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Abstract
The outbreak of novel coronavirus disease 2019 (COVID-19) has resulted in global 
emergence. With the expansion of related research, in addition to respiratory 
symptoms, digestive system involvement such as nausea, vomiting, and diarrhea 
have also been reported with COVID-19. Besides, abnormal liver function is also 
frequent in biochemical tests of COVID-19 patients, which is correlated with the 
severity and mortality of the disease course. The etiology of liver injury in patients 
with COVID-19 might include viral immunologic injury, drug-induced liver 
injury, the systemic inflammatory response, hypoxic hepatitis, and the 
exacerbation of preexisting liver disease. Although liver injuries in COVID-19 are 
often transient and reversible, health workers need to pay attention to preexisting 
liver disease, monitor liver function, strengthen supportive treatment, and reduce 
the chance of drug-induced liver injury. This article reviews the epidemiological 
characteristics, etiology, management, and preventive strategies for liver injury in 
patients with COVID-19.

Key words: COVID-19; SARS-CoV-2; Coronavirus; Liver injury; Function test, Liver; 
Etiology
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Core tip: The pandemic of coronavirus disease 2019 (COVID-19) has aroused a global 
threat to human health. With the deepening of related research, it was found that in 
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addition to respiratory symptoms, digestive involvements and liver injury were reported in 
COVID-19. Viral immunologic injury, drug-induced liver injury, secondary liver injury 
induced by systemic inflammatory response or hypoxia, and the exacerbation of pre-
existing liver disease might be the etiologic factors for liver injury in COVID-19. Health 
workers need to pay attention to the management of pre-existing liver disease, monitor the 
liver function and strengthen supportive treatment, and reduce the chance of drug-induced 
liver injury with COVID-19.

Citation: Yang RX, Zheng RD, Fan JG. Etiology and management of liver injury in patients 
with COVID-19. World J Gastroenterol 2020; 26(32): 4753-4762
URL: https://www.wjgnet.com/1007-9327/full/v26/i32/4753.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i32.4753

INTRODUCTION
In December 2019, an outbreak of novel coronavirus disease 2019 (COVID-19, 
previously known as 2019-nCoV) was reported in Wuhan, Hubei Province, China, and 
rapidly spread to other areas and countries. As of May 23, 2020, there were 5.2 million 
confirmed cases, causing 336 thousand fatalities globally. The COVID-19 pandemic 
has become a global threat to human health, which has constituted a public health 
emergency of international concern. The pandemic is caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), which was identified as a type of 
beta coronavirus cluster and shares 79.6% sequence identity with SARS-CoV[1]. 
COVID-19 is generally a self-limiting disease but can also be deadly, with a fatality 
rate of approximately 2.3% in China[2], ranging from 5.8% in Wuhan to 0.7% in the rest 
of China[3]. The proportion of severe or fatal infections may vary by country and area, 
which may be related to distinct demographics of infection. Most of the fatal cases 
have occurred in patients with advanced age or underlying medical comorbidities 
(obesity, hypertension, diabetes, cardiovascular disease, chronic lung disease, and 
cancer)[2,4,5].

The onset of COVID-19 presents mainly with fever, cough, and dyspnea, and some 
patients can progress to acute respiratory distress syndrome and septic shock. With 
the increase in cases and the expansion of related research, it was found that in 
addition to respiratory symptoms, digestive system involvement such as nausea, 
vomiting, and diarrhea have also been reported[6,7]. In addition, some patients with 
COVID-19 also have shown different degrees of liver injury, presenting mainly with 
elevated serum transaminase and lactate dehydrogenase (LDH) levels and 
hypoalbuminemia[4,5,8-24]. It has been suggested that there might be a certain 
relationship between coronavirus infection and liver injury. The issue of liver injury in 
patients with COVID-19 has aroused extensive discussion and attention. This article 
reviews the epidemiological characteristics, etiologies, and management and 
prevention strategies for liver injury in patients with COVID-19.

CLINICAL CHARACTERISTICS OF LIVER INJURY IN COVID-19
Based on recent studies, COVID-19 onset clusters with the common symptoms of fever 
and cough. However, other clinical features, such as diarrhea (1.25%-10.1%), nausea 
and vomiting (1%-10.1%), and loss of appetite (43%), were also reported in several 
studies (Table 1), and 11.4% of patients presented with at least one digestive system 
symptom[4,5,7]. Fecal specimen nucleic detection also showed positive results in COVID-
19 patients[16,25,27], suggesting the possible enteric involvement of SARS-CoV-2[28]. 
However, fecal-oral transmission has not been clinically described in the spread of 
COVID-19. Liver injury in patients with coronavirus infection has been reported in 
patients with SARS and Middle East respiratory syndrome[29,30]. Abnormal liver 
function was also observed in cases of COVID-19, manifesting mainly as isolated 
elevated serum transaminase and LDH levels[4,5,9-23] (Table 2). The first case of COVID-
19 in the United States was reported to have progressive elevation of alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase 
(ALP), and LDH levels during hospitalization, while the bilirubin level and 
prothrombin time remained normal[16]. In a study from Jin Yin-tan Hospital, among the 

http://creativecommons.org/licenses/by-nc/4.0/
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https://dx.doi.org/10.3748/wjg.v26.i32.4753
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Table 1 Digestive system involvement in coronavirus disease 2019

Ref. City Sample 
size (n) Disease severity Preexisting digestive system 

diseases (%) Digestive system symptoms

Guan 
et al[4]

Multicenter, 
China

1099 Nonsevere (84.3%); severe 
(15.7%)

Hepatitis B infection (2.1%) Diarrhea (3.8%); nausea and vomiting 
(5.0%)

Zhou 
et al[5]

Wuhan, China 191 General (38%); severe (35%); 
critical (28%)

NA Diarrhea (5%); nausea or vomiting 
(4%)

Chen 
et al[9]

Wuhan, China 99 NA Digestive system disease (11%) Diarrhea (2%); nausea and vomiting 
(1%)

Shi 
et al[10]

Wuhan, China 81 NA Chronic liver disease (9%) Diarrhea (4%); vomiting (5%)

Huang 
et al[11]

Wuhan, China 41 Nonsevere (68.3%); severe 
(31.7%)

Chronic liver disease (2%) Diarrhea (3%)

Wu 
et al[12]

Jiangsu, China 80 Mild (35.0%); moderate (61.25%); 
severe (3.75%); critical (0%)

Digestive system disease (3.75%); 
chronic liver disease (1.25%);

Diarrhea (1.25%); nausea and 
vomiting (1.25%)

Xu 
et al[13]

Zhejiang, 
China

62 NA Chronic liver disease (11%) Diarrhea (8%)

Yang 
et al[14]

Wuhan, China 52 Critical (100%) NA Vomiting (4%)

Wang 
et al[15]

Wuhan, China 138 Nonsevere (73.9%); severe 
(26.1%)

Chronic liver disease (2.9%) Diarrhea (10.1%); nausea (10.1%); 
vomiting (3.6%); abdominal pain 
(2.2%)

Pan 
et al[18]

Wuhan, China 21 Nonsevere (100%) NA Loss of appetite (43%)

Jin et al[7] Zhejiang, 
China

651 Nonsevere (90.2%); 
severe/critical (9.8%)

Chronic liver disease (3.8%) Nausea, vomiting, or diarrhea 
(11.4%)

Xie 
et al[20]

Wuhan, China 79 Moderate (64.6%); severe (35.4%) NA Diarrhea (8.9%)

Chen 
et al[22]

Hubei, China 274 Recovered (58.8%); died (41.2%) Gastrointestinal diseases (1%); 
hepatitis B virus positivity (4%)

Diarrhea (28%); nausea (9%); 
vomiting (6%); abdominal pain (7%)

COVID-19: Coronavirus disease 2019.

99 patients confirmed to have COVID-19, 43 had ALT or AST levels above the normal 
range, 75 were reported to have elevated LDH levels, and one had severely impaired 
liver function (ALT, 7590 U/L; AST, 1445 U/L), while basic liver disease was not 
reported in these cases[9]. Imported cases outside of Wuhan were reported to have a 
lower proportion of liver injury, accounting for 3.75% of the total cases in Jiangsu 
Province[12]. Xie et al[20] analyzed liver function among non-intensive care unit patients 
and demonstrated that liver dysfunction is more likely to occur in males than in 
females[20]. In pediatric cases, liver injury was found in 22% of children and occurred 
mostly between 2 and 18 d of hospitalization[31].

Among the hospitalized confirmed patients in Wuhan, liver injury rates were 
increased in intensive care unit patients and nonsurvivors, indicating that liver injury 
is most likely to occur in critically ill cases[5,11,15]. In a study of critical patients, 52 
patients who required mechanical ventilation or with a at least 60% fraction of inspired 
oxygen were included. Twenty-nine percent of the critical patients presented with 
liver injury, 15% with acute kidney injury, and 15% with cardiac injury[14]. In a 
multicenter study including 1099 patients and 552 hospitals, liver function 
abnormalities were more common in critically ill subjects, and jaundice was less 
common in patients with COVID-19. Elevation of total bilirubin was observed in 10% 
of patients, whereas the percentage was higher in severe cases than in controls (20.5% 
vs 9.8%)[4]. A multicenter retrospective cohort study including 5771 patients in Hubei 
Province suggested that liver injury indicators, particularly AST, are strongly 
associated with mortality risk in COVID-19[23].

In current reports, liver injury was not the first occurrence in COVID-19, while 
secondary liver injury is more common, and liver failure directly caused by COVID-19 
has not been reported. Based on published data, secondary liver injury is most 
common in critically ill patients who have diabetes and hypertension[9,11,15]. Patients 
with mild conditions rarely have secondary liver injury, even if basic liver diseases 



Yang RX et al. Liver injury in COVID-19

WJG https://www.wjgnet.com 4756 August 28, 2020 Volume 26 Issue 32

Table 2 Characteristics of liver injury in coronavirus disease 2019

Ref. City Sample 
size (n) Disease severity

Preexisting 
liver diseases 
(%)

AST 
(U/L)

ALT 
(U/L)

LDH 
(U/L)

Percentage with abnormal liver 
function

Guan 
et al[4]

Multicenter, 
China

1099 Nonsevere (84.3%); 
severe (15.7%)

2.1 NA NA NA AST (22.2%); ALT (21.3%); total 
bilirubin (10.5%); LDH (41.0%)

Zhou 
et al[5]

Wuhan, 
China

191 General (38%); severe 
(35%); critical (28%)

NA NA 30 (17-
46)

300 (234-
407)

ALT (31%); LDH (67%); ALT and 
LDH significantly increased in 
nonsurvivors

Chen 
et al[9]

Wuhan, 
China

99 NA NA 34 (26-
48)

39 (22-
53)

336 (260-
447)

AST (28%); ALT (35%); total bilirubin 
(18%); LDH (76%)

Shi 
et al[10]

Wuhan, 
China

81 NA 9 40.8 ± 
17.9

46.2 ± 
29.5

NA AST (53%)

Huang 
et al[11]

Wuhan, 
China

41 Nonsevere (68.3%); 
severe (31.7%)

2 34 (26-
48)

32 (21-
50)

286 (242-
408)

AST (37%); LDH (73%); ALT, AST, 
and LDH levels in ICU patients 
significantly higher than those in non-
ICU patients

Wu 
et al[12]

Jiangsu, 
China

80 Mild (35.0%); 
moderate (61.25%); 
severe (3.75%); critical 
(0%)

1.25 30 (19-
39)

24 (12-
38)

226 (182-
308)

ALT or AST (3.75%); LDH (21.25%)

Xu 
et al[13]

Zhejiang, 
China

62 NA 11 26 (20-
32)

22 (14-
34)

205 (184-
260.5)

AST (16.1%); LDH (27%)

Yang 
et al[14]

Wuhan, 
China

52 Critical (100%) NA NA NA NA Liver dysfunction (29%)

Wang 
et al[15]

Wuhan, 
China

138 Nonsevere (73.9%); 
severe (26.1%)

2.9 31 (24-
51)

24 (16-
40)

261 (182-
403)

ALT, AST, total bilirubin, LDH levels 
in ICU patients significantly higher 
than those in non-ICU patients

Liu 
et al[17]

Multicenter, 
China

32 Nonsevere (87.5%); 
severe (12.5%)

3.13 25 (19-
32)

27 (17-
46)

NA AST (6.2%); ALT (28.1%)

Pan 
et al[18]

Wuhan, 
China

21 Nonsevere (100%) NA 32 (15-
95)

42 (12-
107)

242 (156-
377)

NA

Zhang 
et al[19]

Wuhan, 
China

115 Nonsevere (73.0%); 
severe (27.0%)

NA 28.30 ± 
15.66

25.71 ± 
21.08

222.77 ± 
159.07

ALT (9.6%); AST (14.8%); ALP (5.2%); 
GGT (13.0%); TB (6.1%); LDH (22.6%)

Xie 
et al[20]

Wuhan, 
China

79 Moderate (64.6%); 
severe (35.4%)

NA 34.5 
(25.3-
55.3)

36.5 
(17.5-
71.5)

NA ALT (31.6%); AST (35.4%); TB (5.1%)

Wu etal
[21]

Wuhan, 
China

201 NA 3.5 33 (26-
45)

31 
(19.75-
47.00)

307.5 
(232.25-
389.25)

NA

Chen 
et al[22]

Wuhan, 
China

274 Recovered (58.8%); 
died (41.2%)

4 23 (15-
38)

30 (22-
46)

321.5 
(249.8-
510.5)

ALT (22%); AST (31%); LDH (42%)

Lei 
et al[23]

Wuhan, 
China

5771 Nonsevere (79.4%); 
severe (20.6%)

1.4 24 (17-
35)

24 (15.1-
39)

NA NA

COVID-19: Coronavirus disease 2019; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; LDH: Lactate dehydrogenase; ICU: Intensive care 
unit.

coexist. The liver injury in COVID-19 is hepatocellular rather than cholestatic, 
manifesting mainly as elevations of ALT, AST, and LDH levels. And the hepatocellar 
injury marker such as AST was associated with mortality risk in COVID-19[23]. The 
laboratory markers of bile duct injury, such as ALP and GGT levels, did not increase 
significantly, and jaundice is uncommon in patients with COVID-19. The markers of 
bile duct injury seems not to be related to the severity of the disease[20]. Notably, 
COVID-19 may cause damage to multiple organs, including the myocardium, skeletal 
muscles, and kidney. Skeletal muscle and myocardial injury could also result in the 
elevation of serum transaminase and LDH levels, as shown in Table 2. Compared to 
ALT, LDH is more likely to be increased.
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ETIOLOGY OF LIVER INJURY IN COVID-19
Viral immunologic injury
Liver impairment in patients with COVID-19 might be directly caused by viral 
infection (Figure 1). A previous study demonstrated the liver pathology of patients 
with SARS and showed SARS-associated coronavirus in liver tissues, suggesting that 
hepatic impairment might be due to viral infection of the liver[29]. Based on recent 
studies, clinical features such as nausea, vomiting, and diarrhea can be present in 
COVID-19[4,32], and fecal specimen and blood nucleic acid detection also have shown 
positive results in COVID-19 patients, suggesting that there might be enteric 
involvement of the virus[16,25,28].

Angiotensin-converting enzyme 2 (ACE2) is the host cell receptor for SARS-CoV 
and has recently been demonstrated to mediate SARS-CoV-2 infection[33-35]. Zhou et al[1] 
used HeLa cells that expressed ACE2 and confirmed that ACE2 is the cell receptor 
through which SARS-CoV-2 enters cells[1]. Liang et al[32] examined the expression 
profiles of ACE2 in various human tissues and found that ACE2 was highly expressed 
in the small intestine, indicating that the virus may infect through fecal-oral 
transmission and cause gastrointestinal symptoms[32]. Recently, it was found that 
cholangiocytes could specifically express ACE2, while ACE2 expression is low in 
hepatocytes, at 20-fold less than the expression level in cholangiocytes. The expression 
pattern of ACE2 reveals that SARS-CoV-2 may directly infect cholangiocytes and cause 
bile duct dysfunction. Cholangiocytes are multifunctional and play critical roles in 
liver regeneration and immune responses, indicating that viral immunologic injury 
might play a role in liver injury in COVID-19. However, clinical data have shown that 
there are increased AST, ALT, and LDH levels in COVID-19, while ALP and GGT 
levels, which represent bile duct injury, did not increase significantly in patients with 
COVID-19. Furthermore, autopsy of a patient with COVID-19 showed that viral 
inclusions were not observed in the liver tissue[36]. Given the multiorgan complications 
such as cardiopulmonary insufficiency, renal impairment, systemic inflammation 
status and the use of multiple drugs, direct liver damage from the virus is not 
considered to be the key factor.

Drug-induced liver injury
The clinical picture of drug-induced liver injury ranges from pure hepatocellular to 
cholestatic variants. The liver function abnormalities in COVID-19 are characterized 
mainly as hepatocellular injury. The initial presentation of COVID-19 is manifested 
mainly by fever, cough, fatigue, and dyspnea. Thus, some patients have a history of 
using antipyretic drugs, and most of these drugs contain acetaminophen. These agents 
are recognized as common drugs that cause direct hepatocyte toxicity. In addition, 
some citizens may use multiple patent Chinese medicines to prevent infection, which 
may also induce liver injury. Recent liver pathological findings from COVID-19 cases 
showed moderate microvascular steatosis and mild lobular inflammation, suggesting 
that there might be drug-induced liver injury[36]. Although there are currently no 
recognized effective antiviral drugs for COVID-19, antiviral therapies such as 
oseltamivir, arbidol, lopinavir, and ritonavir are prescribed in nearly half of critical 
patients[14]. These antiviral drugs might lead to abnormal liver function. In addition, 
hemolysis caused by ribavirin could induce or exacerbate tissue hypoxia, which may 
also induce increased serum liver enzyme levels. Patients with chronic liver disease, 
such as those with hepatitis B or hepatitis C, which may have preexisting elevated 
transaminase levels before treatment, could pose an increased risk of drug-induced 
liver injury. Thus, for patients comorbid with basic liver disease, when antipyretic 
drugs, traditional herbal medicine, or antiviral medicine is clinically used, physicians 
must take into account the risk of liver damage, and such patients should be closely 
monitored to take timely measures to prevent drug-induced liver damage.

Systemic inflammatory response
It has been reported that some of the patients with COVID-19 had mild early onset, 
but they might progress rapidly into later stages with multiple organ failure. This 
progression is considered to be related to the sudden initiation of an inflammatory 
storm, i.e., systemic inflammatory response syndrome, driven by viral infection. 
Cytokine storm syndromes can induce the exuberant release of multiple pro-
inflammatory cytokines and inflammatory markers, such as tumor necrosis factor, 
interleukin-2 (IL-2), IL-6, IL-7, IL-18, granulocyte-colony stimulating factor, interferon-
γ, and ferritin[11]. Fulminant and fatal hypercytokinemia could initiate a chain of events 
that lead to tissue injury and multiorgan injuries or failure, including in the liver[37]. 
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Figure 1  Etiology of liver injury in coronavirus disease 2019 patients. SIRS: Systemic inflammatory response syndrome; TNF-α: Tumor necrosis factor-
alpha; IL-6: Interleukin-6; IL-18: Interleukin-18.

The inflammatory response could cause hepatomegaly and elevated serum 
transaminase levels, as well as jaundice and hepatic encephalopathy.

Hypoxic injury
The complex vascular supply and high metabolic activity of the liver make it 
particularly vulnerable to circulatory disturbances. Hypoxic hepatitis, also called 
ischemic hepatitis, is frequently encountered in critically ill patients and represents a 
complication of underlying cardiac, circulatory, or respiratory failure, causing passive 
congestion or diminished perfusion of the liver[38,39]. Under situations of systemic 
stress, there is a compensatory decrease in peripheral and splanchnic blood flow, 
resulting in a decrease in hepatic blood flow and thereby leading to hepatocellular 
hypoxia, especially in zone 3[40]. Reperfusion injury is mediated by the generation of 
reactive oxygen species when ischemic hepatocytes are reexposed to oxygen, leading 
to cell injury via lipid peroxidation[41]. In addition, Kupffer cells could produce 
cytokines in response to ischemia and trigger the recruitment and activation of 
polymorphonuclear leukocytes[41]. This phenomenon usually rapidly progresses with 
severe elevation of transaminase levels (20 Upper Limit Of Normal), accompanied by 
LDH level elevation, which can recover as hypoxia is corrected[38]. Hospitalized 
patients present with different degrees of hypoxemia, and these patients need 
oxygenation support, which is administered to patients according to the severity of 
hypoxemia, such as nasal cannula (66%), noninvasive ventilation (24%), invasive 
mechanical ventilation (5%) and extracorporeal membrane oxygenation (5%)[11]. 
Approximately 1.1%-20% of patients are comorbid with septic shock, and 23% of 
patients have heart failure in COVID-19[5,9,15]. Therefore, hypoxemia and reperfusion or 
passive congestion followed by heart failure may be causes of liver damage in patients 
with COVID-19.

Exacerbation of preexisting liver disease
According to the current reports, 1.25%-11% of patients with COVID-19 had 
preexisting liver diseases (Table 2). In a large cohort of 1099 patients from 552 
hospitals, 261 (23.7%) were reported to have at least one comorbidity, and 23 (2.1%) 
were comorbid with hepatitis B, which is more common in severe cases, indicating 
that the comorbidity of hepatitis B is associated with poorer clinical outcome in 
patients[4]. Lymphocytopenia is common and has been associated with increased 
disease severity in COVID-19[14,42], which might affect the immunotolerant status of 
hepatitis B virus and might cause reactivation of hepatitis B. For patients under 
antiviral therapy, discontinuation of drugs during the course of COVID-19 or the 
administration of glucocorticoids may also induce the activation of hepatitis B and 
induce hepatic injuries. For patients with cirrhosis, the systemic inflammation, 
hypoxia, and circulatory disturbances driven by COVID-19 could induce secondary 
infection or hepatic decompensation, leading to the exacerbation of preexisting liver 
disease. Qiu et al[43] had reported acute-on-chronic liver failure secondary to the SARS-
CoV-2 infection in a patient with alcoholic cirrhosis[43]. Nonalcoholic fatty liver disease 
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(NAFLD) is the common cause of liver function abnormalities in the general 
population; thus, it could also be the cause of liver injuries in COVID-19. Metabolic 
factors such as obesity and diabetes are highly prevalent in critical cases and 
associated with mortality in COVID-19[5,9]. Ji et al[44] reported that 37.6% of patients with 
COVID-19 were comorbid with NAFLD, and patients with NAFLD had an increased 
risk of severe COVID-19 and prolonged viral shedding time[44]. However, the 
combination of other liver diseases, such as autoimmune liver diseases, in COVID-19 
requires further exploration.

PREVENTION AND MANAGEMENT
Prevention of liver injury in COVID-19
For all patients with COVID-19, liver biochemical indicators, such as ALT/AST, 
bilirubin, albumin, and prothrombin time, should be monitored to detect liver 
damage. If serum AST and LDH levels were elevated while the ALT level was normal, 
skeletal muscle or myocardial damage rather than liver injury should be considered. 
Given that chronic liver disease is also a major burden among elderly patients with 
COVID-19, clinicians need to pay attention to the management of preexisting liver 
disease. In the management of chronic hepatitis B, discontinuation of antiviral 
medicine should be avoided to prevent reactivation of hepatitis B, and anti-HBV 
agents should be considered when patients are under glucocorticoid treatment. For 
patients with autoimmune liver disease who are treated with glucocorticoids or 
immunosuppressants, infection should be closely monitored during the treatment of 
COVID-19. For patients with cirrhosis, their immunocompromised status requires 
intensive monitoring for the incidence of complications and secondary infections. In 
COVID-19, the novel coronavirus induces a cytokine storm and produces a series of 
immune responses. Some patients can quickly progress to acute respiratory distress 
syndrome and septic shock and eventually multiorgan failure or death. Therefore, 
timely treatment of critical cases is of great importance in the prevention of secondary 
liver injuries. In addition, antiviral drugs, glucocorticoids, nonsteroidal anti-
inflammatory drugs (NSAIDs), and traditional Chinese herbs might be administered 
in the clinical management of COVID-19. It is suggested that the treatment should be 
streamlined and the use of redundant types, doses, and durations of medicine should 
be avoided to reduce the chance of drug-induced liver injury.

Management of liver injury in COVID-19
In COVID-19, current therapy is mainly supportive treatment, such as intensive care, 
correcting hypoxemia through oxygenation support or mechanical ventilation, 
continuous renal replacement therapy for cytokine storm syndrome, and maintaining 
effective blood volume, which are essential for the prevention and treatment of 
multiple organ failure, including liver damage[45]. Intravenous glucocorticoids were 
commonly used in patients with SARS and Middle East respiratory syndrome, but 
their efficacy remains controversial. Clinical evidence does not support glucocorticoids 
in the treatment for COVID-19 unless there are other indications (e.g., exacerbation of 
chronic obstructive pulmonary disease)[46]. Although some clinicians have suggested 
that the use of NSAIDs in the early course may have a negative impact on the outcome 
of COVID-19[47,48], the World Health Organization does not recommend that NSAIDs 
be avoided when clinically indicated. Although a number of investigation agents are 
being explored for antiviral treatment, such as remdesivir, chloroquine/ 
hydroxychloroquine, tocilizumab, and lopinavir-ritonavir[49-51], their use for COVID-19 
remains investigational. Therefore, etiological treatment of SARS-CoV-2 infection is 
difficult to achieve at this time.

Liver injuries in COVID-19 cases are often transient and reversible without special 
treatment, and liver failure is rarely reported. However, on occasion of severe or acute 
liver damage, careful evaluation to identify any underlying diseases is needed, and the 
degree of liver damage should be evaluated to predict the onset of liver failure. Initial 
screening includes a careful history of preexisting liver disease, exposure to 
hepatotoxins (alcohol, drugs, herbs, and chemicals), hypoxia, and circulation status. 
Circulation and respiratory support should be strengthened for those with hypoxic 
hepatitis. Continuous renal replacement therapy could be considered for cytokine 
storm syndrome. For those suspected of drug-induced liver injury, prompt 
discontinuation or reduction of doses of suspected drugs should be considered. 
Antiinflammatory liver-protecting drugs can be used in hepatocellular injury, and 
administration of L-ornithine-L-aspartate could be used in the management of 
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hyperammonemia with hepatic encephalopathy. However, these medications are only 
an adjuvant treatment and should not be overemphasized. In addition, prebiotics and 
probiotics could be considered to ensure intestinal microecological balance and 
prevent bacterial infections.

CONCLUSION
In summary, digestive system symptoms and liver function abnormities are common 
in patients with COVID-19, especially in critical cases. Liver injuries are often transient 
and mild and present mostly with hepatocellular injury rather than cholestatic injury. 
Although there might be a link with virus-directed liver injuries, the mechanism of 
SARS-CoV-2-related liver injury requires further investigation. Drug-induced liver 
injury and secondary liver injury induced by systemic inflammatory response 
syndrome or hypoxia might be major etiologic factors for liver injury in COVID-19. 
Health workers need to pay attention to the management of preexisting liver disease 
and monitor the liver function of patients with COVID-19. Timely treatment of critical 
cases is of great importance in the prevention of secondary liver injuries. Attempts 
should be made to streamline treatment and prevent the use of redundant types, 
doses, and durations of medicines to reduce the chance of drug-induced liver injury. 
When treating the underlying disease, control of inflammatory storms, correction of 
tissue hypoxia, and maintenance of effective blood volume are important in the 
prevention and treatment of liver injury. The utilization of antiinflammatory liver-
protecting drugs could be considered in the management of liver injury in COVID-19.

REFERENCES
Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W, Si HR, Zhu Y, Li B, Huang CL, Chen HD, Chen J, 
Luo Y, Guo H, Jiang RD, Liu MQ, Chen Y, Shen XR, Wang X, Zheng XS, Zhao K, Chen QJ, Deng F, Liu 
LL, Yan B, Zhan FX, Wang YY, Xiao GF, Shi ZL. A pneumonia outbreak associated with a new coronavirus 
of probable bat origin. Nature 2020; 579: 270-273 [PMID: 32015507 DOI: 10.1038/s41586-020-2012-7]

1     

Wu Z, McGoogan JM. Characteristics of and Important Lessons from the Coronavirus Disease 2019 
(COVID-19) Outbreak in China: Summary of a Report of 72â€¯314 Cases from the Chinese Center for 
Disease Control and Prevention. JAMA 2020; 323: 1239-1242 [PMID: 32091533 DOI: 
10.1001/jama.2020.2648]

2     

WHO.   Report of the WHO-China Joint Mission on Coronavirus Disease 2019 (COVID-2019). February 
16-24, 2020

3     

Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, Liu L, Shan H, Lei CL, Hui DSC, Du B, Li LJ, Zeng G, 
Yuen KY, Chen RC, Tang CL, Wang T, Chen PY, Xiang J, Li SY, Wang JL, Liang ZJ, Peng YX, Wei L, Liu 
Y, Hu YH, Peng P, Wang JM, Liu JY, Chen Z, Li G, Zheng ZJ, Qiu SQ, Luo J, Ye CJ, Zhu SY, Zhong NS; 
China Medical Treatment Expert Group for Covid-19. Clinical Characteristics of Coronavirus Disease 2019 
in China. N Engl J Med 2020; 382: 1708-1720 [PMID: 32109013 DOI: 10.1056/NEJMoa2002032]

4     

Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, Xiang J, Wang Y, Song B, Gu X, Guan L, Wei Y, Li H, Wu X, 
Xu J, Tu S, Zhang Y, Chen H, Cao B. Clinical course and risk factors for mortality of adult inpatients with 
COVID-19 in Wuhan, China: a retrospective cohort study. Lancet 2020; 395: 1054-1062 [PMID: 32171076 
DOI: 10.1016/s0140-6736(20)30566-3]

5     

Mao R, Liang J, Shen J, Ghosh S, Zhu LR, Yang H, Wu KC, Chen MH; Chinese Society of IBD, Chinese 
Elite IBD Union; Chinese IBD Quality Care Evaluation Center Committee. Implications of COVID-19 for 
patients with pre-existing digestive diseases. Lancet Gastroenterol Hepatol 2020; 5: 425-427 [PMID: 
32171057 DOI: 10.1016/S2468-1253(20)30076-5]

6     

Jin X, Lian JS, Hu JH, Gao J, Zheng L, Zhang YM, Hao SR, Jia HY, Cai H, Zhang XL, Yu GD, Xu KJ, 
Wang XY, Gu JQ, Zhang SY, Ye CY, Jin CL, Lu YF, Yu X, Yu XP, Huang JR, Xu KL, Ni Q, Yu CB, Zhu 
B, Li YT, Liu J, Zhao H, Zhang X, Yu L, Guo YZ, Su JW, Tao JJ, Lang GJ, Wu XX, Wu WR, Qv TT, Xiang 
DR, Yi P, Shi D, Chen Y, Ren Y, Qiu YQ, Li LJ, Sheng J, Yang Y. Epidemiological, clinical and virological 
characteristics of 74 cases of coronavirus-infected disease 2019 (COVID-19) with gastrointestinal symptoms. 
Gut 2020; 69: 1002-1009 [PMID: 32213556 DOI: 10.1136/gutjnl-2020-320926]

7     

Hu LL, Wang WJ, Zhu QJ, Yang L. [Novel coronavirus pneumonia-related liver injury: etiological analysis 
and treatment strategy]. Zhonghua Gan Zang Bing Za Zhi 2020; 28: 97-99 [PMID: 32075364 DOI: 
10.3760/cma.j.issn.1007-3418.2020.02.001]

8     

Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, Qiu Y, Wang J, Liu Y, Wei Y, Xia J, Yu T, Zhang X, 
Zhang L. Epidemiological and clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia in 
Wuhan, China: a descriptive study. Lancet 2020; 395: 507-513 [PMID: 32007143 DOI: 
10.1016/S0140-6736(20)30211-7]

9     

Shi H, Han X, Jiang N, Cao Y, Alwalid O, Gu J, Fan Y, Zheng C. Radiological findings from 81 patients 
with COVID-19 pneumonia in Wuhan, China: a descriptive study. Lancet Infect Dis 2020; 20: 425-434 
[PMID: 32105637 DOI: 10.1016/s1473-3099(20)30086-4]

10     

Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan G, Xu J, Gu X, Cheng Z, Yu T, Xia J, Wei Y, 
Wu W, Xie X, Yin W, Li H, Liu M, Xiao Y, Gao H, Guo L, Xie J, Wang G, Jiang R, Gao Z, Jin Q, Wang J, 
Cao B. Clinical features of patients infected with 2019 novel coronavirus in Wuhan, China. Lancet 2020; 

11     

http://www.ncbi.nlm.nih.gov/pubmed/32015507
https://dx.doi.org/10.1038/s41586-020-2012-7
http://www.ncbi.nlm.nih.gov/pubmed/32091533
https://dx.doi.org/10.1001/jama.2020.2648
http://www.ncbi.nlm.nih.gov/pubmed/32109013
https://dx.doi.org/10.1056/NEJMoa2002032
http://www.ncbi.nlm.nih.gov/pubmed/32171076
https://dx.doi.org/10.1016/s0140-6736(20)30566-3
http://www.ncbi.nlm.nih.gov/pubmed/32171057
https://dx.doi.org/10.1016/S2468-1253(20)30076-5
http://www.ncbi.nlm.nih.gov/pubmed/32213556
https://dx.doi.org/10.1136/gutjnl-2020-320926
http://www.ncbi.nlm.nih.gov/pubmed/32075364
https://dx.doi.org/10.3760/cma.j.issn.1007-3418.2020.02.001
http://www.ncbi.nlm.nih.gov/pubmed/32007143
https://dx.doi.org/10.1016/S0140-6736(20)30211-7
http://www.ncbi.nlm.nih.gov/pubmed/32105637
https://dx.doi.org/10.1016/s1473-3099(20)30086-4


Yang RX et al. Liver injury in COVID-19

WJG https://www.wjgnet.com 4761 August 28, 2020 Volume 26 Issue 32

395: 497-506 [PMID: 31986264 DOI: 10.1016/S0140-6736(20)30183-5]
Wu J, Liu J, Zhao X, Liu C, Wang W, Wang D, Xu W, Zhang C, Yu J, Jiang B, Cao H, Li L. Clinical 
Characteristics of Imported Cases of Coronavirus Disease 2019 (COVID-19) in Jiangsu Province: A 
Multicenter Descriptive Study. Clin Infect Dis 2020; 71: 706-712 [PMID: 32109279 DOI: 
10.1093/cid/ciaa199]

12     

Xu XW, Wu XX, Jiang XG, Xu KJ, Ying LJ, Ma CL, Li SB, Wang HY, Zhang S, Gao HN, Sheng JF, Cai 
HL, Qiu YQ, Li LJ. Clinical findings in a group of patients infected with the 2019 novel coronavirus (SARS-
Cov-2) outside of Wuhan, China: retrospective case series. BMJ 2020; 368: m606 [PMID: 32075786 DOI: 
10.1136/bmj.m606]

13     

Yang X, Yu Y, Xu J, Shu H, Xia J, Liu H, Wu Y, Zhang L, Yu Z, Fang M, Yu T, Wang Y, Pan S, Zou X, 
Yuan S, Shang Y. Clinical course and outcomes of critically ill patients with SARS-CoV-2 pneumonia in 
Wuhan, China: a single-centered, retrospective, observational study. Lancet Respir Med 2020; 8: 475-481 
[PMID: 32105632 DOI: 10.1016/s2213-2600(20)30079-5]

14     

Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, Wang B, Xiang H, Cheng Z, Xiong Y, Zhao Y, Li Y, Wang 
X, Peng Z. Clinical Characteristics of 138 Hospitalized Patients With 2019 Novel Coronavirus-Infected 
Pneumonia in Wuhan, China. JAMA 2020 [PMID: 32031570 DOI: 10.1001/jama.2020.1585]

15     

Holshue ML, DeBolt C, Lindquist S, Lofy KH, Wiesman J, Bruce H, Spitters C, Ericson K, Wilkerson S, 
Tural A, Diaz G, Cohn A, Fox L, Patel A, Gerber SI, Kim L, Tong S, Lu X, Lindstrom S, Pallansch MA, 
Weldon WC, Biggs HM, Uyeki TM, Pillai SK; Washington State 2019-nCoV Case Investigation Team. First 
Case of 2019 Novel Coronavirus in the United States. N Engl J Med 2020; 382: 929-936 [PMID: 32004427 
DOI: 10.1056/NEJMoa2001191]

16     

Liu C, Jiang ZC, Shao CX, Zhang HG, Yue HM, Chen ZH, Ma BY, Liu WY, Huang HH, Yang J, Wang Y, 
Liu HY, Xu D, Wang JT, Yang JY, Pan HQ, Zou SQ, Li FJ, Lei JQ, Li X, He Q, Gu Y, Qi XL. [Preliminary 
study of the relationship between novel coronavirus pneumonia and liver function damage: a multicenter 
study]. Zhonghua Gan Zang Bing Za Zhi 2020; 28: 107-111 [PMID: 32077660 DOI: 
10.3760/cma.j.issn.1007-3418.2020.02.003]

17     

Pan F, Ye T, Sun P, Gui S, Liang B, Li L, Zheng D, Wang J, Hesketh RL, Yang L, Zheng C. Time Course of 
Lung Changes at Chest CT during Recovery from Coronavirus Disease 2019 (COVID-19). Radiology 2020; 
295: 715-721 [PMID: 32053470 DOI: 10.1148/radiol.2020200370]

18     

Zhang Y, Zheng L, Liu L, Zhao M, Xiao J, Zhao Q. Liver impairment in COVID-19 patients: A 
retrospective analysis of 115 cases from a single centre in Wuhan city, China. Liver Int 2020 [PMID: 
32239796 DOI: 10.1111/liv.14455]

19     

Xie H, Zhao J, Lian N, Lin S, Xie Q, Zhuo H. Clinical characteristics of non-ICU hospitalized patients with 
coronavirus disease 2019 and liver injury: A retrospective study. Liver Int 2020; 40: 1321-1326 [PMID: 
32239591 DOI: 10.1111/liv.14449]

20     

Wu C, Chen X, Cai Y, Xia J, Zhou X, Xu S, Huang H, Zhang L, Zhou X, Du C, Zhang Y, Song J, Wang S, 
Chao Y, Yang Z, Xu J, Zhou X, Chen D, Xiong W, Xu L, Zhou F, Jiang J, Bai C, Zheng J, Song Y. Risk 
Factors Associated With Acute Respiratory Distress Syndrome and Death in Patients With Coronavirus 
Disease 2019 Pneumonia in Wuhan, China. JAMA Intern Med 2020 [PMID: 32167524 DOI: 
10.1001/jamainternmed.2020.0994]

21     

Chen T, Wu D, Chen H, Yan W, Yang D, Chen G, Ma K, Xu D, Yu H, Wang H, Wang T, Guo W, Chen J, 
Ding C, Zhang X, Huang J, Han M, Li S, Luo X, Zhao J, Ning Q. Clinical characteristics of 113 deceased 
patients with coronavirus disease 2019: retrospective study. BMJ 2020; 368: m1091 [PMID: 32217556 DOI: 
10.1136/bmj.m1091]

22     

Lei F, Liu YM, Zhou F, Qin JJ, Zhang P, Zhu L, Zhang XJ, Cai J, Lin L, Ouyang S, Wang X, Yang C, 
Cheng X, Liu W, Li H, Xie J, Wu B, Luo H, Xiao F, Chen J, Tao L, Cheng G, She ZG, Zhou J, Wang H, Lin 
J, Luo P, Fu S, Zhou J, Ye P, Xiao B, Mao W, Liu L, Yan Y, Liu L, Chen G, Li H, Huang X, Zhang BH, 
Yuan Y. Longitudinal association between markers of liver injury and mortality in COVID-19 in China. 
Hepatology 2020 [PMID: 32359177 DOI: 10.1002/hep.31301]

23     

Li J, Fan JG. Characteristics and Mechanism of Liver Injury in 2019 Coronavirus Disease. J Clin Transl 
Hepatol 2020; 8: 13-17 [PMID: 32274341 DOI: 10.14218/JCTH.2020.00019]

24     

Zhang J, Wang S, Xue Y. Fecal specimen diagnosis 2019 novel coronavirus-infected pneumonia. J Med 
Virol 2020; 92: 680-682 [PMID: 32124995 DOI: 10.1002/jmv.25742]

25     

Zheng S, Fan J, Yu F, Feng B, Lou B, Zou Q, Xie G, Lin S, Wang R, Yang X, Chen W, Wang Q, Zhang D, 
Liu Y, Gong R, Ma Z, Lu S, Xiao Y, Gu Y, Zhang J, Yao H, Xu K, Lu X, Wei G, Zhou J, Fang Q, Cai H, 
Qiu Y, Sheng J, Chen Y, Liang T. Viral load dynamics and disease severity in patients infected with SARS-
CoV-2 in Zhejiang province, China, January-March 2020: retrospective cohort study. BMJ 2020; 369: m1443 
[PMID: 32317267 DOI: 10.1136/bmj.m1443]

26     

Cheung KS, Hung IFN, Chan PPY, Lung KC, Tso E, Liu R, Ng YY, Chu MY, Chung TWH, Tam AR, Yip 
CCY, Leung KH, Fung AY, Zhang RR, Lin Y, Cheng HM, Zhang AJX, To KKW, Chan KH, Yuen KY, 
Leung WK. Gastrointestinal Manifestations of SARS-CoV-2 Infection and Virus Load in Fecal Samples 
From a Hong Kong Cohort: Systematic Review and Meta-analysis. Gastroenterology 2020; 159: 81-95 
[PMID: 32251668 DOI: 10.1053/j.gastro.2020.03.065]

27     

Yeo C, Kaushal S, Yeo D. Enteric involvement of coronaviruses: is faecal-oral transmission of SARS-CoV-2 
possible? Lancet Gastroenterol Hepatol 2020; 5: 335-337 [PMID: 32087098 DOI: 
10.1016/S2468-1253(20)30048-0]

28     

Chau TN, Lee KC, Yao H, Tsang TY, Chow TC, Yeung YC, Choi KW, Tso YK, Lau T, Lai ST, Lai CL. 
SARS-associated viral hepatitis caused by a novel coronavirus: report of three cases. Hepatology 2004; 39: 
302-310 [PMID: 14767982 DOI: 10.1002/hep.20111]

29     

Lee JY, Kim YJ, Chung EH, Kim DW, Jeong I, Kim Y, Yun MR, Kim SS, Kim G, Joh JS. The clinical and 
virological features of the first imported case causing MERS-CoV outbreak in South Korea, 2015. BMC 
Infect Dis 2017; 17: 498 [PMID: 28709419 DOI: 10.1186/s12879-017-2576-5]

30     

Wang D, Ju XL, Xie F, Lu Y, Li FY, Huang HH, Fang XL, Li YJ, Wang JY, Yi B, Yue JX, Wang J, Wang 
LX, Li B, Wang Y, Qiu BP, Zhou ZY, Li KL, Sun JH, Liu XG, Li GD, Wang YJ, Cao AH, Chen YN. 
[Clinical analysis of 31 cases of 2019 novel coronavirus infection in children from six provinces 

31     

http://www.ncbi.nlm.nih.gov/pubmed/31986264
https://dx.doi.org/10.1016/S0140-6736(20)30183-5
http://www.ncbi.nlm.nih.gov/pubmed/32109279
https://dx.doi.org/10.1093/cid/ciaa199
http://www.ncbi.nlm.nih.gov/pubmed/32075786
https://dx.doi.org/10.1136/bmj.m606
http://www.ncbi.nlm.nih.gov/pubmed/32105632
https://dx.doi.org/10.1016/s2213-2600(20)30079-5
http://www.ncbi.nlm.nih.gov/pubmed/32031570
https://dx.doi.org/10.1001/jama.2020.1585
http://www.ncbi.nlm.nih.gov/pubmed/32004427
https://dx.doi.org/10.1056/NEJMoa2001191
http://www.ncbi.nlm.nih.gov/pubmed/32077660
https://dx.doi.org/10.3760/cma.j.issn.1007-3418.2020.02.003
http://www.ncbi.nlm.nih.gov/pubmed/32053470
https://dx.doi.org/10.1148/radiol.2020200370
http://www.ncbi.nlm.nih.gov/pubmed/32239796
https://dx.doi.org/10.1111/liv.14455
http://www.ncbi.nlm.nih.gov/pubmed/32239591
https://dx.doi.org/10.1111/liv.14449
http://www.ncbi.nlm.nih.gov/pubmed/32167524
https://dx.doi.org/10.1001/jamainternmed.2020.0994
http://www.ncbi.nlm.nih.gov/pubmed/32217556
https://dx.doi.org/10.1136/bmj.m1091
http://www.ncbi.nlm.nih.gov/pubmed/32359177
https://dx.doi.org/10.1002/hep.31301
http://www.ncbi.nlm.nih.gov/pubmed/32274341
https://dx.doi.org/10.14218/JCTH.2020.00019
http://www.ncbi.nlm.nih.gov/pubmed/32124995
https://dx.doi.org/10.1002/jmv.25742
http://www.ncbi.nlm.nih.gov/pubmed/32317267
https://dx.doi.org/10.1136/bmj.m1443
http://www.ncbi.nlm.nih.gov/pubmed/32251668
https://dx.doi.org/10.1053/j.gastro.2020.03.065
http://www.ncbi.nlm.nih.gov/pubmed/32087098
https://dx.doi.org/10.1016/S2468-1253(20)30048-0
http://www.ncbi.nlm.nih.gov/pubmed/14767982
https://dx.doi.org/10.1002/hep.20111
http://www.ncbi.nlm.nih.gov/pubmed/28709419
https://dx.doi.org/10.1186/s12879-017-2576-5


Yang RX et al. Liver injury in COVID-19

WJG https://www.wjgnet.com 4762 August 28, 2020 Volume 26 Issue 32

(autonomous region) of northern China]. Zhonghua Er Ke Za Zhi 2020; 58: 269-274 [PMID: 32118389 DOI: 
10.3760/cma.j.cn112140-20200225-00138]
Liang W, Feng Z, Rao S, Xiao C, Xue X, Lin Z, Zhang Q, Qi W. Diarrhoea may be underestimated: a 
missing link in 2019 novel coronavirus. Gut 2020; 69: 1141-1143 [PMID: 32102928 DOI: 
10.1136/gutjnl-2020-320832]

32     

Kuhn JH, Li W, Choe H, Farzan M. Angiotensin-converting enzyme 2: a functional receptor for SARS 
coronavirus. Cell Mol Life Sci 2004; 61: 2738-2743 [PMID: 15549175 DOI: 10.1007/s00018-004-4242-5]

33     

Hamming I, Timens W, Bulthuis ML, Lely AT, Navis G, van Goor H. Tissue distribution of ACE2 protein, 
the functional receptor for SARS coronavirus. A first step in understanding SARS pathogenesis. J Pathol 
2004; 203: 631-637 [PMID: 15141377 DOI: 10.1002/path.1570]

34     

Walls AC, Park YJ, Tortorici MA, Wall A, McGuire AT, Veesler D. Structure, Function, and Antigenicity of 
the SARS-CoV-2 Spike Glycoprotein. Cell 2020; 181: 281-292.e6 [PMID: 32155444 DOI: 
10.1016/j.cell.2020.02.058]

35     

Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, Liu S, Zhao P, Liu H, Zhu L, Tai Y, Bai C, Gao T, Song 
J, Xia P, Dong J, Zhao J, Wang FS. Pathological findings of COVID-19 associated with acute respiratory 
distress syndrome. Lancet Respir Med 2020; 8: 420-422 [PMID: 32085846 DOI: 
10.1016/s2213-2600(20)30076-x]

36     

Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson JJ; HLH Across Speciality 
Collaboration, UK. COVID-19: consider cytokine storm syndromes and immunosuppression. Lancet 2020; 
395: 1033-1034 [PMID: 32192578 DOI: 10.1016/s0140-6736(20)30628-0]

37     

Waseem N, Chen PH. Hypoxic Hepatitis: A Review and Clinical Update. J Clin Transl Hepatol 2016; 4: 
263-268 [PMID: 27777895 DOI: 10.14218/jcth.2016.00022]

38     

Lightsey JM, Rockey DC. Current concepts in ischemic hepatitis. Curr Opin Gastroenterol 2017; 33: 158-
163 [PMID: 28346236 DOI: 10.1097/mog.0000000000000355]

39     

Dunn GD, Hayes P, Breen KJ, Schenker S. The liver in congestive heart failure: a review. Am J Med Sci 
1973; 265: 174-189 [PMID: 4573728 DOI: 10.1097/00000441-197303000-00001]

40     

Rosser BG, Gores GJ. Liver cell necrosis: cellular mechanisms and clinical implications. Gastroenterology 
1995; 108: 252-275 [PMID: 7806049 DOI: 10.1016/0016-5085(95)90032-2]

41     

Henry BM. COVID-19, ECMO, and lymphopenia: a word of caution. Lancet Respir Med 2020; 8: e24 
[PMID: 32178774 DOI: 10.1016/s2213-2600(20)30119-3]

42     

Qiu H, Wander P, Bernstein D, Satapathy SK. Acute on chronic liver failure from novel severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2). Liver Int 2020; 40: 1590-1593 [PMID: 32369658 DOI: 
10.1111/liv.14506]

43     

Ji D, Qin E, Xu J, Zhang D, Cheng G, Wang Y, Lau G. Non-alcoholic fatty liver diseases in patients with 
COVID-19: A retrospective study. J Hepatol 2020; 73: 451-453 [PMID: 32278005 DOI: 
10.1016/j.jhep.2020.03.044]

44     

Ronco C, Navalesi P, Vincent JL. Coronavirus epidemic: preparing for extracorporeal organ support in 
intensive care. Lancet Respir Med 2020; 8: 240-241 [PMID: 32035509 DOI: 
10.1016/S2213-2600(20)30060-6]

45     

Russell CD, Millar JE, Baillie JK. Clinical evidence does not support corticosteroid treatment for 2019-
nCoV lung injury. Lancet 2020; 395: 473-475 [PMID: 32043983 DOI: 10.1016/s0140-6736(20)30317-2]

46     

Day M. Covid-19: European drugs agency to review safety of ibuprofen. BMJ 2020; 368: m1168 [PMID: 
32205306 DOI: 10.1136/bmj.m1168]

47     

Day M. Covid-19: ibuprofen should not be used for managing symptoms, say doctors and scientists. BMJ 
2020; 368: m1086 [PMID: 32184201 DOI: 10.1136/bmj.m1086]

48     

Wang M, Cao R, Zhang L, Yang X, Liu J, Xu M, Shi Z, Hu Z, Zhong W, Xiao G. Remdesivir and 
chloroquine effectively inhibit the recently emerged novel coronavirus (2019-nCoV) in vitro. Cell Res 2020; 
30: 269-271 [PMID: 32020029 DOI: 10.1038/s41422-020-0282-0]

49     

Yao X, Ye F, Zhang M, Cui C, Huang B, Niu P, Liu X, Zhao L, Dong E, Song C, Zhan S, Lu R, Li H, Tan 
W, Liu D. In Vitro Antiviral Activity and Projection of Optimized Dosing Design of Hydroxychloroquine for 
the Treatment of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). Clin Infect Dis 2020; 
71: 732-739 [PMID: 32150618 DOI: 10.1093/cid/ciaa237]

50     

Cao B, Wang Y, Wen D, Liu W, Wang J, Fan G, Ruan L, Song B, Cai Y, Wei M, Li X, Xia J, Chen N, 
Xiang J, Yu T, Bai T, Xie X, Zhang L, Li C, Yuan Y, Chen H, Li H, Huang H, Tu S, Gong F, Liu Y, Wei Y, 
Dong C, Zhou F, Gu X, Xu J, Liu Z, Zhang Y, Li H, Shang L, Wang K, Li K, Zhou X, Dong X, Qu Z, Lu S, 
Hu X, Ruan S, Luo S, Wu J, Peng L, Cheng F, Pan L, Zou J, Jia C, Wang J, Liu X, Wang S, Wu X, Ge Q, He 
J, Zhan H, Qiu F, Guo L, Huang C, Jaki T, Hayden FG, Horby PW, Zhang D, Wang C. A Trial of Lopinavir-
Ritonavir in Adults Hospitalized with Severe Covid-19. N Engl J Med 2020; 382: 1787-1799 [PMID: 
32187464 DOI: 10.1056/NEJMoa2001282]

51     

http://www.ncbi.nlm.nih.gov/pubmed/32118389
https://dx.doi.org/10.3760/cma.j.cn112140-20200225-00138
http://www.ncbi.nlm.nih.gov/pubmed/32102928
https://dx.doi.org/10.1136/gutjnl-2020-320832
http://www.ncbi.nlm.nih.gov/pubmed/15549175
https://dx.doi.org/10.1007/s00018-004-4242-5
http://www.ncbi.nlm.nih.gov/pubmed/15141377
https://dx.doi.org/10.1002/path.1570
http://www.ncbi.nlm.nih.gov/pubmed/32155444
https://dx.doi.org/10.1016/j.cell.2020.02.058
http://www.ncbi.nlm.nih.gov/pubmed/32085846
https://dx.doi.org/10.1016/s2213-2600(20)30076-x
http://www.ncbi.nlm.nih.gov/pubmed/32192578
https://dx.doi.org/10.1016/s0140-6736(20)30628-0
http://www.ncbi.nlm.nih.gov/pubmed/27777895
https://dx.doi.org/10.14218/jcth.2016.00022
http://www.ncbi.nlm.nih.gov/pubmed/28346236
https://dx.doi.org/10.1097/mog.0000000000000355
http://www.ncbi.nlm.nih.gov/pubmed/4573728
https://dx.doi.org/10.1097/00000441-197303000-00001
http://www.ncbi.nlm.nih.gov/pubmed/7806049
https://dx.doi.org/10.1016/0016-5085(95)90032-2
http://www.ncbi.nlm.nih.gov/pubmed/32178774
https://dx.doi.org/10.1016/s2213-2600(20)30119-3
http://www.ncbi.nlm.nih.gov/pubmed/32369658
https://dx.doi.org/10.1111/liv.14506
http://www.ncbi.nlm.nih.gov/pubmed/32278005
https://dx.doi.org/10.1016/j.jhep.2020.03.044
http://www.ncbi.nlm.nih.gov/pubmed/32035509
https://dx.doi.org/10.1016/S2213-2600(20)30060-6
http://www.ncbi.nlm.nih.gov/pubmed/32043983
https://dx.doi.org/10.1016/s0140-6736(20)30317-2
http://www.ncbi.nlm.nih.gov/pubmed/32205306
https://dx.doi.org/10.1136/bmj.m1168
http://www.ncbi.nlm.nih.gov/pubmed/32184201
https://dx.doi.org/10.1136/bmj.m1086
http://www.ncbi.nlm.nih.gov/pubmed/32020029
https://dx.doi.org/10.1038/s41422-020-0282-0
http://www.ncbi.nlm.nih.gov/pubmed/32150618
https://dx.doi.org/10.1093/cid/ciaa237
http://www.ncbi.nlm.nih.gov/pubmed/32187464
https://dx.doi.org/10.1056/NEJMoa2001282


Published by Baishideng Publishing Group Inc 

7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA 

Telephone: +1-925-3991568 

E-mail: bpgoffice@wjgnet.com 

Help Desk: https://www.f6publishing.com/helpdesk 

https://www.wjgnet.com

© 2020 Baishideng Publishing Group Inc. All rights reserved.

mailto:bpgoffice@wjgnet.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

