID-19 patients as indicated by increased expression of inflammatory biomarkers such as lactate dehydrogenase (LDH), IL-6, IL-2, CRP, serum ferritin, and D-dimer[59-61]. It has been reported that 28% of patients who died of multiple organ damage, including liver failure, was due to an excessive inflammatory response. In the case of liver injury, ACE2 expression is upregulated due to the compensated proliferation of hepatic parenchymal cells derived from bile duct epithelial cells, which increases the opportunities of viral infection in liver tissue.
Neutralizing cytokine release syndrome (CRS) that blocks the signal transduction pathway of these cytokines contributes to the development of effective drugs for the treatment of patients with severe COVID-19, and targeting CRS has significant implications for reducing mortality. One such example is tocilizumab, an IL-6 inhibitor, which improves the condition of patients within 15 d and reduces mortality considerably[62]. Although the cytokine storm is involved in liver injury, these cytokines also function in viral suppression. Therefore, application of treatment regimens to block cytokine signal transduction must be careful. Clinically, the application of synthetic corticosteroid dexamethasone worsens outcomes in milder COVID-19 patients, but reduces mortality in severe cases[63]. Likewise, other studies have supported that immunosuppression has a beneficial effect if given at a late stage, whereas immunostimulation enhances antiviral activity in the early stage[64], indicating that the timing of treatment and the specific patient population need to be identified to personalize the therapeutic schemes.

Liver injury caused by other factors in COVID-19 patients
Current evidence is insufficient to conclude that liver injury in COVID-19 patients results entirely from SARS-CoV-2 infection. Considering the multisystem involvement in severe COVID-19 patients, liver injury may be caused by multiple factors, including drug toxicity, systemic inflammation, liver congestion, microvascular thrombosis, or damage induced by cytotoxic T cells and innate immune responses following SARS-CoV-2 infection.

Drug toxicity: Currently there is no specific treatment for COVID-19, although initial clinical guidelines recommended using antiviral drugs and monoclonal antibodies such as remdesivir, chloroquine, tocilizumab, lopinavir, ritonavir, and traditional Chinese medicine. However, it has been reported that both lopinavir and ritonavir have little clinical effect on COVID-19 patients[65]. According to WHO and National Health Commission of China guidelines, patients with moderate symptoms should receive timely treatment with Coriolus versicolor, abidor, chloroquine phosphate, and recombinant human interferon α-2b. For severe/critical patients, respiratory support, appropriate hormone therapy, and traditional Chinese medicine may be beneficial[66]. Chloroquine phosphate has been proved to cause significant liver damage[67]. A more recent study reported that ACE inhibitors and angiotensin Ⅱ receptor blockers might contribute to liver impairment in COVID-19 patients, although more studies are needed to confirm these findings[33]. In addition, fever is one of the main symptoms for COVID-19 patients. Paracetamol, which is a commonly used antipyretic drug, has been proven to cause fulminant liver failure, so the possibility of excessive use of paracetamol leading to elevated ALT cannot be ruled out[59,68]. 

Liver congestion: Forty percent of patients are at high risk of venous thromboembolism (VTE) when admitted to hospital. High-risk VTE patients have elevated expression of ALT, AST and CRP[69]. It is well known that viral infection leads to a hypercoagulable state, increasing the risk of thromboembolism[70,71]. The incidence of VTE is 20% on day 7 and 42% on day 21, even among hospitalized patients taking anticoagulants[72]. Recent studies have found that in some younger patients, microvascular thrombosis causes end-stage organ damage and contributes to liver injury. Anticoagulant drugs can be used to prevent the development of VTE. A few studies have concluded that 80% of COVID-19 patients with cirrhosis and portal hypertension received anticoagulant therapy, such as low-molecular-weight heparin, and those patients do not have serious bleeding complications[73,74]. However, Wang et al[69] have reported that 11% of COVID-19 patients with high risk of VTE also have a high risk of bleeding. Therefore, evaluating the risk of thromboembolism and rational use of anticoagulants for the treatment of COVID-19 patients is critical. 

Underlying liver diseases: Chronic liver diseases, including chronic viral hepatitis and nonalcoholic fatty liver disease (NAFLD), affect approximately 300 million people in China and constitute a major global burden of disease. Although chronic liver disease does not increase the infection risk of patients with SARS-CoV-2 in general, patients with liver cirrhosis or hepatocellular carcinoma tend to be more susceptible to SARS-CoV-2 infection due to systemic immunodeficiency. Furthermore, the underlying liver diseases may worsen disease progression in patients with COVID-19. A study consisting of > 17 million people in the United States found that although < 1% of the confirmed COVID-19 cases had chronic liver diseases, chronic liver disease was an independent risk factor for death from SARS-CoV-2 infection[75].
Hepatitis B virus (HBV) does not predispose COVID-19 patients to more severe outcomes, although HBV patients infected with SARS-CoV-2 normally present with aggravated liver damage together with more severe thrombocytopenia and monocytopenia, coagulation dysfunction, and more disturbed hepatic function in relation to albumin production and lipid metabolism[76], and these co-infected patients have a tendency to HBV reactivation[67]. Astrilizumab and baritinib, which are used clinically to antagonize adverse immune reactions, tend to induce HBV reactivation, leading to impaired liver function in HBV patients[77]. However, it is currently unclear whether viral infection aggravates cholestasis in patients with the cholestatic disease. Further in-depth research should focus on persistent liver damage and active viral replication in HBV patients after co-infection with SARS-CoV-2. Recent studies have demonstrated the possible impact of SARS-CoV-2 infection on NAFLD. It has been shown that SARS-CoV-2 infection increases the possibility of NAFLD progressing to nonalcoholic hepatitis. ACE inhibitors are commonly used in the anti-inflammatory and anti-obesity treatment of NAFLD. Although there have been no reports on the correlation between the use of ACE inhibitors and mortality, one study has shown that ACE inhibitors upregulate expression of ACE2 receptor, thereby increasing the viral entry in patients taking such drugs[78]. 
How the underlying liver diseases affect liver function in patients with COVID-19 remains elusive. Whatever mechanisms are involved in liver damage, we need to be more cautious in managing COVID-19 patients with underlying liver diseases. For example, the British Liver Foundation recommends that patients taking steroids or immunosuppressive drugs maintain strict social distance[79]. The European Association for Liver Research and the European Association for Clinical Microbiology and Infectious Diseases recommend priority outpatient visits, prehospital assessment of risk factors, reduction of exposure through modification of waiting areas, reduction of waiting times, and use of online system to order medication. 

CONCLUSION
Although liver dysfunction is common in patients with COVID-19, the detailed mechanisms remain incompletely understood. Available evidence suggests that the severity of liver damage is partly due to direct infection by SARS-CoV-2 to the liver and partly due to the cytokine storm produced by an overactive immune response. In addition, multiple risk factors, such as drug toxicity and liver congestion, need to be taken into account. For COVID-19 patients with underlying liver diseases, the causes of liver damage are more complex and more personalized management should be considered. Future directions should focus on deciphering the virus–host interactions to better understand the detailed molecular mechanisms of the liver impairment following SARS-CoV-2 infection. In the meantime, rapid development of effective preventive vaccines and specific antiviral drugs is critical to control this ongoing pandemic.
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Figure 1 Severe acute respiratory syndrome coronavirus 2 genome and its pathogenesis. A: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) genome structure and its encoded proteins; B: Virion structure of SARS-CoV-2 illustrating viral structural proteins including spike protein (S), envelope protein (E), membrane protein (M), and nucleocapsid protein (N); C: SARS-CoV-2 entry to the target cells by binding the receptor-binding domain of S protein to cellular receptors, such as angiotensin-converting enzyme 2 and transmembrane protease serine 2. SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; RBD: Receptor-binding domain; TMPRSS2: Transmembrane protease serine 2; ACE2: Angiotensin-converting enzyme 2.
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Figure 2 Schematic diagram of the two mechanisms of severe acute respiratory syndrome coronavirus 2-induced liver dysfunction. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) causes direct liver injury through binding to the angiotensin-converting enzyme 2 receptor and transmembrane protease serine 2 expressed on cholangiocytes and hepatocytes. Indirect injury by cytokine storm. T cells are stimulated to secrete large quantities of cytokines including type I interferons, interleukin-6, and tumor necrosis factor-α following SARS-CoV-2 infection, leading to systemic excessive inflammation syndrome. ACE2: Angiotensin-converting enzyme 2; TMPRSS2: Transmembrane protease serine 2; TNF-α: Tumor necrosis factor-α; IL-6: Interleukin-6; IFN: Interferons.


Table 1 Altered biochemical markers of patients with coronavirus disease 2019
	[bookmark: _Hlk56342624]Region
	No. of patients
	Rate of abnormal liver test
	Hepatocyte injury markers
	Bile duct injury or cholestasis markers
	Hepatic clearance markers
	Infection-related biomarkers
	Refs.

	
	
	
	ALT
	AST
	ALP
	GGT
	Total bilirubin
	CRP
	

	Shenzhen, China
	417
	76.3%
	23.4%
	14.80%
	N/A
	24.4%
	11.5%
	N/A
	[33]

	Wuhan, China
	115
	N/A
	9.57%
	14.78%
	5.21%
	13.4%
	6.96%
	N/A
	[34]

	Wuhan, China
	99
	43%
	28%
	35%
	N/A
	N/A
	18%
	86%
	[6]

	Wuhan, China
	1099
	N/A
	21.3%
	22.20%
	N/A
	N/A
	10.5%
	60.7%
	[31]

	Shanghai, China
	148
	37.20%
	18.2%
	21.6%
	4.10%
	17.60%
	6%
	8.7-32.3%
	[35]

	Wuhan, China
	69
	N/A
	33%
	28%
	N/A
	N/A
	N/A
	67%
	[41]

	Fuyang, China
	125
	N/A
	20.8%
	21.60%
	N/A
	N/A
	N/A
	70.4%
	[42]

	Japan
	22
	68.20%
	54.5%
	N/A
	N/A
	54.50%
	N/A
	N/A
	[36]

	Turkey
	554
	N/A
	27.6%
	4%
	N/A
	N/A
	[37]

	Zaragoza, Spain
	531
	64.3%
	28.6%
	40.90%
	N/A
	47.30%
	N/A
	N/A
	[38]

	Wuhan, China
	81
	N/A
	29.5%
	17.90%
	N/A
	N/A 
	3.6%
	41.8%
	[43]

	New York, United States
	5700
	N/A
	39%
	58.40%
	N/A
	N/A
	N/A
	6.4-26.9%
	[44]


ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; GGT:  -glutamyltransferase; CRP: C-reactive protein; N/A: Not available.
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