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ABSTRACT
Objective  Data on serial liver biochemistries of patients 
infected by different human coronaviruses (HCoVs) are 
lacking. The impact of liver injury on adverse clinical 
outcomes in coronavirus disease 2019 (COVID-19) 
patients remains unclear.
Design  This was a retrospective cohort study using data 
from a territory-wide database in Hong Kong. COVID-19, 
severe acute respiratory syndrome (SARS) and other 
HCoV patients were identified by diagnosis codes and/
or virological results. Alanine aminotransferase (ALT)/
aspartate aminotransferase (AST) elevation was defined 
as ALT/AST ≥2 × upper limit of normal (ie, 80 U/L). The 
primary end point was a composite of intensive care unit 
(ICU) admission, use of invasive mechanical ventilation 
and/or death.
Results  We identified 1040 COVID-19 patients (mean 
age 38 years, 54% men), 1670 SARS patients (mean age 
44 years, 44% men) and 675 other HCoV patients (mean 
age 20 years, 57% men). ALT/AST elevation occurred in 
50.3% SARS patients, 22.5% COVID-19 patients and 
36.0% other HCoV patients. For COVID-19 patients, 
53 (5.1%) were admitted to ICU, 22 (2.1%) received 
invasive mechanical ventilation and 4 (0.4%) died. ALT/
AST elevation was independently associated with primary 
end point (adjusted OR (aOR) 7.92, 95% CI 4.14 to 
15.14, p<0.001) after adjusted for albumin, diabetes 
and hypertension. Use of lopinavir–ritonavir ±ribavirin 
+ interferon beta (aOR 1.94, 95% CI 1.20 to 3.13, 
p=0.006) and corticosteroids (aOR 3.92, 95% CI 2.14 to 
7.16, p<0.001) was independently associated with ALT/
AST elevation.
Conclusion  ALT/AST elevation was common and 
independently associated with adverse clinical outcomes 
in COVID-19 patients. Use of lopinavir–ritonavir, with or 
without ribavirin, interferon beta and/or corticosteroids 
was independently associated with ALT/AST elevation.

INTRODUCTION
Coronaviruses (CoVs) are a large family of viruses 
that cause illness ranging from the common cold to 
severe pneumonia. CoVs are classified as a family 
within the Nidovirales order, viruses that replicate 
using a nested set of messenger RNAs.1 The human 
coronaviruses (HCoVs) are in two of these genera: 
alpha coronaviruses (HCoV-229E and HCoV-
NL63) and beta coronaviruses (HCoV-HKU1, 
HCoV-OC43, severe acute respiratory syndrome 
coronavirus (SARS-CoV), Middle East respiratory 

syndrome coronavirus (MERS-CoV) and the 
recently discovered SARS-CoV-2, previously called 
2019 novel coronavirus (2019-nCoV)).2

Liver injury, either in the form of hepatitis, 
cholestasis or both, is commonly observed in up to 
60% of patients suffering from SARS.3 Histological 
features include prominent mitoses, acidophilic 
bodies, Kupffer cells and mild to moderate lobular 
inflammation4; reverse transcriptase PCR (RT-
PCR) positive for SARS-CoV was also found.5 As 
SARS patients often received antibiotics, antiviral 

Significance of this study

What is already known on this subject?
►► Liver injury, in the form of hepatitis, cholestasis 
or both, can be observed in patients infected by 
different human coronaviruses (HCoVs).

►► ACE2, the host cell receptor in mediating entry 
of severe acute respiratory syndrome (SARS)-
CoV and the recent SARS-CoV-2 has been 
demonstrated to express in cholangiocytes.

►► Liver injury is possibly caused by systemic 
inflammation and adverse drug reactions in 
severe coronavirus disease 2019 (COVID-19) 
patients who have been receiving different 
medical treatments.

What are the new findings?
►► The liver biochemistries of patients infected by 
different HCoVs changed dynamically during 
the infection, with abnormality observed at 
different time periods after infection.

►► The degree of liver injury could be impacted by 
coexisting chronic hepatitis in patients infected 
by HCoVs.

►► Alanine aminotransferase (ALT)/aspartate 
aminotransferase (AST) elevation and acute 
liver injury are independently associated 
with adverse clinical outcomes including 
admission to intensive care unit, use of 
invasive mechanical ventilation and/or death in 
COVID-19 patients after adjusted for presence 
of diabetes mellitus and hypertension, and 
albumin level.

►► Use of lopinavir–ritonavir, with or without 
ribavirin, interferon beta and/or corticosteroids 
was associated with ALT/AST elevation and 
acute liver injury in COVID-19 patients.
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medications, corticosteroids and even antifungals, part of the 
liver injury might have been contributed by the hepatotoxicity 
of some of these medications.5 In contrast, liver injury is not a 
common feature in MERS patients.6

The latest novel zoonotic coronavirus, SARS-CoV-2 first iden-
tified in late 2019 first in Wuhan, China, has resulted in more 
than 7.82 million confirmed cases and 430 000 deaths world-
wide as of 15 June 2020.7 Raised alanine aminotransferase (ALT) 
and total bilirubin was reported in 28% and 18%, respectively, in 
one of the first reported coronavirus disease 2019 (COVID-19) 
cohorts,8 and up to 53% in subsequent series.9 Histologically, 
there was moderate microvascular steatosis and mild lobular and 
portal activity, indicating that the injury could have been caused 
by either SARS-CoV-2 infection or drug-induced liver injury.10 
On the other hand, the impact of infections due to other HCoVs 
on liver is less well reported as those HCoVs usually cause mild 
upper respiratory tract symptoms, such that they would be 
managed at outpatient settings without close monitoring of liver 
biochemistries.

More importantly, whether liver injury is prognostically 
significant remains elusive. Due to the large number of patients 
infected by various HCoVs, in particular the fast growing number 
of COVID-19 patients worldwide, the impact of liver injury on 
clinical outcomes of COVID-19 patients and its predictors is 
important and the knowledge may affect the outcomes of many. 
Therefore, we aimed to compare the serial liver biochemistries 
of patients infected by various HCoVs, with special focus on the 
prognostic role of liver injury in COVID-19 patients, using a 
territory-wide cohort in Hong Kong.

MATERIALS AND METHODS
Study design and data source
We performed a territory-wide retrospective cohort study using 
data from the Clinical Data Analysis and Reporting System 
(CDARS) under the management of Hospital Authority, Hong 
Kong.11 CDARS is an electronic healthcare database that covers 
the patients’ demographic, death, diagnoses, procedures, drug 
prescription and dispensing history and laboratory results from 
all public hospitals and clinics in Hong Kong. It represents 
inpatient and outpatient data of around 80% of the 7.47 
million population in Hong Kong.12 All confirmed SARS and 
COVID-19 patients were hospitalised in the public hospitals but 
not in private hospitals in Hong Kong. All data are deidenti-
fied in CDARS to ensure confidentiality. Different territory-wide 
studies of various infectious diseases were previously conducted 
using CDARS.13–15 The International Classification of Diseases, 
Ninth Revision, Clinical Modification (ICD-9-CM) coding was 

used in CDARS. The use of ICD-9-CM codes in CDARS to 
identify medical conditions has been found 99% accurate when 
referenced to clinical, laboratory, imaging and endoscopy results 
from the electronic medical records.16

Subjects
Consecutive SARS patients from March to June 2003 were iden-
tified by ICD-9-CM diagnosis codes and/or virological results; 
consecutive laboratory-confirmed COVID-19 patients from 
23 January 2020 to 1 May 2020 were identified by virological 
results and consecutive patients infected by other HCoVs from 
1 January 2015 to 27 March 2020 were identified by virological 
results (online supplementary table 1). We reported the clinical 
characteristics of all identified patients. For subsequent analyses 
on serial liver biochemistries, we excluded patients who had 
missing ALT measurement at the time of diagnosis of HCoVs, 
and patients who had fewer than two ALT measurements during 
follow-up after the diagnosis of HCoVs. Patients were followed 
until death, last day of hospitalisation or last clinic visit, last 
follow-up date (24 May 2020) or up to 30 days of follow-up, 
whichever came first. Details on clinical evaluation and manage-
ment of the patients were described in supplementary methods.

Data collection
Data were retrieved from CDARS in 25 May 2020. Baseline 
date was defined as the date of diagnosis of COVID-19 or other 
HCoVs by virological results, or the date of ICD-9-CM diag-
nosis code of SARS and/or positive virological results of SARS. 
Demographic data including date of birth and sex were captured. 
Death and its date were captured and ascertained using data from 
CDARS and Hong Kong Death Registry. At baseline, haemato-
logical and virological parameters, liver and renal biochemistries, 
were collected. Thereafter, serial liver and renal biochemistries, 
as well as SARS-CoV or SARS-CoV-2 viral assays for patients 
infected by SARS-CoV or SARS-CoV-2 were collected until 
the last follow-up date (online supplementary table 1). We also 
retrieved data on other relevant diagnoses, procedures, concom-
itant drugs, laboratory parameters and exposure to antivirals, 
antibiotics and antifungals, corticosteroids, interferon beta and 
immunoglobulin during hospitalisation (online supplementary 
table 2).

Definitions of events
The primary end point was a composite end point of ICU admis-
sion, use of invasive mechanical ventilation and/or death. Use 
of invasive mechanical ventilation was defined by ICD-9-CM 
procedure codes (96.7). ALT/aspartate aminotransferase (AST) 
elevation was defined as ALT and/or AST≥2 × the upper limit 
of normal (ULN). Acute liver injury was defined as ALT and/or 
AST≥2 ×ULN, with total bilirubin ≥2 ×ULN and/or interna-
tional normalised ratio ≥1.7. ULN of ALT and AST were defined 
according to the criteria of The Asian Pacific Association for the 
Study of the Liver (40 U/L for both genders).17 ULN of alkaline 
phosphatase (ALP) was defined by each of the local laboratory 
based on age and gender. ULN of total bilirubin was defined as 
19 µmol/L. ULN of gamma-glutamyl transferase was 40 U/L.

Chronic hepatitis B and C were defined based on viral 
serology, use of antiviral treatment and/or ICD-9-CM diag-
nosis codes.14 Liver-related outcomes were defined based on 
ICD-9-CM diagnosis and procedure codes (online supplemen-
tary table 3). Significant comorbidities were defined as follows: 
hypertension was identified by use of any antihypertensive drug 
and/or ICD-9-CM diagnosis codes; diabetes mellitus (DM) was 

Significance of this study

How might it impact on clinical practice in the foreseeable 
future?

►► Vigilant monitoring of liver biochemistries would be 
important regarding its dynamic change during infection 
and association with adverse clinical outcomes in COVID-19 
patients.

►► Cautious use of appropriate medications with least 
hepatotoxicity would minimise liver injury in COVID-19 
patients.

►► Thorough review of medical history and detailed 
investigation for concomitant liver diseases are crucial to 
improve patient outcomes.
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defined by exposure to any antidiabetic agent, haemoglobin A1c 
≥6.5%, fasting plasma glucose ≥7 mmol/L in two measurements 
or ≥11.1 mmol/L in one measurement and/or the ICD-9-CM 
diagnosis codes for DM (250.00–250.93).18 Liver cirrhosis was 
identified by ICD-9-CM diagnosis codes for cirrhosis and its 
related complications (online supplementary table 3).

Statistical analysis
Data were analysed using Statistical Product and Service Solu-
tions (SPSS) V.25.0 (SPSS) and R software (V.3.6.3; R Founda-
tion for Statistical Computing, Vienna, Austria). Continuous 
variables were expressed in mean±SD or median (IQR), as 
appropriate, while categorical variables were presented as 
number (percentage). Qualitative and quantitative differences 
between subgroups were analysed by χ2 test, χ2 test for linear 
trend or Fisher’s exact tests for categorical parameters and 
Student’s t-test or Mann-Whitney U test for continuous parame-
ters, as appropriate. ORs and adjusted ORs (aORs) with 95% CI 
of ALT/AST elevation and acute liver injury on the primary end 
point were estimated by logistic regression. We adjusted for the 
following covariates: age, sex, presence of DM, hypertension, 
lymphopenia as defined by lymphocytes <1×109/L, platelet, 
albumin and creatinine; no patients were excluded in the analysis 
due to missing data. Backward stepwise selection was performed 
to select significant covariates. ORs and aORs with 95% CI of 
ALT/AST elevation and acute liver injury were estimated by 
logistic regression. We included the following covariates: use of 
lopinavir–ritonavir ±ribavirin, lopinavir–ritonavir ±ribavirin + 
interferon beta, corticosteroids, age, sex, presence of DM and 
hypertension; no patients were excluded in the analysis due to 
missing data. Hosmer-Lemeshow goodness-of-fit test was used 
to assess the goodness of fit of the model. All statistical tests were 
two-sided. Statistical significance was taken as p<0.05.

RESULTS
Demographic characteristics
We first identified 1040 COVID-19 patients (all COVID-19 
patients reported to the Department of Health) from 23 January 
2020 to 1 May 2020, and 1670 SARS patients (95.2% of all 

SARS patients) from March to June 2003. We also identified 675 
patients infected with other HCoVs (127 patients infected with 
HCoV-229E, 117 with HCoV-HKU1, 57 with HCoV-NL63 and 
385 with HCoV-OC43 since January 2015) (figure 1); 4 patients 
had coinfection of HCoV-HKU1 and HCoV-OC43; 3 patients 
had coinfection of SARS-CoV-2 and HCoV-OC43; 2 patients 
had coinfection of HCoV-229E and HCoV-OC43; 2 patients 
had coinfection of HCoV-229E and HCoV-NL63; 1 patient had 
coinfection of SARS-CoV-2 and HCoV-229E and 1 patient had 
coinfection of HCoV-229E, HCoV-HKU1, HCoV-NL63 and 
HCoV-OC43.

At baseline, COVID-19 and SARS patients were older, had 
lower neutrophil, lymphocyte and platelet counts and had higher 
creatinine than patients infected by other HCoVs (table 1). At 
baseline, most of the patients had compensated liver function: 
serum albumin 40±6 g/L, total bilirubin 9±10 μmol/L, ALT 
(median (IQR)) 22 (15–35) U/L, 156/2282 (6.8%) and 8/1335 
(0.6%) had chronic hepatitis B and C, respectively. Eight (0.2%) 
patients had liver cirrhosis: three were hepatitis B virus (HBV)-
related, two were non-HBV-related and non-hepatitis C virus 
(HCV)-related, one was HBV-related and HCV-related, one was 
alcohol-related, while one had unknown aetiology (table 1).

Liver test abnormality
Of note, 2434 patients were analysed on serial liver biochemis-
tries (figure 1); all patients had serial measurements of ALT, total 
bilirubin and ALP. ALT/AST elevation occurred in 758 (50.3%), 
184 (22.5%) and 40 (36.0%) of SARS patients, COVID-19 
patients and patients infected in other HCoVs (table  2). The 
serum ALT levels peaked at median 12 (IQR 6–19) days in 
SARS patients, 8 (4–17) days in COVID-19 patients and 3 
(0–11) in other HCoV patients. At day 30, 420/1202 (34.9%) 
SARS patients, 135/371 (36.4%) COVID-19 patients and 29/67 
(43.3%) other HCoV patients had ALT normalised (online 
supplementary figure 1A-C). In COVID-19 patients, the median 
ALT level (IQR) was 22 (15–34) U/L at the time of first positive 
RT-PCR test and 23 (15–40) U/L at the time of first negative 
RT-PCR test (online supplementary figure 2A and B).

Figure 1  Selection of patients infected with coronaviruses. ALT, alanine aminotransferase; HCoV, human coronavirus; SARS, severe acute respiratory 
syndrome.
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Table 1  Clinical characteristics of patients with various coronavirus infections

Clinical characteristics
SARS-CoV
(n=1670)

SARS-CoV-2*
(n=1040)

Other HCoVs†
(n=675)

Male gender (n, %) 734 (44.0) 560 (53.8) 386 (57.2)

Age (years) 44±20 38±18 20±25

Age in median (years) 41 (29–56) 35 (22–52) 5 (2–38)

Platelet (×109/L) 196±84 229±75 278±117

Platelet <150×109/L (n, %) 489 (29.4) 115 (11.5) 45 (7.8)

Missing (%) 0.3 3.6 14.7

INR 1.1±0.3 1.1±0.1 1.2±0.6

Missing (%) 11.7 46.3 64.6

Albumin (g/L) 39±5 42±5 39±6

Missing (%) 0.6 3.5 20.1

Total bilirubin (μmol/L) 9±10 8±5 10±15

Missing (%) 0.6 3.5 20.6

ALT (U/L) 23 (15–39) 22 (15–34) 19 (14–29)

Missing (%) 0.6 3.5 20.7

AST (U/L) 26 (19–39) 26 (21–37) 31 (24–48)

Missing (%) 51.5 53.8 76.4

Creatinine (μmol/L) 80 (67–97) 71 (60–84) 48 (38–67)

Missing (%) 0.5 3.5 18.1

CRP (mg/dL) 4.2±5.8 1.4±3.5 3.7±6.5

Missing (%) 23.1 6.7 24.7

ESR (mm/hour) 32±31 24±23 55±38

Missing (%) 45.9 49.7 81.0

LDH (U/L) 300 (208-423) 184 (156-223) 240 (189-334)

Missing (%) 3.9 10.3 72.0

WCC (×109/L) 6.7±3.5 5.8±2.0 9.9±5.2

WCC <3.5×109/L (n, %) 160 (9.6) 88 (8.8) 17 (3.0)

Missing (%) 0.3 3.6 14.7

Neutrophil (×109/L) 5.1±3.2 3.7±1.8 6.5±4.9

Missing (%) 0.1 3.8 16.0

Lymphocyte (×109/L) 1.0±0.7 1.5±0.7 2.4±2.0

Lymphocyte <1×109/L (n, %) 927 (55.6) 222 (22.2) 116 (20.5)

Missing (%) 0.1 3.8 16.0

HBV infection (n, %) 116 (8.5) 31 (4.1) 9 (5.5)

Missing (%) 18.4 26.9 75.9

HCV infection (n, %) 4 (0.7) 2 (0.3) 2 (1.5)

Missing (%) 64.1 41.4 80.7

Cirrhosis (n, %) 7 (0.4) 0 (0) 1 (0.1)

Diabetes mellitus (n, %) 277 (16.6) 81 (7.8) 71 (10.5)

Hypertension (n, %) 355 (21.3) 144 (13.8) 138 (20.4)

Use of medications during follow-up (n, %)  �   �   �

Oseltamivir 145 (8.7) 66 (6.3) 134 (19.9)

Ribavirin 1511 (90.5) 538 (51.7) 3 (0.4)

Lopinavir–ritonavir 168 (10.1) 612 (58.8) 5 (0.7)

Interferon beta 0 (0) 330 (31.7) 2 (0.3)

Antibiotic treatment 1610 (96.4) 377 (36.3) 315 (46.7)

Antifungal treatment 161 (9.6) 2 (0.2) 26 (3.9)

Corticosteroid 1427 (85.4) 59 (5.7) 72 (10.7)

Pulse methylprednisolone (≥250 mg/day) 1076 (64.4) 5 (0.5) 4 (0.6)

Peak daily dose (prednisolone equivalent, mg) 625 (625–625) 37.5 (37.5–50.0) 56.3 (30–75)

IVIG 175 (10.5) 3 (0.3) 6 (0.9)

Clinical outcomes (n, %)  �   �   �

Primary end point 485 (29.0) 55 (5.3) 63 (9.3)

 � Death 286 (17.1) 4 (0.4) 19 (2.8)

 � ICU admission 336 (20.1) 53 (5.1) 49 (7.3)

 � Invasive mechanical ventilation 61 (3.7) 22 (2.1) 40 (5.9)

Continued
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Abnormal total bilirubin occurred in 954 (63.3%), 425 
(52.1%) and 30 (27.0%) SARS patients, COVID-19 patients 
and patients infected in other HCoVs, respectively (table  2). 
The serum total bilirubin levels peaked at median 11 (IQR 8–16) 
days in SARS patients, 5 (3–9) days in COVID-19 patients and 2 
(0–8) days in other HCoV patients. At day 30, 668/954 (70.0%) 
SARS patients, 351/425 (82.6%) COVID-19 patients and 20/30 
(66.7%) other HCoV patients had total bilirubin normalised 
(online supplementary figure 3A-C). In COVID-19 patients, the 
mean total bilirubin was 8±5 μmol/L at the time of first posi-
tive RT-PCR test and 12±8 μmol/L at the time of first negative 
RT-PCR test (online supplementary figure 4A,B). Moreover, 
abnormal ALP occurred in 450 (29.9%), 69 (58.5%) and 44 
(39.6%) SARS patients, COVID-19 patients and other HCoV 
patients, respectively (table 2 and online supplementary figure 
5A-C). Acute liver injury occurred in 148 (9.8%), 15 (1.8%) and 
11 (9.9%) of SARS patients, COVID-19 patients and patients 
infected in other HCoVs, respectively. Liver-related morbidity 
and mortality during HCoV infection were uncommon; two 
SARS patients had liver-related death (online supplementary 
table 4).

Patients with versus without chronic hepatitis
In COVID-19 patients, 31/760 (4.1%) and 2/609 (0.3%) 
had chronic hepatitis B and C, respectively. In SARS patients, 
116/1363 (8.5%) and 4/599 (0.7%) had chronic hepatitis B and 
C, respectively. In patients of other HCoV infections, 9/163 (5.5 
%) and 2/130 (1.5%) had chronic hepatitis B and C, respectively 
(table 1). Among 106 chronic hepatitis B patients who had avail-
able hepatitis B e-antigen status, 83.0% had negative hepatitis 
B e-antigen. Among 87 chronic hepatitis B patients who had 
available HBV DNA measurement, 56.3% had detectable HBV 
DNA with a median (IQR) of 849 (24–218 571) IU/mL, and 
32 patients received HBV antiviral treatment. Patients with and 
without chronic hepatitis had a comparable proportion of ALT/
AST elevation (48.5% vs 43.2%, χ2 test, p=0.186). The devel-
opment of acute liver injury was significantly more in patients 
who had chronic hepatitis than those who did not have chronic 
hepatitis (15.0% vs 7.0%, χ2 test, p<0.001).

Abnormal liver biochemistries and clinical outcomes
Of 1040 COVID-19 patients, 53 (5.1%) were admitted to ICU, 
22 (2.1%) received invasive mechanical ventilation and 4 (0.4%) 
died. Of 1670 SARS patients, 336 (20.1%) were admitted to 
ICU, 61 (3.7%) received invasive mechanical ventilation and 
286 (17.1%) died. Of 675 other HCoV patients, 49 (7.3%) were 
admitted to ICU, 40 (5.9%) received invasive mechanical venti-
lation and 19 (2.8%) died. Among 816 COVID-19 patients who 
had serial measurement of liver biochemistries, 184 (22.5%) had 
ALT/AST elevation and 15 (1.8%) had acute liver injury. More 
patients who developed primary end point, that is, a composite 

end point of admission to ICU, use of invasive mechanical venti-
lation and death, had abnormal liver biochemistries (table 3 and 
figure  2A-C). ALT/AST elevation and acute liver injury were 
more commonly seen in COVID-19 patients who developed 
primary end point than those who did not (ALT/AST elevation: 
70.9% vs 19.1%, χ2 test, p<0.001; acute liver injury: 14.5% vs 
0.9%, Fisher’s exact test, p<0.001).

On univariate analysis, ALT/AST elevation, acute liver injury, 
older age, presence of DM, hypertension, low lymphocyte 
counts, platelet and albumin and high creatinine were associated 
with the development of primary end point (table 4). ALT/AST 
elevation was independently associated with the development of 
primary end point (aOR 7.92, 95% CI 4.14 to 15.14, p<0.001) 
after adjusted for significant confounding factors including pres-
ence of DM (aOR 4.14, 95% CI 1.96 to 8.71, p<0.001), hyper-
tension (aOR 2.28, 95% CI 1.14 to 4.54, p=0.020) and albumin 
(aOR 0.92, 95% CI 0.87 to 0.98, p=0.005) on multivariable 
analysis (table 4). Similarly, acute liver injury was independently 
associated with the development of primary end point (aOR 
6.40, 95% CI 1.78 to 23.07, p=0.005). For the 22 COVID-19 
patients who received invasive mechanical ventilation, their 
mean age was 60±14 years; 12 (54.5%) were men; 15 (68.2%) 
and 14 (63.6%) had DM and hypertension, respectively. The 
peak ALT/AST and total bilirubin of the patients after the start 
of invasive mechanical ventilation were higher than the patients 
who did not use invasive mechanical ventilation (online supple-
mentary table 5).

Pharmacological treatment and abnormal liver biochemistries
Of 1040 COVID-19 patients, 377 (36.3%) patients have received 
antibiotics, 66 (6.3%) oseltamivir, 299 (28.7%) lopinavir–ri-
tonavir ±ribavirin, 330 (31.7%) lopinavir–ritonavir ±ribavirin 
± interferon beta and 59 (5.7%) corticosteroid therapy (5 meth-
ylprednisolone, 11 prednisolone and 51 hydrocortisone). Online 
supplementary figures 6A-7D show the serial ALT and total 
bilirubin of patients with reference to the start of lopinavir–ri-
tonavir ±ribavirin and lopinavir–ritonavir ±ribavirin + inter-
feron beta. We observed that ALT and total bilirubin were more 
likely to raise after the start of antiviral agents, while dropped 
gradually after the stop of antiviral agents. The serial ALP levels 
were relatively stable before and after the initiation and cessation 
of antiviral agents (online supplementary figure 8A-D).

ALT/AST elevation occurred in 30.2%, 19.2% and 15.0% of 
patients who used lopinavir–ritonavir ±ribavirin + interferon 
beta, lopinavir–ritonavir ±ribavirin, and those who did not 
used these antiviral agents (χ2 test for linear trend, p<0.001). 
On univariate analysis, ALT/AST elevation was more commonly 
seen in patients who received lopinavir–ritonavir ±ribavirin 
± interferon beta, corticosteroids, had older age, male gender 
and presence of DM and hypertension (table 5). Use of lopina-
vir–ritonavir ±ribavirin + interferon beta (aOR 1.94, 95% CI 

Clinical characteristics
SARS-CoV
(n=1670)

SARS-CoV-2*
(n=1040)

Other HCoVs†
(n=675)

All concomitant medications were represented as binary parameters. Percentages were computed based on non-missing values.
*Three patients were coinfected by HCoV-OC43. One patient was coinfected by HCoV-229E.
†Other HCoVs included 127 patients infected with HCoV-229E, 117 with HCoV-HKU1, 57 with HCoV-NL63 and 385 with HCoV-OC43; 4 patients had coinfection of HCoV-HKU1 
and HCoV-OC43; 3 patients had coinfection of SARS-CoV-2 and HCoV-OC43; 2 patients had coinfection of HCoV-229E and HCoV-OC43; 2 patients had coinfection of HCoV-229E 
and HCoV-NL63; 1 patient had coinfection of SARS-CoV-2 and HCoV-229E and 1 patient had coinfection of HCoV-229E, HCoV-HKU1, HCoV-NL63 and HCoV-OC43.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; HBV, hepatitis B virus; HCoV, human coronavirus; 
HCV, hepatitis C virus; ICU, intensive care unit; INR, international normalised ratio; IVIG, intravenous immunoglobulin therapy; LDH, lactate dehydrogenase; SARS, severe acute 
respiratory syndrome; WCC, white cell count.

Table 1  Continued
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1.20 to 3.13, p=0.006) or corticosteroids (aOR 3.92, 95% CI 
2.14 to 7.16, p<0.001) was independently associated with the 
development of ALT/AST elevation after adjusted for significant 
confounding factors including age and gender on multivariable 
analysis (table 5). Acute liver injury occurred in 2.8%, 2.1% and 
0% of patients who used lopinavir–ritonavir ±ribavirin + inter-
feron beta, lopinavir–ritonavir ±ribavirin, and those who did 
not used these antiviral agents (χ2 test for linear trend, p=0.027). 
Acute liver injury was more common in patients who used 

corticosteroids (aOR 4.76, 95% CI 1.56 to 14.50, p=0.006) 
than those who did not use (online supplementary table 6).

DISCUSSION
We report the serial liver biochemistries of COVID-19 patients, 
SARS patients and patients infected by other HCoVs. The liver 
biochemistries of patients infected by HCoVs changed dynam-
ically during the clinical course. ALT/AST elevation and acute 
liver injury were observed in 23% and 2% of COVID-19 

Table 2  Abnormal liver biochemistries in the first 30 days after the diagnosis of coronavirus

SARS-CoV
(n=1507)

SARS-CoV-2
(n=816) P value*

Other HCoVs†
(n=111) P value‡

Peak ALT

 � <ULN 305 (20.2) 445 (54.5) <0.001 44 (39.6) <0.001

 � ≥1× to <2×ULN 457 (30.3) 190 (23.3) 30 (27.0)

 � ≥2× to <5×ULN 517 (34.3) 141 (17.3) 21 (18.9)

 � ≥5× to <10×ULN 158 (10.5) 32 (3.9) 8 (7.2)

 � ≥10×ULN 70 (4.6) 8 (1.0) 8 (7.2)

Peak ALP

 � <ULN 1057 (70.1) 747 (91.5) <0.001 67 (60.4) <0.001

 � ≥1× to <2×ULN 379 (25.1) 65 (8.0) 27 (24.3)

 � ≥2× to <5×ULN 63 (4.2) 4 (0.5) 15 (13.5)

 � ≥5× to <10×ULN 5 (0.3) 0 (0) 2 (1.8)

 � ≥10×ULN 3 (0.2) 0 (0) 0 (0)

Peak total bilirubin

 � <ULN 553 (36.7) 391 (47.9) <0.001 81 (73.0) <0.001

 � ≥1× to <2×ULN 637 (42.3) 339 (41.5) 19 (17.1)

 � ≥2× to <5×ULN 284 (18.8) 79 (9.7) 6 (5.4)

 � ≥5× to <10×ULN 24 (1.6) 6 (0.7) 2 (1.8)

 � ≥10×ULN 9 (0.6) 1 (0.1) 3 (2.7)

SARS-CoV
(n=544)

SARS-CoV-2
(n=236)

Other HCoVs¶
(n=50)

Peak AST§

 � <ULN 236 (43.4) 132 (55.9) 0.003 19 (38.0) <0.001

 � ≥1× to <2×ULN 169 (31.1) 70 (29.7) 10 (20.0)

 � ≥2× to <5×ULN 120 (22.1) 31 (13.1) 7 (14.0)

 � ≥5× to <10×ULN 15 (2.8) 3 (1.3) 4 (8.0)

 � ≥10×ULN 4 (0.7) 0 (0) 10 (20.0)

SARS-CoV
(n=49)

SARS-CoV-2
(n=41) Other HCoVs (n=36)**

Peak GGT§

 � <ULN 13 (26.5) 10 (24.4) 0.344 7 (19.4) 0.288

 � ≥1× to <2×ULN 8 (16.3) 11 (26.8) 7 (19.4)

 � ≥2× to <5×ULN 14 (28.6) 10 (24.4) 9 (25.0)

 � ≥5× to <10×ULN 8 (16.3) 9 (22.0) 7 (19.4)

 � ≥10×ULN 6 (12.2) 1 (2.4) 6 (16.7)

The ULN of ALT was 40 U/L according the the clinical practice guideline of The Asian Pacific Association for the Study of the Liver. The ULN of ALP was specific to each laboratory 
and the age and gender of the patient. The ULN of total bilirubin was 19 µmol/L. The ULN of AST was 40 U/L. The ULN of GGT was 40 U/L.
*χ2 or Fisher’s exact tests compared patients infected by SARS-CoV and SARS-CoV-2.
†Other HCoVs included 23 patients infected with HCoV-229E, 19 with HCoV-HKU1, 14 with HCoV-NL63 and 55 with HCoV-OC43; 3 patients had coinfection of SARS-CoV-2 and 
HCoV-OC43; 1 patient had coinfection of SARS-CoV-2 and HCoV-229E.
‡χ2 or Fisher’s exact tests compared patients infected by SARS-CoV-2 and all patients infected by other HCoVs. Patients with coinfection of SARS-CoV-2 and other HCoVs were 
excluded from the tests.
§Based on patients who had baseline measurement and at least one measurement during follow-up.
¶Other HCoVs included 11 patients infected with HCoV-229E, 10 with HCoV-HKU1, 7 with HCoV-NL63 and 22 with HCoV-OC43; 2 patients had coinfection of SARS-CoV-2 and 
HCoV-OC43.
**Other HCoVs included 6 patients infected with HCoV-229E, 6 with HCoV-HKU1, 7 with HCoV-NL63 and 17 with HCoV-OC43.
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; HCoV, human coronavirus; SARS, severe acute 
respiratory syndrome; ULN, upper limit of normal.
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patients, respectively. Such biochemical changes have important 
implication, as ALT/AST elevation and acute liver injury were 
independently associated with admission to ICU, use of invasive 
mechanical ventilation and death.

So far, the exact impact of COVID-19 on the liver has not 
been well elucidated. A multicentre study in China reported the 
liver biochemistries of 32 COVID-19 patients (with four of them 

classified to have severe or critical type of COVID-19). All these 
four patients had abnormal ALT and total bilirubin that were 2–3 
times higher than patients with mild-to-moderate COVID-19.19 
Another study in China on 417 COVID-19 patients found that 
the prevalence of abnormal liver test and liver injury were high 
at admission and increased during hospitalisation. Use of lopina-
vir–ritonavir was associated with liver dysfunction. Patients with 
liver injury were more likely to develop severe COVID-19.20 
Liver injury was believed to be caused by adverse drug reactions 
and systemic inflammation in severe COVID-19 patients who 
have been receiving medical treatment.10 19 Nonetheless, infor-
mation on dynamic monitoring of liver biochemistries during 
hospitalisation, and clinical outcomes were less available in 
previous reports.19–21 Our study provided data on serial liver 
biochemistries of COVID-19 patients at admission and during 
hospitalisation and demonstrated that use of lopinavir–ritonavir 
±ribavirin + interferon beta and corticosteroids was inde-
pendently associated with ALT/AST elevation in COVID-19 
patients. This association could be due to more severe disease in 
COVID-19 patients who received lopinavir–ritonavir ±ribavirin 
+ interferon beta and corticosteroids. Use of corticosteroids was 
also associated with acute liver injury, while all 15 COVID-19 
patients who developed acute liver injury also used lopinavir–ri-
tonavir ±ribavirin ± interferon beta.

Our study showed that ALT/AST elevation and acute liver 
injury were independently associated with adverse clinical 
outcomes in COVID-19 patients. While our results were in 
concordance with previous publications that DM and older age 
were associated with adverse clinical outcomes,22 23 ALT/AST 
elevation as an independent factor could be a surrogate marker 
for inflammation due to COVID-19. While ALT/AST elevation 
and acute liver injury were independently associated with the 
need for ICU admission, mechanical ventilation and/or death in 
COVID-19 patients, no patients had liver-related mortality in 
short term. On the other hand, some patients who had elevated 
ALT, total bilirubin or ALP may have that normalised without 
the need of ICU admission or mechanical ventilation, as shown 
in figure 2. Regular monitoring of liver function in COVID-19 
patients during hospitalisation would be important.

Different degrees of liver injury were observed in COVID-19 
patients.9 24–26 The situation can also be complicated by coexisting 
chronic liver diseases. It would thus be essential to understand 
the natural course of liver injury in patients suffering from both 
COVID-19 and chronic liver diseases.27 We showed that acute 
liver injury was more commonly observed in patients infected by 
different HCoVs with chronic hepatitis. For COVID-19 patients, 
liver injury was reversible in short term in some of the patients, 
and no COVID-19 patients developed liver-related outcomes in 
short term. More prospective follow-up studies would be pivotal 
to understand the medium- to long-term liver-related outcomes 
of these patients.

SARS-CoV-2 is closely related to SARS-CoV.28 ACE2, the host 
cell receptor for SARS, has also been demonstrated in mediating 
COVID-19 infections.29–31 However, the exact reasons for the 
difference in adverse clinical outcomes between COVID-19 
patients and SARS patients remain elusive. In our study, liver 
injury was more common among SARS patients than COVID-19 
patients. SARS patients had more extensive use of antibiotics 
and antifungals, ribavirin and high-dose corticosteroid such as 
pulsed methylprednisolone. Hepatotoxicity of some of these 
medications may have contributed to part of the liver injury. The 
more advanced age and higher prevalence of DM and hyperten-
sion in SARS patients than COVID-19 patients may have also 
contributed to the difference in adverse clinical outcomes. On 

Table 3  Abnormal liver biochemistries during follow-up among 
patients infected by SARS-CoV-2 with or without primary end point 
(a composite end point of admission to intensive care unit, use of 
invasive mechanical ventilation and death)

Without primary end 
point
(n=761)

With primary end 
point
(n=55) P value

Peak ALT

 � Median (IQR) 35 (21–64) 106 (59–201) <0.001

 � <ULN 437 (57.4) 8 (14.5) <0.001

 � ≥1× to <2×ULN 181 (23.8) 9 (16.4)

 � ≥2× to <5×ULN 117 (15.4) 24 (43.6)

 � ≥5× to <10×ULN 21 (2.8) 11 (20.0)

 � ≥10×ULN 5 (0.7) 3 (5.5)

Peak ALP

 � Median ×ULN 
(IQR)

0.6 (0.5–0.8) 0.9 (0.6–1.1) <0.001

 � <ULN 712 (93.6) 35 (63.6) <0.001

 � ≥1× to <2×ULN 46 (6.0) 19 (34.5)

 � ≥2× to <5×ULN 3 (0.4) 1 (1.8)

 � ≥5× to <10×ULN 0 (0) 0 (0)

 � ≥10×ULN 0 (0) 0 (0)

Peak total bilirubin

 � Median (IQR) 19 (13–27) 28 (18–44) <0.001

 � <ULN 376 (49.4) 15 (27.3) <0.001

 � ≥1× to <2×ULN 319 (41.9) 20 (36.4)

 � ≥2× to <5×ULN 63 (8.3) 16 (29.1)

 � ≥5× to <10×ULN 3 (0.4) 3 (5.5)

 � ≥10×ULN 0 (0) 1 (1.8)

Without primary 
end point
(n=214)

With primary end 
point (n=22)

Peak AST*

 � Median (IQR) 33 (25–49) 96 (48–141) <0.001

 � <ULN 129 (60.3) 3 (13.6) <0.001

 � ≥1× to <2×ULN 63 (29.4) 7 (31.8)

 � ≥2× to <5×ULN 19 (8.9) 12 (54.5)

 � ≥5× to <10×ULN 3 (1.4) 0 (0)

 � ≥10×ULN 0 (0) 0 (0)

Without primary end 
point (n=227)

With primary end 
point (n=53)

Peak AST*

 � Median (IQR) 1.1 (1.1–1.2) 1.2 (1.1–1.3) <0.001

 � Peak INR≥1.7 1 (0.4) 2 (3.8) 0.093

The ULN of ALT was 40 U/L according the the clinical practice guideline of The Asian 
Pacific Association for the Study of the Liver. The ULN of AST was 40 U/L. The ULN of 
ALP was specific to each laboratory and the age and gender of the patient. The ULN 
of total bilirubin was 19 µmol/L.
*Based on patients who had baseline measurement and at least one measurement 
during follow-up.
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; CoV, coronavirus; INR, international normalised ratio; SARS, 
severe acute respiratory syndrome; ULN, upper limit of normal.
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Figure 2  (A) Serum ALT, (B) total bilirubin and (C) ALP of patients infected with SARS-CoV-2 who developed and did not develop primary end point. 
ALP, alkaline phosphatase; ALT, alanine aminotransferase; CoV, coronavirus; SARS, severe acute respiratory syndrome; ULN, upper limit of normal.

Table 4  Univariate and multivariable analysis by logistic regression on factors associated with primary end point (a composite end point of 
admission to intensive care unit, use of invasive mechanical ventilation and death) in patients infected by SARS-CoV-2

Parameters

Univariate analysis Multivariable analysis*

OR (95% CI) P value aOR (95% CI) P value

Peak ALT and/or AST≥2×ULN 10.36 (5.63 to 19.05) <0.001 7.92 (4.14 to 15.14) <0.001

Age 1.05 (1.03 to 1.07) <0.001  �   �

Male gender 1.75 (0.98 to 3.10) 0.057  �   �

Diabetes mellitus 11.60 (6.35 to 21.18) <0.001 4.14 (1.96 to 8.71) <0.001

Hypertension 6.16 (3.49 to 10.87) <0.001 2.28 (1.14 to 4.54) 0.020

Lymphocyte <1×109/L 2.89 (1.66 to 5.03) <0.001  �   �

Platelet 0.995 (0.990 to 0.999) 0.018  �   �

Albumin 0.87 (0.82 to 0.91) <0.001 0.92 (0.87 to 0.98) 0.005

Creatinine 1.02 (1.01 to 1.03) 0.002  �   �

Parameters

Univariate analysis Multivariable analysis†

OR (95% CI) P value aOR (95% CI) P value

ALT and/or AST≥2 ×ULN with total bilirubin ≥2 ×ULN and/or INR 
≥1.7

18.33 (6.48 to 52.73) <0.001 6.40 (1.78 to 23.07) 0.005

Age 1.05 (1.03 to 1.07) <0.001  �   �

Male gender 1.75 (0.98 to 3.10) 0.057  �   �

Diabetes mellitus 11.60 (6.35 to 21.18) <0.001 4.63 (2.21 to 9.72) <0.001

Hypertension 6.16 (3.49 to 10.87) <0.001 2.20 (1.08 to 4.48) 0.031

Lymphocyte <1×109/L 2.89 (1.66 to 5.03) <0.001 1.97 (1.05 to 3.69) 0.035

Platelet 0.995 (0.990 to 0.999) 0.018  �   �

Albumin 0.87 (0.82 to 0.91) <0.001 0.94 (0.88 to 0.99) 0.027

Creatinine 1.02 (1.01 to 1.03) 0.002  �   �

The ULN of ALT and AST were 40 U/L. The ULN of total bilirubin was 19 µmol/L.
*P value = 0.736 for Hosmer-Lemeshow goodness-of-fit test, which did not indicate significant poor fit.
† P value =0.105 for Hosmer-Lemeshow goodness-of-fit test, which did not indicate significant poor fit.
ALT, alanine aminotransferase; aOR, adjusted OR; AST, aspartate aminotransferase; CoV, coronavirus; INR, international normalised ratio; SARS, severe acute respiratory 
syndrome; ULN, upper limit of normal.
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the other hand, the impact of infections due to other HCoVs on 
liver is less well studied as they are mostly managed in outpatient 
settings without serial monitoring on liver function. Although 
these HCoVs usually cause mild upper respiratory tract symp-
toms, we found that some patients could still develop abnormal 
liver biochemistries during infection, while short-term liver-
related outcomes were rare. Yet, it is important to note that 
unlike SARS and COVID-19 patients who were all hospitalised, 
other HCoV patients who had serial liver biochemistries may 
represent the spectrum of patients with more severe disease. 
Patients who had mild disease and in a stable condition may not 
receive serial measurement of liver function. The proportion of 
HCoV patients with abnormal liver function is likely to be over-
estimated and needs to be carefully interpreted.

The strength of our study includes a territory-wide cohort 
that covers about 80% of the inpatient and outpatient services, 
and essentially all the SARS and COVID-19 cases in Hong 
Kong. Data from real-life cohorts represent a wider spectrum 
of patients such that the findings from real-life cohorts are thus 
more readily applicable to routine clinical practice. Nonethe-
less, our study has few limitations. First, we missed 85 out of 
1755 (4.8%) of SARS patients in 2003 because of the diagnosis 
coding. Nonetheless, we believe missing about 5% of the SARS 
patients would not have major impact on the findings, as the 
proportion of deaths in our cohort (286/1670; 17.1%) was 
consistent with what was reported officially in 2003 (299/1755; 
17.0%). Second, missing data of laboratory measurement might 
lead to biases as in other retrospective studies, though these 
biases can partially be compensated by our respectable cohort 
size. For SARS and COVID-19 patients, some less common 
laboratory parameters, such as C-reactive protein and erythro-
cyte sedimentation rate, might not be checked for every single 
patient due to minor variations of clinical practice in different 
hospitals. Yet, missing data were rare for common laboratory 
parameters including ALT, total bilirubin and ALP as those are 
regularly checked in our routine clinical practice. Missing data 
were more common among patients infected by other HCoVs as 
they are mostly managed in outpatient care settings. However, 
the amount of missing data of common laboratory parameters 
including ALT, total bilirubin and ALP were fewer. Third, ascer-
tainment bias may affect the reliability of the study due to inac-
curate entry of certain diagnosis codes for comorbidities, namely 
DM, hypertension and liver cirrhosis. We minimised this bias by 
including diagnosis, laboratory as well as medication data for 
DM and hypertension. We have also measured serum platelet 

counts and examined more definable ICD-9-CM codes for 
cirrhotic complications, which do not rely on a more accurate 
diagnosis of cirrhosis to identify the presence of cirrhosis.

In conclusion, liver injury was common and associated 
with adverse clinical outcomes in COVID-19 patients. Use of 
lopinavir–ritonavir ±ribavirin + interferon beta and cortico-
steroids was independently associated with ALT/AST elevation 
in COVID-19 patients. Vigilant monitoring of liver biochem-
istries and cautious use of appropriate medications with least 
hepatotoxicity would minimise such liver injury. In case of 
progressive liver injury, thorough review of medical history and 
detailed investigation for concomitant liver diseases are crucial 
to improve patient outcomes.
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Parameters

Univariate analysis Multivariable analysis

OR (95% CI) P value aOR (95% CI) P value

Use of antiviral agents

 � No use of antiviral agents Referent Referent

 � Lopinavir–ritonavir ±ribavirin 1.35 (0.83 to 2.19) 0.225 1.10 (0.66 to 1.82) 0.722

 � Lopinavir–ritonavir ±ribavirin + interferon beta 2.45 (1.55 to 3.86) <0.001 1.94 (1.20 to 3.13) 0.006

Use of corticosteroid 6.98 (4.00 to 12.19) <0.001 3.92 (2.14 to 7.16) <0.001

Age 1.03 (1.02 to 1.04) <0.001 1.02 (1.01 to 1.03) <0.001

Male gender 2.55 (1.79 to 3.62) <0.001 2.49 (1.72 to 3.60) <0.001

Diabetes mellitus 3.39 (2.08 to 5.50) <0.001

Hypertension 2.68 (1.80 to 4.00) <0.001

ALT and/or AST elevation was defined by ALT and/or AST≥2 × ULN at baseline or during follow-up. The ULN of ALT and AST were 40 U/L.
P value=0.235 for Hosmer-Lemeshow goodness-of-fit test, which did not indicate significant poor fit.
ALT, alanine aminotransferase; aOR, adjusted OR; AST, aspartate aminotransferase; CoV, coronavirus; SARS, severe acute respiratory syndrome; ULN, upper limit of normal.
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