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Background: Liver injury commonly occurs in patients with COVID-19. There is limited

data describing the course of liver injury occurrence in patients with different disease

severity, and the causes and risk factors are unknown. We aim to investigate the

incidence, characteristics, risk factors, and clinical outcomes of liver injury in patients

with COVID-19.

Methods: This retrospective observational study was conducted in three hospitals

(Zhejiang, China). From January 19, 2020 to February 20, 2020, patients confirmed

with COVID-19 (≥18 years) and without liver injury were enrolled and divided into

non-critically ill and critically ill groups. The incidence and characteristics of liver

injury were compared between the two groups. Demographics, clinical characteristics,

treatments, and treatment outcomes between patients with or without liver injury were

compared within each group. The multivariable logistic regression model was used to

explore the risk factors for liver injury.

Results: The mean age of 131 enrolled patients was 51.2 years (standard deviation

[SD]: 16.1 years), and 70 (53.4%) patients were male. A total of 76 patients developed

liver injury (mild, 40.5%; moderate, 15.3%; severe, 2.3%) with a median occurrence time

of 10.0 days. Critically ill patients had higher and earlier occurrence (81.5 vs. 51.9%,

12.0 vs. 5.0 days; p < 0.001), greater injury severity (p < 0.001), and slower recovery

(50.0 vs. 61.1%) of liver function than non-critically ill patients. Multivariable regression

showed that the number of concomitant medications (odds ratio [OR]: 1.12, 95%

confidence interval [CI]: 1.05–1.21) and the combination treatment of lopinavir/ritonavir

and arbidol (OR: 3.58, 95% CI: 1.44–9.52) were risk factors for liver injury in non-critically

ill patients. The metabolism of arbidol can be significantly inhibited by lopinavir/ritonavir

in vitro (p < 0.005), which may be the underlying cause of drug-related liver injury.

Liver injury was related to increased length of hospital stay (mean difference [MD]:

3.2, 95% CI: 1.3–5.2) and viral shedding duration (MD: 3.0, 95% CI: 1.0–4.9).
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Conclusions: Critically ill patients with COVID-19 suffered earlier occurrence, greater

injury severity, and slower recovery from liver injury than non-critically ill patients. Drug

factors were related to liver injury in non-critically ill patients. Liver injury was related to

prolonged hospital stay and viral shedding duration in patients with COVID-19.

Clinical Trial Registration: World Health Organization International Clinical Trials

Registry Platform, ChiCTR2000030593. Registered March 8, 2020.

Keywords: Incidence, risk factors, liver injury, COVID-19, disease severity

INTRODUCTION

Since December 2019, a newly recognized acute respiratory
illness, now officially named coronavirus disease-19 (COVID-
19), has become widespread globally and accounts for
considerable human morbidity and mortality over 200 countries,
areas, and territories worldwide (1–4). The novel coronavirus is
identified and designated as severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) (5) by the International Committee
on Taxonomy of Viruses. As of May 30, 2020, more than
five million COVID-19 cases had been diagnosed worldwide,
and almost 360,000 deaths had been reported (2). COVID-19
has been officially declared a pandemic by the World Health
Organization (6) due to the ongoing outbreak globally.

The common clinical manifestations of COVID-19 include
fever, cough, and shortness of breath (4, 7, 8). According to
the latest epidemiological studies, ∼16–53% of patients with
COVID-19 experienced different degrees of liver injury (4, 7–
13), and some patients have developed severe liver injury. The
coagulant function abnormality induced by liver injury may
cause serious bleeding, especially in critically ill patients who
are receiving continuous renal replacement or extracorporeal
membrane oxygenation. Liver function deterioration can lead to
liver failure and even death. Therefore, liver injury in patients
with COVID-19 needs close attention. Although some studies
have reported the incidence of liver injury in patients with
COVID-19 (8, 14, 15), there are limited data describing the
course of liver injury occurrence, such as liver injury onset,
progression, and recovery, during an entire hospitalization
period, particularly in patients with different disease severity.

Studies on the causes and risk factors of liver injury
during SARS-CoV-2 infection are still limited and controversial.
According to current research, liver injury in COVID-19 is
associated with several main factors, such as SARS-CoV-2
infection, treatment with potentially hepatotoxic drugs, virally
induced cytotoxic T cells, and dysregulated innate immune
response (16). Moderate microvesicular steatosis and mild
lobular activity are observed in the liver tissue of patients with
COVID-19 (17). A preliminary study indicates that SARS-CoV-2
may directly bind to ACE2-positive cholangiocytes to dysregulate
liver function. However, systematic study of the causes and the

Abbreviations: COVID-19, Coronavirus disease 2019; SARS-CoV-2, Severe acute

respiratory syndrome coronaviruses 2; DILI, Drug-induced liver injury; RUCAM,

A Roussel Uclaf Causality Assessment Method; ALT, Alanine aminotransferase;

AST, Aspartate aminotransferase; ALP, Alkaline phosphatase; TBL, Total bilirubin.

risk factors of liver injury in specific populations, such as critically
ill and non-critically ill patients with COVID-19, is still lacking.
Additionally, little is known about the correlations between liver
injury and some important clinical outcomes, such as length of
hospital stay and duration of SARS-CoV-2 shedding. Therefore,
a further in-depth study is needed.

Here, we conducted amulticenter, retrospective, observational
study to explore liver injury in critically ill and non-critically
ill patients with COVID-19 in Zhejiang Province, China. This
study aims to reveal the course of occurrence, risk factors,
and correlations with clinical outcome of liver injury in
specific COVID-19 populations. Our study may be helpful in
understanding the pathogenesis of liver injury in patients with
COVID-19, preventing liver injury, and optimizing individual
therapeutic treatment.

MATERIALS AND METHODS

Study Design and Participants
This retrospective observational study was conducted in three
tertiary hospitals designated to treat patients with COVID-19
in Zhejiang Province, China. The study was launch by the
First Affiliated Hospital of Zhejiang University, which is a
university-affiliated tertiary hospital with 2m500 beds and over
100,000 discharged patients per year. SARS-CoV-2 infection was
confirmed using real-time polymerase chain reaction (4, 7) by the
local designated hospitals. From January 19, 2020, to February
20, 2020, patients diagnosed with COVID-19 were enrolled in
this study. Patients were excluded on the basis of the following
criteria: (1) pregnancy in women, (2) age under 18 years, and (3)
liver injury on admission.

This study followed the statement of Strengthening the
Reporting of Observational Studies in Epidemiology and was
approved by the Ethics Committee of the First AffiliatedHospital,
College of Medicine, Zhejiang University (Reference Number:
2020IIT[71]). The data were anonymous, and the requirement
for informed consent was waived. The study was registered at the
World Health Organization International Clinical Trials Registry
Platform (ChiCTR2000030593) on March 8, 2020.

Data Collection
The clinical electronic medical records were reviewed, and
epidemiological, clinical, demographic, laboratory, and outcome
data were collected for all included patients. A standard case
report form was used to record data, including sex, age, chronic
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medical illness, laboratory data, systemic antiviral agents (i.e.,
lopinavir/ritonavir, arbidol, fapilavir, and darunavir/cobicistat),
potentially hepatotoxic concomitant drugs (18–21) (i.e.,
corticosteroids, quinolones, statins, immunosuppressive
drugs, and non-steroidal anti-inflammatory drugs [NSAIDs]),
number of concomitant drugs, length of hospital stay, and
duration of viral shedding. Clinical data were followed up
until March 10, 2020. Topical drugs were not included in
concomitant medications. Missing data were obtained by direct
communication with doctors responsible for the treatment
of the patient and their families. All data were verified by
three researchers.

Definitions
The severity of COVID-19 was defined as non-severe (mild or
moderate pneumonia), severe (severe pneumonia), and critically
ill during admission in accordance with the diagnostic and
treatment guidelines for SARS-CoV-2 pneumonia of the Chinese
National Health Committee (version 6) (22). In accordance
with the severity of COVID-19, the patients were divided into
non-critically ill (non-severe and severe disease severity) and
critically ill groups. Non-severe cases included patients with mild
and moderate COVID-19. The clinical symptoms of mild cases
were mild, and there was no sign of pneumonia on imaging.
Moderate COVID-19 refers to fever and respiratory symptoms
with radiological findings of pneumonia. Severe COVID-19
refers to cases meeting any of the following criteria: (1)
respiratory distress, (2) oxygen saturation, and (3) arterial partial
pressure of oxygen (PaO2)/fraction of inspired oxygen (FiO2)
≦300 mmHg or cases with chest imaging that showed obvious
lesion progression within 24–48 h >50%. Critically ill refers
to cases meeting any of the following criteria: (1) respiratory
failure necessitating mechanical ventilation, (2) shock, and (3)
combination with organ failure and admission to an intensive
care unit.

Liver injury was defined as any increase above the
normal range for alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), or total
bilirubin (TBL). The degree of liver injury was classified as
mild, moderate, or severe (Table 1) in accordance with the
Common Terminology Criteria for Adverse Events (version 5)
(23). Mild, moderate, and severe liver injuries were defined as the
occurrence of adverse event grades 1, 2, and 3 (i.e., the increase
in ALT, AST, ALP, or TBL, Table 1), respectively. The recovery
rate of liver function was defined as the decrease in the number
of patients with liver injury at discharge divided by the number
of patients with liver injury during treatment.

Viral clearance was defined as the presence of two consecutive
negative results with qPCR detection over an interval of 24 h.

Metabolic Interactions Between
Lopinavir/Ritonavir and Arbidol in vitro
The metabolic interactions between lopinavir/ritonavir and
arbidol was tested in human hepatic microsomes. The metabolic
reaction was performed in 0.1ml incubation mixture containing
0.5mg microsome protein. The reaction was started by
adding 1mM nicotinamide adenine dinucleotide phosphate and

TABLE 1 | Definition of liver injury.

Indicators Liver

injurya
Mild liver

injuryb
Moderate

liver injuryc
Severe liver

injuryd

ALT >1 ULN >1–3 ULN >3–5 ULN >5 ULN

AST >1 ULN >1–3 ULN >3–5 ULN >5 ULN

ALP >1 ULN >1–2.5 ULN >2.5–5 ULN >5 ULN

TBIL >1 ULN >1–1.5 ULN >1.5–3 ULN >3 ULN

a,b,c,dLiver injury, mild, moderate, and severe liver injury were defined as the

occurrence of any of the listed abnormal liver function indicators in the corresponding

columns, respectively.

terminated by adding 0.3ml acetonitrile after metabolism for
60min. The sample was mixed and centrifuged at 15,000 rpm for
15min. An aliquot of 5 µL supernatant was injected into the LC-
MS/MS system. The final concentrations of arbidol were 5, 20,
and 50mM, and those of lopinavir/ritonavir were 5/1.25, 20/5,
and 50/12.5 mM.

Statistical Analysis
Statistical tests were performed using SPSS19.0 (www.spss.com)
and R 3.5.1 (R Core team, www.r-project.org). Continuous
variables were presented as mean (standard deviation [SD]) or
median (interquartile range [IQR]) and compared between and
within non-critically ill and critically ill groups by using the
Student’s t-tests or the Mann–Whitney U-test, as appropriate.
Categorical variables were presented as frequency (percentage)
and assessed using the Pearson χ

2 or Fisher’s exact test
(cell size < 5).

The occurrence time of liver injury was defined from the time
a patient was admitted to hospital until liver injury occurred. The
occurrence time of liver injury was portrayed by the Kaplan–
Meier plot and compared between patients in critically ill and
non-critically ill groups with a log-rank test. Liver injury after
admission and at discharge, abnormal liver function indicators,
and recovery rate of liver function were compared between
the critically ill and non-critically ill groups. Univariable and
multivariable logistic regression models were used to explore
the risk factors for liver injury. Demographic data, laboratory
test indicators, disease severity, antiviral agents, and potentially
hepatotoxic concomitant drugs were investigated. The factors
that showed a significant association (95% confidence interval
[CI]: does not include one) after univariate logistic regression
analysis were entered into the multivariable logistic regression
analysis. Clinical outcomes (i.e., length of hospital stay and
duration of viral clearance) were compared between patients
with or without liver injury within each group. p < 0.05 was
considered statistically significant.

RESULTS

Demographic and Clinical Characteristics
The demographic and clinical characteristics of the patients are
shown in Table 2. Nineteen ineligible patients were excluded,
and the clinical data of 131 patients with confirmed COVID-
19 were collected (Figure 1). The sample sizes of included
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TABLE 2 | Demographics and clinical characteristics of 131 enrolled COVID-19 patients.

Characteristics All patients

(n = 131)

Non-critically ill

(n = 104)

Critically ill

(n = 27)

p

Age, Years

Mean (SD) 51.2 (16.1) 47.2 (13.3) 67.0 (16.2) <0.001

Range 19–96 19–88 37–96

Sex 0.135

Male 70 (53.4%) 52 (50.0%) 18 (66.7%)

Female 61 (46.6%) 52 (50.0%) 9 (33.3%)

BMI 23.2 (3.2) 23.0 (3.2) 23.9 (3.3) 0.198

Chronic medical illness

Cardiovascular and cerebrovascular diseases 37 (28.2%) 17 (16.3%) 20 (74.1%) <0.001

Endocrine system disease 22 (16.8%) 14 (13.5%) 8 (29.6%) 0.078

Digestive system disease 5 (3.8%) 3 (2.9%) 2 (7.4%) 0.274

Neurological disorders 4 (3.1%) 4 (3.8%) 0 (0%)

Immune system 2 (1.5%) 2 (1.9%) 0 (0%)

Laboratory results

Leucocytes (×109/L) 6.9 (4.2) 6.0 (3.0) 8.1 (5.5) 0.009

Neutrophils (%) 71.4 (17.2) 68.0 (15.3) 83.5 (9.5) <0.001

Lymphocytes (×109/L) 2.0 (4.8) 2.3 (5.2) 1.1 (1.8) 0.241

Haemoglobin (g/L) 135.8 (17.9) 136.9 (18.1) 127.5 (17.2) 0.017

Platelets (×109/L) 205.3 (76.7) 208.8 (77.3) 190.9 (84.5) 0.295

C-reactive protein (mg/L) 26.4 (35.9) 20.2 (32.7) 45.8 (38.5) 0.001

Total bilirubin (µmol/L) 11.9 (7.7) 12.0 (8.1) 11.3 (6.3) 0.677

Direct bilirubin (µmol/L) 5.5 (3.4) 5.3 (3.4) 5.6 (3.0) 0.678

Alanine aminotransferase (ALT, µmol/L) 22.5 (12.6) 24.1 (16.6) 18.4 (6.7) 0.084

Aspartate aminotransferase (AST, µmol/L) 24.5 (8.9) 24.8 (10.7) 26.7 (6.8) 0.382

Alkaline phosphatase (ALP, U/L) 67.1 (17.3) 68.2 (16.2) 62.6 (20.8) 0.460

Albumin (g/L) 39.4 (5.4) 40.5 (5.0) 36.1(5.1) <0.001

Serum creatinine (µmol/L) 73.6 (30.9) 69.6 (19.7) 91.2 (53.4) 0.001

Number of concomitant medications 9 (IQR, 6–12) 8 (IQR, 6–12) 15 (IQR, 11–19) <0.001

Concomitant medications

Glucocorticoids 66 (50.4%) 40 (38.5%) 26 (96.3%) <0.001

Quinolones 34 (26.0%) 23 (22.1%) 11(40.7%) 0.082

NSAIDs 9 (6.9%) 7 (6.7%) 2 (7.4%) >0.999

Statins 4 (3.1%) 4 (3.8%) 0 (0%)

Immunosuppressive agents 3 (2.3%) 3 (2.9%) 0 (0%)

Antiviral agents

Lopinavir/ritonavir + arbidola 102 (77.9%) 90 (86.5%) 13 (48.1%) <0.001

Darunavir/cobicistat-based therapyb 20 (15.3%) 8 (7.7%) 12 (44.4%) <0.001

Others 9 (6.9%) 6 (5.8%) 2 (7.4%) 0.668

Data are n (%) and mean (SD) unless specified otherwise. aDose of lopinavir/ritonavir: 400 mg/100mg twice daily; Dose of arbidol: 200mg three times daily. bDose of darunavir/cobicistat:

800 mg/150mg once daily.

patients were 62, 47, and 21 patients from the three hospitals,
respectively. Out of 131 patients, 70 (53.4%) were male. The
mean age was 51.2 years (range: 19–96 years). Of these patients,
cardiovascular and cerebrovascular diseases (n = 37, 28.2%)
and endocrine system disease (n = 22, 16.8%) were the most
common coexisting conditions. The severity of COVID-19 was
categorized as non-severe in 75 (57.3%) patients, severe in
29 (22.1%) patients, and critically ill in 27 (20.6%) patients.
During the treatment, each patient received an average of nine

(IQR: 6–12)) concomitant medications. A total of 66 (50.4%)
patients received glucocorticoids, 34 (26.0%) patients received
quinolones, and nine (6.9%) patients received NSAIDs. As for
antiviral agents, 77.9% of patients received the combination
treatment of lopinavir/ritonavir and arbidol, and 15.3% of
patients received darunavir/cobicistat-based therapy.

The baseline characteristics of patients in critically ill and non-
critically ill groups were significantly different (p < 0.05) for the
parameters age, prevalence of cardiovascular and cerebrovascular
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FIGURE 1 | Study flowchart.

diseases, laboratory data (i.e., leucocytes, neutrophils, albumin,
serum creatinine, and C-reactive protein), and treatments (i.e.,
number of concomitant medications and use of glucocorticoids
and antiviral agents).

Incidence and Characteristics of Liver
Injury
The incidence of liver injury over the study period is shown in
Figure 2. During the treatment, 76 patients (58.0%) had liver
injury (mild, 40.5%; moderate, 15.3%; severe, 2.3%, Table 3).
The median occurrence time of liver injury was 10.0 days. The
percentage of liver injury was reduced to 24.4% at discharge,
and liver function returned to normal levels in 57.9% of
patients with liver injury. However, none patients with severe
liver injury returned to the normal liver function at discharge
(Table 3).

The Kaplan–Meier survival curves for liver injury in different
groups are presented in Figure 2. The incidence of liver injury
was significantly different between patients in critically ill and
non-critically ill groups (Figure 2, median: 12.0 day vs. 5.0 days,
p < 0.001) over the study period. As shown in Table 3, 81.5%
of the patients in the critically ill group developed liver injury,
compared with 51.9% in the non-critically ill group. The severity
of liver injury in the critically ill group was greater (p < 0.001)
than that in the non-critically ill group. ALT and AST levels were
more commonly elevated in critically ill patients (p < 0.05) than
in the non-critically ill group, whereas no statistical difference
was observed in the abnormal ALP and TBL levels (Table 3). The
recovery rate of liver function in the non-critically ill group was
higher than that in the critically ill group (61.1 vs. 50.0%).

Risk Factors for Liver Injury
Univariable and multivariable logistic regression models were
used to explore the risk factors for liver injury in the critically
ill and non-critically ill groups. However, given the limited
sample size in the critically ill group, the statistical power was
insufficient, and the multivariable logistic regression model was
not conducted in this group. The comparison between patients
with or without liver injury in the critically ill group showed that
the patients with liver injury had lower lymphocyte numbers,
received more concomitant medications, and had higher serum
creatinine levels on admission, but the differences were not
statistically different (Supplementary Table S1).

In the non-critically ill group, the univariate logistic analyses
showed that the combination treatment of lopinavir/ritonavir
and arbidol and the number of concomitant medications
were significantly associated with liver injury (Table 4).
Patients developing liver injury received more concomitant
medications (mean difference [MD]: 2.05, 95% CI: 0.36–
3.74, p = 0.018) compared with patients with normal liver
function (Supplementary Table S2). The percentage of patients
receiving lopinavir/ritonavir combined with arbidol was
higher than that of patients without liver injury (92.6 vs.
80.0%, Supplementary Table S2). Correlations among age,
sex ratio, BMI, disease severity, concomitant medicines
(i.e., glucocorticoids, quinolones, NSAIDs, statins, and
immunosuppressive agents), and risk for liver injury were
not observed in this group (Table 4).

After the multivariable regression analysis, the combination
treatment of lopinavir/ritonavir and arbidol and the number of
concomitant medications were determined to be independent
risk factors for liver injury. The patients who received the
combination treatment of lopinavir/ritonavir and arbidol had
3.58 times the odds (95% CI: 1.44–9.52) of liver injury than
patients who did not receive the aforementioned treatment. For
every increase in concomitantmedication, the odds of liver injury
increased by 12.1% (95% CI: 4.9%−21.2%, Table 3).

Metabolic Interactions Between
Lopinavir/Ritonavir and Arbidol in vitro
Lopinavir/ritonavir combined with arbidol was shown to be
a risk factor of liver injury. We inferred that the metabolic
interaction between arbidol and lopinavir/ritonavir may increase
drug concentrations and may thus lead to a higher risk of
liver injury. The metabolic interactions were tested in human
hepatic microsomes in vitro, and the results showed that
the metabolism of arbidol can be significantly inhibited after
exposure to different concentrations of lopinavir/ritonavir (p <

0.005, Figure 3), whereas arbidol had no effect on themetabolism
of lopinavir/ritonavir (p > 0.05, Figure 3).

Correlations Between Liver Injury and
Clinical Outcomes
The average length of hospital stay was 16.6 (SD: 5.7) days
and was statistically longer in patients with liver injury than in
patients without liver injury (MD: 3.2, 95% CI: 1.3–5.2). The
mean duration of viral clearance in patients with liver injury was
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FIGURE 2 | Kaplan–Meier survival curve for liver injury. (A) Kaplan–Meier curve for liver injury in all enrolled patients. Shaded area shows point-wise SD. (B)

Kaplan–Meier survival curves for liver injury in non-critically ill and critically ill patients.

TABLE 3 | Characteristics of liver injury in enrolled patients during hospitalization.

Liver function All patient

(n = 131)

Non-critically ill

(n = 104)

Critically ill

(n =2 7)

p

Liver injury 76 (58.0%) 54 (51.9%) 22 (81.5%) 0.006

Degree of liver injury <0.001

Mild 53 (40.5) 42 (40.4%) 11 (40.7%)

Moderate 20 (15.3%) 10 (9.6%) 10 (37.0%)

Severe 3 (2.3%) 2 (1.9%) 1 (3.7%)

Abnormal ALT 45 (34.4%) 31 (29.8%) 14 (51.9%) 0.032

Abnormal AST 41 (31.3%) 28 (26.9%) 13 (48.1%) 0.034

Abnormal ALP 7 (5.3%) 5 (4.8%) 2 (7.4%) 0.633

Abnormal TBL 43 (32.8%) 36 (34.6%) 7 (25.9%) 0.392

Liver injury at discharge 32 (24.4%) 21 (20.2%) 11 (40.7%) 0.027

Recovery after liver injury 44/76 (57.9%) 33/54 (61.1%) 11/22 (50.0%) 0.374

Recovery after different degrees of liver injury

Mild 35/54 (66.0%) 26/42 (61.9%) 9/11(81.8%) 0.296

Moderate 9/19 (45.0%) 7/10 (70.0%) 2/10 (20.0%) 0.060

Severe 0/3 (0.0%) 0/2 (0.0%) 0/1 (0.0%)

Data are n (%) unless specified otherwise. P-values were calculated by comparing the distribution of patients within the non-critically ill and critically ill groups by Pearson’s χ
2 or Fisher’s

exact test (cell size <5).

13.6 days, which was 3 days longer than that in patients with
normal liver function (95% CI:1.0–4.9). Within the non-critically
ill and critically ill groups, the length of hospital stay and duration
of viral clearance tended to increase in patients developing liver
injury (Table 5).

DISCUSSION

COVID-19 is a newly identified illness that has spread around
the world and has become a global health crisis (2, 4, 7, 24).

Epidemiological studies have demonstrated that liver injury can
occur in patients with COVID-19 (7, 8, 10, 12) andmay be related
to SARS-CoV-2 infection or therapeutic drugs (9, 17). Here, the
onset, progression, recovery, risk factors, and correlation with
clinical outcomes of liver injury in patients with varying severities
of COVID-19 were investigated. The results show that the liver
injury in critically ill patients with COVID-19 occurred more
frequently and earlier, developed more seriously, and recovered
more slowly than that in non-critically patients. Drug factors,
including the combination treatment of lopinavir/ritonavir and
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TABLE 4 | Univariate and multivariable logistic analysis for risks factors for liver injury in non-critically patients.

Covariate Univariate analysis Multivariable analysis

OR 95%CI OR 95%CI

Demographics characteristics

Age (year) 0.982 0.953–1.012

Female (n, %) 0.629 0.287–1.359

BMI (kg/m2 ) 0.977 0.864–1.104

Chronic medical illness (n, %) 0.555 0.229–1.312

Cardiovascular and cerebrovascular diseases (n, %) 0.443 0.142–1.273

Endocrine system disease (n, %) 0.656 0.201–2.038

Severe disease severity (n, %) 1.198 0.507–2.868

Treatment-related factors

Treatment course of antivirus (day) 1.043 0.956–1.142

Lopinavir/ritonavir + arbidol (n, %) 3.929 1.652–9.966 3.584 1.442–9.523

Darunavir/cobicistat-based therapy (n, %) 0.282 0.040–1.294

Number of concomitant medications (number) 1.118 1.020–1.236 1.121 1.049–1.212

Glucocorticoids (n, %) 1.222 0.554–2.719

Quinolones (n, %) 1.268 0.501–3.288

NSAIDs (n, %) 1.253 0.263–6.642

Statins (n, %) 0.296 0.014–2.396

Immunosuppressive agents (n, %) 1.885 0.175–41.310

Laboratory results

Normal Leucocytes (n,%) 1.710 0.771–3.851

Normal Neutrophils (n, %) 1.046 0.470–2.337

Normal lymphocytes (n, %) 0.778 0.333–1.792

Normal haemoglobin (n, %) 0.916 0.275–2.963

Normal platelets (n, %) 2.035 0.575–8.208

Normal serum creatinine (n, %) 0.998 0.979–1.018

NSAIDs, Nonsteroidal anti-inflammatory drugs.

FIGURE 3 | The metabolic interaction between lopinavir/ritonavir and arbidol in vitro. (A) The metabolic inhibition of lopinavir/ritonavir on arbidol in vitro. (B) The

metabolic inhibition of arbidol on lopinavir/ritonavir in vitro. LPV/r: lopinavir/ritonavir. **p < 0.01, ***p < 0.001.

arbidol and the number of concomitant medications were
independent risk factors for liver injury in non-critically ill
patients with COVID-19, which may be due to drug interactions

at the metabolic level. Liver injury was found to be related
to prolonged hospital stay and delayed virus eradication in all
enrolled patients.
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TABLE 5 | Treatment outcomes of enrolled patients.

All patients

(n = 131)

Non-

critically ill

(n =1 04)

Critically ill

(n = 27)

Length of hospital stay (days) 16.6 (5.7) 15.8 (5.1) 19.8 (7.1)

Normal liver function (day) 14.7 (5.6) 14.6 (5.2) 15.8 (9.2)

Liver injury (day) 17.9 (5.5) 16.8 (4.7) 20.6 (6.4)

p 0.001 0.024 0.171

Duration of viral shedding (days) 12.3 (5.6) 11.4 (4.6) 15.8 (7.4)

Normal liver function (day) 10.5 (5.0) 10.5 (4.8) 10.8 (7.3)

Liver injury (day) 13.6 (5.7) 12.2 (4.4) 17.0 (7.0)

p 0.002 0.064 0.091

Data are n (%) and mean (SD) unless specified otherwise.

Consistent with previous studies (7, 8, 25), this study has
found that the high incidence of liver injury in patients with
COVID-19 is related to disease severity. Additionally, the
progression and the recovery process of liver injury during the
entire hospital stay were investigated. Our results indicated that
the liver injury in critically ill patients with COVID-19 happened
earlier and recovered more slowly than that in non-critically ill
patients. A higher rate of liver injury was presented in critically
ill patients over the study period. Our further data showed
that the severity of liver injury was also related to COVID-19
disease severity. The incidences of mild liver injury were similar
in different groups, whereas moderate and severe liver injuries
occurred more frequently in critically ill patients than in non-
critically ill patients. SARS-CoV-2 may directly dysregulate liver
function by binding to ACE2-positive cholangiocytes (26). Our
results demonstrated that rather than TBL, ALT and AST were
the most elevated indicators in critically ill patients with COVID-
19. Hepatocyte injury can be caused by immune interactions
that involve virally induced cytotoxic T and Kupffer cells (16).
We speculated that besides the direct damage by SARS-CoV-2,
virus-induced cytokine storm may also play an important role in
critically ill patients with liver injury.

Particularly, unlike other studies, this study has found that
drug factors rather than disease severity may play a more
important role in the liver injury of non-critically ill patients with
COVID-19. The combination treatment of lopinavir/ritonavir
and arbidol was an independent risk factor. Lopinavir/ritonavir
and arbidol are recommended as potential drugs for SARS-
CoV-2 infection by the Chinese National Health Committee.
Existing evidence shows that elevated serum aminotransferase
and jaundice occur in patients receiving lopinavir/ritonavir
containing antiretroviral regimens (18) and that arbidol may
induce an increase in transaminase (27). Lopinavir and
arbidol are mainly metabolized by cytochrome P3A (CYP3A)
(28). Ritonavir is a potent CYP3A inhibitor. Our results
demonstrated that lopinavir/ritonavir can significantly inhibit
the metabolism of arbidol, thereby leading to increased arbidol
serum concentration. In addition, TBL was the major elevated
indicator in non-critically ill patients, indicating that arbidol
may have novel adverse reactions in jaundice. Therapeutic

drug monitoring may be useful in optimizing the regimens
in COVID-19 patients receiving the combination treatment of
lopinavir/ritonavir and arbidol. The number of concomitant
medications was another independent predictor of liver injury.
Concomitant drugs can affect the metabolism of other drugs
through induction, inhibition, or substrate competition (20). We
considered that an increased number of concomitant drugs may
lead to complex drug interactions and can increase the risk of
liver injury.

Our study also found that the liver injury in patients with
COVID-19 was related to prolonged viral shedding and hospital
stay durations. We inferred that liver injury would lead to
immune dysfunction, thereby causing a delay in virus clearance.
The prolonged hospital stay can be explained by the need
for increased time for liver function recovery or the failure
of virus eradication. In the critically ill group, the length of
hospital stay and the duration of viral shedding in patients
with liver injury were only numerically but not statistically
higher than those in patients without liver injury. We speculated
that the durations of hospital stay and viral shedding should
be influenced by complex factors in critically ill patients with
COVID-19, and liver injury may not be the only factor affecting
the clinical outcomes.

Our study has some limitations. First, this study is a
retrospective, non-randomized clinical observational trial. Our
cohort is a convenience sample of patients with COVID-
19 admitted to three hospitals in Zhejiang, China. However,
this study reflects real-world clinical practices and provides
relevant data about liver injury in patients with COVID-19.
Second, the treatments among the three centers were highly
consistent because all patients were from Zhejiang province.
Antiviral agents were administered to all patients with COVID-
19 but limited to a few kinds (e.g., lopinavir/ritonavir and
arbidol). Therefore, our results cannot be extrapolated to
antiviral agents that are not involved in this study, and large
controlled studies are necessary to explore the potential risks
of liver injury by other antivirals. Finally, univariable and
multivariable logistic regression models were planned to be
used to explore the risk factors for liver injury in the critically
ill and non-critically ill groups. However, considering the
limited sample size in the critically ill group, the statistical
power was insufficient, and the multivariable logistic regression
model was not conducted in this group. The trends in risk
factors can be reflected through data comparison to a certain
extent. Focusing on such a population with an expanded
sample size would be challenging but would be interesting
future research.

CONCLUSION

Liver injury has occurred widely in patients with COVID-
19. Critically ill patients suffered higher incidence, earlier
occurrence, greater injury severity, and slower recovery from
liver injury. Drug factors were independent risk factors for
liver injury of non-critically ill patients, and drug interaction
based on the CYP450 enzymes and concomitant drugs
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should be closely monitored. Liver injury was related to
prolonged hospital stay and viral shedding duration in patients
with COVID-19. Therefore, special attention to liver injury
during SARS-CoV-2 infection is recommended. Healthcare
workers should closely monitor the medications used during
hospitalization and adjust and optimize the drug treatment in a
timely manner.
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