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Background/Aims: Recent data indicate the presence of liver enzyme abnormalities in patients
with coronavirus disease 2019 (COVID-19). We aimed to evaluate the clinical features and treat-
ment outcomes of COVID-19 patients with abnormal liver enzymes.

Methods: We performed a retrospective, multicenter study of 874 COVID-19 patients admitted
to five tertiary hospitals from February 20 to April 14, 2020. Data on clinical features, laboratory
parameters, medications, and treatment outcomes were collected until April 30, 2020, and com-
pared between patients with normal and abnormal aminotransferases.

Results: Abnormal aminotransferase levels were observed in 362 patients (41.1%), of which
94 out of 130 (72.3%) and 268 out of 744 (36.0%) belonged to the severe and non-severe CO-
VID-19 categories, respectively. The odds ratios (95% confidence interval) for male patients,
patients with a higher body mass index, patients with severe COVID-19 status, and patients with
lower platelet counts were 1.500 (1.029 to 2.184, p=0.035), 1.097 (1.012 to 1.189, p=0.024),
2.377 (1.458 to 3.875, p=0.001), and 0.995 (0.993 to 0.998, p>0.001), respectively, indicating
an independent association of these variables with elevated aminotransferase levels. Lopinavir/
ritonavir and antibiotic use increased the odds ratio of abnormal aminotransferase levels after
admission (1.832 and 2.646, respectively, both p<0.05). The median time to release from quaran-
tine was longer (22 days vs 26 days, p=0.001) and the mortality rate was higher (13.0% vs 2.9%,
p<0.001) in patients with abnormal aminotransferase levels.

Conclusions: Abnormal aminotransferase levels are common in COVID-19 patients and are
associated with poor clinical outcomes. Multivariate analysis of patients with normal aminotrans-
ferase levels on admission showed that the use of lopinavir/ritonavir and antibiotics was as-
sociated with abnormal aminotransferase levels; thus, careful monitoring is needed. (Gut Liver
2021;15:606-615)
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ID-19 pandemic. By April 11, 2020, more than 1.6 million

INTRODUCTION

An outbreak of coronavirus disease 2019 (COVID-19)
caused by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) began in December 2019 from Wuhan,
China, and spread rapidly across the world. On March 11,
2020, the World Health Organization declared the COV-

patients were diagnosed with COVID-19, with 100,000
deaths reported worldwide.' COVID-19 is currently an on-
going public health emergency of international concern.
The clinical course of COVID-19 ranges from asymp-
tomatic infection to severe progressive pneumonia and
death.” Common clinical manifestations of COVID-19
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include dry cough, fever, fatigue, and other signs of respi-
ratory tract infection.”* Although SARS-CoV-2 is known
to cause respiratory tract infections, several large-scale
hospital-based studies have reported that 14% to 53% of
COVID-19 patients present with elevated levels of alanine
aminotransferase (ALT) and aspartate aminotransferase
(AST).™® A recent study reported abundant SARS-CoV-2
viral particles in hepatocytes of severe COVID-19 patients,
suggesting that SARS-CoV-2 induces this liver damage.”
Drug-related hepatotoxicity may also induce liver enzyme
abnormalities. Since there is no defined treatment regimen
for COVID-19, antibiotics and antiviral agents are widely
used. These drugs may cause liver damage while undergo-
ing therapy. However, data on the association between liver
enzyme abnormalities and drug use are limited.

In this study, we evaluated hepatic parameters in COV-
ID-19 patients admitted to five tertiary hospitals in Daegu,
South Korea, and compared the clinical features, medica-
tions, and clinical outcomes between the COVID-19 pa-
tients with and without elevated aminotransferase.

MATERIALS AND METHODS

1. Patients and study design

Medical records of patients diagnosed with COVID-19
at five tertiary hospitals in Daegu, South Korea from Feb-
ruary 17, 2020 to April 6, 2020 were reviewed. The diagno-
sis and discharge of COVID-19 patients were performed
according to guidelines issued by the Korea Disease Con-
trol and Prevention Agency.® All cases were diagnosed
based on SARS-CoV-2 RNA detection by real-time poly-
merase chain reaction from nasopharyngeal and oropha-
ryngeal swabs. Affected patients were discharged if they
met both clinical criteria (absence of fever and improved
clinical symptoms) and testing criteria (two consecutive
negative results on polymerase chain reaction tests within
a 24-hour interval).

Patients with more than two laboratory examinations
within 2 weeks of hospitalization were enrolled in the
study. To evaluate clinical features and treatment outcomes
in COVID-19 patients with abnormal liver enzymes, en-
rolled patients were classified into two groups: normal
aminotransferase and abnormal aminotransferase. Abnor-
mal aminotransferase was defined as ALT or AST levels
higher than the upper limit of normal (ULN) values in two
consecutive laboratory tests conducted every 3 to 7 days.
The ULN values of AST and ALT were defined as 34 U/L
in males and 30 U/L in females.”

This study was performed according to the ethical
guidelines of the revised Helsinki Declaration of 2013. The

study protocol was reviewed and approved by the institu-
tional review board of all tertiary hospitals (IRB number:
CR-20-094). Documentation of informed consent from
study participants was exempted as this study was a retro-
spective analysis of existing clinical data.

2. Data collection

We retrospectively collected medical records, including
epidemiological variables, clinical characteristics, labora-
tory and radiological findings, and treatment and outcome
data for each patient. All data were collected until April 30,
2020. Two researchers independently reviewed the data.
Laboratory data included complete blood cell counts, C-
reactive protein, erythrocyte sedimentation rate, biochemi-
cal tests, liver function tests, and kidney function tests on
the day of admission to the hospital. To define the abnor-
mal liver enzymes group, results of liver function tests,
repeated every 3 to 7 days, were collected. For each patient,
the peak values of ALT, AST, and other hepatic parameters
were selected for analysis. Chest radiograph findings of pa-
tients on admission were retrospectively reviewed. A chest
radiograph with a patch shadow, interstitial changes, or
consolidation was defined as abnormal.

3. Definitions

According to the World Health Organization interim
guidance on COVID-19, severe patients were diagnosed
based on the presence of any of the following character-
istics: (1) respiratory distress, respiration rate =30 times/
minute; (2) oxygen saturation at resting state <93%; and
(3) partial pressure of oxygen/fraction of inspired oxygen
<300 mm Hg by arterial blood gas analysis."® Systemic in-
flammatory response syndrome (SIRS) on admission was
defined by the presence of any two of the following condi-
tions: (1) body temperature <36°C or >38°C, (2) heart rate
>90 beats/minute, (3) tachypnea >20 breaths/minute, and
(4) white blood cell counts <400/uL or >12,000/uL. The
definition of shock and acute respiratory distress syndrome
(ARDS) was based on the World Health Organization
interim guidance."” Acute kidney injury was defined as
the highest serum creatinine level (>0.3 mg/dL within 48
hours or 1.5 times of the baseline level within 7 days) and/
or decreased urine output (<0.6 ml/kg/hr for 6 hours).

4. Treatment strategies

There are currently no standardized guidelines for drug
choice or accepted antiviral regimens for the treatment of
COVID-19 patients. Patients were treated with lopinavir/
ritonavir, darunavir/cobicistat, or hydroxychloroquine on
the day of admission based on physicians’ discretion. An-
tibiotics were administered if necessary. Oxygen support,
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including nasal cannula, high-flow nasal cannula, and in-
vasive mechanical ventilation, was provided based on the
severity of hypoxemia.

5. Statistical analysis

Continuous variables were described as the median and
interquartile range, and categorical variables as frequencies
and percentages. The means for continuous variables were
compared using the Student t-test or the Mann-Whitney
U test. Comparison of categorical variables was performed
using the chi-square test or Fischer exact test. Multivari-
able logistic regression analysis was conducted to explore
the risk factors for abnormal liver enzymes in COVID-19
patients. p-values <0.05 were considered statistically signif-
icant. SPSS version 25.0 (IBM Corp., Armonk, NY, USA)
was used for all statistical analyses.

RESULTS

1. Clinical characteristics

In total, 1,005 patients were admitted to five tertiary
hospitals from February 17, 2020 to April 6, 2020. We
excluded 131 patients due to a lack of laboratory tests dur-
ing hospitalization. Of the remaining 874 eligible patients,
362 (41.4%) and 512 (58.6%) patients were categorized
into abnormal and normal aminotransferase groups, re-
spectively. The number of patients experienced elevated
aminotransferase at least once during hospitalization is
summarized in Supplementary Table 1. Baseline character-
istics, clinical features, and treatment regimens of patients
in both groups are summarized in Table 1. The median
age in both groups was 62 years, with no significant differ-
ence between the groups. The ratio of males was higher in
patients with abnormal liver enzymes than in patients with
normal liver enzymes (47.2% vs 26.8%, p<0.001). With the
exception of a higher proportion of patients with coronary
artery disease in the abnormal liver enzyme group (6.2% vs
2.4%, p=0.014), no significant differences in comorbidities
between the groups were noted.

Forty-four patients (5.0%) had chronic liver disease, in-
cluding 30 with non-cirrhotic disease, seven with compen-
sated cirrhosis, and seven with decompensated cirrhosis.
The most common etiology of chronic liver disease was
chronic hepatitis B (n=21, 2.4%), followed by chronic hep-
atitis C (n=10, 1.1%), alcoholic liver disease (n=9, 1.0%),
and autoimmune hepatitis (n=1, 0.1%). No significant dif-
ferences were observed in underlying liver disease between
the groups.

Although the prevalence of initial symptoms was simi-
lar in both groups, patients with abnormal liver enzymes
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presented with a higher proportion of fever (52.2% vs
39.9%, p=0.001) and dyspnea (34.3% vs 19.6%, p<0.001).
The median time from onset of symptoms to hospitaliza-
tion was 6 days, with no significant difference between
the groups. Patients with SIRS and severe COVID-19 on
admission were more common in the abnormal amino-
transferase group (SIRS: 21.5% vs 7.3%, p<0.001; severe
COVID-19: 26.0% vs 7.0%, p<0.001). Ninety-four of 130
(72.3%) severe COVID-19 patients and 268 of 744 (36.0%)
non-severe COVID-19 patients presented with abnormal
aminotransferases. Abnormal chest radiographs (70.4%
vs 53.9%, p<0.001) and bilateral involvement (55.0% vs
33.0%, p<0.001) were observed more frequently in the
abnormal aminotransferase group. More patients with ab-
normal liver enzymes received lopinavir/ritonavir (64.9%
vs 50.0%, p<0.001), darunavir/cobicistat (6.9% vs 3.5%,
p=0.022), hydroxychloroquine (63.0% vs 48.4%, p<0.001),
and antibiotic (87.6% vs 70.1%, p<0.001) treatment.

The laboratory results of both groups are summarized
in Table 2. Most patients with abnormal liver enzymes
exhibited elevation of ALT (48.3%) and AST (50.3%) of
one to two times the ULN. Levels of alkaline phosphatase
(ALP) and y-glutamyl transferase were higher in patients
with abnormal liver enzymes than in patients with normal
liver enzymes, even though all median values were within
the normal ranges. Liver function abnormalities, including
lower albumin (42.3% vs 19.0%, p<0.001), higher total bili-
rubin (20.9% vs 8.7%, p<0.001), and higher international
normalized ratio (11.1% vs 4.8%, p=0.001) were more
frequent in patients with abnormal liver enzymes than
in those with normal liver enzymes. Patients with abnor-
mal liver enzymes presented with higher white blood cell
counts (5,450/uL vs 5,195/uL, p=0.001) and lower platelet
counts (200x10°/pL vs 231x10°/uL, p<0.001), although
median values were within the normal ranges. C-reactive
protein levels were higher in the abnormal liver enzyme
group than in the normal group (3.8 mg/L vs 0.8 mg/L,
p=0.008). Biochemical parameters were comparable be-
tween the groups.

2. Factors associated with abnormal liver enzymes in

COVID-19 patients

Among 362 patients with abnormal liver enzymes, 158
had peak levels of aminotransferase higher than twice the
ULN. We subsequently examined the clinical factors as-
sociated with elevation of more than twice the ULN in
COVID-19 patients (Supplementary Table 2). The univari-
ate and multivariate logistic regression analyses (Table 3)
showed that male sex (odds ratio [OR], 1.500; 95% confi-
dence interval [CI], 1.029 to 2.184; p=0.035), higher body
mass index (OR, 1.097; 95% CI, 1.012 to 1.189; p=0.024),
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Table 1. Clinical Characteristics of Patients with COVID-19 According to Liver Test Results

Liver tests (aminotransferase)

Characteristics Total p-value
Normal Abnormal
No. of patients 512 (58.6) 362 (41.4) 874
Age, yr 62 (49-73) 62 (52-73) 62 (51-73) 0.707
Male sex 137 (26.8) 171 (47.2) 308(35.2) <0.001
Body mass index, kg/m’ 23.2(20.9-25.0) 24.7(22.3-26.7) 23.7(21.7-26.0) 0.337
Comorbidity
Diabetes 105 (20.5) 75 (20.7) 180 (20.6) 0.940
Hypertension 168 (32.8) 115(31.8) 283 (32.4) 0.745
Coronary artery disease 13(2.4) 21(6.2) 34 (3.9) 0.014
Chronic obstructive pulmonary disease 6(1.2) 701.9) 13(1.5) 0.359
Chronic kidney disease 12(2.3) 4(1.1) 16(1.8) 0.178
Liver-related disease
Etiology
Chronic hepatitis B 12(2.3) 9(2.5) 21(2.4) 0.892
Chronic hepatitis C 8(1.6) 2(0.6) 10(1.1) 0.167
Alcoholic liver disease 4(0.8) 5(1.4) 9(1.0) 0.387
Autoimmune hepatitis 0 1(0.3) 1(0.1) 0.414
Others 0 3(0.8) 3(0.3) 0.710
Liver cirrhosis
No cirrhosis 17 3.3) 13(3.6) 30(3.4) 0.828
Compensated cirrhosis 3(0.6) 4(1.1) 7(0.8) 0.396
Decompensated cirrhosis 3(0.6) 4(1.1) 7(0.8) 0.457
Signs and symptoms on admission
Fever/chills 201 (39.9) 189 (52.2) 390 (45.0) 0.001
Cough 283 (56.3) 218 (60.4) 501 (58.0) 0.226
Dyspnea 99 (19.6) 124 (34.3) 223 (25.8) <0.001
Gastrointestinal symptoms (nausea/vomiting/diarrhea) 114 (22.6) 90 (24.9) 204 (23.6) 0.443
Myalgia 161(31.9) 127 (35.2) 288(33.3) 0.319
Headache 139 (27.6) 85 (23.5) 224.(25.9) 0.182
Days from symptom onset to admission 6(3-9) 6(3-8) 6(3-9) 0.565
SIRS on admission 37(7.3) 78 (21.5) 115(13.2) <0.001
Severe patients on admission 36(7.0) 94.(26.0) 130 (14.9) <0.001
Radiologic findings on admission
Abnormal chest radiographs 276 (53.9) 255 (70.4) 531(60.8) <0.001
Bilateral involvement of chest radiographs 169 (33.0) 199 (55.0) 368 (42.1) <0.001
Treatment
Lopinavir/ritonavir 256 (50.0) 235 (64.9) 491 (56.2) <0.001
Darunavir/cobicistat 18(3.5) 25(6.9) 43 (4.9) 0.022
Hydroxychloroquine 248 (48.4) 228 (63.0) 476 (54.5) <0.001
Antibiotics 359 (70.1) 317 (87.6) 676 (77.3) <0.001

Data are presented as the number (%) or median (interquartile range).

COVID-19, coronavirus disease 2019; SIRS, systemic inflammatory response syndrome.

severe COVID-19 on admission (OR, 2.377; 95% CI, 1.458
to 3.875; p=0.001), and lower platelet count (OR, 0.995;
95% CI, 0.993 to 0.998; p<0.001) were independently asso-
ciated with elevated aminotransferase levels.

To evaluate the effects of drugs on abnormal amino-
transferase, subgroup analysis of the 550 patients with
normal aminotransferase levels on admission was per-
formed. Among these patients, 130 (23.6%) presented with
abnormal aminotransferase levels during hospitalization,
predominantly elevation of AST and ALT levels by one to
three times the ULN (n=101, 77.7%). Baseline characteris-
tics, clinical features, and treatment regimens according to

abnormal liver enzymes after admission are summarized
in Supplementary Table 3. Multivariate logistic regression
was used to adjust for age, sex, underlying liver disease,
COVID-19 severity, SIRS, and radiographic findings on
admission. Among drugs potentially linked to elevated
aminotransferase, including lopinavir/ritonavir, darunavir/
cobicistat, hydroxychloroquine, and antibiotics, the use
of lopinavir/ritonavir (OR, 1.832; 95% CI, 1.155 to 2.919;
p=0.011) and antibiotics (OR, 2.646; 95% CI, 1.452 to
4.824; p<0.001) was associated with a higher risk of abnor-
mal liver enzymes (Fig. 1).
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Table 2. Laboratory Findings of Patients with COVID-19 According to Liver Test Results

Liver tests (aminotransferase)

Characteristics Total p-value
Normal Abnormal
No. of patients 512 (58.6) 362 (41.4) 874
Peak values of liver test results during hospitalization
Liver enzymes

ALT, U/L 18 (14-24) 51 (37-79) 25 (17-45) <0.001
Normal 512 (100) 58 (16.0) 570 (65.2) <0.001
1-2 ULN 0 175 (48.3) 175 (20.0)
>2 ULN 0 129 (35.6) 129 (14.6)

AST, U/L 19 (16-23) 44, (34-70) 24 (18-39) 0.005
Normal 512 (100) 72(19.9) 584 (66.8) <0.001
1-2 ULN 0 182 (50.3) 182(20.8)
>2 ULN 0 108 (29.8) 108 (12.4)

ALP, U/L 62 (49-75) 75 (60-97) 67 (53-83) <0.001
<130 471(97.5) 311(89.1) 782 (94.0) <0.001
>130 12(2.5) 38(10.9) 50 (6.0)

GGT, U/L 19 (13-32) 36 (22-76) 23 (15-46) <0.001
<40 109 (85.2) 49 (52.1) 158 (71.2) <0.001
>40 19 (14.8) 45 (47.9) 64.(28.8)

Liver functions

Total bilirubin, mg/dL 0.5(0.4-0.7) 0.7 (0.4-1.1) 0.6 (0.4-0.9) <0.001
<1.2 397(91.3) 268 (79.1) 665 (85.9) <0.001
>1.2 38(8.7) 71(20.9) 109 (14.1)

Serum albumin, g/dL 4.0(3.6-4.2) 3.6(3.0-4.1) 3.9 (3.4-4.2) <0.001
<3.5 97(19.0) 153 (42.3) 250 (28.6) <0.001
>3.5 414.(81.0) 209 (57.7) 623 (71.4)

Prothrombin time, INR 1.0(0.9-1.0) 1.0 (1.0-1.1) 1.0(0.9-1.1) 0.005
<1.2 394(95.2) 297 (88.9) 665(92.5) 0.001
>1.2 20 (4.8) 34(11.1) 54 (7.5)

On admission
Complete blood count

White blood cell count, /uL 5,195 (4,022-6,568) 5,450 (4,218-7,240) 5,300 (4,077-6,735) 0.001

Lymphocyte count, /uL 1,430 (1,052-1,857) 1217 (807-1,718) 1,350 (960-1,810) 0.080

Platelet count, x10%/uL 231 (179-290) 200 (157-263) 216 (166-279) <0.001

Hemoglobin, g/dL 12.4(11.5-13.4) 12.8(11.9-14.0) 12.5(11.7-13.6) 0.746

Inflammatory markers
Erythrocyte sedimentation rate, mm/hr 51(23-71) 50 (35-70) 50 (31-70) 0.816
C-reactive protein, mg/L 0.8(0.2-4.7) 3.8(0.5-11.7) 1.5(0.2-7.2) 0.008
Biochemical tests

Blood urea nitrogen, mg/dL 13(11-17) 14 (12-19) 14(11-18) 0.105

Creatinine, mg/dL 0.7 (0.6-0.9) 0.8(0.6-1.0) 0.7 (0.6-0.9) 0.956

eGFR, mL/min/1.73 m’ 92 (77-109) 89 (73-107) 91 (75-108) 0.040

Sodium, mmol/L 140 (138-142) 140 (136-142) 140 (137-142) 0.070

Potassium, mmol/L 4.2 (3.9-4.5) 4.1 (3.7-4.4) 4.1(3.8-4.4) 0.333

Data are presented as the number (%) or median (interquartile range).
COVID-19, coronavirus disease 2019; ALT, alanine aminotransferase; ULN, upper limit of normal; AST, aspartate aminotransferase; ALP, alkaline
phosphatase; GGT, gamma glutamyl transferase; eGFR, estimated glomerular filtration rate.

3. Clinical outcomes and overall prognosis
Comparisons of clinical outcomes and prognosis be-
tween COVID-19 patients with and without liver enzyme
abnormalities are summarized in Table 4. During hospital-
ization, complications including ARDS, acute kidney in-
jury, and septic shock occurred more frequently in patients
with abnormal aminotransferases (ARDS, 20.7% vs 4.3%;
acute kidney injury, 9.4% vs 2.0%; septic shock, 16.0% vs
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3.3.%; all values of p<0.001). A higher proportion of pa-
tients with abnormal liver enzymes received oxygen sup-
port, including nasal cannulas (22.9% vs 15.6%, p=0.006),
high-flow nasal cannulas (7.2% vs 2.1%, p<0.001), in-
vasive mechanical ventilation (15.5% vs 1.4%, p<0.001),
and extracorporeal membrane oxygenation (5.0% vs 0%,
p<0.001).

As of April 30, 2020, the proportion of patients released
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Table 3. Univariate and Multivariate Logistic Regression Analyses of Clinical Factors Associated with Elevated Aminotransferase Levels in CO-

VID-19 Patients

Univariate analysis

Multivariate analysis

Variable
p-value p-value Adjusted OR (95% Cl)

Age 0.469
Male sex 0.001 0.035 1.500 (1.029-2.184)
Body mass index <0.001 0.024 1.097 (1.012-1.189)
Comorbidities

Chronic liver disease 0.675

Liver cirrhosis 0.311
Signs and symptoms on admission

Fever/chills 0.001

Dyspnea <0.001
SIRS on admission <0.001
Severe disease of COVID-19 on admission <0.001 0.001 2.377 (1.458-3.875)
Radiologic findings on admission

Abnormal chest radiographs 0.001

Bilateral involvement of chest radiographs 0.001
Laboratory findings on admission

White blood cell count, /uL 0.001

Platelet count, /uL <0.001 <0.001 0.995 (0.993-0.998)

C-reactive protein, mg/L 0.453

Elevated aminotransferase levels are defined as aspartate aminotransferase and/or alanine aminotransferase over twice the upper limit of nor-

mal.

COVID-19, coronavirus disease 2019; OR, odds ratio; Cl, confidence interval; SIRS, systemic inflammatory response syndrome.
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ritonavir cobicistat (n=268) (n=380)
(n=274) (n=10)

Fig. 1. Adjusted OR (95% Cl) for abnormal aminotransferase levels as-
sociated with the use of drugs in COVID-19 patients. All results were
adjusted for age, sex, underlying liver disease, COVID-19 severity, sys-
temic inflammatory response syndrome, and radiographic findings
on admission; p=0.011 for lopinavir/ritonavir, p<0.001 for antibiotics;
all p-values >0.05 for other drugs.

OR, odds ratio; Cl, confidence interval; COVID-19, coronavirus disease
2019.

from quarantine was higher in the normal than in the ab-
normal aminotransferase group (85.4% vs 75.4%, p<0.001).
The median time to release from quarantine was signifi-
cantly shorter in patients with normal aminotransferase
than in those with abnormal aminotransferase (22 days vs
26 days, p<0.001). The overall mortality rate in patients in-

cluded in this study was 7.1%. The mortality rate was sig-
nificantly higher in patients with abnormal liver enzymes
than those with normal liver enzymes (13.0% vs 2.9%,
p<0.001).

DISCUSSION

In this multicenter retrospective cohort study, the as-
sociation of clinical features and prognosis of COVID-19
patients with abnormal liver enzymes was evaluated in
874 patients diagnosed with COVID-19 in the Daegu
and Gyeongsangbuk-do regions. There were 362 (41.4%)
patients that presented with abnormal aminotransferase,
including 94 out of 130 (72.3%) severe COVID-19 pa-
tients and 268 out of 744 (36.0%) non-severe COVID-19
patients. Male sex, higher body mass index, clinical sever-
ity of COVID-19, and lower platelet count on admission
emerged as the independent risk factors for elevated ami-
notransferase levels to more than twice the ULN. The use
of lopinavir/ritonavir and antibiotics led to an increased
OR of abnormal aminotransferase after admission. Further,
abnormal liver enzymes were associated with prolonged
time to release from quarantine and higher mortality rates
in patients with COVID-19.

Recent studies have reported an incidence of liver dam-
age ranging from 14.8% to 41%, predominantly charac-
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Table 4. Clinical Outcomes of Patients with COVID-19 According to Liver Test Results

Liver tests (aminotransferase)

Outcome Total p-value
Normal Abnormal
No. of patients 512 (58.6) 362 (41.4) 874
Complications
Acute respiratory distress syndrome 22 (4.3) 75(20.7) 97(11.1) <0.001
Acute kidney injury 10 (2.0) 34.(9.4) 44.(5.0) <0.001
Septic shock 17 (3.3) 58 (16.0) 75(8.6) <0.001
Continuous renal replacement therapy 1(0.2) 18 (5.0) 19(2.2) <0.001
Oxygen support
Nasal cannula 80 (15.6) 83 (22.9) 163 (18.6) 0.006
High-flow nasal cannula 11(2.1) 26(7.2) 37(4.2) <0.001
Invasive mechanical ventilation 7(1.4) 56 (15.5) 63(7.2) <0.001
Extracorporeal membrane oxygenation 0 18 (5.0 18(2.1) <0.001
Prognosis
Release from quarantine 437 (85.4) 273 (75.4) 710(81.2) <0.001
Hospitalization 30(5.9) 28(7.7) 58 (6.6) 0.273
Transfer to life treatment centers 30(5.6) 16 (4.7) 46 (5.3) 0.348
Death 15 (2.9) 47(13.0) 62(7.1) <0.001
Time to release from quarantine, day 22 (17-30) 26 (19-33) 24(18-31) 0.001

Data are presented as the number (%) or median (interquartile range).
COVID-19, coronavirus disease 2019.

terized by abnormal levels of AST and ALT, occasionally
accompanied by elevated ALP levels, in COVID-19 pa-
tients.”!""
in COVID-19 patients with abnormal liver enzymes,
suggesting an association between this impairment and
elevated liver enzymes in these patients.””’ Our findings
were similar to those previously reported, where 41.4% of
the patients presented with abnormal aminotransferase

levels. In contrast, only 50 of 874 patients (6.0%) presented

Liver synthetic dysfunction has been reported

with elevated ALP levels. In addition, low serum albumin
and prolonged international normalized ratio was also ob-
served in patients with abnormal aminotransferases. Thus,
the observations from the previous reports and the present
study suggest that patients with elevated aminotransferase
levels are more likely to have liver synthetic dysfunction.
Angiotensin-converting enzyme II (ACE2), the cell
entry receptor of SARS-CoV-2, is highly expressed in bile
duct cells."*"* This suggests that SARS-CoV-2 may infect
cholangiocytes via ACE2 and cause liver damage. However,
ALP (a bile duct injury marker), is not specific to liver dis-
ease'® or COVID-19.*° A recent study reported up-regulated
ACE2 expression in regenerated liver tissue after acute liver
injury in a murine model, suggesting that the compensa-
tory proliferation of hepatocytes expressing ACE2 derived
from cholangiocytes may underpin SARS-CoV-2 infec-
tion-induced hepatocyte injury.” Abundant SARS-CoV-2
viral particles have been detected in hepatocytes of severe
COVID-19 patients with elevated liver enzymes, implying
that SARS-CoV-2 infection in hepatocytes induces hepatic
impairment in COVID-19 patients.” Although further
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studies are needed to elucidate the mechanisms of SARS-
CoV-2-induced liver injury, abnormal liver enzymes are
more likely to be due to hepatocyte rather than bile duct
damage.

Several recent studies have focused on the prevalence of
preexisting liver disease in COVID-19 patients and how it
influences the clinical course of COVID-19. A meta-analy-
sis of 73 studies involving 24,299 patients with COVID-19
showed an overall prevalence of chronic liver disease of
3.0%," similar to our study (5.0%). This suggests that pa-
tients with preexisting liver disease are not at increased
risk of SARS-CoV-2 infection. Several multicenter cohort
studies have shown that cirrhosis is associated with higher
overall mortality and severe disease course in patients with
COVID-19."”% However, there are little data on whether
COVID-19 increases mortality and acute decompensation
rates in patients with cirrhosis.

Previous studies on the clinical features of COVID-19
patients showed that abnormal liver enzymes are not asso-
ciated with specific comorbidities, including hypertension,
diabetes, and coronary artery disease.'*” With regard to
preexisting liver disease, aminotransferase level abnormali-
ties are present in similar rates among patients with and
2 15 our study, patients with
abnormal liver enzymes exhibited higher rates of coronary
artery disease, but not preexisting liver disease. However,
the multivariate analysis did not show a significant associa-
tion between coronary artery disease and abnormal ami-
notransferase levels. Definitive evidence on the association
between comorbidities and abnormal liver enzyme is still

without chronic liver disease.
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lacking.

Male sex, higher body mass index, severe COVID-19
on admission, and lower platelet count were independently
associated with elevation of aminotransferase levels to
more than twice the ULN in COVID-19 patients. Previ-
ous studies have reported that abnormal liver enzymes are
more common in males, but the underlying mechanism
remains unclear.”'"'** Several studies have identified obe-
sity as a significant risk factor for severe COVID-19"*" and
that is associated with liver injury (defined as AST and/or
ALT over three times the ULN).”> An association between
liver enzyme abnormalities and severity of COVID-19 was
currently reported.”” A recent meta-analysis reported that
the platelet count was significantly lower in patients with
more severe COVID-19.” Possible causes of liver enzyme
abnormalities in severe COVID-19 patients have been
proposed, including direct cytotoxicity of SARS-CoV-2,
inflammatory cytokine storm, and hypoxic hepatitis. In-
flammatory cytokine storm is an excessive or uncontrolled
release of proinflammatory cytokines, which exacerbates
inflammation and cell injury, finally leading to organ dam-
age. During SARS-CoV-2 infection, an excessive release of
proinflammatory cytokines is associated with disease se-
verity.” Recent studies showed that elevated liver enzymes
in COVID-19 patients are correlated with higher inflam-
matory markers.'""> Hypoxic hepatitis can be induced by
hemodynamic changes and decreases in oxygen delivery.”
Complications, including ARDS, septic shock, and acute
cardiac failure, occur mostly in severe COVID-19 pa-
>3 These can lead to hepatic artery hypoperfusion
and hepatocellular hypoxia, and eventually may cause hy-
poxic hepatitis. Considering the profound multi-systemic
involvement in COVID-19, particularly in patients with
severe disease, the elevation of aminotransferase is likely to

tients.

be multifactorial, involving contributions from the afore-
mentioned factors.

Although effective treatment guidelines for COVID-19
are currently unavailable, antibiotics and antivirals are
widely used. Hydroxychloroquine has been used to treat
COVID-19 due to its anti-inflammatory and antiviral
properties.”* These drugs may be hepatotoxic in CO-
VID-19 patients. Indeed, recent studies reported that el-
evated liver enzymes in COVID-19 patients may be due to
the use of lopinavir/ritonavir."* Our study showed consis-
tent results, indicating that lopinavir/ritonavir use was as-
sociated with higher OR of abnormal aminotransferase. To
date, data supporting the use of lopinavir/ritonavir to treat
COVID-19 are inconclusive,”* and these drugs should be
administered with caution. In our study, the use of antibi-
otics also increased the OR of abnormal aminotransferase.
An association between antibiotic use and liver injury in

COVID-19 patients has been reported.” In consideration
of these findings, antibiotics should also be administered
with caution for the treatment of SARS-CoV-2-related
pneumonia. Clinicians should recognize these issues and
carefully monitor liver function tests in COVID-19 pa-
tients treated with these drugs.

Compared to patients with normal aminotransferases,
those with abnormal aminotransferases had significantly
prolonged time to release from quarantine and higher

) . . . 11,12
mortality rate, corroborating previous findings.

During
hospitalization, complications including ARDS, acute kid-
ney injury, and septic shock occurred more frequently in
patients with elevated levels of liver enzymes. These com-
plications may have contributed to higher mortality rates
in COVID-19 patients with abnormal aminotransferases.
Similar to our study, previous studies also reported that
the abnormal liver function was associated with prolonged
time to release from quarantine in COVID-19 patients.'"'
It is possible to speculate that SARS-CoV-2 may persist
longer in patients with a higher viral load and lead to hepa-
tocyte damage, which should be assessed in future studies.

Our study has several limitations. First, it was a retro-
spective study, and there were cases of incomplete medi-
cal records of clinical symptoms, laboratory test results,
and medical history. Second, data on drugs used as self-
medication before admission were not available. However,
most patients were admitted to the hospital within 6 days
of symptom onset and rarely used antiviral drugs or an-
tibiotics for self-treatment because these drugs were not
available over the counter. Thus, their influence on the
study’s results is likely to be minimal. Third, we did not use
the definition of drug-induced liver injury proposed by the
clinical practice guidelines of the European Association
for the Study of the Liver, although we demonstrated that
abnormal aminotransferase was associated with lopinavir/
ritonavir and antibiotic use. Furthermore, we could not
prove causality between these drugs and abnormal amino-
transferase using the Roussel Uclaf Causality Assessment
Method.

In conclusion, abnormal aminotransferase levels are
common in COVID-19 patients and is associated with
disease severity. Prolonged time to release from quarantine
and higher mortality rates are related to abnormal liver
enzymes. Multivariate logistic regression of patients with
normal aminotransferase levels on admission showed that
the use of lopinavir/ritonavir and antibiotics is associated
with abnormal aminotransferase, emphasizing the need for
careful monitoring. These results provide clinical guidance
for the management of COVID-19 patients during the cur-
rent pandemic.
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