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Abstract:
Objective There is a paucity of information on whether the hepatitis B virus (HBV) vaccine, derived from

HBV genotype C, can prevent mother-to-child transmission of HBV genotype D. The aim of this study was

to clarify this issue.

Methods The subjects consisted of 25 children (8.5±4.1 years old, 7 males, 18 females), born to 17 moth-

ers who were chronically infected with HBV genotype D. Of these, 20 children were inoculated with the

genotype C-derived vaccine, one was inoculated with the genotype A-derived vaccine, and one was inocu-

lated with both the A- and C-derived vaccines. Information on the type of vaccine given to the remaining

three children was not available. The serum levels of HB surface antigen (HBsAg), antibody to HBsAg (anti-

HBs), and antibody to HB core (anti-HBc) of the children, as well as HBV markers of the mothers, were ex-

amined.

Results All mothers were positive for HBsAg (6,563±11,005 IU/mL), negative for HBeAg, and positive for

anti-HBe. HBV-DNA levels (log IU/mL) were <3.3 in 7 mothers, 3.3-4.3 in 9 mothers, and >4.3 in one

mother. HBsAg and anti-HBc were negative in all children, regardless of the type of vaccine used. Anti-HBs

were positive in 13 children and negative in 12.

Conclusion All children born to mothers infected with genotype D, including 20 who were inoculated with

the genotype C-derived vaccine, were negative for both HBsAg and anti-HBc. These results suggest that the

genotype C-derived HB vaccine is effective in preventing mother-to-child transmission from mothers infected

with HBV genotype D.
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Introduction

Hepatitis B is a major global health problem; it is esti-

mated that 257 million people were chronically infected

with the hepatitis B virus (HBV) in 2015, and 887,000 peo-

ple died as a result (1). HBV is transmitted by percutaneous

or mucosal exposure to infectious blood or bodily fluids.

Transmission can occur perinatally from mother to child and

from person to person. Infants born to mothers infected with

HBV are at high risk of acquiring this infection; therefore,

the prevention of perinatal HBV transmission is crucial. A

3-dose series of HB vaccination with or without hepatitis B

immune globulin (HBIG) is recommended to infants born to

mothers positive for hepatitis B surface antigen (HBsAg),

and infants whose anti-HBs remains <10 mIU/mL by post-

vaccination testing are recommended to receive revaccina-

tion (2, 3).

In Japan, the nationwide Mother-to-Child Transmission

Prevention Project (MCTP) was launched in 1986. In this
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project, babies born to mothers positive for HBsAg and

hepatitis B e antigen (HBeAg) in serum received HBIG at

birth, and at 2 months of age, as well as vaccines at 2, 3,

and 5 months of age (4-6). In 1995, this project was ex-

panded to include children from HBsAg-positive and

HBeAg-negative mothers, while omitting HBIG administra-

tion at 2 months.

It has not been fully clarified whether immunization with

the HB vaccine derived from single-genotype HBV can pre-

vent infection with different (non-vaccine) HBV genotypes.

Many reports have shown that universal vaccination with

HBV vaccines (most of which are derived from genotype A)

is highly effective; thereby reducing the rate of chronic in-

fection in children in many countries where a variety of

HBV genotypes are circulated, thus indicating the efficacy

of HB vaccines against different genotypes (1, 2, 7)1. How-

ever, several reports have also reported a reduced efficacy of

the HB vaccine against different genotypes (8-10).

Thus far, 10 HBV genotypes with different geographical

distributions have been reported (11, 12). In Japan, geno-

types C and B are the most prevalent domestic genotypes;

however, the incidence of genotype A is increasing, geno-

type D is also found among the Japanese popula-

tion (13-16). Two types of HB vaccines are available in Ja-

pan (9, 17). One is a genotype C-derived vaccine (Bim-

mugenⓇ, Kaketsuken, Kumamoto, Japan), and the other is

derived from genotype A (HeptavaxⓇ-II, MSD, Kenilworth,

USA). In the present study, we aimed to clarify whether dif-

ferent genotype-derived vaccines, specifically the HB vac-

cine derived from genotype C, can prevent mother-to-child

transmission in children born to mothers infected with geno-

type D.

Materials and Methods

Study design and ethics

This study was designed as a prospective, observational

cohort study to investigate whether genotype C- or genotype

A-derived HB vaccination in neonates born to mothers

chronically infected with genotype D can prevent mother-to-

child transmission. This study aimed to prospectively inves-

tigate HBsAg, anti-HBs, anti-HBc, aspartate aminotrans-

ferase (AST), alanine aminotransferase (ALT), and the type

of HB vaccine given to children born to mothers chronically

infected with genotype D HBV and who had been inocu-

lated with the HB vaccine according to the protocol of the

nationwide “mother-to-child transmission prevention pro-

ject”. The data on the type of HB vaccine (genotype C-

derived, or genotype A-derived vaccine), date of vaccination,

and body weight at birth, which were recorded in the “Ma-

ternal and Child Health Handbook (Boshi-Kenko-Techo)”,

were collected. Laboratory data (HBsAg, HBeAg, anti-HBe,

HBV-DNA, AST, and ALT), and clinical diagnosis of the

mothers were also investigated. The period of sample collec-

tion for this study was between April 2018 and December

2019. The protocol was aligned with the ethical guidelines

of the 1975 Declaration of Helsinki, and was approved by

the Institutional Ethics Committee of Ehime Prefectural

Central Hospital, Ehime, Japan.

Subjects

The subjects comprised females chronically infected with

HBV genotype D and their children, who had a history of

HB vaccination, 3 times, as recommended by the nationwide

mother-to-child transmission prevention project. Mothers

who had been followed up by our hospital once to several

times per year due to chronic HBV infection were selected.

The purpose of the present study was explained to them,

and 17 mothers (37.4±3.9 years old) agreed to participate.

Twenty-five children born to the participating mothers (7

males, 18 females; 8.5±4.1 years old) visited our hospital

thereafter. The purpose and methods of the study were ex-

plained to the children as well as the mothers, and written

informed consent was obtained from all mothers and any

children over the age of 15.

The body weight at birth of all the children was greater

than 2,000 g, and all children received 3 inoculations with

HB vaccines between March 2000 and December 2015.

Clinical and laboratory data

Age, sex, and serum levels of HBsAg, anti-HBs antibody

(anti-HBs), and anti-hepatitis B core antibody (anti-HBc) of

the children were studied. Age, diagnosis, HBsAg, HBe an-

tigen, and antibody (HBeAg/anti-HBe), HBV-DNA, AST,

and ALT serum levels of the mothers were also investigated.

The HBV genotype of mothers was determined to be D, us-

ing a commercially available kit (HBV genotype EIA, Insti-

tute of Immunology, Tokyo, Japan), according to the manu-

facturer’s instructions. Mothers were diagnosed according to

the criteria and definition of AASLD 2018 Hepatitis B

Guidance (12).

Assay of HBV markers

HBsAg, anti-HBs, HBeAg, anti-HBe, and anti-HBc were

assayed using chemiluminescent enzyme immunoassay

(CLIA, ARCHITECTⓇ, Abbott Japan, Tokyo, Japan). HBV-

DNA was assayed by real-time polymerase chain reaction

(PCR) (CobasⓇ 8800 HBV, Roche Diagnostics, Tokyo, Ja-

pan). Samples were assayed according to the manufacturer’s

protocols. The results of HBsAg, anti-HBs, and anti-HBc

were expressed as IU/mL, mIU/mL, and S/CO (sample/cut-

off), respectively, and values <0.05 IU/mL, <10.00 mIU/mL,

and <1.00, respectively, were judged as negative. The results

of HBeAg and anti-HBe were expressed as S/CO, and %,

respectively, and values <1.00 and <50%, respectively, were

judged as negative.
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Table　1.　Mothers’ Laboratory Data.

No. Age Diagnosis*
HBsAg

(IU/mL)

HBeAg

(S/CO)

anti-HBe

(%)

HBV DNA

(log IU/mL)

AST

(U/L)

ALT

(U/L)

mother 1 33 CHB 44,096 (-) 99.9 3.5 18 20

mother 2 36 CHB 931 (-) 99.0 3.6 20 22

mother 3 34 CHB 1,218 (-) 99.0 3.6 19 9

mother 4 38 CHB 18,933 (-) 96.0 3.4 17 20

mother 5** 43 a-CHB 13,483 (-) 99.0 7.9 44 51

mother 6 34 i-CHB 4,989 (-) 99.7 <1.8+ 17 14

mother 7 38 i-CHB 81.6 (-) 99.2 2.6 20 15

mother 8 33 i-CHB 5,623 (-) 99.2 2.8 15 14

mother 9 31 i-CHB 2,281 (-) 99.3 2.4 16 15

mother 10 40 CHB 470 (-) 99.0 3.3 19 14

mother 11 35 CHB 1,556 (-) 99.7 3.8 19 22

mother 12 40 CHB 1,752 (-) 99.6 4.2 25 16

mother 13 41 CHB 9,913 (-) 99.5 3.4 23 18

mother 14 41 i-CHB 118 (-) 99.0 2.9 16 17

mother 15 34 i-CHB 601 (-) 99.0 2.8 18 14

mother 16 40 i-CHB 1,850 (-) 99.0 2.4 16 17

mother 17 44 CHB 3,681 (-) 99.5 3.4 23 18

*CHB: chronic hepatitis B, a-CHB: immune-active chronic hepatitis B, i-CHB: inactive CHB, HBV: hepatitis B vi-

rus, AST: aspartate aminotransferase, ALT: alanine aminotransferase

**Laboratory data prior to the start of entecavir treatment. At the time of delivery, entecavir treatment had not been 

started.

Results

Clinical data of mothers

All mothers were positive for HBsAg (6,563±11,005 IU/

mL), negative for HBeAg, and positive for anti-HBe (Table

1). The HBV-DNA levels were <3.3 log IU/mL (<2,000 IU/

mL) in 7, 3.3-4.3 log IU/mL (2,000< <20,000 IU/mL) in 9,

and >4.3 log IU/mL (>20,000 IU/mL) in one mother. The

levels of AST and ALT were less than 30 U/L in all mothers

except one. One mother was diagnosed with immune-active

chronic hepatitis B (CHB), while inactive CHB was ob-

served in seven mothers. The remaining nine diagnosed with

CHB fulfilled the criteria of inactive CHB, except for the

level of HBV-DNA. A mother with immune-active CHB

(mother 5) had been treated with entecavir, but the therapy

was started after delivery of the child that was included in

this study. The other 16 mothers had no history of anti-viral

therapy against CHB.

Types of vaccine and viral markers in children

The types of vaccines and viral markers of the children

are shown in Table 2. Among the 25 children, 20 were vac-

cinated with a genotype C-derived vaccine (BimmugenⓇ,

KM Biologics, Kumamoto, Japan), one with a genotype A-

derived vaccine (HeptavaxⓇ-II), and one was vaccinated with

both a genotype A-derived vaccine twice and a genotype C-

derived vaccine once. The type of vaccine was undetermined

in the remaining three children, as the type of HB vaccine

was not recorded in their Maternal and Child Health Hand-

book.

As shown in Table 2, all 25 children were negative for

HBsAg and anti-HBc, and 13 (52.0%) were positive for

anti-HBs. Among the 20 children inoculated with only the

genotype C-derived vaccine, all were negative for both

HBsAg and anti-HBc, 11 of them (55.0%) were positive for

anti-HBs. Regardless of the type of vaccine, mother-to-child

transmission was prevented in all subjects. The relationship

between positivity or anti-HBs titers and type of vaccines

could not be analyzed as the sample size was too small.

Discussion

Epidemiological data on the decrease in HBV carriers in

many countries, as well as the decreased risk of incidence of

hepatocellular carcinoma, after the introduction of universal

vaccination indicates that HB vaccines are effective at pre-

venting the transmission of different HBV genotypes (1, 18).

Genotype A-derived vaccines are used in the majority of

countries worldwide; epidemiological data on the reduction

of HBV carrier rates in these countries as well as experi-

mental data using serum samples of subjects immunized

with the HB vaccine indicate, that genotype A-derived vac-

cines are effective at preventing the transmission of other

genotypes (1, 2, 9, 19). In Japan, genotype C- and genotype

A-derived vaccines are used in the nationwide project for

mother-to-child transmission prevention. Based on epidemi-

ological data, after the introduction of this project, regarding

the decreased rate of HBV carriers and the decreased inci-

dence of hepatocellular carcinoma in young adults, it is sus-

pected that these two types of vaccines are effective at pre-
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Table　2.　Children’s HBV Markers.

No. Mother Age Sex
Genotype 

of vaccine

HBsAg

(IU/mL)

anti-HBs

(mIU/mL)

anti-HBc

(S/CO)

Child 1 mother 1 12 F C (-) (-) (-)

Child 2 mother 1 10 F C (-) (-) (-)

Child 3 mother 2 12 M C (-) (-) (-)

Child 4 mother 2 10 F C (-) 44.1 (-)

Child 5 mother 2 4 F C (-) 44.5 (-)

Child 6 mother 3 10 M C (-) 129.6 (-)

Child 7 mother 3 8 F C (-) 58.3 (-)

Child 8 mother 4 5 M C (-) 11.4 (-)

Child 9 mother 5 8 F C (-) (-) (-)

Child 10 mother 5 6 F C (-) (-) (-)

Child 11 mother 6 11 F C (-) (-) (-)

Child 12 mother 6 9 F C (-) (-) (-)

Child 13 mother 7 6 M C (-) 295.0 (-)

Child 14 mother 8 3 F C (-) 1,310 (-)

Child 15 mother 9 3 F C (-) 304.0 (-)

Child 16 mother 10 10 F C (-) (-) (-)

Child 17 mother 11 3 M C (-) (-) (-)

Child 18 mother 12 9 F C (-) 36.6 (-)

Child 19 mother 12 7 F C (-) 61.0 (-)

Child 20 mother 13 3 M C (-) 111.9 (-)

Child 21 mother 3 6 F A (-) 15.9 (-)

Child 22 mother 14 15 F A+C* (-) (-) (-)

Child 23 mother 15 10 F ? (-) 243.0 (-)

Child 24 mother 16 14 F ? (-) (-) (-)

Child 25 mother 17 19 M ? (-) (-) (-)

*genotype A-derived vaccine 2 twice, genotype C-derived vaccine once

M: male, F: female 

?: The type of vaccine could not be determined.

venting the transmission of genotypes B and C, the domestic

genotypes in Japan (5, 6, 20). However, the above epidemi-

ological data is insufficient to clarify whether the genotype

C-derived vaccine is effective at preventing transmission of

genotype D, as genotype D is a minor genotype in Japan,

and there is currently no published research regarding the

effect of the genotype C-derived vaccine on the prevention

of mother-to-child transmission to children born to mothers

infected with genotype C. Moreover, reports were scarcely

found regarding the efficacy of universal vaccination using

genotype-C-derived vaccines in areas or countries where

genotype D is circulating predominantly (21). In this con-

text, we attempted to clarify this issue.

It is reported that the risk of acquiring HBV infection in

infants born to mothers with both HBsAg and HBeAg is

very high (70-100%) without vaccination, whereas those

born to mothers with HBsAg and without HBeAg are 5-

30% in Asia (3). In the present study, all 20 children born

inoculated with the genotype C-derived vaccine were nega-

tive for both HBsAg and anti-HBc. Although, in this study,

the majority of mothers were negative for HBeAg, the pre-

sent data indicates that the genotype C-derived HB vaccine

is effective at preventing HBV transmission in children born

to mothers infected with HBV genotype D.

In the present study, anti-HBs was positive in 13/25 chil-

dren with a mean age of 8.5±4.1 years, and in 11/20 chil-

dren inoculated with the genotype C-derived vaccine. There-

fore, approximately half of the subjects were negative for

anti-HBs. It is of great concern whether administration of

HB-Ig followed by the inoculation of genotype C-derived

vaccine to infants born to mothers infected with genotype D

is effective enough to induce, and maintain an anti-HBs-

positive state for a long time. There are 2 possibilities re-

garding the negative result of anti-HBs in inoculated chil-

dren; one is that they were not actively immunized, and the

other was that they had become positive for anti-HBs and

the titer of anti-HBs declined to a negative level. In general,

more than 95% of infants are actively immunized against

HBsAg who are vaccinated with the HB vaccine, regardless

of the administration of HB-Ig (1, 4). Moreover, it is well

known that the titer of anti-HBs increases several weeks af-

ter the third inoculation, and its titer thereafter gradually de-

clines. Nommensen et al. reported that the half-life of anti-

HBs was 40-280 days (mean 150; SD 40) (22). It has also

been reported that approximately 1/3 to 1/2 of those inocu-

lated became negative for anti-HBs four years after vaccina-

tion (23). Another report showed that anti-HBs became un-

detectable in 15-50% of children 5-15 years after vaccina-
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tion, as opposed to in 30-60% of adults within 5 years (24).

In the present study, anti-HBs data several weeks after the

third inoculation could not be obtained; however, it is sus-

pected that the majority of the subjects negative for anti-

HBs were actively immunized after vaccination, and the titer

of anti-HBs gradually declined to levels <10 mIU/mL there-

after.

Although there are not many reports describing the posi-

tive rate of anti-HBs in children of each age after the inocu-

lation of HB vaccine in infants, a report from Taiwan after

the national project of universal vaccination indicated that

the positive rate of anti-HBs at the age of 7-8 was approxi-

mately 50% (25). Therefore, the positive rate of anti-HBs in

the present study may not be low.

Another problem is whether there is a difference between

the rate of anti-HBs in children inoculated with genotype C-

derived vaccine born to mothers infected with genotype C,

and those infected with genotype D. No study has investi-

gated this issue, but there was a report from Japan related to

this issue; family members (including adults) of HBV carri-

ers with HBsAg subtype adr (supposed to be genotype C)

and those with subtype ayw (supposed to be genotype D)

were inoculated with plasma-derived HB vaccine (mainly

consisting of subtype adr HBsAg), and HBsAg/anti-HBs

were studied at 1 month and 5 years after inoculation (26).

No subjects were positive for HBsAg, and positivity for

anti-HBs at 1 month after inoculation were 91% and 83%,

respectively; and at 5 years post inoculation positivity for

anti-HBs were 73% and 71%, respectively. This study indi-

cates that there is no difference in the positivity of anti-HBs

after inoculation with genotype C-derived vaccine between

family members of genotype C carriers and those of geno-

type D carriers. However, further investigation is needed to

answer this question.

Kato et al. studied the effect of vaccine-acquired polyclo-

nal anti-HBs on the prevention of HBV in non-vaccine

genotypes (9), and found that vaccination with genotype A-

or C-derived HBsAg provided polyclonal anti-HBs that were

sufficiently capable of binding to HBsAg of non-vaccine

genotypes; however, a small portion of anti-HBs were spe-

cific to the vaccine genotype HBsAg. Thus, they concluded

that high titers of anti-HBs would be required to prevent

non-vaccine genotype HBV infection. In the present study,

the preventative capabilities of genotype-C-derived vaccines

against genotype D transmission were satisfactory, at least

during childhood. However, the mean age of the children in

this study was 8.5 years; therefore, we are not able to

speculate whether anti-HBs acquired by genotype C-derived

vaccination can prevent the transmission of genotype D

HBV during adult life as well. Hence, further studies are

necessary to clarify the long-term effects of this vaccination

regimen. Moreover, studies regarding the efficacy of geno-

type C-derived vaccination against genotype A transmission

are scarce (9, 27); this problem should also be clarified in

future studies.

Conclusion

All children born to mothers chronically infected with

genotype D and vaccinated with the genotype C- and/or

genotype A-derived vaccines were negative for both HBsAg

and anti-HBc. The results of the present study suggest that

the genotype C-derived HB vaccine is effective for prevent-

ing HBV transmission in children born to mothers infected

with HBV genotype D. These results have significant trans-

lational implications for preventing HB transmission from

mothers to children, using the genotype C-derived vaccines.

The authors state that they have no Conflict of Interest (COI).

References

1. World Health Organization. Hepatitis B [Internet]. [cited 2019 Jul

18]. Available from: https://www.who.int/news-room/fact-sheets/det

ail/hepatitis-b

2. Schillie S, Vellozzi C, Reingold A, et al. Prevention of hepatitis B

virus infection in the United States: recommendations of the advi-

sory committee on immunization practices. MMWR Recomm Rep

67: 1-31, 2018.

3. World Health Organization. Hepatitis B vaccines: WHO position

paper-July 2017. Weekly epidemiological record [Internet]. 2017

[cited 2020 Mar 1]; 92: 369-392.Available from: https://www.who.

int/wer

4. Kanai K, Takehiro A, Noto H, et al. Prevention of perinatal trans-

mission of hepatitis B virus (HBV) to children of e antigen-

positive HBV carrier mothers by hepatitis B immune globulin and

HBV vaccine. J Infect Dis 151: 287-290, 1985.

5. Koyama T, Matsuda I, Sato S, Yoshizawa H. Prevention of perina-

tal hepatitis B virus transmission by combined passive-active im-

munoprophylaxis in Iwate, Japan (1981-1992) and epidemiological

evidence for its efficacy. Hepatol Res 26: 287-292, 2003.

6. Noto H, Terao T, Ryou S, et al. Combined passive and active im-

munoprophylaxis for preventing perinatal transmission of the

hepatitis B virus carrier state in Shizuoka, Japan during 1980-

1994. J Gastroenterol Hepatol 18: 943-949, 2003.

7. Chen HL, Chang MH, Ni YH, et al. Seroepidemiology of hepatitis

B virus infection in children: ten years of mass vaccination in Tai-

wan. JAMA 276: 906-908, 1996.

8. Aono J, Yotsuyanagi H, Miyoshi H, et al. Amino acid substitu-

tions in the S region of hepatitis B virus in sera from patients with

acute hepatitis. Hepatol Res 37: 731-739, 2007.

9. Kato M, Hamada-Tsutsumi S, Okuse C, et al. Effects of vaccine-

acquired polyclonal anti-HBs antibodies on the prevention of HBV

infection of non-vaccine genotypes. J Gastroenterol 52: 1051-

1063, 2017.

10. Stramer SL, Wend U, Candotti D, et al. Nucleic acid testing to de-

tect HBV infection in blood donors. N Engl J Med 364: 236-247,

2011.

11. Norder H, Hammas B, Löfdahl S, et al. Comparison of the amino

acid sequences of nine different serotypes of hepatitis B surface

antigen and genomic classification of the corresponding hepatitis

B virus strains. J Gen Virol 73: 1201-1208, 1992.

12. Terrault NA, Lok ASF, McMahon BJ, et al. Update on prevention,

diagnosis, and treatment of chronic hepatitis B: AASLD 2018

hepatitis B guidance. Hepatology 67: 1560-1599, 2018.

13. Orito E, Ichida T, Sakugawa H, et al. Geographic distribution of

hepatitis B virus (HBV) genotype in patients with chronic HBV

infection in Japan. Hepatology 34: 590-594, 2001.

14. Ito K, Yotsuyanagi H, Sugiyama M, et al. Geographic distribution



Intern Med 59: 2825-2830, 2020 DOI: 10.2169/internalmedicine.5090-20

2830

and characteristics of genotype A hepatitis B virus infection in

acute and chronic hepatitis B patients in Japan. J Gastroenterol

Hepatol 31: 180-189, 2016.

15. Michitaka K, Tanaka Y, Horiike N, et al. Tracing the history of

hepatitis B virus genotype D in western Japan. J Med Virol 78:

44-52, 2006.

16. Matsuura K, Michitaka K, Yamauchi K, et al. Characteristics of

geographic distributions and route of infection for hepatitis B virus

genotype D in Ehime area in western Japan. Hepatol Res 37: 255-

262, 2007.

17. Ogawa M, Akine D, Sasahara T. Comparison of hepatitis B vac-

cine efficacy in Japanese students: a retrospective study. Environ

Health Prev Med 24: 80, 2019.

18. Chang MH, You SL, Chen CJ, et al. Long-term effects of hepatitis

B immunization of infants in preventing liver cancer. Gastroen-

terology 151: 472-480, 2016.

19. Cassidy A, Mossman S, Olivieri A, De Ridder M, Leroux-Roels

G. Hepatitis B vaccine effectiveness in the face of global HBV

genotype diversity. Expert Rev Vaccines 10: 1709-1715, 2011.

20. Yotsuyanagi H, Takano T, Tanaka M, et al. Hepatitis B virus-

related hepatocellular carcinoma in young adults: Efficacy of na-

tionwide selective vaccination. Hepatol Res 50: 182-189, 2020.

21. Avazova D, Kurbanov F, Tanaka Y, et al. Hepatitis B virus trans-

mission pattern and vaccination efficiency in Uzbekistan. J Med

Virol 80: 217-224, 2008.

22. Nommensen FE, Go ST, Maclaren DM. Half-life of HBs antibody

after hepatitis B vaccination: an aid to timing of booster vaccina-

tion. Lancet 2: 847-849, 1989.

23. Sodeyama T, Kobayashi M. Efficacy of HB vaccine. Nippon Rin-

sho 62 (Suppl 8): 216-221, 2004 (in Japanese).

24. Van Damme P. Long-term protection after hepatitis B vaccine. J

Infect Dis 214: 1-3, 2016.

25. Ni YH, Huang LM, Chang MH, et al. Two decades of universal

hepatitis B vaccination in Taiwan: impact and implication for fu-

ture strategies. Gastroenterology 132: 1287-1293, 2007.

26. Horiike N, Onji M, Ogawa Y, Michitaka K, Murota T, Ohta Y.

Study of long-term prospective effect on family inhabitants of

HBV carriers by administration of hepatitis B vaccine, with a spe-

cial reference to the different subtype of HBV. Kanzo 30: 836-

840, 1989 (in Japanese, Abstract in English).

27. Komatsu H, Iwasawa K, Inui A, et al. Effectiveness of genotype

C-derived hepatitis B vaccine in preventing perinatal transmission

in children born to hepatitis B virus carrier mothers infected with

genotype A. Kanzo 56: 675-677, 2015 (in Japanese, Abstract in

English).

The Internal Medicine is an Open Access journal distributed under the Creative

Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. To

view the details of this license, please visit (https://creativecommons.org/licenses/

by-nc-nd/4.0/).

Ⓒ 2020 The Japanese Society of Internal Medicine

Intern Med 59: 2825-2830, 2020


