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Current and Past Infections of HBV Do 
Not Increase Mortality in Patients With 
COVID-19
Terry Cheuk-Fung Yip ,1-3 Vincent Wai-Sun Wong ,1-3 Grace Chung-Yan Lui,1,2,4 Viola Chi-Ying Chow,5 Yee-Kit Tse,1-3 
Vicki Wing-Ki Hui,1-3 Lilian Yan Liang,1-3 Henry Lik-Yuen Chan,1-3 David Shu-Cheong Hui,1,2,4 and Grace Lai-Hung Wong 1-3

BACKGROUND AND AIMS: We compared risk of acute 
liver injury and mortality in patients with COVID-19 and 
current, past, and no HBV infection.

APPROACH AND RESULTS: This was a territory-wide 
retrospective cohort study in Hong Kong. Patients with 
COVID-19 between January 23, 2020, and January 1, 2021, 
were identified. Patients with hepatitis C or no HBsAg re-
sults were excluded. The primary outcome was mortality. 
Acute liver injury was defined as alanine aminotransferase or 
aspartate aminotransferase ≥2 × upper limit of normal (ULN; 
i.e., 80  U/L), with total bilirubin ≥2 × ULN (i.e., 2.2  mg/dL) 
and/or international normalized ratio ≥1.7. Of 5,639 patients 
included, 353 (6.3%) and 359 (6.4%) had current and past 
HBV infection, respectively. Compared to patients without 
known HBV exposure, current HBV-infected patients were 
older and more likely to have cirrhosis. Past HBV-infected 
patients were the oldest, and more had diabetes and cardio-
vascular disease. At a median follow-up of 14 (9-20) days, 138 
(2.4%) patients died; acute liver injury occurred in 58 (1.2%), 
8 (2.3%), and 11 (3.1%) patients with no, current, and past 

HBV infection, respectively. Acute liver injury (adjusted HR 
[aHR], 2.45; 95% CI, 1.52-3.96; P  <  0.001), but not current 
(aHR, 1.29; 95% CI, 0.61-2.70; P  =  0.507) or past (aHR, 
0.90; 95% CI, 0.56-1.46; P  =  0.681) HBV infection, was as-
sociated with mortality. Use of corticosteroid, antifungal, riba-
virin, or lopinavir–ritonavir (adjusted OR [aOR], 2.55-5.63), 
but not current (aOR, 1.93; 95% CI, 0.88-4.24; P  =  0.102) 
or past (aOR, 1.25; 95% CI, 0.62-2.55; P  =  0.533) HBV in-
fection, was associated with acute liver injury.

CONCLUSION: Current or past HBV infections were not 
associated with more liver injury and mortality in COVID-19. 
(Hepatology 2021;74:1750-1765).

COVID-19 has spread rapidly throughout the 
world since late 2019. It has resulted in more 
than 129 million confirmed cases and 2.83 mil-

lion deaths globally as of April 3, 2021.(1) Liver injury 
is commonly observed in patients with COVID-19, in 
the form of either hepatitis or cholestasis or both,(2) and 
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has been shown to be associated with adverse clinical 
outcomes.(3-5) This has raised concerns over whether 
COVID-19 would lead to worse clinical outcomes in 
patients with chronic liver diseases. It is of particular 
concern in the Asia-Pacific region as almost 7% of the 
estimated 5 billion people living in this region have 
chronic HBV (CHB) infection.(6)

There is evolving evidence demonstrating the 
impact of HBV infection on patients with COVID-19. 
A report described the clinical characteristics of 105 
patients with COVID-19 who also suffered from 
CHB, in whom liver injury, which occurred in 27.6% 
of patients, was associated with mortality.(7) Yet how 
much of such liver injury was contributed by CHB 
was not addressed in this study as patients who did 
not have CHB but did have COVID-19 were not 
included as a control group. Interestingly, a cohort of 
571 patients with COVID-19 in which 15 had HBV 
infection suggested that HBV-infected patients expe-
rienced fewer adverse clinical outcomes.(8) However, 
other studies with 20, 50, and 134 patients with 
COVID-19 and HBV infection, respectively, did not 
show any difference in clinical outcomes.(5,9,10)

Another major concern is the interaction of various 
therapeutic options for COVID-19 with HBV and 
its antiviral treatment. Immunomodulators, particu-
larly potent corticosteroids such as dexamethasone,(11) 
are now recommended as the treatment option in 
patients with severe COVID-19. Corticosteroid is 
well known to cause potentially fatal HBV reactiva-
tion and hepatitis flare,(12) even in patients with past 
exposure to HBV.(13) Furthermore, the hepatotoxic-
ity of other COVID-19 therapeutics in patients with 
HBV infection has not been adequately evaluated. In 
this territory-wide cohort study in Hong Kong, we 
aimed to compare the incidence of liver injury and 

mortality in patients with COVID-19 with current, 
past, and no HBV infections. We also described their 
serial liver biochemistries, with special focus on the 
prognostic role of current and past HBV infection 
and liver injury.

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 the Hospital Authority, the 
sole public health care provider in Hong Kong.(3) 
CDARS is an electronic health care database that 
contains patients’ demographic, diagnostic, proce-
dural, and drug prescription and dispensing history, 
as well as laboratory results of all public hospitals 
and clinics in Hong Kong.(14) All clinical informa-
tion in CDARS is anonymized to ensure confiden-
tiality. The International Classif ication of Diseases, 
Ninth Revision, Clinical Modification (ICD-
9-CM) coding was adopted in CDARS; its use to 
identify medical conditions has been found to be 
99% accurate when referenced to clinical, laboratory, 
imaging, and endoscopic results from the electronic 
medical records.(15) Territory-wide epidemiological 
studies of various infectious diseases were previously 
conducted using CDARS.(3,16-18) All suspected and 
confirmed cases of COVID-19 in Hong Kong are 
reported to the Department of Health and hospi-
talized under the care of the Hospital Authority. 
We performed testing for severe acute respiratory 
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syndrome–coronavirus 2 (SARS-CoV-2) using RT-
PCR for both symptomatic patients presenting to 
outpatient clinics and hospitals as well as asymp-
tomatic close contacts of confirmed patients and 
inbound travelers.

SUBJECTS
Consecutive patients with COVID-19 from January 

23, 2020, to January 1, 2021, were identified by viro-
logical results (Supplementary Table S1). Patients with 
unavailable HBsAg results and HCV infection were 
excluded. Patients with current HBV infection were 
defined by HBsAg positivity and/or by ICD-9-CM 
diagnosis codes and/or by use of antiviral treatment 
for CHB. Past HBV infection was defined by negative 
HBsAg with positive hepatitis B core antibody (anti-
HBc) and/or positive hepatitis B surface antibody (anti-
HBs) if the patient was born before the launch of the 
universal neonatal vaccination program in Hong Kong, 
i.e., before 1988. We report the clinical characteristics of 
the identified patients with COVID-19 and compared 
the patients with COVID-19 and current, past, and no 
HBV infections. Patients were followed until death, dis-
charge, last follow-up date ( January 20, 2021), or up to 
60  days of follow-up, whichever came first. Details on 
clinical evaluation and management of the patients are 
described in the Supporting Information. The study 
protocol was approved by the Joint Chinese University 
of Hong Kong–New Territories East Cluster Clinical 
Research Ethics Committee (ref. no. 2020.074). The 
requirement for informed consent was waived by the 
institutional review committee due to the retrospective 
nature of the study.

DATA COLLECTION
Data were retrieved from CDARS on January 22, 

2021. Baseline date was defined as the date of diagnosis 
of COVID-19 by virological results. Demographic data 
including date of birth and sex were captured. Death 
and its date were captured and ascertained using data 
from CDARS and the Hong Kong Death Registry. 
At baseline, hematological and virological parameters, 
liver and renal biochemistries, and other relevant lab-
oratory parameters were collected. Thereafter, serial 
laboratory parameters, as well as SARS-CoV-2 viral 
assays were collected until the last follow-up date 
(Supporting Table S1). We also retrieved data on other 

relevant diagnoses, procedures, concomitant drugs, 
and exposure to antivirals, antibiotics and antifungals, 
corticosteroids, interferon-beta, immunoglobulin, and 
other COVID-19 therapeutics before baseline and 
during hospitalization (Supporting Table S2).

DEFINITIONS
The primary endpoint was all-cause mortality. Acute 

liver injury was defined as alanine aminotransferase 
(ALT) and/or aspartate aminotransferase (AST) ≥ 2 × 
upper limit of normal (ULN), with total bilirubin ≥2 
× ULN and/or international normalized ratio ≥1.7.(3) 
ULNs 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).(19) 
ULN of total bilirubin was defined as 19 µmol/L (i.e., 
1.1 mg/mL). ULN of alkaline phosphatase (ALP) was 
defined by each of the local laboratories based on age 
and gender. ULN of gamma-glutamyl transferase was 
40 U/L.

HCV infection was defined based on viral serology, 
use of antiviral treatment, and/or ICD-9-CM diag-
nosis codes.(17) Liver-related outcomes were defined 
based on ICD-9-CM diagnosis and procedure codes 
(Supporting Table S3). Significant comorbidities 
were defined as follows: hypertension was identified 
by any use of antihypertensive drugs and/or ICD-
9-CM diagnosis codes; diabetes mellitus (DM) was 
defined by exposure to any antidiabetic agents and/
or hemoglobin A1c ≥ 6.5% and/or fasting plasma glu-
cose ≥7  mmol/L and/or the ICD-9-CM diagnosis 
codes for DM (250.00-250.93).(20) Liver cirrhosis was 
identified by ICD-9-CM diagnosis codes for cirrho-
sis and its related complications and/or platelet counts 
<100 × 109/L in a measurement at least 30 days before 
COVID-19 diagnosis (Supporting Table S3). Other 
comorbidities were defined by ICD-9-CM diagnosis 
codes and/or medications (Supporting Table S3).

STATISTICAL ANALYSIS
Data were analyzed using SPSS (version 25.0; SPSS, 

Inc., Chicago, IL), R software (4.0.3; R Foundation for 
Statistical Computing, Vienna, Austria), and SAS (9.4; 
SAS Institute Inc., Cary, NC). Continuous variables 
were expressed as mean ± SD or median (interquartile 
range [IQR]), as appropriate, while categorical variables 
were presented as frequency (percentage). Qualitative 
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and quantitative differences between groups were 
analyzed by chi-squared test or Fisher’s exact tests 
for categorical parameters and Student t test, Mann-
Whitney U test, one-way ANOVA, or Kruskal-Wallis 
test for continuous parameters, as appropriate. Median 
ALT level before and after HBV antiviral treatment 
and corticosteroid therapy between groups was com-
pared by Quade’s analysis of covariance (ANCOVA).

Propensity score (PS), the conditional probabil-
ity of having current HBV infection, was estimated 
among three groups of patients with current, past, 
and no HBV infections, to control for confounders 
and reduce selection bias.(21,22) Twenty-one clinical 
characteristics were included in the PS. We developed 
PS by generalized boosted models (GBMs) to cap-
ture nonlinear effects and interaction terms. GBM has 
been shown to provide less prediction error and more 
stable weights than logistic regression.(23-25) The four 
stopping rules, namely the mean and maximum of the 
absolute standardized mean difference (ASMD) and 
of the Kolmogorov-Smirnov statistic, were adopted to 
determine the optimal iteration of GBM. The stop-
ping rule with overall the best balance of clinical char-
acteristics and effective sample size was selected.(26) 
In the inverse probability of treatment weighting 
(IPTW) analysis, we applied average treatment effect 
on the treated weighting, so the baseline clinical char-
acteristics of patients with past or no HBV infection 
had nearly identical distributions after IPTW to 
those with current HBV infection.(25) The balance of 
baseline clinical characteristics between patients was 
assessed by ASMD; an ASMD < 0.2 indicated a good 
balance.(23,27)

Before PS estimation, missing data were assumed 
missing at random and replaced by multiple impu-
tation by chained equations to create 20 complete 
data sets after 10 initial burn-in iterations.(28,29) The 
imputed baseline variables (missing percentage) were 
serum creatinine (0.1%), albumin (0.1%), ALT (0.1%), 
total bilirubin (0.1%), ALP (0.1%), lactate dehydro-
genase (1.1%), C-reactive protein (1.0%), hemoglo-
bin (0.04%), white cell counts (0.04%), lymphocyte 
(0.4%), neutrophil (0.4%), and platelet (0.04%). The 
variables included in the imputation models were all 
covariates included in PS estimation, occurrence of 
mortality, and the corresponding Nelson-Aalen esti-
mator of the cumulative hazard at the time of event 
or censoring.(30) All imputed values were constrained 
within plausible ranges.

HRs and adjusted HRs (aHRs) with 95% CIs of 
current or past HBV infection referenced to no HBV 
infection on the primary endpoint were estimated 
by Cox proportional hazards regression. We adjusted 
for patients’ demographic, presence of acute liver 
injury, liver cirrhosis, comorbidities, and other rele-
vant laboratory parameters, as shown in Supporting 
Table S4; backward stepwise elimination was per-
formed to select statistically significant covariates. 
Weighted Cox proportional hazards regression was 
used in PS weighting and matching analysis. Clinical 
characteristics with ASMD ≥ 0.2 after PS balancing 
were adjusted in the weighted Cox model for dou-
ble robustness. Robust (empirical) variance estimates 
were obtained to calculate 95% CIs.(31) The overall 
coefficient estimates and standard errors were com-
puted by combining the estimates obtained on each 
individual multiple imputation data set using Rubin’s 
rules.(32) Schoenfeld residual plots were used to assess 
the proportional hazards assumption, which did not 
detect any significant violations.

ORs and adjusted ORs (aORs) with 95% CIs for 
acute liver injury were estimated by logistic regres-
sion. We included the following covariates: HBV 
exposure (current, past, or no HBV infection), age, 
gender, presence of cirrhosis and DM, and use of 
corticosteroids, remdesivir, interferon-beta, ribavirin, 
lopinavir-ritonavir, antibiotics, or antifungals during 
hospitalization; none were excluded in this analysis due 
to missing data. Significant covariates were selected by 
backward stepwise elimination. Goodness of fit was 
assessed by the Hosmer-Lemeshow goodness-of-fit 
test. All statistical tests were two-sided. Statistical sig-
nificance was taken as P < 0.05.

Results
DEMOGRAPHIC 
CHARACTERISTICS

We first identified 8,675 patients with COVID-19 
(97.6% of all patients with COVID-19 reported to the 
Department of Health, Hong Kong) from January 23, 
2020, to January 1, 2021. We excluded 2,986 patients 
who had missing HBsAg results and 50 patients 
who had HCV infection; thus, 5,639 patients (353 
current HBV infection, 359 past HBV infection, 
and 4,927 no known HBV exposure) were included 
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in the final analysis (Fig. 1). At baseline, compared 
to patients with COVID-19 without known HBV 
exposure, current HBV-infected patients were older, 
had higher ALT and lower neutrophil and platelet 
counts, and were more likely to have cirrhosis. Past 
HBV-infected patients with COVID-19 were the 
oldest among the three groups of patients; they had 
higher creatinine, C-reactive protein, lactate dehy-
drogenase, and neutrophil-to-lymphocyte ratio and 
were more likely to have DM and cardiovascular dis-
ease (Table 1).

CURRENT HBV INFECTION
Among 166 patients with COVID-19 and cur-

rent HBV infection who had available HBeAg status, 
91.6% were HBeAg-negative. Among 225 current 
HBV-infected patients who had available HBV DNA 
measurement, 78.2% had detectable HBV DNA with 
a median (IQR) of 68 (10-1,360) IU/mL; 37 patients 
had HBV DNA  >  2,000 IU/mL. Among 353 HBV 
patients, 122 (34.6%) received HBV antiviral treat-
ment, among whom 73 initiated antiviral treatment 
after COVID-19 diagnosis. Among the 73 patients, 48 
started antiviral treatment due to prophylaxis during 
corticosteroid therapy; 16 were started due to elevated 
ALT above ULN (8 with HBV DNA  >  2,000  IU/
mL); 9 were started for other reasons.

PAST HBV INFECTION
Among 359 patients with past HBV infection, 40 

(11.1%) received antiviral treatment; 31 were due to 
prophylaxis during corticosteroid therapy, 2 were due 
to prophylaxis during chemotherapy, and 7 remained 
on treatment after HBsAg seroclearance. The 71 
patients who used HBV antiviral agents in the non-
HBV group had negative HBsAg and unavailable 
anti-HBc and anti-HBs status.

LIVER TEST ABNORMALITIES AND 
LIVER INJURY

ALT abnormality occurred in 2,394 (48.6%), 
187 (53.0%), and 194 (54.0%) patients with no, 
current, and past HBV infection, respectively (chi-
squared test, P  =  0.001) (Table 2 and Fig. 2A; 
Supporting Fig. S1A). Abnormal total bilirubin 
occurred in 1,123 (22.8%), 77 (21.8%), and 110 
(30.6%) patients with no, current, and past HBV 
infection, respectively (chi-squared test, P  =  0.001) 
(Fig. 2B; Supplementary Fig. S1B). Abnormal 
ALP occurred in 549 (11.1%), 34 (9.6%), and 61 
(17.0%) patients with no, current, and past HBV 
infection, respectively (chi-squared test, P  =  0.003) 
(Fig. 2C). Acute liver injury occurred in 58 (1.2%), 
8 (2.3%), and 11 (3.1%) patients with no, current, 

FIG. 1. Selection of patients with SARS-CoV-2 infection/COVID-19.

All COVID-19 subjects diagnosed
between 23 January 2020 and

1 January 2021
N = 8,675

All COVID-19 subjects included in
the analysis
N = 5,639

3,036 subjects
excluded

2,986 Missing HBsAg results
50 HCV infection

No HBV
N = 4,927

Current HBV infection
N = 353

Past HBV infection
N = 359
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TABLE 1. Baseline clinical characteristics of patients with SARS-CoV-2 infection/COVID-19 who had no HBV infection, who 
had current HBV infection, and who had past HBV infection

Clinical Characteristics
No HBV 

(n = 4,927)
Current HBV Infection 

(n = 353)
Past HBV Infection 

(n = 359) P

Age (years) 49.6 ± 18.4 56.2 ± 13.0 61.6 ± 14.2 <0.001

Male gender (n, %) 2,387 (48.4) 180 (51.0) 176 (49.0) 0.645

Liver cirrhosis (n, %) 43 (0.9) 23 (6.5) 13 (3.6) <0.001

Albumin (g/L) 40.1 ± 5.3 39.5 ± 4.7 39.0 ± 5.3 <0.001

Missing (%) 0.1 0 0

Total bilirubin (mg/dL) 0.5 ± 0.3 0.5 ± 0.3 0.5 ± 0.5 0.073

Missing (%) 0.1 0 0

ALT (U/L) 25 (16-39) 28 (20-39) 23 (16-34) <0.001

Missing (%) 0.1 0 0

AST (U/L) 30 (22-48) 32 (24-45) 30 (22-52) 0.819

Missing (%) 68.1 58.9 53.2

ALP (×ULN) 0.6 (0.5-0.7) 0.6 (0.4-0.7) 0.6 (0.5-0.7) 0.013

Missing (%) 0.1 0 0

International normalized ratio 1.1 ± 0.2 1.1 ± 0.2 1.1 ± 0.4 0.518

Missing (%) 34.0 30.3 20.9

Creatinine (μmol/L) 70 (59-84) 71 (59-86) 75 (60-92) <0.001

Missing (%) 0.1 0 0

C-reactive protein (mg/dL) 1.9 ± 3.6 2.0 ± 3.7 2.8 ± 4.5 0.002

Missing (%) 1.1 0.6 0

Lactate dehydrogenase (U/L) 220.1 ± 89.1 232.3 ± 88.0 251.9 ± 135.3 <0.001

Missing (%) 1.2 1.1 0.6

Hemoglobin (g/dL) 13.6 ± 1.7 13.6 ± 1.5 13.2 ± 1.9 0.002

Missing (%) 0.04 0 0

WCC (×109/L) 5.7 ± 2.2 5.2 ± 2.3 5.5 ± 2.3 <0.001

WCC <3.5 × 109/L (n, %) 520 (10.6) 53 (15.0) 57 (15.9) 0.001

Missing (%) 0.04 0 0

Neutrophil (×109/L) 3.7 ± 1.9 3.3 ± 1.9 3.7 ± 2.1 <0.001

Missing (%) 0.4 0.6 0

Lymphocyte (×109/L) 1.3 ± 0.7 1.3 ± 1.2 1.1 ± 0.6 <0.001

Lymphocyte <1 × 109/L (n, %) 1,557 (31.7) 127 (36.2) 169 (47.1) <0.001

Missing (%) 0.4 0.6 0

Neutrophil-to-lymphocyte ratio 3.5 ± 3.2 3.3 ± 3.0 4.3 ± 5.4 0.006

Missing (%) 0.4 0.6 0

Platelet (×109/L) 219.1 ± 74.2 188.5 ± 67.7 196.5 ± 67.6 <0.001

Platelet <150 × 109/L (n, %) 761 (15.5) 111 (31.4) 85 (23.7) <0.001

Missing (%) 0.04 0 0

Comorbidities (n, %)

Circulatory system disease 1,513 (30.7) 118 (33.4) 185 (51.5) <0.001

DM 960 (19.5) 78 (22.1) 141 (39.3) <0.001

Malignant tumor 175 (3.6) 29 (8.2) 40 (11.1) <0.001

Nervous system disease 229 (4.6) 15 (4.2) 20 (5.6) 0.671

Respiratory disease 205 (4.2) 11 (3.1) 21 (5.8) 0.176

Kidney disease 102 (2.1) 6 (1.7) 30 (8.4) <0.001

HIV infection 6 (0.1) 2 (0.6) 1 (0.3) 0.066

Medications during follow-up (n, %)

Oseltamivir 70 (1.4) 4 (1.1) 12 (3.3) 0.013

Ribavirin 1,454 (29.5) 98 (27.8) 151 (42.1) <0.001

Lopinavir–ritonavir 1,542 (31.3) 103 (29.2) 112 (31.2) 0.708
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and past HBV infection, respectively (Fisher’s exact 
test, P  =  0.005). Liver-related morbidity during 
COVID-19 was uncommon; no patients had liver-
related death (Supporting Table S5). The 233 
patients with COVID-19 who had received HBV 
antiviral treatment were older, had more comorbid-
ities, and had poorer renal and liver function than 
patients who did not receive HBV antiviral treat-
ment. More patients who had received HBV anti-
viral treatment had acute liver injury and mortality 
(Supporting Table S6).

CHB, LIVER INJURY, AND 
CLINICAL OUTCOMES

Mortality was observed in 109 (2.2%), 8 (2.3%), 
and 21 (5.8%) patients with no, current, and past 
HBV infection, respectively (Table 1). On univari-
ate analysis, past HBV infection (HR, 1.97; 95% CI, 
1.23-3.15; P  =  0.005), but not current HBV infec-
tion (HR, 1.10; 95% CI, 0.53-2.25; P  =  0.802), was 

associated with mortality. However, neither current 
(aHR, 1.09; 95% CI, 0.52-2.27; P  =  0.829) nor past 
(aHR, 1.05; 95% CI, 0.65-1.69; P  =  0.836) HBV 
infections was associated with mortality on multivari-
able analysis after adjusting for age, presence of acute 
liver injury, liver cirrhosis, DM, malignant tumor, 
nervous system disease, and kidney disease (Table 3). 
Acute liver injury and presence of liver cirrhosis were 
independently associated with higher risk of mortal-
ity (Table 3; Supporting Table S4). Similar results 
were observed after adjusting for relevant laboratory 
parameters (Supporting Table S4).

IPTW by PS improved the similarity of distribu-
tions of the 21 clinical characteristics between patients 
with current, past, and no HBV infections and 
reduced all ASMDs to <0.2; Table 4 shows the result 
in one of the 20 imputed data sets; consistent patterns 
were obtained across other imputed data sets. After 
IPTW, neither current (weighted HR, 1.32; 95% CI, 
0.63-2.78; P  =  0.463) nor past (weighted HR, 0.97; 
95% CI, 0.54-1.77; P  =  0.929) HBV infections was 

Clinical Characteristics
No HBV 

(n = 4,927)
Current HBV Infection 

(n = 353)
Past HBV Infection 

(n = 359) P

Interferon-beta 2,318 (47.0) 169 (47.9) 227 (63.2) <0.001

Remdesivir 395 (8.0) 35 (9.9) 46 (12.8) 0.004

Antibiotic treatment 2,139 (43.4) 167 (47.3) 196 (54.6) <0.001

Antifungal treatment 34 (0.7) 1 (0.3) 9 (2.5) 0.003

Corticosteroid 1,044 (21.2) 86 (24.4) 140 (39.0) <0.001

Dexamethasone 966 (19.6) 79 (22.4) 128 (35.7) <0.001

Hydrocortisone 119 (2.4) 7 (2.0) 26 (7.2) <0.001

Prednisolone 61 (1.2) 2 (0.6) 13 (3.6) 0.001

Methylprednisolone 6 (0.1) 2 (0.6) 0 (0) 0.118

Peak daily dose (prednisolone equivalent, mg) 45 (45-45) 45 (45-53) 45 (45-58) 0.364

Duration (days) 10 (7-13) 10 (6-12) 11 (6-16) 0.290

Immunoglobulin therapy (i.v.) 6 (0.1) 2 (0.6) 0 (0) 0.118

Oral HBV antiviral agents* <0.001

Entecavir 70 (1.4) 114 (32.3) 40 (11.1)

Tenofovir disoproxil fumarate/tenofovir alafenamide 0 (0) 6 (1.7) 0 (0)

Lamivudine ± adefovir 1 (0.02) 2 (0.6) 0 (0)

Clinical outcomes in 60 days (n, %)

Mortality 109 (2.2) 8 (2.3) 21 (5.8) <0.001

Follow-up duration (days) 13 (9-20) 14 (9-20) 16 (10-25) <0.001

All concomitant medications were represented as binary parameters. Percentages were computed based on nonmissing values. Categorical 
variables are presented as number (percentage). Median age, ALT, and follow-up duration are expressed as median (IQR), whereas other 
continuous variables are expressed as mean ± SD. Qualitative and quantitative differences between subgroups were analyzed by chi-squared 
or Fisher’s exact test for categorical parameters and Student t test or Mann-Whitney U test for continuous parameters, as appropriate.
*The 71 patients who used HBV antiviral agents in the non-HBV group had negative HBsAg and unavailable anti-HBc and anti-HBs 
status.
Abbreviation: WCC, white cell count.

TABLE 1. Continued
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associated with mortality, with reference to patients 
with no HBV infection (Fig. 3).

SAFETY OF COMEDICATIONS IN 
PATIENTS WITH COVID-19 WITH 
CURRENT, PAST, AND NO HBV 
INFECTIONS

Advanced age, male gender, presence of DM, and 
use of corticosteroids, antifungals, lopinavir–ritonavir, 
and ribavirin were independently associated with acute 
liver injury in patients with COVID-19 (Table 5). 

Presence of current (aOR, 1.93; 95% CI, 0.88-4.24; 
P  =  0.102) or past (aOR, 1.25; 95% CI, 0.62-2.55; 
P  =  0.533) HBV infection was not associated with 
acute liver injury.

Among 353 patients with COVID-19 with current 
HBV infection, the median (IQR) ALT at baseline 
was 27 (20-39) and 29 (20-42) U/L in patients who 
received and did not receive nucleos(t)ide analogue 
(NA) treatment, respectively (Mann-Whitney test, 
P = 0.193). The median (IQR) of peak ALT was 38 
(25-63) and 54 (31-116) in untreated and NA-treated 
patients, respectively (Quade’s ANCOVA, P < 0.001). 

TABLE 2. Abnormal liver biochemistries during follow-up among all patients with SARS-CoV-2 infection/COVID-19 who had 
no HBV infection, who had current HBV infection, and who had past HBV infection

No HBV (n = 4,927) Current HBV Infection (n = 353) Past HBV Infection (n = 359) P

Acute liver injury 58 (1.2) 8 (2.3) 11 (3.1) 0.005

Peak ALT

< ULN 2,533 (51.4) 166 (47.0) 165 (46.0) 0.001

≥1 × to <2 × ULN 1,245 (25.3) 105 (29.7) 88 (24.5)

≥2 × to <5 × ULN 909 (18.4) 69 (19.5) 79 (22.0)

≥5 × to <10 × ULN 194 (3.9) 7 (2.0) 16 (4.5)

≥10 × ULN 46 (0.9) 6 (1.7) 11 (3.1)

Peak ALP

< ULN 4,378 (88.9) 319 (90.4) 298 (83.0) 0.003

≥1 × to <2 × ULN 485 (9.8) 30 (8.5) 47 (13.1)

≥2 × to <5 × ULN 58 (1.2) 4 (1.1) 14 (3.9)

≥5 × ULN 6 (0.1) 0 (0) 0 (0)

Peak total bilirubin

< ULN 3,804 (77.2) 276 (78.2) 249 (69.4) 0.001

≥1 × to <2 × ULN 953 (19.3) 60 (17.0) 85 (23.7)

≥2 × to <5 × ULN 151 (3.1) 15 (4.2) 19 (5.3)

≥5 × to <10 × ULN 12 (0.2) 2 (0.6) 5 (1.4)

≥10 × ULN 7 (0.1) 0 (0) 1 (0.3)

Peak AST* n = 1,574 n = 145 n = 168

<ULN 929 (59.0) 84 (57.9) 87 (51.8) 0.134

≥1 × to <2 × ULN 379 (24.1) 45 (31.0) 41 (24.4)

≥2 × to <5 × ULN 217 (13.8) 13 (9.0) 32 (19.0)

≥5 × to <10 × ULN 33 (2.1) 2 (1.4) 6 (3.6)

≥10 × ULN 16 (1.0) 1 (0.7) 2 (1.2)

Peak GGT* n = 938 n = 88 n = 118

<ULN 349 (37.2) 44 (50.0) 48 (40.7) 0.055

≥1 × to <2 × ULN 239 (25.5) 28 (31.8) 32 (27.1)

≥2 × to <5 × ULN 222 (23.7) 11 (12.5) 27 (22.9)

≥5 × to <10 × ULN 87 (9.3) 4 (4.5) 6 (5.1)

≥10 × ULN 41 (4.4) 1 (1.1) 5 (4.2)

For peak liver function tests during follow-up, patients were followed from the date of COVID-19 diagnosis to the date of discharge, the 
last follow-up date ( January 20, 2021), or date of death, whichever came first.
Acute liver injury was defined as ALT and/or AST ≥ 2 × ULN, with total bilirubin ≥2 × ULN and/or international normalized ratio ≥1.7.
*Percentages were based on nonmissing data.
Abbreviation: GGT, gamma-glutamyl transferase.
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FIG. 2. Serial (A) ALT, (B) total bilirubin, and (C) ALP of patients with SARS-CoV-2 infection/COVID-19 who had no HBV 
infection, who had current HBV infection, or who had past HBV infection.
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At discharge, the median (IQR) of ALT was 33 (21-
49) and 32 (22-61) who received and did not receive 
NA treatment, respectively (Quade’s ANCOVA, 
P = 0.524). Of 353 patients, 5/122 (4.1%) and 3/231 
(1.3%) who received and did not receive NA treat-
ment developed acute liver injury, respectively (Fisher’s 
exact test, P = 0.131).

Moreover, 86/353 (24.4%) patients with 
COVID-19 with current HBV infection received 
corticosteroid (79 dexamethasone, 7 hydrocortisone, 
2 prednisolone, 2 methylprednisolone [patients might 
have used more than one type of steroid]); 60/86 
(69.8%) were also receiving NA treatment (56 enteca-
vir, 3 tenofovir disoproxil fumarate, 1 lamivudine, and 
adefovir dipivoxil); 48 and 12 used that before and 
after COVID-19 diagnosis, respectively. The median 
(IQR) ALT before corticosteroid therapy was 25 (18-
36) and 33 (24-52) U/L in patients who received and 
did not receive NA treatment, respectively (Mann-
Whitney test, P = 0.034). The median (IQR) of peak 
ALT during or after corticosteroid therapy was 58 
(31-95) and 64 (42-138) in patients who received and 
did not receive NA treatment, respectively (Quade’s 
ANCOVA, P  =  0.851). Two of 60 (3.3%) and 2/26 
(7.7%) of the patients who used and did not use NA 
developed acute liver injury, respectively (Fisher’s exact 
test, P  =  0.581). Among 26 patients who had severe 

COVID-19, i.e., with admission to an intensive care 
unit or mortality, and received corticosteroid ther-
apy, 1/17 (5.9%) and 2/9 (22.2%) who used and did 
not use NA developed acute liver injury, respectively 
(Fisher’s exact test, P  =  0.268). Among 10 patients 
who had HBV DNA measurement before and after 
corticosteroid therapy, all were on NA treatment; no 
one had evidence of HBV reactivation (i.e., HBV 
DNA increased for more than one log10 IU/mL from 
baseline).

For 359 patients with past HBV infection, 140 
(39.0%) received corticosteroid (128 dexamethasone, 
26 hydrocortisone, 13 prednisolone [patients might 
have used more than one type of steroid]); 32/140 
(22.9%) were also receiving NA treatment. Three 
of 32 (9.4%) and 7/108 (6.5%) of the patients who 
used and did not use NA developed acute liver injury, 
respectively (Fisher’s exact test, P = 0.696).

Discussion
We report the incidence and pattern of liver injury 

in patients with COVID-19 with current or past 
HBV infection or without HBV infection. This is one 
of the largest cohorts of patients with COVID-19 
with current and past HBV infection who had serial 

TABLE 3. Univariate and multivariable analyses with Cox proportional hazards regression on factors associated with mortality in 
patients with SARS-CoV-2 infection/COVID-19.

Parameters

Univariate Analysis Multivariable Analysis

HR (95% CI) P aHR (95% CI) P

HBV exposure

No HBV Referent

Current HBV infection 1.10 (0.53-2.25) 0.802 1.09 (0.52-2.27) 0.829

Past HBV infection 1.97 (1.23-3.15) 0.005 1.05 (0.65-1.69) 0.836

Acute liver injury 6.87 (4.38-10.78) <0.001 3.11 (1.97-4.92) <0.001

Liver cirrhosis 4.35 (2.29-8.29) <0.001 2.36 (1.20-4.63) 0.013

Age (years) 1.11 (1.09-1.12) <0.001 1.09 (1.07-1.11) <0.001

Male sex 1.17 (0.83-1.64) 0.362

Circulatory system disease 11.17 (6.62-18.87) <0.001

DM 6.00 (4.13-8.72) <0.001 1.94 (1.31-2.88) 0.001

Malignant tumor 5.40 (3.60-8.11) <0.001 1.80 (1.17-2.77) 0.007

Nervous system disease 4.98 (3.42-7.25) <0.001 2.13 (1.45-3.13) <0.001

Respiratory disease 3.93 (2.62-5.89) <0.001

Kidney disease 7.42 (4.96-11.10) <0.001 2.27 (1.48-3.48) <0.001

Patients were followed from the date of COVID-19 diagnosis to the date of discharge, the last follow-up date (20 January 2021), or date 
of death, whichever came first.
Acute liver injury was defined as ALT and/or AST ≥ 2 × ULN, with total bilirubin ≥2 × ULN and/or international normalized ratio ≥1.7.
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measurements on liver biochemistries. The liver bio-
chemistries of patients with COVID-19 changed 
dynamically during the clinical course, yet there was no 
obvious difference between patients with COVID-19 
with current, past, and no HBV infection. While 
acute liver injury occurred in 58 (1.2%), 8 (2.3%), and 
11 (3.1%) patients with no, current, and past HBV 
infection, respectively, current and past HBV infec-
tions were not associated with acute liver injury after 
adjusting for patients’ demographics and use of medi-
cations for COVID-19. On the other hand, acute liver 
injury was shown to be independently associated with 
mortality in patients with COVID-19 independent 
of HBV infection status, consistent with previous 
studies.(3-5)

While liver injury is a well-known phenomenon in 
patients with COVID-19, so far the exact impact of 
COVID-19 on patients with current and past HBV 
infection has not been well elucidated. In patients 
with CHB and COVID-19, ALT/AST elevation 
may be secondary to HBV reactivation(7) or reactive 
hepatitis in the presence of systematic inflamma-
tory response.(2) While it would be difficult to tease 
out the exact causes of hepatitis flare in patients 

FIG. 3. Cumulative incidence of mortality after PS weighting in 
patients with SARS-CoV-2 infection/COVID-19 who had no 
HBV infection, who had current HBV infection, or who had past 
HBV infection in a single multiple imputation data set.
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TABLE 5. Univariate and multivariable analyses by logistic regression on factors associated with acute liver injury in patients with 
SARS-CoV-2 infection/COVID-19

Parameters

Univariate Analysis Multivariable Analysis

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

HBV exposure

No HBV Referent

Current HBV infection 1.95 (0.92-4.11) 0.081 1.93 (0.88-4.24) 0.102

Past HBV infection 2.65 (1.38-5.10) 0.003 1.25 (0.62-2.55) 0.533

Age 1.05 (1.04-1.07) <0.001 1.03 (1.01-1.05) 0.003

Male gender 3.27 (1.94-5.51) <0.001 2.40 (1.40-4.12) 0.002

Liver cirrhosis 1.90 (0.46-7.88) 0.377

DM 7.27 (4.53-11.67) <0.001 2.27 (1.32-3.91) 0.003

Use of corticosteroid 10.22 (6.12-17.07) <0.001 3.29 (1.83-5.91) <0.001

Use of remdesivir 1.83 (0.96-3.48) 0.067

Use of interferon-beta 4.94 (2.76-8.84) <0.001

Use of ribavirin 2.82 (1.79-4.43) <0.001 2.55 (1.57-4.14) <0.001

Use of lopinavir/ritonavir 4.18 (2.61-6.70) <0.001 3.20 (1.94-5.27) <0.001

Use of antibiotics 6.95 (3.74-12.89) <0.001

Use of antifungals 31.90 (15.73-64.70) <0.001 5.63 (2.55-12.45) <0.001

Acute liver injury was defined as ALT and/or AST ≥ 2 × ULN, with total bilirubin ≥2 × ULN and/or international normalized ratio ≥1.7.
P = 0.572 for Hosmer-Lemeshow goodness-of-fit test, which did not indicate a poor fit.
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with COVID-19 with HBV infection, it would be 
reasonable to initiate HBV antiviral treatment for 
patients with current HBV infection whenever they 
fulfill the treatment criteria recommended by inter-
national guidelines, namely HBV DNA > 2,000 IU/
mL with ALT > ULN(33) or 2 × ULN,(19,34) and com-
pensated or decompensated cirrhosis with detectable 
HBV DNA.(19,33,34) In our cohort, 73 treatment-naive 
patients with CHB started HBV antiviral treatment 
during SARS-CoV-2 infection; 48 patients started 
due to prophylaxis during corticosteroid therapy, and 
16 started due to elevated ALT above ULN (8 with 
HBV DNA > 2,000 IU/mL).

The safety of COVID-19 therapies in patients 
with HBV infection has been a concern as systemic 
high-dose corticosteroids, which are immunomod-
ulators and may lead to HBV reactivation, are now 
the standards of care for critically ill patients with 
COVID-19.(11,35) HBV reactivation potentially results 
in life-threatening hepatitis flare and acute liver failure 
in HBV-infected patients.(36) Hence, it is advocated 
for patients with COVID-19 to screen for HBsAg; 
antiviral prophylaxis with NAs is recommended in 
all HBsAg-positive patients with severe COVID-19 
during corticosteroid therapy.(12) In our cohort, 70% 
of patients with current HBV infection received anti-
viral prophylaxis during corticosteroid therapy; among 
26 patients with severe COVID-19 and corticoste-
roid therapy, 6% and 22% who used and did not use 
NA developed acute liver injury, respectively. While 
the absolute number of patients was small, antiviral 
prophylaxis may be important for HBsAg-positive 
patients with COVID-19 during corticosteroid ther-
apy. While patients with COVID-19 and current 
HBV infection who received NA treatment had a 
higher peak ALT than those who did not receive NA, 
the ALT level at discharge was comparable between 
patients who received and did not receive NA.

For patient with past HBV infection, 11% received 
NA during COVID-19, mainly due to prophylaxis 
during corticosteroid therapy. Past HBV-infected 
patients had more acute liver injury as shown by uni-
variate analysis, yet the association was no longer sig-
nificant after adjusting for their age, gender, presence 
of DM, and use of corticosteroid and other medica-
tions for COVID-19. After all, acute liver injury and 
liver-related morbidity and mortality are uncommon 
and may not be significantly contributed to by current 
or past HBV infection in patients with COVID-19. 

Provided that patients with current HBV infection 
who fulfill HBV treatment criteria or are under corti-
costeroid therapy receive NA treatment, NA prophy-
laxis in all patients with current or even past HBV 
infection once diagnosed with COVID-19 may not be 
necessary. Yet, vigilant monitoring of ALT and HBV 
DNA remains important during SARS-CoV-2 infec-
tion, to guide the use of NA for these patients. On the 
other hand, vigilant monitoring of patients with acute 
liver injury or liver cirrhosis may also be important as 
they were shown to have higher risk of mortality.

As in other patients with COVID-19, those with 
current or past HBV infection may have other rea-
sons leading to liver injury, namely ischemic hepa-
titis from hypoxemia and hypotension, sepsis, and 
DILI.(37) Many of the drugs being used in severe 
COVID-19 cases are associated with hepatotoxic-
ity, including COVID-19 therapies, antibiotics, and 
antifungal agents. This association could be due to 
more severe disease in patients with COVID-19 who 
received such combination COVID-19 therapy. HBV 
is known to increase the risk of DILI according to 
the “danger hypothesis,” where the role of costimu-
latory triggers is an essential step in the pathogenesis 
of DILI as the cytokines released by stressed or dead 
cells provide additional stimulation to the antigen-
presenting cell, which leads to a further recruitment of 
helper and cytotoxic T cells, culminating in antibody-
dependent cell-mediated cytotoxicity.(38) Yet in our 
current study, the risk of liver injury is not increased in 
patients with current or past HBV infection. Hence, 
the contribution by HBV to DILI is unlikely to be 
substantial. Also, current and past HBV infections are 
not associated with the development of adverse clin-
ical outcomes, whereas liver injury is associated with 
the development of adverse clinical outcomes. In fact, 
the majority of patients with current HBV infection 
in our study had low-level HBV viremia.

A strength of our study is the use of a territory-
wide cohort that covered 97.6% of COVID-19 
cases in Hong Kong, where HBV remains endemic. 
A majority of these patients had HBsAg checked, 
whereas around half of the patients who did not have 
their HBsAg checked were born in the era of HBV 
universal vaccination. We analyzed data from patients 
with current, past, and no HBV infections so that 
the exact role of current and past HBV infection in 
COVID-19 could be demonstrated. Data from real-
life cohorts represent a wider spectrum of patients 
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such that the findings from real-life cohorts are thus 
more readily applicable to routine clinical practice. 
Nonetheless, our study has a few limitations. First, 
we missed 214 out of 8,889 (2.4%) patients with 
COVID-19 as their SARS-CoV-2 results were not 
retrievable. Nonetheless, we believe missing 2.4% 
of the patients with COVID-19 would not have a 
major impact on the findings as the proportion of 
deaths in our cohort (162/8,675, 1.9%) was consis-
tent with what was reported officially (165/8,889, 
1.9%). Second, there was potential misclassification of 
patients in the groups of no and past HBV infection. 
In our study, 71 patients who had negative HBsAg 
and missing anti-HBc status received HBV antiviral 
treatment. Some of these patients may have a self-
reported HBV infection and were thus given antivi-
ral treatment until a negative HBsAg test was found 
subsequently. Also, some of these patients may have 
undocumented past HBV infection and thus could 
be misclassified as no HBV infection. Also, there 
may be patients who were born before the launch of 
the universal neonatal vaccination program in Hong 
Kong in 1988 but had positive anti-HBs due to sub-
sequent HBV vaccination; they can thus be misclas-
sified as patients with past HBV infection. The same 
definition to classify patients with no or past HBV 
infection had been adopted previously.(13) Third, we 
defined cirrhosis by ICD-9-CM diagnosis codes for 
cirrhosis and its related complications and/or plate-
let counts <100 × 109/L in a measurement at least 30 
days before COVID-19 diagnosis. In real-life clini-
cal practice, physicians may use different methods to 
diagnose liver cirrhosis, which may affect the diagno-
sis coding in the computer system. Yet, it would be 
unrealistic to perform liver biopsies in patients with 
COVID-19 and abnormal liver tests. Also, serum 
fibrosis scores including Fibrosis-4 index and AST-
to-platelet ratio index as well as transient elastography 
are unreliable in patients with acute liver injury.(39,40) 
We acknowledged that some patients may have undi-
agnosed liver cirrhosis,(41) though this can be partly 
reflected by patients’ platelet counts. We have also 
examined more definable ICD-9-CM codes for cir-
rhotic complications, which do not rely on a more 
accurate diagnosis of cirrhosis to identify the presence 
of cirrhosis. Fourth, missing laboratory measurements 
might lead to biases as in other retrospective studies, 
though these biases can partially be compensated for 
by our respectable cohort size. Some less common 

laboratory parameters might not be checked for every 
single patient due to minor variations of clinical prac-
tice 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 test on anti-
HCV was found in 3,997/8,675 (46.1%) of patients 
with COVID-19. As the prevalence of HCV in Hong 
Kong is low (0.3% in the general population and 3.6% 
among patients with chronic HBV infection),(42,43) 
the impact on our findings would be relatively small. 
In this study, we excluded 50 patients who had active 
or past HCV infection. In Hong Kong, 85% of the 
anti-HCV-positive patients have detectable HCV 
RNA.(44) We acknowledged that patients with active 
or past HCV infection may have different outcomes 
with COVID-19 infection, though previous stud-
ies suggest that patients with COVID-19 and HCV 
infection do not have increased intensive care unit 
admission or mortality.(45) Also, ascertainment bias 
may affect the reliability of the study due to inaccurate 
entry of certain diagnosis codes for comorbidities. We 
minimized this bias by including diagnosis, laboratory, 
as well as medication data for DM and hypertension.

In conclusion, patients with COVID-19 with cur-
rent, past, and no HBV infections have similar risk of 
liver injury. Current or past HBV infections are not 
associated with higher risk of mortality in patients 
with COVID-19. There is no increased risk of DILI 
or virological flare of HBV. We observed generally 
good safety of most COVID-19 therapies in patients 
with current and past HBV infection. Nonetheless, as 
liver injury per se is prognostic, we recommend vig-
ilant monitoring of liver biochemistries and HBV 
DNA and cautious use of appropriate medications 
with the least hepatotoxicity to minimize such liver 
injury. Appropriate use of antiviral treatment for HBV 
during corticosteroid therapy for COVID-19 would 
minimize the risk of HBV reactivation and acute liver 
injury.
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