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Although abnormal liver chemistries are linked to a higher risk of coronavirus disease 2019 (COVID-19)–related death,
liver manifestations may be diverse and even confusing. Thus, we performed a meta-analysis of published liver manifestations and described the liver damage in patients with COVID-19 who died or discharged alive. We searched
PubMed, Google Scholar, medRxiv, bioRxiv, the Cochrane Library, Embase, and three Chinese electronic databases
through April 22, 2020. We analyzed pooled data on liver chemistries stratified by the main clinical outcome of
COVID-19, using a fixed or random-effects model. In our meta-analysis of 19 studies, which included a total of 4,103
patients, the pooled mean alanine aminotransferase and aspartate aminotransferase levels were, respectively, 31.7 IU/L
and 51.0 IU/L in the patients with COVID-19 who died and 27.7 IU/L and 32.9 IU/L in those discharged alive
(both P < 0.0001). Compared with the patients discharged alive, those who died tended to have lower albumin levels
but longer prothrombin time and higher international normalized ratio. Conclusion: In this meta-analysis, according to
the main clinical outcome of COVID-19, we comprehensively describe three patterns of liver impairment related to
COVID-19: hepatocellular injury, cholestasis, and hepatocellular disfunction. The patients who died from COVID-19
tended to have different liver chemistries from those discharged alive. Special caution should be given to the patients
with a relatively higher index of liver chemistries. (Hepatology Communications 2020;0:1-12).

C

oronavirus disease 2019 (COVID-19) is
caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), a nonsegmented positive-sense RNA virus with an envelope
belonging to the family Coronaviridae. The coronavirus is widely distributed in humans and other mammals. In the past 20 years, the coronavirus has caused
several localized epidemics and even global pandemics, such as severe acute respiratory syndrome (SARS),

Middle East respiratory syndrome (MERS), and
the ongoing COVID-19 pandemic. Worldwide, the
spread and upward trend of COVID-19 have accelerated dramatically. According to the situation report
released by the World Health Organization (WHO),
as of April 25, 2020, 2,719,897 COVID-19 cases were
confirmed globally, with a fatality rate of 6.9%.(1) In
response to the emerging threat, the WHO declared
a Public Health Emergency of International Concern
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on January 30, 2020, and further labeled the outbreak
as a pandemic on March 11, 2020. Compared with
the case fatality rates of SARS and MERS, which are
6.8% and 60%, respectively, that of COVID-19 is relatively lower.(2,3) However, the reproductive number
of COVID-19 is even higher than that of SARS.(4)
Owing to its huge number of confirmed cases,
COVID-19 causes many more deaths than SARS or
MERS.
Apart from lung injury, myocardial dysfunction,
liver impairment, and acute kidney injury can also
result from COVID-19.(5,6) Chronic hypertension
and other cardiovascular comorbidities are frequent
risk factors of COVID-19-related death.(6,7) Other
conditions can also contribute to death. According to
the observation by Wu et al.,(7) coagulation dysfunction is linked to the likelihood of death. Moreover,
univariable logistic regression revealed the association
of alanine aminotransferase (ALT) and total bilirubin (TBIL) levels with higher risk of COVID-19related death.(8) In another study, Fu et al.(9) showed
the potential relationship among hypoproteinemia,
cholestasis, and higher fatality rate in patients with
COVID-19. Our meta-analysis also revealed the different patterns of abnormal liver chemistries between
patients with severe and nonsevere COVID-19.(10)
According to the clinical guideline proposed by the
American College of Gastroenterology, liver chemistries can be classified into three groups as follows:
hepatocellular injury-related indexes, including ALT
and aspartate aminotransferase (AST); cholestatic
injury-related indexes, including γ-glutamyltransferase
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(GGT) and alkaline phosphatase (ALP); and hepatocellular function–related indexes such as prothrombin
time (PT) and albumin (ALB).(11) In clinical practice,
TBIL, direct bilirubin (DBIL), and globulin (GLB)
levels, and international normalized ratio (INR) are
also assessed. The liver manifestations of COVID-19
are diverse and even confusing. Comprehensive evaluations of liver chemistry abnormalities in patients
with COVID-19 are rather few. Hence, the aim of
this study was to provide a comprehensive view of liver-test parameters in patients with COVID-19 who
died or were discharged alive.

Materials and Methods
STUDY SELECTION

The following databases were searched from
December 1, 2019, to April 22, 2020: PubMed, Google
Scholar, medRxiv, bioRxiv, Embase, the Cochrane
Library, and three Chinese electronic databases
(Chinese National Knowledge Infrastructure, CQVIP,
and Wanfang Data). “COVID-19,” “Coronavirus,”
“SARS-CoV-2,” “2019-nCoV-2,” and “novel coronavirus” were used as search keywords. The PRISMA
guideline was implemented in the retrieval of potential studies.(12) Details of the search in PubMed are
found in the Supporting Information. Endnote X9.3
(Thompson and Reuters, Philadelphia, PA) was used
to manage the retrieved articles. Duplicated articles
were removed.
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SELECTION CRITERIA
Two authors (X.D. and Q-Q.X.) independently
determined the eligibility of the potential studies. Dissonance was arbitrated by the third author
( J-S.P.). The inclusion criteria were as follows: (1)
study population: adult patients with COVID-19
who died or were discharged alive; (2) study design:
case report, case series, retrospective cohort study, prospective cohort study, randomized controlled trial, and
case-control study; and (3) language: studies published
in English or Chinese. The exclusion criteria were as
follows: (1) pregnant women or pediatric patients; (2)
patients who lacked nucleic acid data or serological
evidence of SARS-CoV2 infection; (3) asymptomatic
patients with SARS-CoV2 infection; (3) study design:
commentary, editorial, review article, or meta-analysis;
and (4) results: studies that only reported the percentages of the indexes related to liver chemistries rather
than the mean or average values, and single-arm studies (e.g., only the data of mortality cases were reported,
excluding data from survival cases, and vice versa).

DATA EXTRACTION
For the eligible articles, the following items were
recorded: first author, study location, sample size,
patient age and sex, and liver chemistry–related
indexes such as TBIL, DBIL, ALT, AST, GGT, ALP,
and ALB levels. The main outcome (either died or
discharged alive) of COVID-19 was also recorded.
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heterogeneity. The proportion of the total variation
among the studies, from which heterogeneity was
derived, was measured with the I2 statistics. I2 values
of <25%, 25%-75%, and >75% represent low, moderate, and high heterogeneity, respectively.(14) A funnel
plot was used to evaluate publication bias. A subgroup
analysis was performed according to the main clinical
outcome: either died or discharged alive.

Results

CHARACTERISTICS OF THE
STUDIES INCLUDED IN THE
META-ANALYSIS

The selection process of the potential studies is
depicted in Fig. 1. From the 3,033 identified studies, 19
were included in the meta-analysis. The characteristics
of the enrolled studies are listed in Table 1.(6-8,15-29)
Information on the study location, sample size, age,
sex, clinical outcome, PT, INR, and levels of TBIL,
DBIL, ALT, AST, GGT, ALP, ALB, and GLB
was recorded. The mean ages of the patients with
COVID-19 who were discharged alive and died were
56.4 and 68.7 years, respectively (Supporting Fig. S1).
In the enrolled studies, male patients accounted for
55.0% of all patients. Among the studies that reported
mortality cases, deaths accounted for 31.6% (range,
11.7%-61.5%) of the cases.

HEPATOCELLULAR
INJURY–RELATED LIVER
R statistical platform version 3.2.3 (R Foundation CHEMISTRY ABNORMALITIES

DATA ANALYSIS

for Statistical Computing) was used for the statistical analysis. Continuous variables with normal distributions were expressed as mean ± SD, while those
with skewed distributions were expressed as median
(interquartile range). The method developed by Luo
et al.(13) was used to estimate the sample mean and
SD of the continuous outcomes from the studies
that provided summary data of median, minimum,
and maximum values. The related online tool is provided at http://www.math.hkbu.edu.hk/~tongt/
paper
s/median2mean.html. A forest plot was constructed
for the 95% confidence intervals (CIs). Heterogeneity
among studies was detected using the Cochran Q
test, with a P value of <0.10 indicating significant

Of the enrolled studies, 15 reported the ALT or
AST assays of 2,842 patients with COVID-19. All but
one these studies were from China. Of the 19 enrolled
studies, 14 (73.7%) were from Hubei Province, where
Wuhan is located. The pooled mean ALT level was
31.7 IU/L in the patients with COVID-19 who died
and 27.7 IU/L in those discharged alive (95% CI, −6.0
to −2.8, P < 0.0001; Fig. 2A), with moderate heterogeneity among the studies (I2 = 39%, P = 0.06). Similarly,
the pooled mean AST level was 51.0 IU/L in the
patients who died and 32.9 IU/L in those discharged
alive (95% CI: −19.7 to −9.8, P < 0.0001; Fig. 2B).
High heterogeneity was observed for the AST levels
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FIG. 1. Study selection flow diagram. If all of the liver chemistry indexes were not reported, they were excluded from the meta-analysis.
Single-arm studies (e.g., only the data of mortality cases were reported, excluding the data of survival cases, and vice versa) were also
excluded.

among the studies (I2 = 78%, P < 0.01), which was significantly higher than that of the ALT levels (I2 = 39%,
P = 0.06). Potential publication bias due to ALT/AST
levels was evaluated using a funnel plot (Supporting
Fig. S2). In the patients with COVID-19, the mean
AST level tended to be higher than the mean ALT
level in both the mortality and discharged-alive (survival) groups. Moreover, the gaps between the AST
and ALT levels (51.0 IU/L and 30.9 IU/L, respectively) were even more significant in the group that
died (Fig. 3). The evaluation of potential publication
bias is presented in Supporting Fig. S3.

Cholestasis-Related Liver Chemistry
Abnormalities

We could not enroll an adequate number of studies for the analyses of the cholestasis-related indexes
such as ALP and DBIL levels, as only few studies
focused on these indexes. Of the enrolled studies
for the meta-analysis, 3 reported GGT assays and
11 reported TBIL measurements. The pooled mean
GGT level was 46.3 IU/L in the mortality group and
34.3 IU/L in the group discharged alive (Fig. 4A).
The pooled mean TBIL level in the mortality group
was slightly higher than that in the group discharged
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alive. However, the mean TBIL level remained within
the normal range in both groups (Fig. 4B). For the
TBIL levels, moderate heterogeneity was observed
among the studies (I2 = 36%, P = 0.11). The funnel plot of the TBIL levels is shown in Supporting
Fig. S4.

HEPATOCELLULAR FUNCTION–
RELATED LIVER
CHEMISTRY ABNORMALITIES
Eleven studies compared the mean ALB levels
according to the main clinical outcome of COVID-19,
between 938 mortalities and 2,018 cases discharged
alive, respectively (Fig. 5A). High heterogeneity was
observed among the studies (I2 = 81%, P < 0.01). The
mean ALB level in the mortality group was significantly lower than that in the group discharged alive.
Significant differences in the coagulation-related
indexes such as PT and INR were found between the
two groups. The mortality group had longer PT (95%
CI: −1.5 to −0.7, P < 0.0001; Fig. 5B) or higher INR
(Fig. 5C). The evaluation of publication bias related
to ALB level and PT is shown in Supporting Fig. S5.
Association between lactate dehydrogenase and clinical outcome is shown in Supporting Fig. S6.
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In this meta-analysis, all but one of 19 studies from
China that consisted of a total of 4,103 patients with
COVID-19 were enrolled. Three patterns of liver
impairment, namely, hepatocellular injury, cholestasis,
and hepatocellular dysfunction, developed in a proportion of patients with COVID-19, especially in those
who eventually died. Briefly, the patients who died
of COVID-19 tended to have higher baseline ALT/
AST levels, TBIL levels, and INR, and prolonged
PT but lower ALB levels than those who were discharged alive. The patients with COVID-19 usually
had higher AST levels than ALT levels, especially in
the group that died. The proportion of deaths tended
to be higher in the elderly patients.
The pooled percentage of death cases accounted for
up 31.6% of all cases, which was calculated according to the proportion of death cases in each enrolled
study. However, this does not mean that the percentage of deaths in the whole population was high, as
several reasons may lead to the higher percentages of
deaths in the enrolled studies than in the whole population. First, as the patients in the enrolled studies
were all hospitalized or even critically ill, the higher
percentage of deaths in the enrolled studies than in
the whole population is reasonable. Second, the compositions of the enrolled studies differed because of
the selection of the reporter. Similarly to our previous study, most studies focused on ALT and AST
levels rather than on cholestasis-related indexes such
as ALP and GGT levels.(10) The actual prevalence of
abnormal liver chemistries could be underestimated in
the studies that reported clinical features of COVID19. Thus, the role of liver chemistries was compromised in disease monitoring and early warning against
potential death.
The possible mechanisms of COVID-19-related
liver injury include the direct damage caused by SARSCoV-2 to the liver and the secondary liver injury
caused by stress and systemic inflammatory response,
liver ischemia or hypoxia, exacerbation of underlying
liver disease, or drug-induced liver injury.(30) In hepatitis B surface antigen–positive patients, the following
events can also lead to liver injury: sudden cessation of
ongoing antiviral treatment in patients with chronic
hepatitis B, which may result in sharp deterioration
of liver chemistries or acute-on-chronic liver failure,
and application of high-dose corticosteroids without

Hepatology Communications, Vol. 0, No. 0, 2020
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A

B

FIG. 2. Forest plot of the association between serum ALT/AST level and the main clinical outcome, either died or discharged alive. Pooled
levels of ALT (A) and AST (B) in the patients with COVID-19 are stratified by clinical outcome. Abbreviation: MD, mean difference.

antiviral therapy, which may activate the replication of
hepatitis B virus. Clinically, secondary liver injury is
far more frequent than direct liver injury.(31)
The most frequent complications of COVID-19 in
the deceased patients were the following: acute respiratory distress syndrome, sepsis, acute cardiac injury,
type I respiratory failure, and heart failure.(6) The percentage of cases that developed acute liver injury was
9% in the deceased patients and only 2% in the recovered patients.(6) An investigation by Deng et al.(17)
also indicated high frequencies of developing acute
respiratory distress syndrome (89.9%), acute cardiac

injury (59.6%), and acute kidney injury (18.3%) in the
patients who died. Sepsis and liver ischemia caused
by acute respiratory distress syndrome or heart failure can further cause liver chemistry abnormalities or
even disordered coagulopathy.
On the whole, the alteration of liver chemistries
between the group that died and the group discharged
alive is similar to that between the severe and nonsevere groups, as shown in our recent study,(10) although
some differences were observed. Also similar was
the age difference between the severe and nonsevere
groups. In our analysis, the mean age of the group that
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A

B

FIG. 3. Forest plot of the comparison between ALT and AST levels in the patients with COVID-19 stratified by clinical outcome. (A)
Forest plot for the comparison of ALT and AST levels in the group discharged alive. (B) Forest plot for the comparison of ALT and AST
levels in the group that died.

died was significantly higher than that of the group
discharged alive. The mean ALT and AST levels in
the mortality group were also higher than those in the
group discharged alive. Moreover, both in the group
that died and the group discharged alive, the mean
AST level was higher than the mean ALT level, similar to our previous study.(10) The GGT level in the
group that died was higher than that in the group
discharged alive. However, the difference was not statistically significant. This may be due to the underreported GGT levels. The TBIL level in the group that
died was also higher than that in the group discharged
alive, whereas the mean TBIL levels in both groups

8

were within the normal range. The ALB level in the
group that died was significantly lower than that in
the group discharged alive, which was in accordance
with our study, which compared severe and nonsevere
groups.(10) In the group that died, PT and INR were
significantly longer and higher, respectively, than in
the group discharged alive, with an even more remarkable difference than we previously observed between
the severe and nonsevere groups. This suggests that
the coagulation function of the group that died was
significantly worse than that of the group discharged
alive. As almost all coagulation factors are synthesized
in the liver, we can speculate that the hepatocellular

Hepatology Communications, Vol. 0, No. 0, 2020
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A

B

FIG. 4. Forest plot of the association between the cholestasis-related indexes and clinical outcome. Pooled levels of GGT (A) and TBIL
(B) in the patients with COVID-19.

dysfunction in the group that died was exacerbated
under the influence of multiple factors such as hypoxemia, inflammation storm, and infection. In fact,
severe sepsis is almost invariably associated with systemic activation of coagulation.(32,33)
In this study, we found that the liver chemistry
abnormalities in the group that died was worse than
those in the group discharged alive, which suggests
that vigilance is needed to reduce the mortality risk
of patients with significantly abnormal liver chemistries on admission. Marked hypoalbuminemia usually
developed in the group that died. Thus, solid nutrition
support is necessary for this patient group. In addition, for patients with obvious coagulation dysfunction on admission, clinicians must be aware of the risk
of progression to severe disease or even death. The
coagulation dysfunction must be corrected as early
as possible to prevent further deterioration of the
patient’s condition.
This study has several substantial merits. First,
the enrolled studies focused on COVID-19-related

abnormal liver chemistries, which are rapidly
evolving and sometimes confusing. This metaanalysis comprehensively summarized the related
literature according to the main clinical outcome:
either died or discharged alive. The extensive coverage of over 4,000 cases allowed a more precise evaluation of liver chemistry abnormalities in patients
with COVID-19. Our analysis revealed that abnormal liver chemistries were associated with worse
clinical outcomes and even death, which highlights
the importance of a more extensive monitoring of
liver chemistries for both diagnostic and prognostic purposes. Second, three patterns of liver impairment, namely, hepatocellular injury, cholestasis, and
hepatocellular dysfunction, were all extensively covered in this analysis. However, cholestasis-related
indexes such as ALP and GGT levels tended to be
inadvertently ignored, even more significantly than
in our previous study.(10) We also compared hepatocellular dysfunction between the group that died
and the discharged alive group. The alarmingly high
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FIG. 5. Forest plot of the association between the synthetic function-related indexes and clinical outcome. Pooled ALB levels (A), PTs
(B), and INRs (C) in the patients with COVID-19.

prevalence of hypoalbuminemia and coagulation
dysfunction in the group that died requires vigilance.
Third, we also covered eligible studies preprinted in
medRxiv, which ensured that our meta-analysis has
a clear leading position.
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However, our study has a few limitations. As mentioned previously, cholestasis-related indexes were
remarkably underreported, which hindered us from
obtaining more precise pooled data. Second, most of
the enrolled studies were from mainland China, which

Hepatology Communications, Vol. 0, No. 0, 2020

restricted a more precise estimation of abnormal
liver chemistries in the context of diverse ethnicity.
However, this conversely helps to abate the heterogeneity caused by the physiological differences.
In summary, in this analysis we comprehensively described three patterns of liver impairment
related to COVID-19, namely, hepatocellular injury,
cholestasis, and hepatocellular dysfunction, according
to the main clinical outcome of COVID-19. Patients
with abnormal liver chemistries are at higher risk of
worse outcome. Special caution should be given to
the patients with a relatively higher index of liver
chemistries.

REFERENCES
1) World Health Organization. Coronavirus disease 2019 (COVID19) Situation Report–96. Geneva, Switzerland: World Health
Organization; 2020.
2) Donnelly CA, Ghani AC, Leung GM, Hedley AJ, Fraser C,
Riley S, et al. Epidemiological determinants of spread of causal
agent of severe acute respiratory syndrome in Hong Kong. Lancet
2003;361:1761-1766.
3) Assiri A, Al-Tawfiq JA, Al-Rabeeah AA, Al-Rabiah FA, AlHajjar S, Al-Barrak A, et al. Epidemiological, demographic, and
clinical characteristics of 47 cases of Middle East respiratory syndrome coronavirus disease from Saudi Arabia: a descriptive study.
Lancet Infect Dis 2013;13:752-761.
4) Liu Y, Gayle AA, Wilder-Smith A, Rocklov J. The reproductive
number of COVID-19 is higher compared to SARS coronavirus.
J Travel Med 2020;27:taaa021.
5) Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al.
Clinical characteristics of coronavirus disease 2019 in China.
N Engl J Med 2020;382:1708-1720.
6) Chen T, Wu D, Chen H, Yan W, Yang D, Chen G, et al. Clinical
characteristics of 113 deceased patients with coronavirus disease
2019: retrospective study. BMJ 2020;368:m1091.
7) Wu C, Chen X, Cai Y, Xia J, Zhou X, Xu S, et al. Risk factors
associated with acute respiratory distress syndrome and death in
patients with coronavirus disease 2019 pneumonia in Wuhan,
China. JAMA Int Med 2020;180:934.
8) Fu L, Fei J, Xiang HX, Xiang Y, Tan Z, Li MD, et al. Influence
factors of death risk among COVID-19 patients in Wuhan,
China: a hospital-based case-cohort study. medRxiv 2020 Mar 16.
https://doi.org/10.1101/2020.03.13.20035329. [Epub ahead of
print]
9) Fu L, Fei J, Xu S, Xiang HX, Xiang Y, Tan ZX, et al. Acute
liver injury and its association with death risk of patients with
COVID-19: a hospital-based prospective case-cohort study.
medRxiv 2020 Apr 6. https://doi.org/10.1101/2020/04.02.20050
997. [Epub ahead of print]
10) Dong X, Zeng DY, Cai YY, Chen WM, Xing QQ, Ren YD, et al.
Liver chemistries in patients with severe or non-severe COVID19: a meta-analysis. medRxiv 2020 Apr 29. https://doi.org/10.110
1/2020.04.24.20074179. [Epub ahead of print]
11) Kwo PY, Cohen SM, Lim JK. ACG clinical guideline: evaluation
of abnormal liver chemistries. Am J Gastroenterol 2017;112:18-35.
12) Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC,
Ioannidis JP, et al. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate healthcare
interventions: explanation and elaboration. BMJ 2009;339:b2700.

XING, DONG, ET AL.

13) Luo D, Wan X, Liu J, Tong T. How to estimate the sample mean
and standard deviation from the sample size, median, extremes or
quartiles? Chin J Evidence-Based Med 2017;17:1350-1356.
14) Higgins JP, Thompson SG. Quantifying heterogeneity in a metaanalysis. Stat Med 2002;21:1539-1558.
15) Chen T, Dai Z, Mo P, Li X, Ma Z, Song S, et al. Clinical characteristics and outcomes of older patients with coronavirus disease
2019 (COVID-19) in Wuhan, China (2019): a single-centered,
retrospective study. J Gerontol A Biol Sci Med Sci 2020 Apr 11.
https://doi.org/10.1093/gerona/glaa089. [Epub ahead of print]
16) Hu C, Liu Z, Jiang Y, Zhang X, Shi O, Xu K, et al. Early prediction of mortality risk among severe COVID-19 patients using
machine learning. medRxiv 2020 Apr 19. https://doi.org/10/1101/
2020.04.13.20064329.
17) Deng Y, Liu W, Liu K, Fang YY, Shang J, Zhou L, et al. Clinical
characteristics of fatal and recovered cases of coronavirus disease
2019 (COVID-19) in Wuhan, China: a retrospective study. Chin
Med J (Engl) 2020;133:1261-1267.
18) Du RH, Liang LR, Yang CQ, Wang W, Cao TZ, Li M, et al.
Predictors of mortality for patients with COVID-19 pneumonia
caused by SARS-CoV-2: a prospective cohort study. Eur Respir J
2020;55:2000524.
19) Fu YQ, Sun YL, Lu SW, Yang Y, Wang Y, Xu F. Impact of blood
analysis and immune function on the prognosis of patients with
COVID-19. medRxiv 2020 Apr 22. https://doi.org/10.1101/2020.
04.16.20067587. [Epub ahead of print]
20) Li K, Chen D, Chen S, Feng Y, Chang C, Wang Z, et al.
Radiographic findings and other predictors in adults with
COVID-19. medRxiv 2020 Mar 27. https://doi.org/10.1101/202
0.03.23.20041673. [Epub ahead of print]
21) Luo X, Xia H, Yang W, Wang B, Guo T, Xiong J, et al.
Characteristics of patients with COVID-19 during epidemic ongoing outbreak in Wuhan, China. medRxiv 2020 Mar 23. https://
doi.org/10.1101/2020.03.19.20033175. [Epub ahead of print]
22) Ruan Q, Yang K, Wang W, Jiang L, Song J. Clinical predictors of mortality due to COVID-19 based on an analysis of
data of 150 patients from Wuhan, China. Intensive Care Med
2020;46:846-848.
23) Shi Q, Zhao K, Yu J, Jiang F, Feng J, Zhao K, et al. Clinical
characteristics of 101 non-surviving hospitalized patients with
COVID-19: a single center, retrospective study. medRxiv 2020
May 20. https://doi.org/10.1101/2020.03.04.20031039. [Epub
ahead of print]
24) Wang L, He W, Yu X, Hu D, Bao M, Liu H, et al. Coronavirus
disease 2019 in elderly patients: characteristics and prognostic factors based on 4-week follow-up. J Infect 2020;80:639-645.
25) Wang Y, Lu X, Chen H, Chen T, Su N, Huang F, et al. Clinical
course and outcomes of 344 intensive care patients with COVID19. Am J Respir Crit Care Med 2020;201:1430-1434.
26) Xu Y. Dynamic profile of severe or critical COVID-19 cases.
medRxiv 2020 Mar 20. https://doi.org/10.1101/2020.03.18.2003
8513.
27) Yang X, Yu Y, Xu J, Shu H, Xia J, Liu H, et al. 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.
28) Zhang F, Yang D, Li J, Gao P, Chen T, Cheng Z, et al. Myocardial
injury is associated with in-hospital mortality of confirmed or suspected COVID-19 in Wuhan, China: a single center retrospective
cohort study. medRxiv 2020 Mar 24. https://doi.org/10.1101/202
0.03.21.20040121. [Epub ahead of print]
29) Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. 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.

11

XING, DONG, ET AL.

30) Chinese Digestion Association Chinese Medical Doctor
Association, Chinese Society of Hepatology Chinese Medical
Association. The protocol for prevention, diagnosis and treatment
of liver injury in coronavirus disease 2019. Zhonghua Gan Zang
Bing Za Zhi 2020;28:217-221.
31) 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:E001.
32) Iba T, Levy JH. Inflammation and thrombosis: roles of neutrophils, platelets and endothelial cells and their interactions
in thrombus formation during sepsis. J Thromb Haemost
2018;16:231-241.
33) Levi M, van der Poll T. Coagulation and sepsis. Thromb Res
2017;149:38-44.

12

Hepatology Communications, Month 2020

34) Paranjpe I, Russak A, De Freitas JK, Lala A, Miotto R, Vaid Al,
et al. Clinical characteristics of hospitalized Covid-19 patients in
New York City. medRxiv 2020.

Author names in bold designate shared co-first
authorship.

Supporting Information

Additional Supporting Information may be found at
onlinelibrary.wiley.com/doi/10.1002/hep4.1585/suppinfo.

