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Abstract

Background and aims Interferon and nucleotide/nucle-

oside analogues are the main treatments for chronic hep-

atitis B. These drugs effectively reduce serum hepatitis B

virus (HBV) DNA titers but fail to sufficiently reduce

hepatitis B surface antigen (HBsAg) levels. Following the

recent identification of sodium taurocholate cotransporting

polypeptide as a receptor for HBV entry, inhibition of HBV

entry has become an attractive therapeutic target for

chronic hepatitis B treatment. We therefore evaluated the

antiviral effects of antibody to HBsAg (anti-HBs)

immunoglobulin (HBIG), which can inhibit HBV entry, by

in an vivo study and a clinical trial.

Methods In the in vivo study, HBV-infected mice were

generated from human hepatocyte chimeric mice and

treated with HBIG. A clinical trial evaluating HBIG ther-

apy in patients was also performed.

Results In the mouse study, HBV DNA titers were

reduced and serum HBsAg titers decreased to unde-

tectable levels following high-dose HBIG injection. On the

basis of this result, eight chronic hepatitis B patients, who

had received long-term nucleotide analogue treatment,

were treated with monthly HBIG injections as an additional

treatment. After 1 year of treatment, an HBsAg level

reduction of more than 1 log IU/mL was observed in four

patients, and three patients became anti-HBs positive. No

adverse events occurred during HBIG therapy.

Conclusion These results suggest that monthly HBIG

injection might benefit patients with chronic hepatitis B

whose HBsAg titer becomes lower following long-term

nucleotide/nucleoside analogue treatment.

Keywords Chronic hepatitis B � Human hepatocyte

chimeric mouse � Chronic hepatitis B � Anti-HBs

immunoglobulin � Hepatitis B surface antigen loss

Abbreviations

Anti-HBs Antibody to hepatitis B surface antigen

cccDNA Covalently closed circular DNA

HBeAg Hepatitis B e antigen

HBIG Antibody to hepatitis B surface antigen

immunoglobulin

HBsAg Hepatitis B surface antigen

HBV Hepatitis B virus

NA Nucleotide/nucleoside analogue

NTCP Sodium taurocholate cotransporting

polypeptide

Introduction

Hepatitis B virus (HBV) infection is a serious global health

problem. Chronic HBV infection often leads to chronic

hepatitis, liver cirrhosis, and hepatocellular carcinoma, and

more than 500,000 people die of liver-related diseases each
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year [1]. To prevent the progression of liver diseases by

reducing inflammation, antiviral therapies that use inter-

feron and nucleotide/nucleoside analogues (NAs) have

been developed [2–4]. Current antiviral therapies strongly

suppress viral replication; however, it is difficult to achieve

complete HBV elimination from hepatocytes. The main

obstacle to viral clearance is the long-term presence in the

nucleus of HBV covalently closed circular DNA

(cccDNA), which is a stable minichromosome composed

of viral DNA in complex with histone and non-histone host

proteins [5–10]. Therefore, antiviral therapies, especially

those involving NAs, must be continued for long periods.

Hepatitis B surface antigen (HBsAg) loss is considered

a clinical goal of antiviral therapy for prevention of the

development of liver cirrhosis and hepatocellular carci-

noma in patients with chronic hepatitis B, and accurate

HBsAg quantification systems have been developed for

monitoring changes in HBsAg levels. To achieve HBsAg

loss, several clinical trials using pegylated interferon and

NAs have been performed, and some positive results have

been reported [11–14]. One clinical trial using adefovir and

pegylated interferon alfa-2a has been performed, and a

small number of patients (3.3 %) were able to achieve

HBsAg seroclearance with this combination therapy [13].

However, the HBsAg seroclearance rate was not sufficient,

and it is necessary to improve the treatment of chronic

hepatitis B.

Recently, sodium taurocholate cotransporting

polypeptide (NTCP) has been identified as the HBV

receptor [15] and Myrcludex-B, an HBV entry inhibitor

targeting NTCP, has been developed [16]. Myrcludex-B

is a synthetic lipopeptide that inactivates NTCP function

and inhibits HBV binding [17]. According to in vitro

and in vivo studies, a very low dose of Myrcludex-B

can inhibit HBV infection [16], and a phase Ib/IIa

clinical study has been started [18]. Therefore, we

considered that inhibition of HBV entry or attachment

of hepatocytes could be a therapeutic target to increase

the HBsAg seroclearance rate. Antibody to HBsAg

(Anti-HBs) immunoglobulin (HBIG) can bind to HBsAg

or to the surface of HBV particles and neutralizes

HBsAg or protects hepatocytes from HBV infection [19,

20]. To improve the HBsAg seroclearance or reduction

rate, we analyzed the antiviral effects of NA plus HBIG

combination therapy. We evaluated antiviral effects of

HBIG using the human hepatocyte chimeric mouse

model, in which primary human hepatocytes were

engrafted into immunocompromised mice [21]. Fol-

lowing the success of the mouse experiment, we per-

formed a clinical trial to evaluate the antiviral effects of

NA plus HBIG combination therapy in patients with

chronic hepatitis B.

Materials and methods

Generation of HBV-infected human hepatocyte

chimeric mice and administration of HBIG

Human hepatocyte chimeric mice (PXB mice, PhoenixBio,

Hiroshima, Japan) were generated from uPA?/?/SCID?/?

mice and human hepatocytes were transplanted via spleen

artery [21, 22]. Frozen human hepatocytes obtained from

the same donor were transplanted into all the mice studied.

To generate HBV-infected mice, mice were inoculated

with 50 lL of human serum containing a high titer of HBV

DNA (1.2 9 108 copies per milliliter) via the tail vein.

Every 2 weeks, mouse serum was collected, and HBV

DNA and human albumin levels were evaluated. After

HBV DNA levels had plateaued, we administered HBIG

(Mitsubishi Pharma Corporation, Osaka, Japan) once. To

evaluate the human hepatocyte repopulation rate of the

mouse liver, human serum albumin levels in mouse serum

were measured as described previously [21, 22].

Inoculation, extraction of mouse sera, and killing of

mice were performed with the mice under ether anesthesia.

The experimental protocol was approved by the Ethics

Review Committee for Animal Experimentation of Grad-

uate School of Biomedical Sciences, Hiroshima University.

Human serum for inoculation was obtained from a patient

with chronic hepatitis B who provided informed consent.

Detection of HBsAg and anti-HBs in mouse serum

HBsAg and anti-HBs were measured with commercial

ELISA kits (BioChain Institute, Hayward, CA, USA)

according to the manufacturer’s instructions.

Protocol of clinical trial

To verify antiviral effects of HBIG, a clinical trial was

conducted. Eight chronic hepatitis B patients were enrolled

on the basis of the following criteria: (1) chronic hepati-

tis B patients who have undergone long-term NA therapy;

(2) HBsAg levels less than 500 IU/mL; (3) no coinfection

with other viruses, such as human immunodeficiency virus

or hepatitis C virus; (4) no other liver diseases such as

alcoholic liver disease, autoimmune hepatitis, liver cir-

rhosis, or hepatic cancer; (5) no coexisting conditions such

as poorly controlled diabetes mellitus, decompensated

renal disease, preexisting psychiatric disease, seizure dis-

orders, cardiovascular disease, hemophilia, autoimmune

diseases, or posttransplant patients; (6) not pregnant. Reed

et al. [23] administered HBIG at a high dose (560 mg/kg)

to chronic hepatitis B patients, but HBsAg clearance

occurred only in patients who had low HBsAg titers at the
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baseline. Consequently, it may be difficult to achieve

HBsAg loss in patients with high baseline HBsAg levels,

and therefore we focused on patients with low baseline

HBsAg levels (500 IU/mL or less). The experimental

protocol conformed to the ethical guidelines of the 1975

Declaration of Helsinki and was approved by the Hir-

oshima University Hospital Ethics Committee (University

Hospital Medical Information Network Center Clinical

Trials Registry ID UMIN000002568). All study patients

provided written informed consent to participate in the

study at Hiroshima University Hospital, Hiroshima, Japan.

After their enrollment in the study, all study participants

were given 1000 IU of HBIG (Hebsbulin IH, Mitsubishi

Tanabe Pharma, Tokyo, Japan) monthly together with

ongoing NA therapy. When the HBsAg level reduction was

poor, we increased the dose of HBIG up to 2000 IU. Serum

HBV DNA, HBsAg, and anti-HBs levels were measured

every month. When HBsAg was reduced to unde-

tectable levels and the patient became anti-HBs positive, an

additional treatment, monthly hepatitis B vaccination

(Bimmugen, Kaketsuken, Kumamoto, Japan), was per-

formed to maintain anti-HBs titers. After 6 months of

therapy, patients whose HBsAg levels had reduced by less

than 1 log IU/mL were judged as nonresponders, and HBIG

therapy was discontinued. In patients who achieved a

greater decline in HBsAg levels, we discontinued HBIG

and hepatitis B vaccine combination therapy depending on

the trend of anti-HBs production with vaccination. When

anti-HBs was induced by hepatitis B vaccination, we dis-

continued antiviral treatment including HBIG and NA

therapy.

It has been reported that anti-HBs can interact with

HBsAg and form antigen–antibody complexes, and the

accumulation of these complexes in the kidney might

induce renal dysfunction [23]. Therefore, we monitored

serum creatinine levels as a precaution.

Statistical analysis

Statistical analysis was performed by repeated measures

analysis of variance and the Mann–Whitney U test. P val-

ues less than 0.05 were considered statistically significant.

Results

Antiviral effect of HBIG in vivo

Twelve human hepatocyte chimeric mice were prepared

and inoculated with human serum containing HBV parti-

cles. All mice developed measurable viremia 2 weeks after

inoculation, and viremia reached a plateau 8 weeks after

inoculation. The 12 mice were divided into three groups.

Seven mice were treated with HBIG at 100 or 500 IU for

9 weeks after inoculation, and the remaining five mice

were treated with saline as a control group. As shown in

Fig. 1, HBV DNA levels were not significantly reduced by

saline injection (control). Although the low-dose (100-IU)

HBIG injection did not decrease HBV DNA levels in

mouse sera sufficiently, the high-dose (500-IU) HBIG

injection significantly decreased HBV DNA titers. Fur-

thermore, 24 h after high-dose HBIG injection, all mouse

sera became transiently HBsAg negative and transiently

anti-HBs positive. Therefore, repetitive HBIG injection

was hypothesized to reduce serum HBV DNA and HBsAg

levels and potentially induce anti-HBs seroconversion.

Clinical study of HBIG injection

As it was assumed that sufficient antiviral effects could not

be obtained in chronic hepatitis B patients with high viral

loads and high HBsAg levels by HBIG therapy, we

selected study patients whose HBV DNA titers had been

reduced to unmeasurable levels and whose HBsAg levels

were less than 500 IU/mL during NA therapy. Eight

patients who fulfilled these criteria participated in the

clinical study. The characteristics of these study partici-

pants are shown in Table 1. Five of the eight patients were

male, and the mean age of the patients was 58 years. All

patients were negative for hepatitis B e antigen (HBeAg)

and HBV DNA was undetectable in all patients. Seven

patients were being treated with entecavir at 0.5 mg/day ,

and the remaining patient was being treated with lamivu-

dine at 100 mg/day. The mean duration of NA therapy was

91 months.

Fig. 1 Hepatitis B virus (HBV) DNA level reduction caused by

antibody to hepatitis B surface antigen immunoglobulin (HBIG)

injection in vivo. Four mice received 100 IU of HBIG and three mice

received 500 IU of HBIG by injection. Phosphate-buffered saline was

injected into five mice as a control group (control). Changes in HBV

DNA levels in mouse sera were compared among the three groups.

Statistical analysis was performed with the Mann–Whitney U test
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After written informed consent had been obtained, all

patients were treated monthly with HBIG (median 22

injections; range 6–32 injections). The changes in HBsAg

levels in each patient are shown in Fig. 2a. However, no

differences in HBsAg level reduction were observed

between responders and nonresponders after 3 months of

HBIG therapy, and no association was observed between

response to HBIG therapy and change in HBsAg titers

during the year before therapy. At the end of HBIG ther-

apy, HBsAg levels were significantly reduced, and the

reduction was sustained at 6 months after the end of

therapy (Fig. 2b). An HBsAg level reduction greater than 1

log IU/mL was observed in four of the eight patients. Three

of these four patients became anti-HBs positive at the end

of the therapy. At 6 months after the end of treatment, three

patients were able to discontinue antiviral treatment

including HBIG and NA therapy, and two patients

achieved HBsAg loss and obtained anti-HBs. Although

hepatitis B core antigen levels were also measured

throughout the therapy, no significant changes in the levels

were observed.

During HBIG treatment, no adverse events, including

exacerbation of hepatitis (Fig. 3a), renal dysfunction

(Fig. 3b), virological breakthrough, or gastrointestinal

symptoms, were observed in any patient.

Clinical courses of the patients who achieved HBsAg

loss and obtained anti-HBs

The clinical courses of four patients who achieved HBsAg

loss and obtained anti-HBs are described below.

Table 1 Characteristics of the eight patients enrolled in the antibody

to hepatitis B surface antigen (anti-HBs) immunoglobulin (HBIG)

clinical trial

Factor Values

Age (years) 57.5 (43–65)

Sex Male 5, female 3

Laboratory data before HBIG administration

HBsAg (IU/mL) 30.2 (0.39–412.8)

Anti-HBs (IU/mL) 0.85 (0–1.5)

HBeAg (?/-) 0/8

HBeAg (S/CO) 0.420 (0.289–0.643)

Anti-HBe (?/-) 6/2

Anti-HBe (% INH) 78.9 (20.8–99.5)

HBcAg (log IU/mL) 3.25 (\3.0 to 4.0)

HBV DNA (log IU/mL) Undetectable

HBV genotype C 6, ND 2

WBCs (/lL) 5800 (3210–7130)

Hemoglobin (g/dL) 14.5 (12.7–15.4)

Platelets (9104/lL) 15.4 (9.3–21.3)

Total bilirubin (mg/dL) 0.7 (0.5–1.4)

AST (U/L) 19 (14–25)

ALT (U/L) 13 (11–44)

c-GTP (U/L) 18 (10–38)

Albumin (g/dL) 4.4 (4.1–5.1)

Prothrombin activity (%) 88 (76–105)

Creatinine (mg/dL) 0.73 (0.56–1.01)

Urea nitrogen (mg/dL) 15.7 (10.8–23.9)

AFP (ng/mL) 5.6 (1.7–9.8)

Number of HBIG injections 22 (6–32)

Number of HBV vaccinations 9 (0–26)

Duration of NA therapy until HBIG

administration (months)

91 (7–173)

Ranges are given in parentheses.

AFP a-fetoprotein, ALT alanine aminotransferase, AST aspartate

aminotransferase, S/CO sample/cut-off, % INH inhibition ratio, c-
GTP c-glutamyltranspeptidase, HBcAg hepatitis B core antigen, anti-

HBe antibody to hepatitis B e antigen, HBeAg hepatitis B e antigen,

HBsAg hepatitis B surface antigen, HBV hepatitis B virus, NA

nucleotide/nucleoside analogue, ND not determined, WBC white

blood cells

Fig. 2 Hepatitis B surface antigen (HBsAg) level reduction caused

by antibody to HBsAg immunoglobulin (HBIG) therapy: a each

subject, b median ± standard deviation. HBsAg level reductions

before, at 3 months of HBIG therapy, and at the end of treatment

(EOT) or 6 months after HBIG therapy were compared. Statistical

analysis was performed with the Mann–Whitney U test
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Case 1

A 58-year-old woman with HBeAg-negative chronic hep-

atitis B (HBV genotype C) had been treated with entecavir

at 0.5 mg/day for 85 months. Her HBV DNA was unde-

tectable and her HBsAg level was 20.7 IU/mL. The clinical

course of this patient during HBIG therapy is shown in

Fig. 4a. In February 2010, HBIG therapy was started. The

HBsAg titer became undetectable after 13 months of this

therapy, and the woman became anti-HBs positive at

20 months. Therefore, we started HBIG and hepatitis B

vaccine combination therapy. Although the woman had

remained anti-HBs positive for more than 6 months, we

discontinued antiviral therapy. After discontinuation of

antiviral therapy, the woman remained HBsAg negative.

Although she became anti-HBs negative after discontinu-

ation of antiviral therapy, the anti-HBs titer increased fol-

lowing hepatitis B vaccination, and HBsAg loss and low

HBV DNA levels continued for more than 1 year.

Case 2

A 49-year-old woman with HBeAg-negative chronic hep-

atitis B had been treated with lamivudine at 100 mg/day

for 173 months. Her HBV DNA was undetectable, and her

HBsAg level was 0.4 IU/mL. The clinical course of this

patient during HBIG therapy is shown in Fig. 4b. In

October 2011, HBIG therapy was started. She became anti-

HBs positive after 2 months of this therapy, and she

became HBsAg negative at 5 months. Therefore, we star-

ted HBIG and hepatitis B vaccine combination therapy.

Although she had remained anti-HBs positive for more

than 1 year, we discontinued antiviral therapy. After dis-

continuation of antiviral therapy, she remained HBsAg

negative. Although she became anti-HBs negative after

discontinuation of antiviral therapy, the anti-HBs titer

increased following hepatitis B vaccination, and HBsAg

loss was maintained for more than 1 year.

Case 3

A 42-year-old man with HBeAg-negative chronic hepati-

tis B (HBV genotype C) had been treated with entecavir at

0.5 mg/day for 75 months. His HBV DNA was unde-

tectable, and his HBsAg level was 32.09 IU/mL. The

clinical course of this patient during HBIG therapy is

shown in Fig. 4c. In January 2013, HBIG therapy was

started. Although HBIG therapy was continued for

13 months, the HBsAg titer gradually increased, and he did

not become anti-HBs positive. Therefore, we considered

that the patient was a nonresponder to HBIG therapy and

discontinued antiviral therapy. After discontinuation of the

therapy, the HBsAg titer was maintained at the same level

as before HBIG therapy.

Case 4

A 55-year-old woman with HBeAg-negative chronic hep-

atitis B (HBV genotype C) had been treated with entecavir

at 0.5 mg/day for 64 months. Her HBV DNA was unde-

tectable, and her HBsAg level was 3.78 IU/mL. The clin-

ical course of this patient during HBIG therapy is shown in

Fig. 4d. In March 2012, HBIG therapy was started. She

became anti-HBs positive after 5 months of this therapy,

and we started HBIG and hepatitis B vaccine combination

therapy. Her anti-HBs level transiently increased to

64.9 IU/mL in November 2013; however, her anti-HBs

level gradually decreased and she became anti-HBs nega-

tive in spite of HBIG and hepatitis B vaccine combination

therapy. Although she never became HBsAg negative, we

discontinued HBIG and hepatitis B vaccine combination

therapy. Six months after discontinuation of the

Fig. 3 Change of serum alanine

aminotransferase (ALT) and

creatinine levels caused by

antibody to hepatitis B surface

antigen immunoglobulin

(HBIG) therapy. To evaluate the

safety of HBIG therapy, serum

ALT and creatinine levels

before and at the end of

treatment (EOT) or 6 months

after HBIG therapy were

compared. Statistical analysis

was performed with the Mann–

Whitney U test
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Fig. 4 Clinical courses of four

patients who achieved

hepatitis B surface antigen

(HBsAg) loss. a A 58-year-old

woman who had been treated

with entecavir at 0.5 mg/day for

85 months before antibody to

HBsAg (anti-HBs)

immunoglobulin (HBIG)

therapy was treated with HBIG

for 13 months. After this

therapy, HBsAg became

undetectable and antiviral

therapy was successfully

discontinued. HBsAg loss has

since been maintained for more

than 1 year. b A 49-year-old

woman who had been treated

with lamivudine at 100 mg/day

for 173 months was treated with

HBIG for 19 months. After this

therapy, the HBsAg titer

became undetectable, and she

had remained positive for anti-

HBs for more than 1 year. c A

42-year-old man who had been

treated with entecavir at

0.5 mg/day for 75 months was

treated with HBIG for

13 months. During the HBIG

therapy, the HBsAg titer

gradually increased and he did

not become anti-HBs positive.

After discontinuation of the

therapy, the HBsAg titer was

maintained at the same level as

before HBIG therapy. d A

55-year-old woman who had

been treated with entecavir at

0.5 mg/day for 64 months was

treated with HBIG. After

5 months of therapy, she

became anti-HBs positive, and

we started HBIG and

hepatitis B vaccine (HB

vaccine) combination therapy.

However, she never became

HBsAg negative, and HBIG and

HB vaccine combination

therapy was discontinued at

21 months. Six months after

discontinuation of the

combination therapy, HBsAg

levels returned to pretreatment

levels. ALT alanine

aminotransferase, HBsAb

antibody to HBsAg, HBV

hepatitis B virus
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combination therapy, her HBsAg levels returned to the

pretreatment levels.

Discussion

There are several steps in the life cycle of HBV, such as

attachment and binding to hepatocytes, endocytosis, tran-

scription of several HBV RNAs, replication of the HBV

genome, formation of viral particles, and exocytosis, but

recent antiviral therapies for chronic hepatitis B have

mainly targeted transcription of HBV RNA or replication

of the HBV genome. Although these antiviral therapies are

able to strongly suppress HBV replication, it is difficult to

reduce HBsAg levels or clear cccDNA from the nucleus

because of recycling of HBV DNA and reinfection of

hepatocytes with HBV particles. Therefore, we considered

that protection from HBV reinfection could reduce

cccDNA and HBsAg production. According to several

reports, HBIG can block HBV entry [24–28] and enhances

the response of T cells [29]. However, it is unclear whether

HBIG can decrease viral load in chronic hepatitis B

patients. To clarify this issue, we performed an in vivo

analysis using HBV-infected human hepatocyte chimeric

mice before starting a clinical study. As shown in Fig. 1,

serum HBV DNA levels decreased significantly following

HBIG injection, and the reduction was enhanced in a dose-

dependent manner. Furthermore, serum HBsAg also tran-

siently decreased to an undetectable level 24 h after HBIG

injection (data not shown). According to these results, it

was considered that repetitive HBIG therapy could inhibit

HBV reinfection and could reduce intracellular cccDNA

and HBsAg production.

On the basis of the in vivo analysis, we conducted a

clinical trial involving treatment of chronic hepatitis B

patients with HBIG. Because it was considered to be dif-

ficult to obtain adequate results with patients with high

initial HBV DNA or HBsAg levels, the study focused only

on chronic hepatitis B patients undergoing long-term

nucleotide analogue therapy who had undetectable HBV

DNA levels and HBsAg levels less than 500 IU/mL

(Table 1). After more than 1 year of HBIG therapy, a

greater than 1 log reduction of HBsAg levels was observed

in four of the eight patients, and two of these four patients

achieved sustained HBsAg loss and were able to discon-

tinue antiviral therapy (Fig. 4a, b). Although the clinical

trial was conducted with a small number of patients, the

HBsAg level reduction rate was high, and 25 % of patients

achieved HBsAg loss. Furthermore, these results suggest

that HBIG therapy might be a trigger for HBsAg level

reduction, because in some cases HBsAg levels began to

reduce after discontinuation of HBIG therapy (Fig. 4c).

Considering the low HBsAg loss rate over the natural

course or during antiviral therapy (0.6–11 %) [30–35], the

HBsAg loss rate observed in this study appears quite high

and suggests that HBIG combination therapy might induce

additional HBsAg level reduction in patients with low

HBsAg titers.

Furthermore, several interesting characteristics were

observed in the two most successful clinical courses.

Although anti-HBs titers gradually decreased after dis-

continuation of antiviral therapy, they rebounded following

additional hepatitis B vaccination (Fig. 4a, b). Anti-HBs

levels generally do not increase in chronic hepatitis B

patients after additional hepatitis B vaccination, but these

two patients reliably responded to the additional vaccina-

tion. The clinical results suggest that these patients might

have been able to successfully eliminate HBV and that

their immune responses to HBV were restored by the NA

and HBIG combination therapy. However, transient HBV

DNA elevation (2.1 log copies per milliliter or less)

occurred despite HBsAg loss in these two patients, indi-

cating that HBV cccDNA still remained in the nuclei of

hepatocytes. Therefore, it is important to maintain anti-

HBs levels at a higher titer to prevent HBV recurrence.

According to the Japanese Prescribing Information, the

use of HBIG in HBsAg-positive HBV carriers is con-

traindicated because of concern about acute renal failure

due to immune complex or anaphylaxis by activation of

immune complement. However, the use of HBIG in HBV

carriers is not contraindicated in other countries, and HBIG

can be used safely to protect against HBV reinfection in

patients who underwent liver transplantation for HBV-re-

lated liver failure. Furthermore, Reed et al. [23] reported

that no severe adverse events were observed in six HBV

carriers who received a high dose of HBIG. To verify the

safety of the present study, we closely monitored monthly

laboratory data. As shown in Fig. 3b, serum creatinine

levels did not increase during HBIG therapy, and no other

adverse events occurred. Although it is important to ana-

lyze a larger number of patients, these results suggest that

HBIG therapy for chronic hepatitis B patients can be per-

formed safely.

In conclusion, we demonstrated through both basic and

clinical studies that blocking HBV reinfection with HBIG

could promote reduction of HBV DNA and HBsAg levels.

This study provides evidence that additional HBIG injec-

tion during antiviral therapy could be a useful option to

induce HBsAg loss, potentially leading to discontinuation

of long-term antiviral therapies.
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