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Abstract:

Objective One of the therapeutic goals for chronic infection with hepatitis B virus is the clearance of hepa-
titis B surface antigen (HBsAg) from the blood, as a high load of HBsAg has been proposed to induce
antigen-specific immunotolerance. To achieve HBsAg reduction, Pegylated interferon and nucleos(t)ide ana-
logs are used to treat chronic hepatitis B. Following the coronavirus disease 2019 (COVID-19) outbreak, the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection has rapidly spread worldwide, and
vaccination with mRNA COVID-19 vaccines has been conducted since 2021 in Japan. We experienced three
clinical cases in which HBsAg levels rapidly decreased after injection of the COVID-19 vaccine without any
incentive.

Method To examine whether the vaccine administration was involved in the HBsAg reduction, the number
of patients with chronic hepatitis B showing a change in the HBsAg levels during the period before the com-
mencement of the COVID-19 vaccination program in Japan (i.e. until the end of 2020; pre-vaccination-
program period) was compared to the number of those who showed a change in HBsAg levels after the in-
itiation of the program (i.e. 2021 onwards; post-vaccination-program period).

Results The number of patients whose HBsAg levels was reduced by >50% per year was prominent after
the initiation of the vaccination program. Although the involvement of vaccination in HBsAg reduction was
not statistically proven (p=0.0532), the result suggests that the administration of COVID-19 vaccines may
have been involved in HBsAg reduction in patients with chronic hepatitis B.

Conclusion COVID-19 vaccines may be involved in HBsAg reduction.
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tively (2). The average annual decline in HBsAg by ente-
cavir was reported to be 0.043 and 0.044 logIU/mL for
HBeAg-positive and HBeAg-negative patients, respec-

Introduction

Hepatitis B virus (HBV) infection is a major public health
threat worldwide, causing chronic hepatitis B [CH (B)],
which can progress to liver cirrhosis and hepatocellular car-
cinoma. Pegylated interferon (Peg-IFN) and nucleos(t)ide
analogs (NA), such as adefovir, entecavir, and tenofovir, are
approved for the treatment of CH (B) and should be offered
to patients (1). The median HBs-antigen (HBsAg) reduction
from baseline by Peg-IFN-o-2a was reported as 0.32 and
0.44 logilU/mL at 24 and 48 weeks of treatment, respec-

tively (3). The annual reduction in HBsAg levels by ade-
fovir and entecavir is reported to be 0.1 log,lU/mL and
0.11 log,IU/mL, respectively (4). Thus, the rapid reduction
of HBsAg is not easy to achieve. In addition to Peg-IFN
and NA, immunomodulators, capsid assembly modulators,
inhibitors of subviral particle release, cccDNA silencers, an-
tisense oligonucleotides, nucleic acid polymers, and RNA
interference molecules have been clinically developed for
the treatment of CH (B) (5, 6).

'Department of Gastroenterology, International University of Health and Welfare Hospital, Japan and *Division of Virology, Department of In-

fection and Immunity, Jichi Medical University, Japan

Received: August 16, 2022; Accepted: September 7, 2022; Advance Publication by J-STAGE: October 19, 2022

Correspondence to Yosuke Osawa, osawa-gif @umin.ac.jp



Intern Med 62: 51-57, 2023 DOI: 10.2169/internalmedicine.0842-22

ALT (IUIL)
40

Case 1
HBsAg (log 1U/L) HBV-DNA (log IU/mL)

s® @ o 0@ @
" T

M
4

(DBNT162b2

@BNT162b2 -

(3BNT162b2

=3
“—©®

N
0

-1000 -500 0 500 -1000 500  -1000 -500 0 500 (days)
Case 2
HBsAg (log IU/L) . HBV-DNA (log IU/mL) ALT (IUL) )
i2) ® 5 (0 ® 25 A ®
5 3 15
(DmRNA-1273 P 10
(@mRNA-1273 2
(®MRNA-1273 .
1 1 2
0 0 0
600 400  -200 0 200 400 = -600 -400 -200 0 200 400 -600 -400 -200 0 200 400 (days)
Case 3
HBsAg (log IU/L) HBV-DNA (log IU/mL) ALT (IUIL)
@ & 200 @
4 3
] 150
(DBNT162b2 e 100
(2BNT162b2 2
(®mRNA-1273 50
1
0 0
-1000 -500 0 500 -1000 500 -1000 -500 0 500 (days)

Figure 1.

After the coronavirus disease 2019 (COVID-19) outbreak
in December 2019, the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection rapidly spread world-
wide. The first case in Japan was confirmed in January
2020. Vaccination against SARS-CoV-2 with the BNT162b2
mRNA vaccine (BioNTech and Pfizer) was initiated in Japan
on February 17, 2021, followed by mRNA-1273 (Moderna
and Takeda) on May 24, 2021, and ChAdOXi-S adenovirus
vector vaccine (Astra-Zeneca) on August 1, 2021. As of No-
vember 14, 2021, among the national population of approxi-
mately 125 million, an estimated 99.3 million (79.4%) had
received at least one dose of the COVID-19 vaccine, includ-
ing the 95.6 million (76.4%) who had received 2 doses of
the vaccine. Of these shots, 83.6% were BNT162b2, 16.3%
were mRNA-1273, and <0.1% were ChAdOx1-S (7).

However, the effects of COVID-19 vaccines on HBV in-
fection are unknown. We found that three patients showed a
rapid reduction in HBsAg after receiving COVID-19 vacci-
nation and thus hypothesized that the administration of the
COVID-19 vaccine was involved in the HBsAg reduction.

We herein report three such clinical cases and examine
whether or not COVID-19 vaccination was involved in
HBsAg reduction.
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Laboratory data of the three cases. Day 0 means the date of the first vaccination.

Case reports

Case 1

A 74-year-old Japanese woman presented at our hospital
with HBeAg-positive CH (B) from 2019. Because her
daughter was CH (B)-positive, she came to be examined for
HBV. The HBsAg level in 2019 had been 64,521.9 TU/L,
and the HBV-DNA level had been 8.8 log IU/mL. Oral ten-
ofovir disoprixil fumarate administration was started in
2019. The HBsAg level in 2020 was 29,734.1 IU/L (Fig. 1).
After 502 days, the HBsAg levels rapidly decreased to 140.2
IU/L. She was injected with the first COVID-19 vaccine 171
days after the HBsAg measurement in 2020, and the HBsAg
reduction was observed after the third vaccination. All of the
injected vaccines were BNT162b2. The second vaccine was
injected 21 days after the first shot, and the third was in-
jected 273 days after the first one. HBV DNA values also
dropped from 1.5 to <1.0 log IU/mL. The alanine
aminotransferase (ALT) levels were 24 TU/L in 2020 and 18
IU/L at the post-vaccination-program time point.

Case 2

A 33-year-old Japanese man presented to our hospital
with HBeAg-negative inactive CH (B) from 2020. A blood
test performed for a health checkup in 2020 revealed him to
be HBsAg-positive. Because his mother had also been
HBsAg-positive, he had received postnatal HBV vaccination.
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His sisters were also HBsAg-positive. The HBsAg level in
2020 was 13,234.1 TU/L (Fig. 1). After 608 days, HBsAg
levels rapidly decreased to 136.1 IU/L. He was injected with
the first COVID-19 vaccine 293 days after the HBsAg
measurement in 2020. Because HBsAg was measured after
the third vaccination, the kinetics of HBsAg during the vac-
cination period were unknown. All of the injected vaccines
were mRNA-1273. The second vaccine was injected 31 days
after the first shot, and the third was injected 243 days after
the first one. HBsAg HBV DNA was 3.7 log IU/mL in 2020
and 3.6 log IU/mL at the post-vaccination-program time
point. The ALT levels were 24 TU/L in 2020 and 17 IU/L at
the post-vaccination-program time point. He was not admin-
istered NA.

Case 3

A 67-year-old Japanese woman presented to our hospital
with HBeAg-negative inactive CH (B) from 2019. Although
a blood test performed for a health checkup in 2012 had re-
vealed her to be HBsAg-positive, she had not visited a
medical institution. The HBsAg level in 2020 was 17,722.3
IU/L (Fig. 1). After 707 days, the HBsAg levels rapidly de-
creased to 155.2 TU/L. The patient was injected with the
first COVID-19 vaccine 425 days after HBsAg measurement
in 2020, and the HBsAg reduction was observed after the
third vaccination. The first and second vaccines were BNT
162b2, and the third one was mRNA-1273. The second vac-
cine was injected 21 days after the first shot and the third
was injected 226 days after the first one. HBV DNA was
2.8 log TU/mL in 2020 and 2.7 log IU/mL at the post-
vaccination-program time point. The ALT levels were 25 U/
L in 2020 and increased to 182 IU/L at 42 days after the
third shot before decreasing to 51 IU/L at 56 days and 28
IU/L at 84 days after the third one. She was not adminis-
tered NA.

These patients showed HBsAg reduction without any in-
centive other than the COVID-19 vaccination. Such a rapid
decline in HBsAg values is uncommon in the natural history
of CH (B). We therefore investigated the relationship be-
tween HBsAg reduction and the vaccination.

Materials ane Methods

Study approval

All analyses using patient data were approved by the in-
stitutional research ethics committees of the International
University of Health and Welfare (13-B-381, 21-B-53, and
21-B-51).

Study subjects

To validate the involvement of the COVID-19 vaccines in
HBsAg reduction, 237 patients who were confirmed to be
HBsAg-positive in 2020, before the commencement of the
COVID-19 vaccination program in Japan in 2021 (Fig. 2),
were included in the study. Patients whose HBsAg levels
had also been measured in 2021 or 2022 were included in
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the study. In addition, cases lacking documentation of
HBsAg levels up to 2020 were excluded from the study. A
total of 88 cases were excluded due to the lack of HBsAg
measurements in 2021 or 2022, 14 cases were excluded due
to the lack of multiple HBsAg measurements up to 2020, 26
patients were excluded because their serum HBsAg levels
were <5 IU/L in 2020, and 2 patients were excluded be-
cause the HBsAg measurement interval was <6 months. In
one of those two excluded patients, the levels of HBsAg
were measured toward the end of November 2020 and in
early January 2021; in the other patient, the levels of
HBsAg were measured toward the end of May and in early
November 2021. We considered these intervals too short to
analyze the kinetics of HBsAg.

A total of 107 patients were included in this analysis
comparing the HBsAg changes up to the end of 2020 (pre-
vaccination-program period) with those from 2021 onwards
(post-vaccination-program period). The observation period in
the pre-vaccination-program period (8844472 days) was
longer than that in the post-vaccination-program period (484
+142 days).

To elucidate the factors that were involved in HBsAg re-
duction, the 107 total patients were divided into 3 groups:
11 with an HBsAg reduction of >50% per year during the
post-vaccination-program period, 50 with 10-50% reduction,
and 46 patients with a <10% decrease or an increase in
HBsAg levels. Among these 46 patients, 1 was excluded due
to a history of starting NA during the post-vaccination-
program period. The 11 patients with >50% HBsAg reduc-
tion and 45 with minimal changes were then compared. To
examine whether the patients had been administered the
COVID-19 vaccine at least once during the post-vaccination-
program period, a questionnaire was administered by phone
or letter to survey whether or not vaccination had been per-
formed before the last HBsAg measurement during the post-
vaccination-program period.

HBsAg measurement

HBsAg levels were measured by the Architect HBsAg as-
say (Abbott, Abbott Park, USA).

Statistical analyses

The chi-square test and univariable logistic regression
analyses were performed using the GraphPad Prism software
program, version 5 (GraphPad Software, San Diego, USA)
and Easy R (EZR) (8). p<0.05 was considered statistically
significant.

Results

Distribution of patients with a >50% decrease in
HBsAg levels by vaccination-program period

We first compared the number of patients with rapid
HBsAg reduction before and after the initiation of the vac-
cine program in Japan (n=107). An HBsAg reduction of
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A total of 237 patients who
were confirmed to be HBsAg
positive in 2020.

88 cases were excluded due to lack of HBsAg
measurement in 2021 or 2022.

14 cases were excluded due to lack of multiple
HBsAg measurements up to 2020.

26 cases were excluded because HBsAg levels
were below 5 |U/L in 2020.

2 cases were excluded because the interval of
HBsAg measurements was less than 6 months.

107 patients were included for
the analysis (Table 1).

I |

A
patients

A total of 11 patients with
HBsAg reduction of more than
50%/year during the post-
vaccination-program period.

total

10%-50% HBsAg
reduction.

50 || A total 46 patients with ~10%
with || HBsAg reduction.

|| NO patients starting NA in the
post-vaccination-program period.

NO patients with higher HBsSAg
reduction rate during the pre-
|| vaccination-program period than
that in the post-vaccination-
program period.

1 case was excluded due
|| to a history of starting on

NA during the post-
vaccination-program period.

Comparison with these
2 groups (Tables 2-4).

Atotal 45 patients with ~10%
HBsAg reduction.

Figure 2. Flowchart of the HBsAg-positive patient selection process.

Table 1. Contingency Table of the Cases.
HBsAg reduction of more than 50%
Total
(+) )
Pre-vaccination-program period 3 104 107
Post-vaccination-program period 11 96 107

The Number of Cases in Whose HBsAg was Reduced by More than 50% during Pre-vaccina-
tion-program and Post-vaccination-program Periods in the 107 Cases. p=0.027, Based on the

Two-tailed Chi-square Test.

>50% per year during the pre-vaccination-program period
was observed in 3 patients (2.8%). In contrast, 11 patients
(10.3%) showed HBsAg reduction in the post-vaccination-
program period. This difference was statistically significant
(Table 1; p=0.027). No patient showed a reduction in both
the pre- and post-vaccination-program periods. Rapid
HBsAg induction (two-fold increase per year) was observed
in two patients during the pre-vaccination-program period
and in three patients during the post-vaccination-program
period.

Possible involvement of COVID-19 vaccine admini-
stration in HBsAg reduction

To elucidate whether the COVID-19 vaccine was involved
in HBsAg reduction, the 11 patients with >50% HBsAg re-
duction/year (HBsAg reduction group) were compared with
the 45 patients with a <10% decrease or an increase in the
HBsAg level (minimal change group). The answers to the
vaccine questionnaire were collected from 10 patients in the
HBsAg reduction group and 37 in the minimal change
group. Ten patients (100%) in the HBsAg reduction group
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Table 2. Relationship between HBsAg Reduction and COV-
ID-19 Vaccination.

Table 3. Relationship between HBsAg Reduction and
NA Medication.

HBsAg reduction HBsAg reduction
Total Total
More than 50%  Less than 10% More than 50%  Less than 10%
COVID-19 vaccinated 10 29 39 NA medication 3 11 14
Unvaccinated 0 8 8 (-) 8 34 42
Total 10 37 47 Total 11 45 56

The relationship was analyzed by the one tailed chi-square test.
p=0.0532

The relationship was analyzed by the one-tailed chi-square test.
p=0.4230
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Figure 3. Kinetics of HBsAg, HBV DNA, and ALT in the HBsAg reduction group. Day 0 is the date

of the first vaccination.

had been injected with the COVID-19 vaccine before the
last HBsAg measurement during the post-vaccination-
program period. In contrast, 29 patients (78.4%) had re-
ceived the vaccine while 8 (21.6%) had not received the
vaccine before the last HBsAg measurement during the post-
vaccination-program period. Although the difference was not
statistically significant (Table 2, p=0.0532), the results sug-
gest that COVID-19 vaccines may be involved in HBsAg re-
duction.

The NA medication rate in the HBsAg reduction group
was comparable to that in the minimal change group (Ta-
ble 3). In the HBsAg reduction group, HBV DNA seemed
to decrease without changes in HBsAg and ALT levels dur-
ing the pre-vaccination-program period (Fig. 3). A univariate
logistic regression analysis was performed to elucidate the
factors involved in HBsAg reduction (Table 4). The rate of
change in HBV DNA levels during the pre-vaccination-
program period in the HBsAg reduction group (-57.7%/year)
showed a greater reduction than that in the minimal change
group (5.9% increase per year). HBV DNA reduction in the
pre-vaccination-program period was involved in HBsAg re-
duction in the post-vaccination-program period. In addition,
the HBsAg level in the HBsAg reduction group [929.9 IU/L
(median)] was higher than that in the minimal change group
[215.1 TU/L (median)]. The presence of high HBsAg levels
during the pre-vaccination-program period was also found to
be associated with an increased reduction in its levels in the
post-vaccination-program period.

Discussion

mRNA vaccines induce the elaboration of type 1 inter-
feron (IFN-1), including IFN-o0 and IFN-B (9, 10). The
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COVID-19 mRNA vaccines are also thought to cause the
production of IFN-1 (11, 12). In addition, mRNA vaccines
induce inflammatory responses in mice, such as cytokine
production and immune cell activation (13). mRNA is rec-
ognized as a pathogen-associated molecular pattern by Toll-
like receptors (TLR)7, TLR8, TLRY, retinoic acid-inducible
gene-1 (RIG-1), and melanoma differentiation-associated
protein 5 (MDAS) in macrophages and dendritic cells. The
binding of these factors to RNA activates nuclear factor-xB
and IFN regulatory factor 3/7, leading to the production of
IFN-1 and pro-inflammatory cytokines (11, 12).

IFN has been used for CH (B) treatment (5, 6). In addi-
tion, the role of TLRs in the elimination of HBV infection
has been reported in previous studies. TLR7 plays an impor-
tant role in HBV (14). CL097 (TLR7/8 agonist)-conjugated
HBYV protein has been reported to reverse immune tolerance
in HBV-transgenic mice (15). A TLR7 agonist (T7-EA) and
HBsAg administration were shown to interrupt the immune
tolerance in an HBV mouse model using adeno-associated
virus serotype 8 encoding the HBV genome (16). TLR7 (R-
848) and TLRY9 (CpGODN) ligands have been reported to
be useful as adjuvants in prophylactic and therapeutic HBV
vaccines (17). Thus,
COVID-19 mRNA vaccines have antiviral activity against
HBV. It was reported that a single dose of mRNA vaccine
was only around 30% effective against SARS-CoV-2, with
two doses being more effective (18). Thus, booster injection
may provide a strong boost to the immune response. Indeed,
the reduction of HBsAg was observed after the third vacci-
nation in Cases 1 and 3.

In the HBsAg reduction group, changes in HBV DNA
levels were able to be assessed in 8 patients, and only 2
showed an HBV DNA reduction of >1 log,, IU/mL in the

it is reasonable to conclude that
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Table 4. Univariate Analysis of Factors: Influence on HBsAg Reduction More than 50%.

A total of 11 cases whose HBsAg

A total of 45 cases whose HBsAg

was reduced by more than 50% was reduced to less than 10% p value
(HBsAg reduction group) (minimal change group)

Age in 2020 67 (median) 62 0.465
Sex 5/6 (male/female) 25120 0.549
HBsAg change rate during the -16.4%l/year (median) -13.6%/year 0.977
pre-vaccination-program period
HBsAg in 2020 929.9 TU/L (median) 215.1 IU/L 0.035
HBYV DNA change rate during the -57.7%l/year (median) 5.6%l/year 0.032
pre-vaccination-program period
HBYV DNA in 2020 2.2 log IU/mL (median) 1.7 log IU/mL 0.318
HBYV DNA change rate during the -16.1%/year (median) 0%/year 0.723
post-vaccination-program period
ALT change rate during the -2.9%/year (median) 0%l/year 0.744
pre-vaccination-program period
ALT in 2020 18 IU/L (median) 19 IU/L 0.595
ALT change rate during the -9.5%lyear (median) 0%/year 0.220
post-vaccination-program period
PLT in 2020 181,000 /uL (median) 180,500 /uL 0.321
HBeAg 1/8 (positive/negative) 1/35 0.315

Univariable logistic regression analysis was performed.

post-vaccination-program period. Thus, HBsAg reduction
can occur without a reduction in HBV DNA levels. IFN-o
inhibits HBV replication by reducing RNA transcription
from covalently closed circular DNA (19), suggesting that
IFN-a reduces both HBV DNA and HBsAg levels. How-
ever, HBsAg does not reflect the viral load. It is likely that
the surveillance period after vaccine administration was too
short to observe a reduction in HBV DNA levels, or the IFN
production by the vaccine might have been too low to in-
duce HBV DNA reduction. Alternatively, mechanisms other
than IFN production may also exist.

Notably, the involvement of the COVID-19 vaccine in
HBsAg reduction was not proven by the statistical analysis
(p=0.0532). Many reports using IFN in patients with CH (B)
have shown that IFN-non-responders exist. HBsAg reduction
is observed in limited patients, even if patients received
PEG-IFN therapy for 48 weeks. These patients may not
show HBsAg reduction after vaccine administration. Al-
though this study surveyed all cases of HBsAg-positive pa-
tients encountered in 2020 in our hospital, the number of
analyzable patients was small. The strength and duration of
IFN induction by vaccination has not been investigated. In
addition, cases of HBV reactivation after COVID-19 vacci-
nation were reported (20).

It is unclear why some people had reduced HBsAg levels
and others did not, despite receiving the same vaccination.
The relationship between HBsAg reduction and the number
or interval of vaccination is also unknown. In addition, an
analysis is required using vaccinated and unvaccinated
groups to examine the relationship between vaccination and
HBsAg reduction. Therefore, further studies will be required
to verify these results and clarify the mechanisms underlying
the HBsAg reduction, potentially leading to the development
of new CH (B) treatments.
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In conclusion, the number of patients whose HBsAg level
was reduced by >50% per year during the post-vaccination-
program period was larger than that during the pre-
vaccination-program period. Thus, COVID-19 vaccines may
be involved in HBsAg reduction. However, large-scale stud-
ies will be required to address this issue.
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