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Abstract:
Objective Liver injury is a notable complication of coronavirus disease 2019 (COVID-19). This study

aimed to clarify the clinical features and liver injury in Japanese patients with COVID-19.

Methods We conducted a multicenter retrospective cohort study. All consecutive patients with COVID-19

who visited or were admitted to our hospital before May 12, 2020, were enrolled. Their demographics, symp-

toms, laboratory findings, comorbidities, concomitant drugs, treatment, and clinical course were reviewed. We

defined liver injury as alanine aminotransferase (ALT) or gamma-glutamyl transferase (GGT) levels over the

upper limit of normal.

Results Twenty-two patients with COVID-19 (median age, 47 years old; men/women, 13/9) were enrolled.

Two patients had underlying liver diseases, and two were diagnosed as having COVID-19 without any symp-

toms. Elevated ALT and GGT levels were found in 12 and 12 patients, respectively, and liver injury was ob-

served in 15 patients (68.2%). Compared with the patients without liver injury, those with liver injury had a

significantly higher fever during the clinical course (median, 37.5℃ vs. 38.8℃, p=0.006). A significant cor-

relation was found between the highest serum liver values and the highest body temperature in each patient.

Among the 22 patients, 4 required artificial respiratory support, and 2 died thereafter. Liver injury was not

associated with the severity or mortality of COVID-19.

Conclusion Elevated levels of liver enzymes in the Japanese patients with COVID-19 were associated with

the highest body temperature during the clinical course but not with the severity or mortality of COVID-19.
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Introduction

In December 2019, many patients had unexplained pneu-

monia in Wuhan, China. Shortly after the epidemic, a novel

virus was identified as the pathogen (1). While dubbed the

2019 novel coronavirus (2019-nCoV) initially, the pathogen

was eventually officially named severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2) (2). The disease caused

by SARS-CoV-2 infection has been termed as coronavirus

disease 2019 (COVID-19) by the World Health Organization

(WHO). SARS-CoV-2 quickly spread worldwide, so the

WHO declared a COVID-19 pandemic on March 11, 2020.

COVID-19 is mainly known as a respiratory disease, al-

though systemic organ failure has been reported, including

that of the brain, heart, pancreas, and kidney (3-5). Liver in-

jury is also a notable complication of COVID-19, and ele-

vated aspartate aminotransferase (AST) or alanine

aminotransferase (ALT) levels ranging from 15% to 53%

have been observed (3, 6-8).
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Whether or not liver injuries significantly influence the

outcome remains controversial. Although recent systematic

reviews of liver injury cases in patients with COVID-19 sug-

gest that elevated AST, ALT, and total bilirubin levels and

reduced albumin levels were associated with severe COVID-

19 (9, 10), other studies failed to demonstrate an association

between liver injury and a poor prognosis (11, 12), and

cases of severe acute liver injury have been rarely de-

scribed (8). The pathogenesis of liver injury in patients with

COVID-19 is unknown, possibly including the direct cyto-

pathic effect of SARS-CoV-2 infection, immune-mediated

damage caused by the provoked inflammatory responses, in-

volvement of other organs, such as myositis, and drug-

induced liver injury (13, 14). However, data regarding liver

injury in patients with COVID-19 are still scarce outside of

China.

To our knowledge, no report has investigated the clinical

features of SARS-CoV-2-related liver injury in Japanese pa-

tients. In this study, we aimed to describe the clinical fea-

tures, paying special attention to liver injury, in Japanese pa-

tients with COVID-19.

Materials and Methods

Study design and participants

We conducted a multicenter retrospective cohort study

through a collaboration of three hospitals: Teikyo University

Hospital, Teikyo University Mizonokuchi Hospital, and

Teikyo University Chiba Medical Center. All consecutive pa-

tients who visited or were admitted to the three hospitals

until May 12, 2020, were enrolled in this study. All cases

were confirmed to have SARS-CoV-2 infection by reverse

transcriptase polymerase chain reaction.

This study was approved by the ethics committee of the

Teikyo University School of Medicine and the local ethics

committee of each center.

Data collection

The following data were reviewed from the patients’ elec-

tronic medical charts. We retrieved the patients’ demograph-

ics, including their age and sex, as well as signs and symp-

toms, including the highest body temperature, cough, dysp-

nea, diarrhea, nausea, hypogeusia, hyposmia, and percutane-

ous oxygen saturation (SpO2). We defined liver injury as an

elevated ALT or gamma-glutamyl transferase (GGT) level

over the upper limit of normal (ULN) at any time during the

clinical course. The ULN was set as 42 U/L for ALT and 64

U/L (men) and 34 U/L (women) for GGT. Other laboratory

findings, including the white blood cell, lymphocyte cell,

and platelet counts; hemoglobin, C-reactive protein, biliru-

bin, albumin, AST, and alkaline phosphatase (ALP) levels;

and estimated glomerular filtration rate, were recorded at the

time of maximum ALT or GGT level in the patients with

liver injury and at presentation in the patients without liver

injury. Comorbidities were reviewed, including underlying

liver disease, diabetes, and hypertension, with concomitant

drug prescription. Finally, we extracted data on the general

and antiviral treatments used for COVID-19, including the

administration of antibiotics, antipyretics, ciclesonide, and

favipiravir; the severity of COVID-19, defined as the need

for artificial respiratory support with a ventilator; and the

clinical outcome.

Statistical analyses

Continuous variables are presented as the median [inter-

quartile range (IQR)] and compared using the Mann-

Whitney U test. Categorical variables (shown by percentage)

were compared using Fisher’s exact test. Differences with 2-

sided alpha levels of <0.05 were considered statistically sig-

nificant differences. Statistical analyses were performed us-

ing the IBM SPSS Statistics software program, version 24

(IBM, Armonk, USA).

Results

Clinical features of patients with COVID-19

Until May 12, 2020, 22 patients at the 3 hospitals were

confirmed to have SARS-CoV-2 infection. The clinical fea-

tures of these 22 patients are shown in Tables 1 and 2. The

median age was 47 years old, ranging from 25 to 85 years

old (IQR, 38-59 years old). As underlying liver disease,

non-alcoholic fatty liver disease was present in two patients.

The highest body temperature was observed at presentation

in all the patients, and the median was 38.4℃ (IQR, 37.8℃-

39.3℃). Eighteen (81.8%) of the 22 patients complained of

respiratory symptoms, such as cough or dyspnea, and the

median SpO2 of all patients was 94% at presentation. While

gastrointestinal symptoms, hypogeusia, and hyposmia were

found in 3, 3, and 4 patients, respectively, 2 of the 22 pa-

tients complained of non-clinical symptoms. Regarding the

laboratory findings, the white blood cell count was almost

normal overall (median, 55×102/μL), but the C-reactive pro-

tein level was elevated (median, 4.1 mg/dL). Elevated ALT

and GGT levels beyond the ULN were found in 12 patients

each (54.5%). Liver injury, defined as either an elevated

ALT or GGT level beyond the ULN, was found in 15 pa-

tients (68.2%). The serum albumin level was decreased (me-

dian, 3.1 g/dL).

In Table 3, the treatments and outcomes of the 22 patients

are shown. Before the diagnosis of COVID-19, antibiotics

and antipyretics were administered to seven patients each.

Acetaminophen was the most frequently administered anti-

pyretic (5/7 patients), and nonsteroidal anti-inflammatory

(loxoprofen) and unknown drugs were administered in 1 pa-

tient each. As antiviral treatment, ciclesonide and favipiravir

were administered to seven and nine patients, respectively.

Remdesivir, although officially approved for COVID-19 in

Japan on May 7, 2020, was not used as an antiviral agent in

these patients. A severe clinical course that required artificial

respiratory support with a ventilator was observed in 4 pa-
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Table　1.　Demographics, Comorbidities, Concomitant Drugs, and Symptoms at Presenta-
tion of the Patients with COVID-19.

All (n=22)
Liver injury

p value
Present (n=15) Absent (n=7)

Demographics

Age (years) 47 (38–59) 46 (33–54) 52 (43–60) 0.45

Sex (male) 13 (59) 11 (73) 2 (29) 0.074

Comorbidities and concomitant drugs

Underlying liver disease 2 (9) 2 (13) 0 1.00

Diabetes 5 (23) 4 (27) 1 (14) 1.00

Hypertension 5 (23) 4 (27) 1 (14) 1.00

Malignancy 1 (5) 1 (7) 0 1.00

Immunomodulators 2 (9) 1 (7) 1 (14) 1.00

Anticancer agent 1 (5) 1 (7) 0 1.00

Signs and symptoms

Highest body temperature (°C) 38.4 (37.8–39.3) 38.8 (38.0–39.3) 37.5 (37.4–38.1) 0.006

Respiratory symptoms 18 (82) 12 (80) 6 (86) 1.00

SpO2 94 (90–98) 95 (90–96.5) 98 (95–98) 0.21

GI symptoms 3 (14) 3 (20) 0 0.52

Hypogeusia 3 (14) 1 (7) 2 (29) 0.23

Hyposmia 4 (18) 2 (13) 2 (29) 0.57

No clinical symptom 2 (9) 2 (13) 0 1.00

Continuous variables are shown as median (IQR), and categorical variables are shown as number (%). The p val-

ues for comparing patients with and without liver injury were calculated using the Mann-Whitney U test and Fish-

er exact test. SpO2: percutaneous oxygen saturation, GI: gastrointestinal

Table　2.　Laboratory Findings of the Patients with COVID-19.

All (n=22)
Liver injury

p value
Present (n=15) Absent (n=7)

WBC count (×102/μL) 55 (43–73) 58 (50–74) 45 (39–57) 0.33

Lymphocytes (×102/μL) 8.9 (6.9–12.3) 8.1 (5.5–10.2) 10.9 (9.2–15.2) 0.054

Hemoglobin (g/dL) 13.9 (12.9–15.4) 13.2 (12.7–15.1) 14.0 (13.7–15.4) 0.29

Platelet count (×104/μL) 22.4 (15.0–30.6) 21.8 (13.9–32.7) 23.0 (19.5–28.0) 0.84

C-reactive protein (mg/dL) 4.1 (0.4–11.5) 5.2 (1.8–11.3) 1.6 (0.2–10.7) 0.33

Total bilirubin (mg/dL) 0.71 (0.50–0.90) 0.67 (0.50–0.88) 0.80 (0.52–0.88) 0.74

Albumin (g/dL) 3.2 (2.7–3.9) 3.1 (2.6–3.5) 3.9 (3.4–4.1) 0.056

Estimated glomerular filtration rate (mL/min) 75.5 (62.7–95.2) 74.4 (59.9–90.9) 85.8 (72.0–100.5) 0.37

Continuous variables are shown as median (IQR), and categorical variables are shown as number (%). The p values for comparing 

the patients with and without liver injury were calculated using the Mann-Whitney U test and Fisher’s exact test.

tients (18%), and mortality was reported for 2 patients (9%).

The comparison of clinical features between the pa-

tients with and without liver injury

Next, we compared clinical features between the patients

with and without liver injury. With regard to the clinical fea-

tures shown in Table 1, 11 of the 15 patients with liver in-

jury and 2 of the 7 patients without liver injury were men

(p=0.047), but the difference was not significant, considering

multiple comparisons. Only the highest body temperature

was significantly different between the two groups (p=

0.006). The body temperature was higher in the patients

with liver injury [38.8℃ (IQR, 38.0-39.3℃)] than in those

without liver injury [37.5℃ (IQR, 37.4-38.1℃)]. Similarly,

no significant differences in laboratory findings were found

between the two groups, despite the lymphocyte counts and

serum albumin level being lower in the patients with liver

injury than in those without it.

In terms of the treatment and outcome, antipyretics were

administered before the confirmation of the diagnosis of

COVID-19 in 7 (47%) of the 15 patients with liver injury

and in none of the patients without liver injury (p=0.029).

Antibiotics and treatments for SARS-CoV-2 infection (cicle-

sonide and favipiravir) were similarly administered between

the two patient groups. Of the patients with and without

liver injury, three and one had a severe clinical course that

required artificial respiratory support, respectively (p=0.75),

indicating that liver injury was not associated with a severe

clinical course. The mortality and length of hospitalization

were comparable between the two groups.
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Table　3.　Treatment and Outcome of Patients with COVID-19.

All (n=22)
Liver injury

p value
Present (n=15) Absent (n=7)

Treatment before diagnosis of COVID-19

Antibiotics 7 (32) 6 (40) 1 (14) 0.35

Antipyretics 7 (32) 7 (47) 0 0.051

Treatment of COVID-19

Ciclesonide 7 (32) 6 (40) 1 (14) 0.35

Favipiravir 9 (41) 7 (47) 2 (29) 0.65

Ventilator 4 (18) 3 (20) 1 (14) 1.00

Outcome

Death 2 (9) 1 (7) 1 (14) 1.00

Hospitalization (days) 16 (12–21) 19 (15–26) 14 (9–15) 0.13

Continuous variables are shown as median (IQR), and categorical variables are shown as 

number (%). The p values for comparing the patients with and without liver injury were calcu-

lated using the Mann-Whitney U test and Fisher’s exact test.

Table　4.　Associations of the Highest Body Tem-
perature and Liver Enzyme Levels in Patients 
with COVID-19.

AST ALT ALP GGT

R 0.730 0.574 0.494 0.479

P <0.001 0.005 0.019 0.024

AST and ALP were measured at the time of maximum value 

of ALT or GGT in patients with liver injury, and at presenta-

tion in patients without liver injury. AST: aspartate amino-

transferase. Since the upper limit of normal was different in 

male (64 U/L) and female (34 U/L), serum values of GGT 

adjusted as xULN were used for the analysis. ALT: alanine 

aminotransferase, ALP: alkaline phosphatase, GGT: gamma-

glutamyl transferase, R: Pearson’s correlation coefficient

The association between liver injury and the highest

body temperature

Finally, we examined the association of liver injury with

the highest body temperature in all patients (Table 4, Fig-

ure a, b). The correlation of the highest ALT value with the

highest body temperature during the clinical course was sig-

nificant (r=0.574, p=0.005; Table 4, Figure a). Similarly, a

significant correlation was observed between the highest

GGT value and the highest body temperature in the clinical

course (r=0.479, p=0.024) (Table 4, Figure b). In addition,

the correlations of the highest AST and ALP values were

also significant (Table 4).

Discussion

In the present study, we describe the clinical features of

patients with SARS-CoV-2 infection in the Japanese popula-

tion, mainly focusing on liver injury. To our knowledge, this

is the first report to demonstrate the association of liver in-

jury with COVID-19 in a Japanese case series, although the

number of patients was small.

Liver injury is a common pathological feature of COVID-

19, but the incidence of elevated AST and ALT levels varies

greatly, ranging from 2.5% to 50.0% and from 2.5% to

61.1%, respectively, as shown in a recent systematic re-

view (15). In the present study, an elevated ALT level was

observed in 12 (54.5%) of the 22 patients, which was com-

parable with the reports of previous studies. Although GGT

levels are less frequently reported, the incidence has been

reported to range from 13.0% to 22.8% (16-19), while our

study indicated elevated GGT levels in 12 patients (54.5%).

Liver abnormalities appear to be more prevalent outside of

China (20).

The mechanism by which liver injury is induced by

COVID-19 remains to be elucidated. The proposed mecha-

nisms include direct cytotoxicity of SARS-CoV-2, immune-

mediated damage with excess cytokine release from the in-

flammatory responses, involvement of other organs, such as

myositis, and drug-induced liver injury (13, 14). SARS-

CoV-2 was thought to bind to the angiotensin-converting en-

zyme 2 (ACE2) receptor directly, thereby invading cells,

where the virus replicates and infect other cells (21). Indeed,

the ACE2 receptor is present in the liver or bile duct, and

ACE2 expression has been detected in 2.6% of hepatocytes

and 59.7% of cholangiocytes, which suggests that SARS-

CoV-2 might infect the hepatobiliary system, especially the

bile duct, and lead to abnormal liver biochemistries (22).

However, if this was the case, intrahepatic cholestasis would

be a dominant feature reflecting bile duct injury in patients

with COVID-19. This is unlikely, as the results of our study

and previous studies indicate that mild to moderate elevation

of transaminase levels, not intrahepatic cholestasis, were

mainly observed.

We detected a significant association of liver injury with

the highest body temperature during the clinical course. The

serum peak values of all four liver enzymes were signifi-

cantly associated with the highest body temperature (Ta-

ble 4, Figure a, b). Most patients with COVID-19 experi-

ence a flu-like syndrome with a high fever and arthralgia,
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Figure.　a: The scatter plot of the highest body temperatures during the clinical course and the peak 
serum alanine aminotransferase (ALT) levels. Each dot represents each patient’s temperature and 
ALT level. b: The scatter plot of the highest body temperatures during the clinical course and the 
peak serum gamma-glutamyl transferase (GGT) level. Each dot represents each patient’s tempera-
ture and GGT level. Since the ULN differed between men (64 U/L) and women (34 U/L), the serum 
value of GGT was shown as xULN.
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mainly caused by aberrant cytokine production and release

(cytokine storm) elicited by the SARS-CoV-2 infection (23).

Therefore, these circulating cytokines during infection may

cause the transient elevation of transaminase levels, a phe-

nomenon called “bystander hepatitis,” as in other systemic

viral infections (13).

However, we should consider drug-induced liver injury as

another possibility, as several medications are prescribed for

patients with COVID-19. In this regard, ciclesonide and

favipiravir administration were not the likely cause of the

liver injury in our patients because these treatments were

equally administered for SARS-CoV-2 infection. Although

antipyretics were administered only in the patients with liver

injury, not in those without liver injury, we do not consider

antipyretics to be involved in the causality of the liver injury

in COVID-19 for the following reasons: Acetaminophen was

the most frequently used antipyretic (6/7 cases) in the pre-

sent study. This drug is well known for its hepatotoxicity

and frequently causes an elevation of transaminase levels but

rarely increases the GGT level, which was observed in 12

patients (54.5%) in our study.

Another controversial issue is the association of liver in-

jury with the prognosis. At present, the mortality due to

COVID-19 is relatively low in Japan compared with that in

European and American countries, and unknown ethnicity-

specific, genetic, or environmental factors may influence the

severity and mortality of the disease. Therefore, the associa-

tion of liver injury with the severity and mortality of

COVID-19 should be determined in Japan, independent of

studies in other countries. In the present study, disease se-

verity, defined as the need for ventilation and mortality, was

not associated with the presence of liver injury. Neverthe-

less, the number of patients is too small to draw any firm

conclusion on this issue, so further larger-scale studies in Ja-

pan are warranted.

The present study has several limitations. First, the num-

ber of patients was small, and the statistical power was not

enough to detect any significance. Nevertheless, the associa-

tion of liver injury with a fever, the main finding of this

study, was remarkable even with the small number of pa-

tients and should not be overlooked. Second, we failed to

follow all of the patients’ clinical courses until normaliza-

tion of their liver test results because the patients were dis-

charged before the complete improvement of the liver injury.

The need for a longer follow-up of liver injury is another

important issue that should be addressed in future studies.

Conclusion

We herein report for the first time the clinical features of

Japanese patients with COVID-19 in Japan, mainly focusing

on liver injury. We observed a significant association be-

tween liver injury and the highest body temperature during

the clinical course. These findings provide insight into the

pathogenesis of liver injury in COVID-19, important infor-

mation that is needed in preparation for the “second wave”

of COVID-19 in Japan.
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