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a p value<0.001. The factors associated with bullying were
the younger age group, shorter length of service, shifting
work, non-managerial position and the designation as a
doctor.
Conclusion A significant proportion of healthcare workers had
been bullied, and bullying exposure was shown to be associ-
ated with depression and low self-esteem. Hence, regular
screening for bullying, depression and low self-esteem should
be done to enable early intervention.

1551 CHANGES IN TWENTY YEARS OF THE
EPIDEMIOLOGICAL STATUS OF NEEDLESTICK/SHARPS
INJURIES REPORTED TO JAPAN-EPINET THROUGH A
NATION-WIDE SURVEILLANCE NETWORK

1,2T Yoshikawa*, 1K Wada, 1JJ Lee, 1T Mitsuda, 1H Kuroshi, 1M Aminaka, 1U Morisawa,
1K Morikane, 1H Kunishima, 1K Kidouchi, 1K Moriya. 1The Research Group for Occupational
Infection Control and Prevention in Japan (JRGOICP); 2Research Centre of Overwork-Related
Disorders (RECORDS), National Institute of Occupational Safety and Health (JNIOSH), Japan

10.1136/oemed-2018-ICOHabstracts.976

Introduction This study aimed at examining annual logs of
needlestick/sharps injuries (NSIs) collected through a voluntary
nation-wide surveillance network in twenty-years for prevent-
ing occupational blood-borne infections. The emphasis was
placed on revealing the past and current situations of NSIs in
health care settings.
Methods Japan-EPINet format was developed by the technical
support of the International Healthcare Worker Safety Centre,
University of Virginia in the United States in 1996. Japan-EPI-
Net Surveillance (JES) was conducted by the Research Group
for Occupational Infection Control and Prevention in Japan
(JRGOICP). Data were analysed in four phases of the nation-
wide surveillance network of AIDS referral hospitals out of a
total of 364 registered, a total number of hospital-year was
1879. These hospitals reported employees’ percutaneous inju-
ries on a voluntary basis.
Results A total of 65,032 NSIs were reported to Japan-EPINet
from 1996 to 2015. The rate of hepatitis C antibody positive
cases of the total NSIs decreased from 69.9% (1,511/2,161)
in 1996 to 11.5% (714/6,201) in JES2015. The proportion of
NSIs due to ‘recapping’ decreased (28.7%, 6.9% respectively).
Devices caused to NSIs by winged steel needles (25.3%,
8.6%) and vacuum tube phlebotomy needles (4.8%, 1.7%)
were decreased, disposal syringe (28.5%, 26.2%) and IV cath-
eter (6.7%, 5.2%) were fairly decreased. The proportion of
Suture needle (10.3%, 16.9%) and pre-filled cartridge syringe
(2.8%, 8.3%) were increased.
Discussion The changes of characteristics NSIs in Japan in
twenty-year suggested that recognition of the risks of NSIs
was vital for promoting the effective use of safety-engineered
needle/sharp devices and point-of-use disposal containers
because the rate of hepatitis C antibody positive cases among
voluntary reported NSIs. The creation of the nation-wide sur-
veillance network was effective for monitoring and evaluating
NSIs and for focusing on implementation of effective
countermeasures.

25 PREPARATION OF HAZARDOUS DRUGS IN BIOLOGICAL
SAFETY CABIN (BSC): THE CHALLENGE OF GETTING
HEALTHIER WORK ENVIRONMENTS

1MAmparo Benavent Benavent, 2MAmparo Ortuño Moreno. 1Hospital Clinic Universitari,
Valencia, Spain; 2Hospital La Fe, Valencia, Spain

10.1136/oemed-2018-ICOHabstracts.977

Introduction Hazardous drugs are an important risk to health
care workers. Some of these products may even be potentially
carcinogenic.

In different Spanish hospitals it was observed that only
Cytostatics drugs were prepared in biological safety cabins,
leaving workers exposed to the rest of hazardous non cyto-
static drugs.
Methods A bibliographical review of scientific articles and
researches has been carried out, together with the laws on
occupational health and recommendations of the Spanish
organisms.

In the USA, research promoted the development of policies
of prevention and the incorporation of these drugs in the list
NIOSH.
Result After analysing the information obtained, we detected
the following problems: HD’s are prepared in hospitalisation
rooms, where the right conditions to protect workers are non-
existent; In many cases, health care workers are given only
personal protective equipment to avoid exposure; Specific
health control isn’t performed in most cases; National legisla-
tion obliges the risk to be taken into account for the worker.
Although there are no long-term epidemiological studies, pro-
tective measures should be taken.
Discussion In many hospitals in our country HD’s are not
prepared in biological safety cabins. Health workers are
unaware that they are exposed to these risks and no specific
health training or monitoring is performed. Collaborative epi-
demiological researches should be promoted among Public
Health Units, which have information on the prevalence rate
of cancer diseases, and those responsible for occupational
health prevention.

250 HOW THE WORKING BACKS PROGRAMME HELPED
STAFF MANAGE BACK PAIN, REMAIN IN WORK AND
REDUCE ABSENTEEISM

Bulfin Siobhan*, Tuohy Niamh, A Purcell, A O’Reilly. St. Vincent’s University Hospital,
Dublin, Ireland

10.1136/oemed-2018-ICOHabstracts.978

Introduction The Working Backs Programme (WBP) is
designed for staff reporting back pain as a result of work or
whose work performance is affected. It’s a comprehensive
approach including medical assessment, provision of informa-
tion and education, a designated physiotherapy and ergonomic
staff referral service and a referral pathway for further investi-
gations and/or review. The effectiveness was evaluated by an
initial audit in 2012 and subsequent audits in 2015 and 2016.
Methods Data was collected through questionnaires at initial
consultation and post discharge for comparison. This included
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＜特別寄稿＞

日本肝臓学会評議員を対象とした B型肝炎ワクチンに関するアンケート調査

田中 靖人１） 乾 あやの２） 森屋 恭爾３） 江口有一郎４） 四柳 宏５）

要旨：B型肝炎（HB）ワクチンの在り方を検討するために，日本肝臓学会 HBワクチンワーキ
ンググループとして日本肝臓学会評議員などを対象に HBワクチンに関するアンケート調査を実
施した．その結果，1）「HBワクチンの適切な接種時期（キャッチアップ）」に関しては，小学生
高学年 64%と最多であった．2）「ワクチン無効例に対する対策」としては，筋肉内注射や 4回以
上投与などが挙げられた．3）「HBs抗体価が低下した医療従事者に対する HBワクチンのブース
ターの必要性」について，「必要」が 63%で最も多く，その施設の多くは職員に対する HBs
抗体の定期検査を 12カ月ごとに行い，HBs抗体価 10 mIU/mL未満の時点で HBワクチンを追
加接種していた．これらの結果を踏まえると，「追加のワクチン接種は必要ではない」とする日
本環境感染学会ガイドラインについて再度議論する必要があるように思われた．
索引用語： HBV B型肝炎ワクチン ワクチンブースター HBs抗体

緒 言
わが国では，1972年に日本赤十字社の血液センター
における HBs抗原のスクリーニング検査が開始された．
さらに，1986年に開始された母子感染防止事業に基づ
く出生児に対するワクチンおよび免疫グロブリン投与
により，垂直感染による新たな HBVキャリア成立が阻
止され，若年者における HBs抗原陽性率は著しく減少
した．しかし，一方で性交渉に伴う水平感染による B
型急性肝炎の発症数は減少せず，近年では，肝炎が遷
延し慢性化しやすいゲノタイプ Aの HBV感染が増加
傾向にある１）．
2016年 10月より 0歳児を対象とした B型肝炎（HB）
ワクチンの定期接種が開始されたが，定期接種の対象
から漏れた小児への対応，性行為感染症としての B
型急性肝炎，ワクチン無反応・低反応者対策，ブース
ター接種の必要性，HBワクチン接種による HBV再活
性化抑制などの問題が残されている．
また，HBVワクチン接種によって免疫が得られても，
HBs抗体は最初の 1年で急速に低下し，それ以降はゆっ

くりと減少する．健常人では，ワクチン接種者の 90～
95%に抗体産生がみられるが，抗体産生は時間の経過
とともに減弱し，8年以上経過すると約 60%の人で抗
体が検出されなくなる．しかし，HBVに対する免疫は
保たれるため，再度ワクチンを接種する必要はないと
している２）3）．実際，4～23年前にワクチンが接種されて
HBs抗体を獲得したにも拘わらず，時間の経過によっ
て 10 mIU/mL未満まで低下してしまった人にワクチン
をブースター接種すると僅か 2～4週間後に 74～100%
の人で抗体が再陽転化した．このデータはワクチン接
種者の多くが免疫記憶を維持しており，HBVの曝露に
よって HBs抗体を獲得することができることを示して
いる．以上の結果を踏まえて，米国 CDC（Centers for
Disease Control and Prevention）ガイドラインでは，
一度十分な抗体価が得られれば，その後抗体価が低下
しても曝露に際して効果的な免疫反応が得られると判
断され，腎不全を含む免疫不全症例以外は，経時的な
抗体価測定は不要とした４）．
今回，HBワクチンの在り方を検討するために，小池
和彦理事長の承認の下，企画広報委員会（持田 智委
員長）に依頼して，同委員会内に HBワクチン小委員会
を設置し，日本肝臓学会 HBワクチンワーキンググルー
プ（WG）として日本肝臓学会評議員などを対象に HB
ワクチンに関するアンケート調査を実施したので，そ
の結果を報告する．

1）名古屋市立大学医学研究科病態医科学
2）済生会横浜市東部病院小児肝臓消化器科
3）東京大学医学部感染制御学・生体防御感染症学
4）佐賀大学医学部付属病院肝疾患センター
5）東京大学医科学研究所感染免疫内科
＊Corresponding author: ytanaka@med.nagoya-cu.ac.jp
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Table　1　B型肝炎ワクチンに関するアンケートの様式
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方 法
平成 29年 9月，日本肝臓学会 HBワクチンワーキン
ググループとして日本肝臓学会評議員など 855名を対
象に Table 1のようなアンケート調査を実施した．1）定
期接種の対象とならなかった人に対するキャッチアッ
プとして HBワクチンの適切な接種時期，2）ワクチン

無効例に対する対策，3）院内職員に対する HBs抗体の
定期検査の実施状況，4）HBs抗体価が低下した医療従
事者に対するHBワクチンのブースターの必要性と実際
の対応について質問した．
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Fig.　1　HBワクチンの適切な接種時期（キャッチアップ）
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Fig.　2　ワクチン無効例対策
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結 果
アンケート調査の回収率は 24%（206/805）であった．
1）「HBワクチンの適切な接種時期（キャッチアップ）」
に関しては，小学生高学年（他のワクチンと同時接種）
64%，中学生 23%，高校生 11%であった（Fig. 1）．2）
「ワクチン無効例に対する対策」としては，筋肉内注射
31%（皮内注射 4%），ワクチンの種類を変更 27%，4
回以上投与 23%，倍量投与 6%であった（Fig. 2）．3）
「職員に対する HBs抗体の定期検査の有無」は，「あり」
62%で，検査頻度は 12カ月毎の採血が 91%と最多であっ
た（Fig. 3）．4）「HBs抗体価が低下した医療従事者に対
する HBワクチンのブースターの必要性」について，
「必要」63%で，このうち 93%で HBs抗体価 10 mIU/
mL未満の時点で実施していた（Fig. 4）．

考 察
米国 CDCガイドラインの発表を受けて，日本環境感
染学会ガイドラインでも「ワクチン接種シリーズ後の
抗体検査で免疫獲得と確認された場合，その後の抗体
検査や追加のワクチン接種は必要ではない」という勧
告を出した５）．すなわち，1）透析患者，2）HIV感染者，
3）造血幹細胞移植を受けた患者，4）化学療法や免疫
抑制療法を受けた患者などのハイリスクグループ以外
は追加のワクチン接種は必要ではないとするガイドラ
インである．確かに，集団免疫（医療機関として）の
観点からは，医療従事者の肝炎発症と患者への 2次感
染を防ぐことが目標であり，コストベネフィットを考
慮した米国のガイドラインは正しいと言えよう．
一方，個人免疫の観点からは肝炎も嫌だが，将来の
肝がんも防ぎたい．すなわち，HBc抗体が陽性化する

感染を防ぐことにより，肝炎，肝癌，さらには HBV
再活性化すべてを予防することが可能となる．実際に
福祉の国であるイギリスのガイドラインでは，抗体低
下時の追加接種を推奨しており，HBs抗体価 10～100
mIU/mLの人でさえ，1回追加接種したのち 5年ごと
に 1回追加接種を推奨している６）．特に，1）医療従事
者，2）透析患者，3）パートナーや家族内に HBVキャ
リアがいる場合は強く推奨される．興味深いことに，
今回の日本肝臓学会評議員などを対象としたアンケー
ト調査では，「HBs抗体価が低下した医療従事者に対す
る HBワクチンのブースターの必要性」について，「必
要」が 63%で最も多く，その施設の多くは職員に対す
る HBs抗体の定期検査を 12カ月ごとに行い，HBs抗
体価 10 mIU/mL未満の時点でHBワクチンを追加接種
していた．これらの結果を踏まえると，「追加のワクチ
ン接種は必要ではない」とする日本環境感染学会ガイ
ドラインについて再度議論する必要があるように思わ
れる．これは“B型肝炎”を「肝臓病」として捉えてい
る肝臓専門医と「感染症」として捉えている感染症専
門医との間にある根本的な考え方の相違に起因するも
のかもしれない．
これまでに医療従事者を何百人も対象とした研究や
男性同性愛者やエスキモーを対象とした研究が長期間
実施されており，これらの研究の成果は CDCからの勧
告を支持しているが，HBc抗体が検出された症例が存
在するのも事実である７）～９）．HBc抗体は HBVワクチン
では獲得されない抗体であり，この存在は HBV自体が
体内に入り込み，免疫が反応したという根拠になる．
すなわち，HBワクチン接種で HBs抗体陽性となった
場合，その後の HBVへの曝露により肝炎を発症するこ
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Fig.　3　職員に対するHBs 抗体の定期採血
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Fig.　4　医療従事者に対するHBワクチンブースター
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とはまれであるが，HBs抗体価が低下した際には HBV
への曝露後に HBV DNAが陽性となることがある１０）．
このような状態はオカルト HBV感染と称され，免疫抑
制状態において HBV再活性化を引き起こすことがあ

る１１）．現在のところ，HBワクチン接種後 HBs抗体が陰
転化した場合のHBワクチン追加接種は推奨されていな
いが，HBワクチン接種数年後に HBs抗体価が低下し，
急性肝炎（ALT 3,510 U/L）を発症した症例１２）や急性肝
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炎発症（ALT 211 U/L）からキャリア化した症例１３）も報
告されており，HBs抗体価 10 mIU/mL未満に低下した
場合にはHBワクチンを追加接種することも選択肢とな
りうる．特に，肝炎を発症しないまでも，HBc抗体が
陽転化した時点で，肝臓内には HBVはすでに侵入・感
染していることになり，がん化学療法や免疫抑制剤使
用時に HBV再活性化のリスクを背負うことになる．そ
のような予測可能な事態を肝臓専門医として容認して
よいのか，今後も議論が必要と思われる．

結 語
日本肝臓学会評議員などを対象にアンケート調査を
行った結果，HBワクチンに関する重要なエクスパート
オピニオンが得られた．今後も，日本肝臓学会として
の意見をまとめて広く情報発信する予定である．

謝辞：今回，HBワクチンの在り方を検討するための「日
本肝臓学会 HBワクチンワーキンググループ（企画広報委員
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Short Communication

Suppression of hepatitis B surface antigen production
by combination therapy with nucleotide analogues
and interferon in children with genotype C
hepatitis B virus infection

Hitoshi Tajiri,1 Tomoko Takano,1 Yasuhito Tanaka,2 Jun Murakami3 and Stephen Brooks4

1Department of Pediatrics, Osaka General Medical Center, Osaka, 2Department of Virology and Liver Unit, Nagoya City
University Graduate School of Medical Sciences, Nagoya, 3Division of Pediatrics and Perinatology, Tottori University,
Yonago, Japan and 4Department of Microbiology/Immunology, State University of New York at Buffalo, Buffalo,
New York, USA

Aim: Sustained suppression of hepatitis B surface antigen
(HBsAg) production after interferon (IFN) treatment has not been
reported for children with genotype C chronic hepatitis B virus
(HBV) infection, which is prevalent in Asia. Among children with
hepatitis B envelope antigen-positive genotype C chronic HBV
infection, we compared the efficacy of combination therapywith
nucleotide analogues and IFN-α in 11 children with 12 historical
cases treated with IFN monotherapy.

Methods: The combination of lamivudine and conventional
IFN-α was introduced for the first three patients; the other eight
patients were treated with entecavir and pegylated IFN.

Results: Demographic factors as well as baseline HBsAg titers
and HBV-DNA levels were similar between the two groups. In
the combination therapy group, viral loads were suppressed in
9/11 to below 4.0 log copies/mL both at the end of the therapy

(EOT) and at 6 months after EOT. In contrast, in the IFN monother-
apy group, suppression of viral loads was observed in 2/12 and
3/12 at EOT and at 6 months after EOT, respectively. In the
combination therapy group, HBsAg titers dropped from 4.03 at
pretreatment to 2.91 log IU/mL at 6 months after EOT with 4/11
showing a drop to below1000 IU/mL (one patient achievedHBsAg
clearance). In contrast, the amount of HBsAg did not change
during the corresponding periods in the IFN monotherapy group.

Conclusions: Our preliminary results suggest that combina-
tion therapy might be effective in the suppression of HBsAg pro-
duction as well as HBV-DNA production for children with
genotype C chronic HBV infection.

Key words: genotype C, HBeAg seroconversion, HBsAg
seroconversion, interferon, nucleotide analogue

INTRODUCTION

INTERFERON (IFN) IS a standard therapy of care for
children with chronic hepatitis B virus (HBV) infec-

tion.1 However, IFN monotherapy has not been satisfac-
tory in promoting hepatitis B surface antigen (HBsAg)
clearance in children or adults in Japan.2 Moreover,
sustained suppression of HBsAg production after IFN
treatment was not reported for children with chronic
hepatitis B, including genotype C chronic HBV infection,
which is prevalent in Asia.

In adult patients, HBsAg loss after tenofovir plus
pegylated interferon-α (PEG-IFN) therapy was recently re-
ported and suppression of HBsAg production by combina-
tion therapy was associated with HBV genotype A.3 Our
survey of published work failed to find any reports on the
efficacy of this combination therapy in childrenwith geno-
type C chronicHBV infection. In this study, we investigated
the efficacy of combination therapy with nucleotide ana-
logues and IFN-α in termsof suppressionofHBsAgproduc-
tion aswell as other biochemical and virological responses,
including alanine aminotransaminase (ALT) normaliza-
tion, hepatitis B envelope antigen (HBeAg) seroconver-
sion, and suppression of HBV-DNA levels.

METHODS

FROM 2010 TO 2016, 39 patients with HBeAg-positive
genotype C chronic HBV infection and their guardians
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visited our center. Twenty-one of the 39 patients who had
a sustained elevation in ALT for more than 6 months had
the therapy explained to them. Eleven of the 21 agreed to
enroll in the trial therapy (combination therapy group)
whereas the other 10 patients had therapy withheld. The
remaining 18 had never experienced an elevation in ALT
levels and were regarded as asymptomatic carriers. An ele-
vation in ALT levels was defined as a level >60 IU/L ac-
cording to Jonas et al.1

As a comparison, registered cases that had received IFN
monotherapy or PEG-IFN monotherapy were searched
using themedical records of children with chronic HBV in-
fection, which were collected in a nation-wide survey.4 We
identified 82 patients with IFN monotherapy and 14 pa-
tients with PEG-IFN monotherapy. Among them, 12 pa-
tients with IFN monotherapy and four patients with
PEG-IFN monotherapy met the following inclusion
criteria: pretreatment HBeAg positivity, availability of lab-
oratory data including ALT, HBsAg, HBeAg, and HBV-
DNA both at baseline and at 6 months after the end of
therapy (EOT), and completion of the scheduled treat-
ment regimen as described below. On evaluation of an ef-
ficacy of combination therapy, only cases with IFN
monotherapy were compared because the number of eligi-
ble cases with PEG-IFN monotherapy was too small to
compare with the combination therapy group.
The effect on HBsAg production as well as circulating

levels of ALT, HBeAg, and HBV-DNA were assessed prior
to therapy, at EOT, and every 6 months after EOT in the
11 children with genotype C chronic HBV infection. Liver
biopsy specimens were evaluated for the activity of hepati-
tis and the degree of fibrosis according to the classification
of Desmet et al.5

Treatment regimen
Combination therapy consisted of nucleotide analogues
for the first 3 months using lamivudine 3 mg/kg/day plus
natural IFN-α 0.1 MU/kg body weight three times a week
for 6 months in the first three patients, or entecavir
0.01 mg/kg/day plus PEG-IFN 180 μg/m2 body surface
area weekly for 6 months in the remaining eight patients.
The IFN monotherapy group received natural IFN-α
0.1 MU/kg body weight three times a week for 24 weeks.
The PEG-IFN monotherapy group received 180 μg/m2

body surface area weekly for 48 weeks.

Statistical analysis
Differences in mean values and the frequency of patients’
characteristics between groups were compared using the
Mann–Whitney U-test and the Fisher’s exact test,

respectively. All statistical analyses were based on two-
sided hypotheses tested with a significance level of
P<0.05.

Ethical considerations
The study protocol complied with the ethical guidelines of
the Declaration of Helsinki of 1975 (2004 revision) and
was approved by the Ethics Committee of Osaka General
Medical Center (Osaka, Japan).

RESULTS

Demographic data of children with
HBeAg-positive genotype C chronic HBV
infection

THE 11 CHILDREN who underwent the combination
therapy from 2010 to 2016 consisted of seven boys

and four girls with the average age of 9.2 years at treatment
(Table 1). Transmission routes were mother to child in
nine patients, father to child in one patient, and grandfa-
ther to child in one. Baseline factors including age at treat-
ment, gender, transmission routes, and duration of
observation were similar between the two groups. Baseline
ALT values were greater in the combination therapy group
than in the IFN monotherapy group, although it did not
reach statistical significance. Both baseline HBsAg titers
and HBV-DNA levels were in a similar range when com-
paring the two groups. A liver biopsy showed a mild activ-
ity of hepatitis (A1) for all patients expect one with a

Table 1 Comparison of demographic factors among children
with genotype C hepatitis B virus (HBV) infection treated with
interferon (IFN) monotherapy or combination therapy

IFN
monotherapy

(n = 12)

Combination
therapy
(n =11) P-value

Age, years† 9.2 ± 4.2 9.2 ± 2.9 NS
Male sex, n (%) 4 (33) 7 (62) 0.22
MTCT, n (%) 8 (66) 9 (81) NS
Observation, years† 4.0 ± 1.7 3.4 ± 2.1 0.45
Baseline ALT, IU/L† 155± 91 440 ±375 0.06
Peak ALT, IU/L† 450± 605 664 ±346 0.41
HBsAg, log IU/mL† 4.00± 0.30 4.23±0.24 0.11
HBV-DNA, log copies/mL
≥9 4 4 NS
8.0–8.9 4 5
7.0–7.9 4 2

†Mean ± standard deviation.
ALT, alanine aminotransaminase; IFN, interferon; MTCT, mother-to-
child transmission; NS, not significant.
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moderate degree of hepatitis (A2) (data not shown). A
moderate degree of fibrosis (F2) was noted in all patients.

Natural course of children who had
combination therapy withheld
Ten patients were followed for ALT, HBsAg, HBeAg, and
HBV-DNA with no treatment for a median of 2.7 years.
One of the 10 has had spontaneous seroconversion to
HBeAb positive/HBeAg negative after 16 months of
follow-up. In the remaining nine patients, HBeAg has
remained positive.

Outcome of children with combination therapy
or IFN monotherapy
In the combination therapy group, titers of HBeAg were
rapidly decreased during the 6 months of therapy in all
patients and suppressed in the negative range in eight of
the 11 at EOT. Thereafter a loss of HBeAg occurred in
two patients and remained positive in one patient at
6 months after EOT (Fig. 1). Hepatitis B envelope antigen
seroconversion was significantly higher in the combina-
tion therapy group than in the untreated group (90.9%
vs. 10.0%, P≤0.001). The seroconversion rate at 6 months
after EOT was also greater in the combination therapy

group than in the IFN monotherapy group (P=0.027;
Table 2a).
Viral loads were decreased in all patients of the

combination therapy group during therapy and were
suppressed in most of the patients to below 4.0 log cop-
ies/mL (LC/mL) both at EOT and at 6 months after EOT
(Fig. 2a). In contrast, in the 12 patients of the IFN
monotherapy group, the same degree of suppression of
viral loads during the corresponding observation period
was observed in only two and three patients at EOT
and at 6 months after EOT, respectively (Fig. 2b). The
decrease in viral loads at 6 months after EOT was more
frequently seen in the combination therapy group than
in the IFN monotherapy group (P=0.012; Table 2a).
In the combination therapy group, HBsAg titers sub-

stantially dropped from 4.03 at pretreatment to
2.91 log IU/mL at 6 months after EOT: five of the 11 pa-
tients showedmore than a 1.0-log drop in the HBsAg titers
and in four of the five patients it decreased to
<1000 IU/mL (Fig. 3a). Of note, one of the five patients
achievedHBsAg clearance at 12months after EOT (case 3).
In contrast, the HBsAg levels did not change during the
corresponding observation period in the IFN monother-
apy group (Fig. 3b). The difference between the two

Figure 1 Flow diagram of the study of the efficacy of combination therapy with nucleotide analogues and interferon in children with
genotype C hepatitis B virus infection, including summary of results. HBeAg, hepatitis B envelope antigen; HBsAg, hepatitis B surface
antigen.
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groups at 6 months after EOT was greater in the combina-
tion therapy group than in the IFN monotherapy group
both for 1.0-log drop and for a drop below 1000 IU/mL
(P=0.014 and P=0.037, respectively; Table 2a).
There were no differences between the first three pa-

tients treated with lamivudine plus interferon and the
later eight patients with entecavir plus PEG-IFN in terms
of seroconversion rate, suppression of viral loads, 1.0-log
drop in HBsAg, or drop below 1000 IU/mL at 6 months
after EOT (Table 2a).
Sustainability of the suppression of HBsAg production

was partly shown by an 84-month follow-up in cases 2
and 3, both of which showed more than 1.0-log drop
at 6 months after the end of the combination therapy
(Fig. S1). Moreover, HBsAg titers decreased below
1000 IU/mL after 6 years in case 2. In the IFNmonotherapy
group, titers of HBsAg were available for most patients be-
tween 12 and 36months after EOT and showed no change
compared to thoseat 6monthsafterEOT(datanot shown).

Outcome of children treated with PEG-IFN
monotherapy
In the four patients who underwent PEG-IFN monother-
apy, ALT normalization was reported in three, HBeAg
seroconversion in two, and suppression of HBV-DNA
in two at 6 months after EOT. The amount of HBsAg
was repeatedly assessed in three of the four patients
and no apparent decrement in HBsAg titers was ob-
served in those three patients, either at EOT or 6 months
after EOT.

Safety of combination therapy
A similar frequency of bone marrow suppression associ-
ated with IFN treatment was observed in the two groups;
leukopenia in two and thrombocytopenia in one for the
IFN monotherapy group, and one each for the combina-
tion therapy group (Table 2b). Transient elevation in se-
rum transaminase levels was also infrequently seen in

Table 2a Comparison of efficacy between interferon (IFN) monotherapy and combination therapy groups among children with
genotype C hepatitis B virus (HBV) infection

Lamivudine plus
interferon (n = 3)

Entecavir plus
PEG-IFN (n =8)

Combination
therapy (n =11)*

IFN monotherapy
(n = 12)* P-value*

ALT normalization 3/3 7/8 10/11 6/12 0.069
HBeAg/HBeAb seroconversion 3/3 7/8 10/11 5/12 0.027
HBV-DNA <4.0
log copy/mL

3/3 6/8 9/11 3/12 0.012

HBsAg 1.0-log drop 2/3 3/8 5/11 0/12 0.014
HBsAg <1000 IU/mL 1/3 3/8 4/11 0/12 0.037
HBsAg loss 1/3 0/8 1/11 0/12 NS

*P-values are shown for these two groups.
ALT, alanine aminotransaminase;HBeAb, hepatitis B envelope antibody; HBeAg, hepatitis B envelope antigen; HBsAg, hepatitis B surface antigen;
NS, not significant; PEG-IFN, pegylated IFN.

Table 2b Comparison of side-effects between interferon (IFN) monotherapy and combination therapy among children with genotype
C hepatitis B virus infection

IFN monotherapy (n =12) Combination therapy (n =11) P-value

Leukopenia 2 1 NS
Anemia (Hb <10 g/dL) 0 0 NS
Thrombocytopenia (plt <100000/μL) 1 1 NS
Elevated serum transaminase levels 2 1 NS
Hypothyroidism 0 0 NS
Lethargy 1 0 NS
Mental depression 0 0 NS
Hair loss 0 0 NS
Skin rash 0 0 NS

Hb, hemoglobin; NS, not significant; plt, platelets.
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both groups. None of these side-effects was serious
enough to warrant cessation of therapy.

DISCUSSION

IN THIS STUDY, all the 11 treated children showed a fa-
vorable response to combination therapy with IFN and

nucleotide analogues. Suppression of HBeAg production
occurred and serum HBV-DNA levels dropped to
<4.0 LC/mL at 6 months after EOT in most patients. The
mean value of HBsAg decreased from 4.03 log at baseline
to 2.91 log IU/mL at 6 months among the 11 treated pa-
tients and HBsAg dropped below 1000 IU/mL in four pa-
tients. Furthermore, one of the four patients achieved

Figure 3 Hepatitis B surface antigen (HBsAg) titers (expressed as logarithms) in two groups of children with genotype C HBV infection
treated with combination therapy or interferon (IFN) monotherapy. Baseline values of each group are presented with corresponding es-
timations at 6 months after end of treatment (EOT) for the combination therapy group (a) and the IFNmonotherapy group (b). [Color
figure can be viewed at wileyonlinelibrary.com]

Figure 2 Hepatitis B virus (HBV)-DNA levels in two groups of children with genotype C HBV infection treated with combination ther-
apy or interferon (IFN) monotherapy. Baseline values of each group are presented with corresponding estimations at end of treatment
(EOT) and at 6 months after EOT for the combination therapy group (a) and the IFN monotherapy group (b). LC, log copies. [Color
figure can be viewed at wileyonlinelibrary.com]
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HBsAg clearance 1 year after therapy and it was decreased
below 1000 IU/mL in another patient after 6 years. The
safety profile of the combination therapy group was simi-
lar to the IFN monotherapy group and no serious side-
effects were observed in either group.
The first therapeutic trial in children using a similar reg-

imenwas reported by D’Antiga et al. in 2006.6 They treated
23 immune-tolerant children and achieved HBeAg sero-
conversion in five (22%) and HBsAg loss in four (17%).
All of the four patients who cleared HBsAg had genotype
B HBV infection. Two of their 23 patients who had geno-
type C infection did not respond to the therapy. Similar
combination therapy in 112 children with an ALT >1.5
times the upper limit of normal resulted in a higher re-
sponse (55% vs. 27%) and more HBsAg loss (12.5% vs.
4.6%) when compared with 52 children who underwent
nucleotide analogue lead-in combination therapy.7

Twenty-eight children in an immune-tolerant phase were
treated with combination therapy as reported by D’Antiga
et al.8 Eleven of the 28 become seronegative forHBeAg and
five of the 11 hadHBsAg clearance, but the genotype of the
subjects was not examined in the latter two studies. Fur-
thermore, these studies into the efficacy of combination
therapy did not quantitatively assess the change in HBsAg
production.
There have been no studies on the efficacy of combina-

tion therapy in children with genotype C chronic HBV
infection. Therefore, it is unknown whether genotype C-
infected children would respond to combination therapy
with comparable efficacy as has been seen with genotype
B in children.6 A 20-year observation of the natural course
of infection in children has shown that those with initial ti-
ters of HBsAg <1000 IU/mL were more likely to clear
HBsAg than those with higher titers.9 Accordingly,
treatment-related suppression of HBsAg production
<1000 IU/mLmight lead to clearance of HBsAg in the near
future. In this study, four of the 11 patients have achieved a
suppression of HBsAg production <1000 IU/mL after the
combination therapy. However, long-term observation is
required to determine whether clearance of HBsAg might
occur in the combination therapy group, as seen in chil-
dren who showed low baseline levels of HBsAg and even-
tually cleared HBsAg.9

Our preliminary results suggest that combination ther-
apy could be effective in suppression of HBsAg production
as well as in suppression of both HBeAg and HBV-DNA
production for children with chronic genotype C HBV in-
fection. Prospective studies are needed to evaluate the effi-
cacy of combination therapy and to clarify predictive
factors of its efficacy in children with genotype C chronic
HBV infection.
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Figure S1 Changes in hepatitis B surface antigen titers
over 7 years for 11 children with genotype C hepatitis B
virus infection treated with combination therapy.

Suppression of HBsAg production 1177Hepatology Research 2018; 48: 1172–1177

© 2018 The Japan Society of Hepatology

both groups. None of these side-effects was serious
enough to warrant cessation of therapy.

DISCUSSION
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vorable response to combination therapy with IFN and

nucleotide analogues. Suppression of HBeAg production
occurred and serum HBV-DNA levels dropped to
<4.0 LC/mL at 6 months after EOT in most patients. The
mean value of HBsAg decreased from 4.03 log at baseline
to 2.91 log IU/mL at 6 months among the 11 treated pa-
tients and HBsAg dropped below 1000 IU/mL in four pa-
tients. Furthermore, one of the four patients achieved

Figure 3 Hepatitis B surface antigen (HBsAg) titers (expressed as logarithms) in two groups of children with genotype C HBV infection
treated with combination therapy or interferon (IFN) monotherapy. Baseline values of each group are presented with corresponding es-
timations at 6 months after end of treatment (EOT) for the combination therapy group (a) and the IFNmonotherapy group (b). [Color
figure can be viewed at wileyonlinelibrary.com]

Figure 2 Hepatitis B virus (HBV)-DNA levels in two groups of children with genotype C HBV infection treated with combination ther-
apy or interferon (IFN) monotherapy. Baseline values of each group are presented with corresponding estimations at end of treatment
(EOT) and at 6 months after EOT for the combination therapy group (a) and the IFN monotherapy group (b). LC, log copies. [Color
figure can be viewed at wileyonlinelibrary.com]
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Hepatitis B vaccine: Immunogenicity in an extremely
low-birthweight infant
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From 2013, infants born to mothers carrying serum hepatitis B

(HB) surface antigen (HBsAg) receive HB immunoglobulin at

birth and HB vaccine at birth, and at 1 and 6 months of age

in Japan (prevention protocol for mother-to-child HB virus

infection).1 Due to immature immune response to HB vaccine,

the American Academy of Pediatrics and Japan Pediatric

Society recommend that infants <2,000 g birthweight are

given an additional HB vaccination at 2 months of age.2,3 No

previous case report, however, has described the trajectory of

the immunogenic response for this prevention protocol, includ-

ing an additional dose at 2 months of age, in extremely low-

birthweight (ELBW) infants. The present case is reported with

informed consent.

The present patient was born to a 29-year-old Chinese

mother (gravida 0, para 0) with HBsAg. At 20 weeks of gesta-

tional age, serum HBsAg, HB envelope antigen, HB virus

core-related antigen, and HB virus DNA were positive

(67 878 IU/mL, 1,531.9 sample relative light units/cut-off,

>7.0 log U/mL, and 9.7 log copies/mL, respectively). Both

serum HB surface antibody (HBsAb) and HB envelope anti-

body were negative. The HB virus genotype was type C. A

male newborn weighing 918 g was born at 25 weeks and

4 days of gestational age via cesarean section due to fetal

distress.

He was admitted to the neonatal intensive care unit due to

ELBW. Along with respiratory and circulatory treatment, i.v.

immunoglobulin (IVIG; 500 mg/10 mL, Venoglobulin IHTM,

Japan Blood Products Organization, Tokyo, Japan) was admin-

istered soon after birth because of hypoimmune globulinemia

(serum total IgG, 280 mg/dL). At 11 h after birth, a total of

200 U/mL HB immune globulin (Dried HB globulin Nichiya-

kuTM; Nihon Pharmaceutical, Tokyo, Japan) was injected i.m.

in the right and left femoral muscles (100 U/0.5 mL in each

side), and HB vaccine (0.25 mL, BimmugenTM; Kaketsuken,

Kumamoto, Japan) was injected s.c. in the left upper arm. No

side-effects, such as redness, swelling, or induration were

observed. HB vaccine was again administered at 1 and at

2 months of age. The infant was reared on breast milk and

was discharged at 4 months of age. The fourth HB vaccine

was injected at 6 months of age.

The HBsAb titer reached a peak at 1 month of age, and

decreased to the lowest level at 4 months of age, but HBsAb

was >10 mIU/mL (Fig. 1). Then, the HBsAb titer gradually

increased, and after the fourth HB vaccine, it finally increased

to >100 mIU/mL at 12 months of age. Serum HBsAg was

negative at 12 months of age.

We herein report the HBsAb titer in an ELBW infant who

received four doses of HB vaccine. In the present case, the

prevention protocol for mother-to-child HB virus infection

with an additional dose at 2 months of age (0, 1, 2, and

6 months of age) achieved sufficient seropositivity of HBsAb

at 12 months of age. The infant had an HBsAb titer of

47 mIU/mL at the time of discharge, even with an additional

vaccine at 2 months of age. Because ELBW infants are usu-

ally discharged from hospital at 3–4 months of age, and are

Fig. 1 Trajectory of serum hepatitis B surface antibody (HBsAb)
titer. †Effect of i.v. immunoglobulin (IVIG) on HBsAb titer: the
patient received 500 mg/10 mL Venoglobulin IHTM (Japan Blood
Products Organization), which has an HBsAb titer of approxi-
mately 100 mIU/mL. Assuming that the circulating blood volume
is 72 mL (80 mL/kg bodyweight) and the bioavailability of IVIG
is 100%, IVIG treatment might have increased HBsAb titer by
14 mIU/mL. Given, however, that the half-life of Ig is 27 days,4

the effect is limited. ‡Effect of HB immune globulin on HBsAb
titer: the titer at 4 months of age (47 mIU/mL) can be explained
only by the HB immune globulin at birth because the half-life of
HB immune globulin is 23 days.5
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then in close contact with their mother who are HB virus car-

riers, it is important for the ELBW infant to have a sufficient

HBsAb titer at that time.

The seroprotection level is usually defined as HBsAb titer

≥10 mIU/mL.6,7 Although all infants ≥2,000 g birthweight

who received three doses of HB vaccine at 0, 1, and 6 months

of age at the present hospital had sufficient HBsAb (median,

210 mIU/mL; range, 21–898 mIU/mL; n = 12), in a previous

study, ELBW infants who received three doses of HB vaccina-

tions at birth and at 1–3 and at 6–8 months of age had only a

52% seropositivity rate.6 And in another study, 98.4% of pre-

term infants vaccinated using another four-dose HB vaccine

protocol (0, 1, 2, and 12 months of age) had a protective

level.7 Four doses of HB vaccine may be needed to obtain a

sufficient rate of seropositivity in ELBW infants as recom-

mended by the Japan Pediatric Society.
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