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Fil ok 1899 44 % & Lo ek H 11200 44 % %

G L LT A IV AR5 O IRk I K O & e fife 5%

WS EREEZ ST L HNTEMEL 72

BB T v — MRAEORKRE, DT 3 %

LT L7z,

1. BAEF&RIE, MiEx A LCTEEL, BE2T5
TERETIIERELE W, BXUERELEVWE
W) KT B HREL, REFAERGE
E T 70%MBOEMRETH - 72 —H,
FAlh, PEAG. FEHIMH. MASHR 2 & b
BB OHhTHERENEZAT 5 HDIEMEIL
25%LETHY, ERIEFEE L LTHEEI
B0 B A TIE, B RIS & geit i
WKOWTHRIELSHEBEINTnE EERD
N7z,

2. ERFRIE. ERPFLT A VA HREN:
KPR EMEN L TROKYGET 2 BRIETDH
%o ERIT 86.0%. MAFA T 69.1%. FH
fli € 589% DIEfFRT, T oo 3T
BB WIERRECTH - 7225, FHi#hl, FiE
AT 20% RO IERFETH Y. ERF%
EWVIBRBZOL O —BWIZIZmS T
o, IELCHEMI R ThWARWEEZ SN,

3. CHRFFRPEHEZMNL TELT 20840, §F
Bl UG C oG ER . W& A L CIEGeAT K
VBB BRI, WD RIS
BOWTIERENFEHVHRTH 720 —H. B
ML ORAE, FEICH AR RBERE T
C RIF RO EGME R 2 M RGH L T\ 5 &%
ALY (A

E. &R
F il ip A 1899 44 % &y Lo ek H 11200 44 % &

R ELTTANVANFRDBGAE I F O IR G =R

R AR A ST 5 B CTHEEL 72

LB T v — PREORKE DTo 3 rix

S50 L72,

1. BEFRIE, Mg % i L CRge LEREG L
BV EWS T BT BB O W T,
EREREATHH. BEEFHL LTES
WCHEEP DD AT, BEARIE L < B S
NTwabEEz iz,

2. ERIFFRE V) HRBZD D O —HIIZIZH
LbRTwiwv, ELLHBIR TV RNWEE

'A;_ rﬁhf:o

. CHFRPEFEZ I L TERET 20860, &

PURBE N G QIRY3 i N N R o P37 '
NS B MCBY A BRI, DAL ORRAE T
1. B4 C B 98 0 A =R % sl KRl L C
WwhEEZ LN,

F. BREREHR

mL

G. ARER
1. FsC¥EsR

Brlzzz L

2. FHFEE

FiZzL
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1. HFaFids
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(DB BIF 7 A VAL ZIN—=H)VT 7 F U WP E NS B EBRICE T % HBV &G
DRERZIRDPT 2 e PHEINDS, /. TAIVARBO@OIERHE S HBV U 7 F 3
FRIRDE. HUAMRINGE 75 & OBURIZE 287 35 & GRS BUEGRBR g 22 b
ENTOVS, 2L O BuRbec T S EBHCH & (R AR SRR B hins)
@ HBV 7 7 F MR & UG 2 R, BEIIS UY 7 F U iki%zmn FX
BHilz R AR TO HBV I&4 Y 27 0 ZHIGS .

(2) IR\ HBV Hifk¥18m Fic X v iiEhkh 5 0 HBV AGKE FiF5 2 Lickv (1)
& &HHE HBV IR & 2 F ko Epti a2 ks 5.

FIERE D ERIR D

FEHiEE M B BEET R RERE SRR AR R

WE7E % 5

W B DRI A NAIEIRTE=F) V TDT2dD
EE T — 7 RX—ZAVER E 567 4 0V AR FRR D

HARTE, MRY AV AER Y AT OERHERGFITHT % HB U 7 F VB nEfED
IOV TINETHIBHENTOERD > Te, AWIZEHEE. BEEEHEFHH 2 e
ZONRT ANV ABE T —2Z2IE L, HB Y 7 F ViBhEMO R 2Kt 5 oI,
ZOIE BT —AN—AZHRT S,

ATy MFgEE UT. 2004 AEDIRRIC %4 i )2 i Y R ARl i 3 2 IR R il &
WP E Z W R E T B T — ANRX—=2MERZ T Tz, MFSAREEAE L e — 2 Z RV
T, #Iml HB 7 7 F > #:kfitk D HBs HilAMiOFELIL Z BT Lz, HBY 7 F
PRREMIBON, AR, BRI WA 2B RE UDDMGT Uiz, RN - BRHRERmiEE. B
B1IC HBs $itAfiA 10mIU/mL A & & B FEFID 2 0 EInc H - Fz. Bt LT
HB L. KR WRHEREETIZ B PEIC IO T HBs Hifkfii A 10mIU/mL Al & % % Y

A. THREM

HBV &8 DGO @ W EHREHE 1T 5
PURIE IS U722 T 7 F MO L EWOBRE &
VI N VY (9778

B. tRRGE

2E O H AR SPERR R (800 Mgkl 1) 12
o LEBERZE DT 7 F ERUIRD, #1HH) L
DRIBDT ¥ r— Mk EITR 9o

([REEmDERE)

NZEX R ET HEFRIEICE T 5 MR
WCHDXHEIATOND L) ICHET 5. Wi
RFPEFA IR R RSB RRERIITH
o

C. fRR#ER

[ 5\ 72 720 72 200 PR LLF O it 3% T L R RS
M2 U CHUEB ORI TTb R Tun e v
R E < G2 Hif%26%) . PiRBEEZE~D T
7 F Y HERRLKOTH S (65%).

— A REE W22V iR IS B W T H HBs
PoRFG YRR~ O PR AL 7 & ASK BBt % & [F] 55
BEICBI b TWAE I ERREBE SN,

D. B
PARERDPAN R EREFEZ L HITY
I FVEME DT ZEPEE B X O
WFHFOREMR, EREFWICLANTD 5
WRETED RV

E. &
SIS TR 75 & DRI 2 N B B
NH %,

F. EERERIEH
=L

G. RHER
1. CHE#R
Bioz L
2. HERHR
¥Rz L

H. MIBFRBHEOHISINR (TEZ &)
B

DS o e, (WOIERESZ DM TIZB LGRS TR D - 72,
KALELREE C O P ZSE L LT, MOEFHEMOYR—F L, 2EBIEO T —%
N—RAZVEKT %, ZTOMB, WBEHHEH BT SR T AV ARG TR OIHEZW] 5
MCT %, oo AT —=EZN=ZAZTHNT MWDV K-+ 8175 PETH %,

A. TRAEBEM

HARBEERGREEDOT A K54 Tk, BAI
WF9¢ (HB) 7 7 F » % $:5f L — H HBs $UAAli A
Ptk (10 mIU/mL PL 1) &g S hizE 08
RIS ELRWE LTWwh, — T, HBs¥t
RAAME T L7238 B BT 467 4 v 2 (HBV)
BHOMENH R IR TWD, ABFZEPEE,
RKIANVAEGDNA ) A7 EFTH 5 EHFEHE
HERWEEHBEE O KI ANV AMET— 5 %
WEL, BHREHFHFICHNTSHB T 75 V@
B ORIEEZ R T 5720, e 725 &EHR
BEDF — 7 N— 2 % HEET 5,

A A TRV N2 Tt 1 R D) )
A NAAET—% & HB U 7 F ¥ RN 7 —
T ERME LT = R=2Ek 217> 720 72,

SLFEBFFERB LT L. B 7 — 5 N—
AN % BAAG L 720

B. tRRAGE

St BT KB B O W R s A B 4 O KRR
B, UTOF—%ty F2ILICT—FRXR—2%
YERE L 72,

O R R AT AE B L T 2 AT —
7 X—Z (TOMORROW ¥ 27 2) X1 2004
4 — 2018 4E F TICAH BT V. KFHHRBE CTEIH L
7220 UL E DR L W RIZEBS NI LT A
WA T — & 2 L7z @U 7 F v AR
WL, MBS X0 S 7z 2006 4F -
2018 4EFD HB 7 7 F V HAEXI L #H ) A+ & T
L7z @FTRTOF—% 28 CKEY ID (%4
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BRI T TMZ ID)). K4, Fi,
AGE R HL M. A SSRGS R D R R
TEFHEL Iz,
MNREORM A, K- EHER, & K,
WRIR MR ARG, OO R R,  BRR oty 365
fli. &R T- iRt WBERZE oMb, FE.
AL 720
INLDOTF—%% 7)) —= 7 LThb,
KEY ID &% > T3 [Hiiz ID] Z i n] gEE
ZAL L, §RTOF— ¥ 2L TTF— 7 R—

C. IRRHER

2004 SEVBEDHF LT A NVARE (T— 7 E
31,738 7. b5 A%k 3804 A ) & 2006 4F LLFE D
M KFEBREO HB 7 7 F v EEMT— 5 (FRA
¥ 964 N) #fEB Lo Do F v HMBEDOD S
H4700 La—FoH B, FRT AV AKZHBY
ThHo724480 L a— Fafliv, REERMHH%ZO
FRMAER & HBs PUAMG C BicAi X 2 1K L 726
1) HB 7 7 F v #A % & HBs fufiiii 021t %
BEt L7z (K 2) BEMmEAH Z %132 L HBs T
AT DT AT E AR S 7z,
2) BRIz wE HB 7 7 F ¥ #Hi# o HBs btk
filioZ bz My L7z (K3). BP0 L a—F,
LVE2929 La— FaMRE Lz, PuikiioZA1t
BV THLETH S N TEEDL - 72,
3) BREAEWPICHE HB 7 2 F » #Hi o HBs
PUMBE DAL ZMET L7z (IK4). 25 Al 1732
L a—F, 25-295% 719 L 2 — K, 30-34 % 391
L a—F, 35-397% 324 L 2 — N, 40-49 % 394

AEMER L7 (K1 ¥),

(REEE~DEE)

WF9w £V AMAL T — & N— A{E & Z Nz
WH 98B 3 2 300 & MBI, A5 hE
AL L7 a2 L. REIZE 720,
7 b7 MK NS E SRS
Ha KT DAL RAEL 72 WFFEX R &5
NOEME RN K ERBE R — A R— T2
Bk L 726

L a—F, 50-59 % 195 L 2 — N, 60 &Ll 1 74
Blzxt g & Uz, B < % 5H. HBs
Pl 25 10mIU/mL A & % HREBI A0 2. %
Rl 51 10mIU/mL A & 72 2 fEBIAE W E
miZdH - 72

4) BEAERCAM HB v 2 F 3 M o HBs 3t
Ali DZEAL & et L7z (X5). BEFl - ok FREE il
523 L a— KN, FHik 2624 L 32— F, KRB
B 153 La— F, O sieii 85 L a — R,
IRTA4:47 La— R, AR 105 L a— N, &
T - AL 80 L a— N, ke o
1921 a—F, FHI13La—F, AWPH7La-—
FaFGE L, B - SRR R IE. Ao Hk
FEIZ T, B HBs JuikiiliAs 10mIU/mL 4
i & 72 BAEBI DL WIS B > 720 BRI
MLTAHB L, BUOBER - #FHE MR Tl
FiAEHR DS <o HLC HBs Uikl A® 10mIU/mL
Kiii & 72 BIEBIAHH 5 9124 - 72 (data not

shown) o
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D. 8

LRI R AR B H 2 xR & L THERK
L7ZFRTIANVAT =7 X=2% [T, H#E
Hraiio7z.

HB 7 7 F AR EO, Fim il By
B2 ZRLOOMET L, La— FRiEk
A% < BAEIEF AT 685% % 15O T 7z,
FlE W 25 IR ISR 2 2 - w9 L
I— FEDP617%TH Y, 77 F FEMITHL
TR HEIND o —F. Kl - B
FHEER 1 25 R IS W BEERE 2 21 - L w9 L
I— FEUIZ161%IE X3, 40 L L CHAE L
7oL 3= FEAT323%IEL 720 SHICHLER
BaE, BB TZOMEAIZHEETH - 72,
PR AG - i RFR BRI BV T HBs PUiARAli 23
10mIU/mL K & 7 A IEBI DS & 202 % 0 - 72
A5 MO BRAE R AT TR LI S A TR
No7zs

SHNEEAI K TOMRE & o 72h GHBA T
S URAX =Ry 7 AN — FEF
W EAf S 72 fFT 2 AL FETH 5o

AREFFETIR. HET VRSB ZE &L 6 9
bt (PE) OEHHEZ N RIHFRT AV R &G
TN OEERAZ T, EEBBEOREG T —
T R—= 2RO S BB L TV b, KA T —
FR— 2 FHFE DD HB 7 7 F ¥ MO 2
FVEICRIS AR E 2 B Z LIRS B,

T2 AMET—F X—2 %M L 72 hmrge
OB LD TV FETH 5,

X5

E. f&5R

BT KIS BT A% 4V Ak
L HB T 7 F yEHRRICET 27— X—
AR SR & s L7z SRAEEDRIZZ O
HHEBEL LT, MoOERBEEOFR—HL,
EEHBORA T — 7 N— 25 & HIE T,

F. B2EREIRIEER
L

G. ffRRFE=E
1. @wCFE#HR
Bz L
2. FRGEER
FRIZR L

H. MIVFBEEORSINR (PExad)
1. FEEFA:

EEL S

2. FEHIFE G

EEL S

3. 2o
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HETANADB7:7%
RRGERHIE - PR S N7 - FROFIR

WEoBE Wb 5N AR RFRFRESIERN 2%

=]

1) BRIHRT 7 F> (HB 77 F ) e bLlniic i Utz hR o> B BRI 58 ik Gy
PEEOMERITS . TAFIVIHE - BHIL=y by Z—ICBEE Nz 8 A w A
B&U 8RO IE Z 5 L U RS ONIE 21 THIM7Z 92 L HBs Hilii b,
HBs HifAfili. HBc Hidkflizle Uiz, 40 353 NoFRi - Midiz9fi L7z, HB 7
IF UL 353 Ath 79 ANTZ > F=hh, Bidk OG5 HBs HilkFTE# & 59 A
(74.7%) TH->12c HBI 7 F U Z2HRL TOWEWIH 274 AD 5 B HBc HilklatE# (1.0
COLLE) A1 A, 1.0COL AMOERL 2 AR SN,

2) ZEZ SR & O EREFREZNRE LTIFR Y AV AB®R T — 2B X T
HBV BT HRIRR OFER A 2175, MROBEHRZ T —2 X 0. TFRY A IV AEGRD
fiE, HB U 7 F »HRIC & % HBs HilkliOHEE 24 Uz, MEOERE. 50
2 2 MOKGEZ T 1 1 HBs HifAftihd 30 mIU/mL Aiil & & - =& & S b T
#2187 L ogiiz 92 U, HBs Hilsist. HBs Hifkifi. HBc HitkiliZ @& Lz, SAEREE
64 NOFRIL - Bz g L. HBs HilkBitt# 33 A, B2M: 31 A TdH -7z, HBs Hiliili

TE# MY 1 %4, HBe HUlARATE#E 4 AL 1.0 COL RiMDEBIEN 1 NTH - T,

A. TRAEBEM

2016 £ 10 H & » BAEIF%7 25>~ (HB7 2
F ) O0RBEMBERmARIEG I NS, Th
Pai o @ MBS ER I N TR WERE T TO
HBV EHEOEBIE T ICiBBTE TRV, £
ToBUE, Y E LCo HB 7 7 F v HffL,
HBs JufifliAsBE (10 mIU/mL PLE) &g &
N7z RCRIEEN & A L, BN IEA S
EENTWD, LA L%H 5 HBs Stk fins
ZRERFICEIR LB Tl 3hTn
Vo AGHIFZETIX. 1) @S HIE S D
AN A L7275 o /hNE %2 xf 412 HBV &40
EREEWET 5, 2) BRHRE ZNZICEES
MRk LI X 0 AT — & 24 L. HBV
BATRIOERBEZREL T — 7 RN— A2 HET
%o

B. AR AE

) BREA 180 O L REICH T 2 & EH
B (ZaF Vs BRIy PV Y —I12F
Frs o) b, §RFEENMAL X O 8 ket
MmEoOSMEEZN R ET D, HH ETHEZ
172 B MSEERA. BRI % S0 L . HBs PUEE,
HBs $iufAifli. HBe HLAM 2 % 3 % o B 5 Tl
LR, M A OMEHIE, HB 7 7 F » OH:fk
JBE, FERREC [BRFREZH STV
B E ) DERHET S,

2) Ykt (BHET VKRR B9 B, X
DEREELETAIREZDOLVEERB LU
RERREIRICHTIEOMBEZ R LT 5, BE
MZT—% X0, HFEYANVAREOHE, HB
7 7 F A X 5 HBs PUIRAl O R % A
o HILOWEMZ., &5 0IL#EE2HOBRZ
T 1 [ 2L HBs $ufffifi A3 30 mIU/mL i & 7 -
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72HIIEHE ECHEZSZ ETRILZFERL .
HBs $UJ5 i HBs HufAAilli, HBe LAl z2 &3 5o

(REENDERE)
BREABIZaFVHEIT LYY —, 4
TR VKA EEXORE - KREHETHE
Wi 5. FMORIMICIZLTA 7+ —2Fa
YRy MEIBL. BIfFOT7T— % B X OHED
GO TAMEORE 2R T 5, BT T—% O
ANFITEE U TRB AT IR 2 K3 %,

C. fRR#ER

1) 2019 fEFE 2w ML, x5 HE 790 A
391 AHRIMZ AL L. Mz 3563 Aokl -
MAEZEBLZ. SO B HBY 7 F v 2 HM
L7281x79 ATdH Y. HBs PufkAli 510 mIU/
mL O FPEE R 79 A 59 A (74.7%) TH - 72,
HBU 7 F & MLTVARVE (A Z&
&) 274 Ao 9 5 HBc kbt (1.0 COL PLER)
A1A, 10 COLKMDOERBMEN2 A, X 51T
HBs $ii 1.2 mIU/mL 1 Az @27,

2) MEMZT—% £ 0. 2015 ELFRICHE D
Wz % %% L7 1068 Ao WT, HBs Hififli &
UL L 7246 %, 100 mIU/mL BL_E 552 A, 30 LA
F 100 mIU/mL & i 304 A, 10 L 1 30 mIU/
mL A 168 A, 10 mIU/mL Aiit 44 AT - 72,

09 L, BHEAKP CELOKBERZ 72
Z 2 2 Mo #ES T 1 PLE HBs SRl A% 30
mlU/mL Kl & o722 03B 585 121 Az %t
Gl LT, MAEICHE L 64 AOFRINL - A%
FhiL7ze Z OFEE HBs PrikbtEE 13 33 A (30
mIU/mL 2L 1 11 A, 10 Pk E 30 mIU/mL 5 i
22 N). B (10 mIU/mL &iif) 1331 ATH-
720 HBc LRk tEE A4 A, 1.0 COL K O %
BN 1 NTH oo T72. HBs PUEBGEE D
1 ANRBD LMD, DHi2ASLF v ) 7TEiEfsh
TWARHETH - 72,

D. 8
ZEMMRAOK . 79 A 20 Ao HBs Hifk
M TH o720 727 F ERRDI, 3
15 AL 2HERE2 A, A3 AT, wihd
BHAr V2= NViEHA R4 VBIEIEFOR
TED., BHELEORELREN T L o7 F)
I HERRIE DA MG 1 RG220 5L ETH ),
SE DK RN SITEMICL DMWY 2RO H o
7o TNETOMEMY ., # 25%1% HBs ik
A9 TIZ 10 K & 72> TWwize /20 HB Y
7 F Y EREML TR 1T AA HBe kb
TdH o 7o BIEIFFS2IZ 1986 4E LLFE D BT & et
WIS XD, FEEEGIW L 7205, KRG %
RELTLKPBEEVBIEELHRAENE, ZD
7o, BB SN DA A L z/hE
? HBV EGE R % A3 5 & L 13EFN 7%
FRMEORZ LT, D7 F vV EOKIEE RS
LI EN G,
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F 72 YPEFEERB L O e R R ARSI
B3 % 64 NZxH3 DR 4 )V A Mo R.
HBc Puik Bk % 254 A, 1.0 C.O.L &K i o Z#
BNRIANTH o720 PETIED S 2HBY 7
RS % 4l DR R & 8 AT HBs $uifAfi 23
10 mIU/mL KO BEHHIZIEHB Y7 72 F v D
BN % # D 5 & KRS, HBe SiikbME# 12
X HBV FHE b~ O B % 1T > 720 7B,
HBs PR CTH - 72 1 B EEIERIC L S
LbOTH Y EBEE~DZZZFHEL -, HBs
PUERBEEZ OHIZIE, EE O T 100 mIU/
mL L 7257288 5 0. RERER 2 Ul O
BRHNT,

HABRBREG PR [EHRARED OO
A 84 ] RKECDCOHA ¥ ¥ ATIL,
HB 7 7 F ¥ #:F12 X % HBs $iik DO Blznth ol
MR IIAEE ENTWwWD, L L. EHREBGR
HEHWICRES)AZEETICEINTED,
HBs ikt o€ =%1) ¥ 738 MEEO &
I Wi A DOREELRERE R S,

E. f&®

HBV &4, HBs Bl o 8B A 2 17>,
YL PO E 2 S EROLRZ X S, FEiC
HB 7 7 F v % 8 L 7224 © HBs Uik ba %
DHERBIZOVWTIZE S IZF— % 2 IUE LT
BN D Do

(818%)
ABFZEDFERIZIE T I FIVFHAEZEHN L= b
¥y — bR MESIRE. ke, o
HFRIZTH I 2 T 720

F. RRERER
=L

G. iRAHERK

1. X HERK

1) Yotsuyanagi H, Takano T, Tanaka M,
Amano K, Imamura M, Ogawa K, Yasunaka
T, Yasui Y, Hayashi K, Tanaka Y, Tajiri H;
Japanese adolescent HBV-HCC study group.
Hepatitis B virus-related hepatocellular
carcinoma in young adults: Efficacy of

nationwide selective vaccination. Hepatol
Res. 50(2), 182-9, 2020.

2. PREKRF
mL

H. MINFABEDOEISIR (FEZ &)
1. FERFEUS

UL

2. FEHHFE G

ML

3. Zoft

EELAS
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Bt F— (KBR) BT 5 e Wi 72 SIS
B> 5 BT 7 F ¥ #E##%D HBs HiiF o B

ok

HEoieE S B KB - BaEEE v ¥ —/ R BE
HEMRE WL KBAaNN - Bomkt sy ¥ — BRIty ¥ —E

R =

SRR & 72 3T HRRIC T BWIFR (HB) U &7 F 23l L 7=/)\) o HBs Hikdili
OB ZIT> T, Mty Z2—IC AL 3 MO HB 7 7 F  HMEN R TFED SR T
& 7z 340 Bl DWW T ARl A D51 HG % iV C HBs Hifk & HBc HitkZle Uiz,
Fiz. REFIEGE TR HBs HiAMOHER 2B 7 LT h SRk Uiz, wemmiic s
W 1i&h 5 1% 6 5 H AT HBs HilkliolE T % 7z 66 HlCBE1ERIZEH 3, HB
T F R, SRIC HBs HilkiZBETH - Tz, Z D% HBs HilkiliiZK F L. 3 %A
Tl 24%H HBs HiihbETEIC 72 o Fo, ALRERRBNC IV T 3 MR 2 ~ 6 dEZ Rl L
T HBs pitkfiiZ @ Uz 106 Bl BV T E HBs HilkREERIIF 17% TH o 1o, F e,
WPV T HBe HilARATEGIZ 38D > Tz, HB U 7 F 2 OHiAEERIEHAHT
H%h. HBs kDK FaiRs, BEIECARZHI8H %, BEIEHICHT 2T 7 F vbhni
OB OV TR SR DB ETH S,

AW i A=)

2016 4F 4 H DB A0 FLIRIC B B % (HB)
T F U NEMERE o 72 BETFROREH
SIHALZZBICEB TR0 HB 7
7F v ML, HBs Ykt s 2 &%
ERALTWS, LarL, HBY 27 F v @M=
LR o /NBIH L C HBs HLik o Bt 33 i
AEhTwiwv, 4l HB7 7 FrEf$7-13
BRI O HBs Ul 2 Biad L7zo

B. AR A5i%

201941 A5 12 Hicl > & —IZ AR L 72
WoH b, BTFIROGE»S BRIFRY 7 F
v 3 AR U AR H 2SHERE T & 72 340 B
22T, AR ML A D F% LI % IV L.
HBs pifk & HBc bufk % et L 720 $UffiliE LST
AT TV AZBWTHE L7z, BAJFR,
a7 G HOEIER 2. 72, HBs

PR O TR EZRET T 572012, Bty sy —
12T 2007 42> 5 2019 4512 B W 98 81 G 7
Fi 2 jidT L7 B0 ) bEF AV TIZB W T
J5 #LIC HBs $UARAM O HEF H338 2 72 22 B>
W C HBs Pl 2 #eat U 720 ABFgEId S+ > ¥ —
M EE S ORREGFTIT> 72,

C. iR
(1) HB Do F U EH#EE RO HBs Hii4(
2016 4E 4 A DBEA: oo 249 BlIiZ DWW T, Hi
il % 452 HBs Pufifiiz 7 e v L7z (K1),
Ll 1 -15 MR Tl HBs PUiRBE MR 1 2 <.
HBs $ik 100IU/ml £ b 8% T HB 7 7 F » #%
fifs. ®EFE (100%) PRz AL Twiz, £
D%, HBs kBB 25805 X H12% 0. 3
M TIE 24% DB E o Tz (K2), T2,
SE W EEAE I C HBe PURRRIERNE 722 22 5 720
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=
7
=100
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[aa)
o
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1 o
05 10 15 20 25 30 © 35
0.1 o

F i (%)

1 HB DO F EMEREIREDFIC XS HBs FLk(l

100%
80%
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40%
20%

0%
1#;15#&*7& 1.5/ —27% ki 2i% 3%
B0k D10LLE-100kE ®100LL E-10005ki#% C1000LLE

2 FnlCkD HBs FHAMDEIS

4.0



42 S FE EESBITRIHERERRE ITRERRESIXIRARER)

(2) FEEERUENERRICHITDIERERS
#®D HBs (i

e TR 249 B, AEBHAL 91 FIIC DV TR
L 720 3l H &AM A 5 6 20 H K12 HBs $
AT E T & 72 36 B BV TREGNIIRD %
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Abstract:

Objective Since healthcare providers face an increased risk of hepatitis B virus (HBV) infection because of
their work, vaccination plays a critical role in preventing HBV transmission. However, the duration for which
acquired HBV surface antibodies (anti-HBs) persist remains unknown.

Aim To evaluate the primary immunologic response to HBV vaccination and its persistence in healthy Japa-
nese adolescents.

Methods In total, 690 young adults underwent HBV vaccination with a three-dose schedule. The primary
response was determined by the anti-HBs titers at 1-2 months after the final dosage. Subjects with anti-HBs
titers of <10, 10-100, and >100 mIU/mL were classified as “non-responders,” “low-responders,” and ‘“‘suffi-
cient responders,” respectively. Anti-HB titers were re-measured at 1 or 2 years after vaccination.

Results First, 95.8% and 72.8% of the subjects had anti-HBs titers of >10 and >100 mIU/mL, respectively,
as a primary response. The anti-HBs titers measured at 1 and 2 years after vaccination were significantly cor-
related with those of the primary response (1 year: r=0.893, p<0.0001; 2 years: r=0.902, p<0.001). Most sub-
jects with a titer of >100 mIU/mL at the primary response maintained an anti-HBs titer of >10 mIU/mL (1
year after vaccination, 208/209 [99.5%]; 2 years after vaccination, 72/81 [90.1%]). However, in subjects with
a primary response of 10-100 mIU/mL the anti-HBs titer frequently declined; 17/38 (44.7%) and 9/10

(90.0%) subjects had a titer of <10 mIU/mL at 1 and 2 years, respectively.
Conclusion The primary response was associated with the anti-HBs titers at 1 and 2 years after vaccina-
tion, and the anti-HBs titers of 54.2% of the low responders were not maintained for 2 years, even if they

were vaccinated as healthy young adults.
Key words: HBV vaccination, HBs antibody

(Intern Med Advance Publication)
(DOI: 10.2169/internalmedicine.2231-18)

Introduction

Hepatitis B virus (HBV) infection causes chronic hepatitis
and can result in hepatocellular carcinoma even in the ab-
sence of liver cirrhosis (1). Due to the high endemicity of
HBV in East Asia, there is a need to focus on the preven-
tion of HBV transmission (2). HBV infection is preventable
if a potential host has sufficient HBV surface antibodies

(anti-HBs); hence, HBV vaccination is necessary.

Recently, guidelines established by the American College
of Physicians and the Centers for Disease Control and Pre-
vention recommend HBV vaccination for subjects at a high
risk of HBV transmission (3). In this guideline, healthcare
providers are classified as adults at risk because they face an
increased risk of HBV infection due to their work (they
have a risk of percutaneous or mucosal exposure to blood).

According to the Centers for Disease Control and Preven-
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Figure 1. Flow chart of the subjects in the present study.

tion (CDC) a post-vaccination anti-HBs titer 210 mIU/mL is
associated with hepatitis B immunity (4). Immunocompetent
persons have long-term protection against HBV and do not
require further periodic testing to assess their anti-HBs lev-
els. However, one study reported the development of acute
hepatitis B in vaccinated subjects (5). Another study re-
ported that subjects with anti-HBs titers of >10 mIU/mL
were subsequently infected with HBV (6). Thus, an insuffi-
cient anti-HBs titer may not prevent HBV transmission.

Previous studies have reported that the response to HBV
vaccination varies among subjects (7, 8). Because the dura-
tion for which anti-HBs titers are sustained in subjects who
receive HBV vaccination, the primary response rate of sub-
jects who underwent HBV vaccination and the persistence
of the primary response were evaluated in this study.

Subjects and Methods

Subjects

Six hundred ninety subjects of 18-25 years of age at
Iwate Medical University and Tsukuba University were
prospectively enrolled in this study. The age of subjects
(rounded down to the year) was recorded. Informed consent
was obtained from all subjects, and the Institutional Review
Boards of both Iwate Medical University (IRB approval #
HG H25-8) and Tsukuba University (IRB approval #230)
approved all study procedures.

All 690 subjects were confirmed to be HBV core anti-
body (anti-HBc)-negative. They received three doses of
HBV vaccination (Bimmugen, Kaketsuken, Kumamoto, Ja-
pan) by subcutaneous injection according to the following
schedule: an initial dose and subsequent doses at 1-2 months
and 6-12 months after the initial dose. The serum anti-HB
titer was measured at 1-2 months after the final injection;
this titer value was defined as the “primary response” to
HBYV vaccination. The subjects were classified, based on the
anti-HBs titer in the primary response, into the following
three groups: non-responders (<10 mIU/mL), low responders
(10-100 mIU/mL), and sufficient responders (>100 mlIU/
mL). Forty-three volunteers in non- or low responders re-

ceived a booster vaccination. Of the original 690 subjects,
280 continued to be part of the study 1 year after its com-
mencement (including 33 who received a booster vaccina-
tion), and 101 continued to be part of the study 2 years after
its commencement (including 10 who received a booster
vaccination) (Fig. 1). To evaluate the decrease in anti-HBs
titers over time, we re-measured the serum anti-HBs titers at
1 and 2 years after vaccination in subjects who were not lost
to follow-up.

Laboratory data

Serum anti-HBs titers were measured using a chemilumi-
nescent immunoassay (Architect, Abbott Japan Co., Ltd.,
Tokyo, Japan).

Statistical analysis

All statistical analyses were performed using the SPSS
software program (version 17.0, IBM Corp., Chicago, IL,
USA). The results were expressed as means and standard
deviations. Non-parametric tests (Kruskal-Wallis and Fried-
man tests, followed by Dunn’s multiple comparisons) were
used to evaluate the statistical significance of the results.
The prevalence of subjects with anti-HB titers of <10 mIU/
mL at 1 or 2 years after vaccination was analyzed using
Fisher’s exact test. Two-sided p values of <0.05 were con-
sidered to indicate statistical significance. Spearman’s corre-
lation test was used to assess the statistical significance of
correlations. A linear regression analysis was performed as a
multivariate analysis.

Results

Primary responses to HBV vaccination

All subjects were confirmed to have tested negative for
the HBs antigen. Prior to HBV vaccination, 3 of 693 sub-
jects (0.43%) were positive for anti-HBc antibodies (Supple-
mental Table). To evaluate the primary response to HBV
vaccination, the anti-HB titers of 690 study subjects were
measured. No subjects experienced any side-effects associ-
ated with the vaccination. The age distribution of the sub-
jects in the present study is presented in Fig. 2A (mean age:
21.6 years; range 19-39 years; standard deviation, 3.0
years). Based on these measurements, the classifications of
the subjects were as follows: non-responders, n=29 (4.2%);
low responders, n=159 (23.0%); and sufficient responders, n
=502 (72.8%). The mean ages of the subjects in each of
these groups were as follows: non-responders, 23.5 years;
low responders, 22.7 years; and sufficient responders, 21.1
years (Fig. 2B, Table 1). The sufficient responders were sig-
nificantly younger in comparison to both low responders and
non-responders.

Spontaneous decrease in anti-HB titers at 1 and 2
years after HBV vaccination

To confirm the spontaneous decreases in anti-HB titers,
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we re-measured anti-HB titers in 247 and 91 subjects who
did not receive a booster HBV vaccination at 1 and 2 years
after completing the initial vaccination schedule, respectively
(Fig. 3A and B). Overall, the mean anti-HB titers at 1 and 2
years after vaccination were lower than the mean primary
response titers (1 year vs. primary response: 339 mIU/mL
vs. 1,382 mIU/mL; 2 years vs. primary response: 159 mlIU/
mL vs. 1,292 mIU/mL). During the observation period, 18
of the 247 (7.3%) and 17 of the 91 (18.7%) subjects showed
anti-HB titers of <10 mIU/mL at 1 and 2 years after vacci-
nation, respectively.

Figure 2. Age distribution of the subjects in the present
study. The vertical axis shows the total number of subjects (A)
and the subjects classified by the vaccination response (B). The
horizontal axis shows the age of the subjects. (B) Circles,
squares and triangles indicate non-responders, low-responders
and responders, respectively.

The correlation between the anti-HBs titer at the pri-
mary response and the anti-HBs titers at 1 and 2
years after vaccination

We evaluated correlations between the anti-HBs titers at 1
and 2 years after vaccination and the anti-HBs titer at the
primary response (Fig. 3A and B). The anti-HBs titers at 1
and 2 years after vaccination were significantly correlated
with the anti-HBs titer at the primary response (1 year: r=
0.893, p<0.0001; and 2 years: r=0.902, p<0.001). Age, sex,
and primary response were included in a multivariate linear
regression analysis to identify factors associated with anti-

Figure 3. Correlation between the primary response and the
anti-HB titer at 1 and 2 years after vaccination. The vertical
axis shows the anti-HB titers at (A) 1 year and (B) 2 years after
vaccination. The horizontal axis shows the primary response
(anti-HB titer) to vaccination. Spearman’s correlation coeffi-
cient was used to assess the correlation between the anti-HB
titer and the primary response at both time periods; both val-
ues were statistically significant: (A) r=0.893, p<0.0001; (B)
r=0.902, p<0.001.

Table 1. Characteristics of Study Subjects, Stratified by Primary Response to

HBYV Vaccination.
Non-responders Low-responders Responders
Age, years N Age, years N Age, years p
(mean+SD) (mean+SD) (mean+SD)
Total 29 23.5+0.66 159 22.7+0.25 502 21.1+0.12 k) HE
Male 21 23.9+0.82 101 23.2+0.31 204 22.0+0.24 * Rk
Female 8 22.8+1.13 58 21.7+0.39 298 20.4+0.11 ok

* p<0.05, Non-responders vs. Responders; ** p<0.05, Low-respondersvs. Responders.

HBYV: Hepatitis B, SD: standard deviation
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Table 2. Multiple Regression Analysis of Anti-HBs Titers One-

and Two- Years Post-vaccination.

Anti-HBs titer one-year post-vaccination

t value B

p value  95% confidence interval

Primary response ~ 22.55  0.34
Age 0.37
Sex 1.80

p<0.05 0.31-0.37
n.s.

n.s.

Anti-HBs titer two-years post-vaccination

t value B

p value  95% confidence interval

Primary response ~ 14.00  0.13
Age -0.14
Sex 0.21

p<0.05 0.12-0.15
n.s.

n.s.

n.s.: not significant

Table 3. Low Anti-HBs Titers at 1 or 2 Years Post-
vaccination was Associated with Primary Response.

<10 mIU/mL
Primary response | year 2 years
Ty resp post-vaccination  post-vaccination
10-100 17/38 (44.7%)* 9/10 (90.0%)*
100< 1/209 (0.5%) 8/81 (9.9%)
* p<0.05, anti-HBs titer of 10-100 mIU/mL vs. anti-HBs titer

>100 mIU/mL

HBs titers at 1 and 2 years after vaccination; the primary re-
sponse was the only significant factor (Table 2).

A low anti-HB titer in the primary response is a risk
factor for negative anti-HBs at 1 and 2 years after
HBYV vaccination

To ascertain the association between the primary response
to vaccination and a negative anti-HBs titer at 1 or 2 years
after vaccination, the prevalence of subjects with anti-HBs
titers of <10 mIU/mL at 1 or 2 years after vaccination was
confirmed among subjects whose anti-HBs titers at the pri-
mary response were 10-100 mIU/mL and >100 mIU/mL
(Table 3).

The anti-HBs titers of subjects with a titer of >100 mIU/
mL at the primary response were maintained: 208/209
(99.5%) and 72/81 (90.1%) showed titers of >10 mIU/mL at
1 and 2 years after vaccination, respectively. In contrast, the
anti-HBs titers of subjects with titers of 10-100 mIU/mL at
the primary response frequently declined; 17/38 (44.7%) and
9/10 (90.0%) showed titers of <10 mIU/mL at 1 and 2
years, respectively. In total, the anti-HBs titers declined
within 2 years after vaccination in 26 of the 48 (54.2%)
subjects with titers of 10-100 mIU/mL at the primary re-
sponse.

The immunological effect of booster vaccination in
non-responders and low-responders

To confirm the efficacy of booster HBV vaccination in
non-responders and low-responders, we evaluated 33 sub-

jects at 1 year after booster vaccination and 10 subjects at 2
years after booster vaccination. Although the anti-HBs titer
increased significantly after booster vaccination, this re-
sponse was not sustained (Fig. 4A and B).

Discussion

The present study revealed the following four findings: i)
4.2% and 23.0% of the subjects showed anti-HBs titers of <
10 mIU/mL and 10-100 mIU/mL, at 1-2 months after pri-
mary HBV vaccination, respectively; ii) the primary re-
sponse predicted the anti-HBs titer at 1 and 2 years after
completing the three-dose vaccination schedule; iii) the anti-
HBs titers of 54.2% of the primary low responders (anti-HB
titers 10-100 mIU/mL) declined within 2 years after vacci-
nation; and iv) a sufficient anti-HBs titer could not be main-
tained at 1 or 2 years, even after a booster vaccination.

Globally, approximately 240 million people have chronic
HBYV infection, and >686,000 people die from complications
of HBV infection each year (9-11). The increase in the se-
rum anti-HB titer and immune responses with memory B
cells after HBV vaccination will generally reduce the risk of
HBYV transmission and reduce the number of HBV carriers.
Thus, universal HBV vaccination protects the general popu-
lation without post-vaccination measurement of anti-HBs tit-
ers. However, subjects who are frequently at risk of expo-
sure to HBV, such as healthcare providers, face an increased
risk of HBV infection (3). Thus, follow-up strategies may
need to be established for subjects at high risk of HBV
transmission. Whether or not the serum anti-HB titer is
maintained at a protective level remains to be clarified.

Some reports have demonstrated that insufficient anti-HB
titer levels enable HBV transmission (5, 6). Tosti et al. re-
ported that properly vaccinated subjects can develop acute
HBV hepatitis (5). Stramer et al. demonstrated that even
subjects with anti-HBs of >10 mIU/mL can be infected with
HBV (6). Furthermore, Sadlier et al. indicated that hepatitis
B vaccine responders, who acquired anti-HBs titers of 35
mlU/mL from genotype A, D HBV vaccines developed
chronic hepatitis B infection with genotype F HBV (12).
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Figure 4. Serial changes in the anti-HB titers of subjects who received a booster vaccination. The
vertical axis shows the change in anti-HB titer over time. The horizontal axis shows the indicated time
points at which the anti-HB titer was measured at (A) 1 year and (B) 2 years after vaccination. Statis-
tical significance was evaluated using the Friedman test. P values of <0.05 were considered to indicate

statistical significance. n.s.: not significant

These findings suggest that an anti-HBs titer of >10 mIU/
mL is not protective in some cases, especially when the
HBV genotype differs from the vaccine-genotypes. Main-
taining a sufficient anti-HBs titer for a prolonged period is
important for individuals at increased risk of HBV infection,
such as healthcare providers. Indeed, the Green Book (pub-
lished in the UK) recommends that subjects with an anti-
HBs titer of <100 mIU/mL should receive booster vaccina-
tion to maintain a serum anti-HBs titer that is sufficient to
provide protection against HBV transmission (13). In this
study, 27.2% of the subjects showed insufficient anti-HB tit-
ers (<100 mIU/mL). Importantly, the anti-HBs titers at the
primary response were correlated with those at 1 and 2
years after vaccination (Fig. 3A and B). Furthermore, an
anti-HBs titer of 10-100 mIU/mL at the primary response
was a risk factor for an anti-HBs titer of <10 mIU/mL at 1
and 2 years after vaccination (Table 3). Previous studies
have also reported that subjects with a sufficient primary re-
sponse maintain a high anti-HBs titer long after vaccina-
tion (7, 14). Furthermore, other studies have reported that
anti-HBs titers chronologically decreased during observation
after vaccination (7, 15-17). These results suggest that sub-
jects with a low anti-HBs titer at the primary response
should be carefully followed up.

Although the anti-HBs titers after booster vaccination
were followed up in small number of the subjects in this
study, 17 of the 33 subjects who received a booster vaccine
showed decreased titers of <10 mIU/mL at 1 year after the
initial vaccination (Fig. 4A). Furthermore, 7 of the 10 sub-
jects who received a booster vaccination showed decreased
titers of <10 mIU/mL at 2 years after the initial vaccination
(Fig. 4B). Although previous reports have described the ef-
fectiveness of booster vaccination for maintaining sufficient
anti-HBs titers, the subjects included in those studies may

not have been non-responders to HBV vaccination (18). In
this study, low-responders or non-responders did not main-
tain sufficient anti-HBs titers after booster vaccination.
Based on the results of this study, the anti-HBs titers of
low-responders to HBV vaccination should be strictly moni-
tored and regulated to provide effective protection against
HBYV transmission because their titers rapidly decrease to in-
sufficient levels. Considering that the anti-HBs titers of low-
responders and non-responders rapidly declined after booster
vaccination, the follow-up schedule to monitor and regulate
anti-HBs titers among low-responders and non-responders
with a high risk of HBV transmission should be different
from the schedule for responders with a high risk of HBV
transmission and that for the general population who do not
have a high risk of exposure to HBV. The mean age of low-
responders and non-responders was significantly higher in
comparison to responders (Table 1 and Fig. 2B). Although
several factors have been suggested to be associated with the
response to HBV vaccination (8, 19-22), age is also reported
to be associated with the response to HBV vaccina-
tion (23, 24). With the exception of age, none of these fac-
tors were evaluated in the present study. Thus, we are not
able to evaluate relationship between the response to HBV
vaccination and other factors.

The timely prediction of insufficient anti-HBs titers
among subjects with a high risk of exposure to HBV im-
proves economic efficiency while screening subjects who re-
quire booster vaccination. In this study, the primary response
was useful for predicting the anti-HBs titers at 1 and 2 years
after vaccination. According to this result, we propose that
the follow-up schedule be changed to monitor and regulate
anti-HBs titers based on the primary response of each sub-
ject.

This study was associated with several limitations. First,
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the influence of the age-related response to vaccination re-
mains unclear. Because the study subjects were recruited
from a university, they were all young. Thus, the vaccination
response of older adults and elderly individuals remains un-
clear; however, previous studies have reported that the re-
sponse to HBV vaccination tends to decrease at higher
ages (23, 24). To resolve this problem, further studies in-
volving older subjects are warranted. Surprisingly, however,
even subjects who were vaccinated at a young age showed
lower anti-HBs titers at 2 years after vaccination. Second,
the number of subjects who withdrew from this observation
study was high. Because the subjects are healthy, some sub-
jects refused to undergo additional blood examinations and
withdrew from observation study. Third, we were not able to
exclude the possibility that the immunity of the subjects was
naturally boosted via HBV exposure in the subjects. There
was only one subject whose anti-HBs titer at 2 years after
the initial vaccination was increased in comparison to the
anti-HBs titers produced during the primary response
(Fig. 4B). This result suggested that-in some subjects whose
anti-HBs titers experienced a natural boost due to HBV
exposure-we might have overestimated the duration for
which the anti-HBs antibody response was sustained. Since
the prevalence of previous HBV infection among our study
subjects was low, we considered the possibility that their
anti-HBs titers were naturally boosted by HBV exposure to
be quite low. Finally, the mechanism underlying the pro-
longed serum anti-HBs titers remains unclear. Because we
focused on the rapid decrease in the anti-HBs titer to <10
mlIU/mL, the observation period in this study was only 2
years. To determine how long after HBV vaccination an
anti-HBs titer of >10 mIU/mL is maintained, further studies
should be performed to prospectively observe the serial
changes in anti-HBs titers of subjects who receive HBV vac-
cination.

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

Acknowledgement
We thank Koko Motodate for providing excellent secretarial
support.

Author contributions

KK: responsible for the study design, data collection, analysis,
and the writing of the manuscript.

AS: responsible for the study design, data collection, and the
writing of the manuscript.

The first two authors, KK and AS, contributed equally to this
work.

YY and AM: responsible for the data collection.

RS and YT: responsible for the writing of the manuscript and
supervised this study.

Formatting of funding sources

This study was supported by a grant from the Ministry of
Health, Labor and Welfare of Japan for Research on Hepatitis
and BSE.

Ethics statement: The Institutional Review Boards of both
Iwate Medical University (IRB approved #HG H25-8) and
Tsukuba University (IRB approved #230) approved all study pro-
cedures.

References

1. McMahon BJ. The natural history of chronic hepatitis B virus in-
fection. Hepatology 49: S45-S55, 2009.

2. Locarnini S, Hatzakis A, Chen DS, Lok A. Strategies to control
hepatitis B: Public policy, epidemiology, vaccine and drugs. J He-
patol 62: S76-S86, 2015.

3. Abara WE, Qaseem A, Schillie S, et al. Hepatitis B Vaccination,
Screening, and Linkage to Care: Best Practice Advice From the
American College of Physicians and the Centers for Disease Con-
trol and Prevention. Ann Intern Med 167: 794-804, 2017.

4. Schillie S, Murphy TV, Sawyer M, et al. CDC guidance for evalu-
ating health-care personnel for hepatitis B virus protection and for
administering postexposure management. MMWR Recomm Rep
62: 1-19, 2013.

5. Tosti ME, Alfonsi V, Lacorte E, et al. Acute Hepatitis B After the
Implementation of Universal Vaccination in Italy: Results From 22
Years of Surveillance (1993-2014). Clin Infect Dis 62: 1412-1418,
2016.

6. 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.

7. McMahon BJ, Dentinger CM, Bruden D, et al. Antibody levels
and protection after hepatitis B vaccine: results of a 22-year
follow-up study and response to a booster dose. J Infect Dis 200:
1390-1396, 2009.

8. Sakai A, Noguchi E, Fukushima T, et al. Identification of amino
acids in antigen-binding site of class II HLA proteins independ-
ently associated with hepatitis B vaccine response. Vaccine 35:
703-710, 2017.

9. Ott JJ, Stevens GA, Groeger J, Wiersma ST. Global epidemiology
of hepatitis B virus infection: new estimates of age-specific
HBsAg seroprevalence and endemicity. Vaccine 30: 2212-2219,
2012.

10. Mortality GBD, Causes of Death C. Global, regional, and national
age-sex specific all-cause and cause-specific mortality for 240
causes of death, 1990-2013: a systematic analysis for the Global
Burden of Disease Study 2013. Lancet 385: 117-171, 2015.

11. Lavanchy D. Hepatitis B virus epidemiology, disease burden, treat-
ment, and current and emerging prevention and control measures.
J Viral Hepat 11: 97-107, 2004.

12. Sadlier C, Madden K, O’Gorman S, Crowley B, Bergin C. Devel-
opment of chronic hepatitis B infection in a hepatitis B vaccine re-
sponder. Int J STD AIDS 28: 526-528, 2017.

13. Hepatitis B: the green book, chapter 18 (https://www.gov.uk/gover
nment/ publications / hepatitis-b-the-green-book-chapter-18 ).  The
grenn book: Accessed 12 Jan 2018, 2017.

14. Yoshioka N, Deguchi M, Hagiya H, et al. Durability of immunity
by hepatitis B vaccine in Japanese health care workers depends on
primary response titers and durations. Plos One 12: e0187661,
2017.

15. Van Der Meeren O, Behre U, Crasta P. Immunity to hepatitis B
persists in adolescents 15-16 years of age vaccinated in infancy
with three doses of hepatitis B vaccine. Vaccine 34: 2745-2749,
2016.

16. Behre U, Bleckmann G, Crasta PD, et al. Long-term anti-HBs an-
tibody persistence and immune memory in children and adoles-
cents who received routine childhood hepatitis B vaccination. Hum
Vaccin Immunother 8: 813-818, 2012.

17. Whittle H, Jaffar S, Wansbrough M, et al. Observational study of



68

Intern Med Advance Publication DOI: 10.2169/internalmedicine.2231-18

18.

19.

20.

21.

22.

vaccine efficacy 14 years after trial of hepatitis B vaccination in
Gambian children. BMJ 325: 569, 2002.

Chan PKS, Ngai KLK, Lao TT, et al. Response to Booster Doses
of Hepatitis B Vaccine among Young Adults Who Had Received
Neonatal Vaccination. Plos One 9, 2014 (in English).

de Rave S, Heijtink RA, Bakker-Bendik M, Boot J, Schalm SW.
Immunogenicity of standard and low dose vaccination using yeast-
derived recombinant hepatitis B surface antigen in elderly volun-
teers. Vaccine 12: 532-534, 1994.

Denis F, Mounier M, Hessel L, et al. Hepatitis-B vaccination in
the elderly. J Infect Dis 149: 1019, 1984.

Egea E, Iglesias A, Salazar M, et al. The cellular basis for lack of
antibody response to hepatitis B vaccine in humans. J Exp Med
173: 531-538, 1991.

Godkin A, Davenport M, Hill AV. Molecular analysis of HLA

class II associations with hepatitis B virus clearance and vaccine
nonresponsiveness. Hepatology 41: 1383-1390, 2005.

23. Fisman DN, Agrawal D, Leder K. The effect of age on immu-

nologic response to recombinant hepatitis B vaccine: a meta-
analysis. Clin Infect Dis 35: 1368-1375, 2002.

24. Mast EE, Weinbaum CM, Fiore AE, et al. A comprehensive im-

munization strategy to eliminate transmission of hepatitis B virus
infection in the United States: recommendations of the Advisory
Committee on Immunization Practices (ACIP) Part II: immuniza-
tion of adults. MMWR Recomm Rep 55: 1-33, quiz CE31-34,
2006.

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/).

(© The Japanese Society of Internal Medicine
Intern Med Advance Publication

69
] Infect Chemother 25 (2019) 621-625
Contents lists available at ScienceDirect

Journal of Infection and Chemotherapy

journal homepage: http://www.elsevier.com/locate/jic
Original Article
Hepatitis B virus infection: Prevention of mother-to-child 7))
transmission and exacerbation during pregnancy™ et

Yuki Sasagawa ¢, Hideto Yamada * *, Mayumi Morizane ¢, Masashi Deguchi ?,
Tokuro Shirakawa ¢, Ichiro Morioka , Kenji Tanimura °

2 Department of Obstetrics and Gynecology, Kobe University Graduate School of Medicine, Kobe, Japan
b Department of Pediatrics and Child Health, Nihon University School of Medicine, Tokyo, Japan

ARTICLE INFO

Article history:

Received 14 November 2018
Received in revised form

20 February 2019

Accepted 17 March 2019
Available online 11 April 2019

Keywords:

Hepatitis B virus
Mother-to-child infection
Pregnancy

Screening

ABSTRACT

The aims of this study were to assess the effect of maternal screening for hepatitis B (HB) virus and a
perinatal prevention program of mother-to-child transmission, and to identify clinical characteristics and
findings associated with HB exacerbation during pregnancy. This prospective cohort study enrolled 3796
pregnant women and their neonates with informed consent. Pregnant women underwent maternal
universal screening for HBs antigen (Ag) in the first trimester. If HBs Ag was positive, serum levels of HBe
Ag, alanine transaminase (AST), aspartate aminotransferase (ALT), and HB virus (HBV) DNA were
measured. All neonates delivered from HBs Ag-positive women were given HB immune globulin and HB
vaccine based on the guidelines of the perinatal prevention program. Of the 3796 pregnant women, 40
(1.05%) tested positive for HBs Ag. Three (7.5%) of the 40 HBs Ag-positive women experienced exacer-
bation of HBV infection during pregnancy. Serum levels of AST (median 776 vs. 22 mIU/ml, p < 0.01), ALT
(median 325 vs. 15 mIU/ml, p < 0.01), and HBV-DNA (median 9.1 vs. 5.4 log copies/ml, p < 0.05), and
frequencies of HBe Ag-positive (100% vs. 29.7%, p < 0.05) and symptoms of itching or general fatigue
(66.7% vs. 0%, p < 0.01) in three women with exacerbation of HBV infection were significantly higher than
those in 37 women without exacerbation. There was no case of mother-to-child transmission, suggesting
the perinatal HBV prevention program was effective. Levels of HBe Ag, liver enzymes, and HBV-DNA as
well as symptoms of itching and general fatigue should be carefully monitored for HBs Ag-positive

women during pregnancy and the postpartum period.
© 2019 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.

1. Introduction

serious complications, such as cirrhosis and hepatocellular carci-
noma [1—3]. Most of them are infected during the perinatal period

Chronic hepatitis B (HB) virus infection is an important global
health problem. The World Health Organization (WHO) estimates
that approximately 400 million people worldwide are chronically
infected with HB virus (HBV) [1,2]. There are regional differences in
HBV epidemics. In sub-Saharan Africa, the Pacific, and particularly
Asia, HBV infection is highly endemic, while western and northern
European countries and North America are not in the endemic
areas [2]. About 15%—40% of infected patients will suffer from

* All authors meet the ICMJE authorship criteria.

* Corresponding author. Department of Obstetrics and Gynecology, Kobe Uni-
versity Graduate School of Medicine, 7-5-1 Kusunoki-cho Chuo-ku, Kobe 650-0017,
Japan.

E-mail address: yhideto@med.kobe-u.ac.jp (H. Yamada).

https://doi.org/10.1016/j.jiac.2019.03.014

or in early childhood [1]. The mother-to-child transmission rate in
cases with positive HB envelop (HBe) antigen (Ag) is almost 100%
and that about 90% of them become HB surface (HBs) Ag carriers if
they are not prophylactically treated [4]. Immunoprophylaxis of
newborns consistently reduces the rate to 10% [1,5]. For this reason,
it is important for HBs Ag positive mothers to have immunopro-
phylaxis for their infants. In Japan, maternal screening for HBV and
a perinatal HBV prevention program was started in 1986.

Helper T (Th) cells are part of the immune system. During
pregnancy, Th-1 cells are suppressed, but Th-2 cells are enhanced.
This change in the immune system may cause a flare-up of chronic
HBV infection [6]. Exacerbation of HBV infection usually resolves
without treatment, but some cases may be severe, resulting in liver
failure [7,8]. Exacerbation of HBV infection during pregnancy was

1341-321X/© 2019 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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observed in 6% of women with chronic HBV infection [3]. Most
clinical studies have emerged from HBV endemic areas. There are
few reports about exacerbation of HBV infection in HBV non-
endemic area, such as Japan.

The aim of this study was to assess the effect of maternal uni-
versal screening for HBV and a perinatal prevention program of
mother-to-child transmission. This study also aimed to determine
the frequency of exacerbation of HBV infection during pregnancy,
and to identify clinical characteristics and findings associated with
exacerbation.

2. Material and methods

2.1. The effectiveness of maternal screening for HBV and perinatal
HBV prevention program

The institutional ethical boards of the Kobe University Hospital
approved this prospective cohort study. Between July 2008 and
December 2016, 3796 pregnant women and their neonates deliv-
ered at the university hospital and were enrolled.

All pregnant women underwent maternal universal screening
for HBV using HBs Ag test in the first trimester. If HBs Ag was
positive, serum levels of HB envelop (HBe) Ag, liver enzymes
including alanine transaminase (ALT; normal 7—23 mlU/ml),
aspartate aminotransferase (AST; normal 13—30 mIU/ml), and HBV-
DNA titers (real-time PCR assay, COBAS® TagMan® HBV Test, v2.0, F.
Hoffmann-La Roche Ltd, Basel, Switzerland; normal <2.1 log copies/
ml) were periodically measured throughout pregnancy. All infants
born to HBs Ag positive-mothers received HB immune globulin
(HBIG; 200 units, DRIED HB GLOBULIN for L.M. injection 200 units

TNICHIYAKU. , NIHON PHARMACEUTICAL CO., LTD, Tokyo, Japan)
and HB vaccine (0.5 ml, Bimmugen, KM Biologics Co., LTD, Kuma-
moto, Japan; 0.5 ml, HEPTAVAX-II Aqueous Suspension for Injection
Syringes 0.5 mL, MSD K.K. a subsidiary of Merck & Co., Inc., Kenil-
worth, NJ, USA) based on the guidelines of a perinatal HBV pre-
vention program in Japan (Fig. 1). Until September 2013, all
newborns from HBs Ag-positive mothers received HBIG within 12 h
and at 2 months after birth, and received HB vaccine at one, two,
and five months after birth. After October 2013, all newborns from
HBs Ag-positive mothers received HBIG within 12 h after birth, and
received HB vaccine within 12 h, and at one and six months after
birth. HBs Ag tests and HBs antibody (Ab) measurements were

U U
$y 3

Until September, 2013 | | | | | | |

birth 0 1 2 3 4 5 6

month

U o
!

L Bl

HBIG HB vaccine

After October, 2013

birth 0 1 2 3 4 5 6

month

Fig. 1. Prevention program of mother-to-child transmission of hepatitis B virus in
Japan. Black arrow indicates HBIG. White arrow indicates HB vaccine. HB, hepatitis
B; HBIG, HB immunoglobulin.

performed at 6—12 months after birth for all infants who received
prophylaxis with HBIG and HB vaccine.

Prophylaxis failure was defined as a HBs Ag-positive in the in-
fants at 6—12 months after birth. If HBs Ab titers in the infant at
6—12 months after birth were <10 mIU/ml, the same type of HB
vaccine (Bimmugen) or other type of HB vaccine (HEPTAVAX-II
Aqueous Suspension for Injection Syringes 0.5 mL) was re-
administered. If the infant who received administration of HBIG
and HB vaccine had negative results for HBs Ag, and serum levels of
HBs Ab were >10 mIU/ml at 6—12 months after birth, the perinatal
HBV prevention program was considered effective.

2.2. Prevalence and clinical features of HB exacerbation during
pregnancy

A total of 40 (1.05%) of the 3796 pregnant women tested positive
for HBs Ag. Exacerbation of HBV infection during pregnancy was
defined as an elevation of serum ALT levels to 5 or more times the
upper normal limit of ALT [3,7,9]. The serum baseline levels of HBs
Ag, HBe Ag, HBV-DNA, AST, and ALT were defined as those at 1 year
before current conception, or those in the first trimester, if labo-
ratory data prior to pregnancy were not available [3].

Clinical characteristics and blood test results were compared
between women with and without exacerbation of HBV infection
during pregnancy. Differences between the two groups were
analyzed using the Mann—Whitney U test, and Fisher's exact test. P
values < 0.05 were considered statistically significant. All statistical
analyses were performed using SPSS software, version 19 (SPSS Inc.,
Chicago, IL, USA).

3. Results

Fig. 2 shows a flow-chart of maternal screening and a prevention
program of mother-to-child transmission of HBV. All 40 neonates
from HBs Ag-positive pregnant women received prophylaxis with
HBIG and HB vaccine based on the HBV prevention program in
Japan. Five infants moved and were not followed up. Thirty-five of
the 40 infants underwent testing for HBs Ag and HBs Ab at 6—12
months of age, and all 35 infants tested negative for HBs Ag. Thirty-
three (94.3%) of the 35 infants had the serum HBs Ab levels of >10
mlU/ml, and the remaining two (5.7%) had those of <10 mIU/ml.
The two infants with HBs Ab <10 mIU/ml again received the same
type of HB vaccine, and acquired immunity against HBV.

Table 1 shows clinical characteristics and laboratory findings of
40 pregnant women with a positive test for HBs Ag. Three (7.5%) of
the 40 HBs Ag-positive pregnant women experienced exacerbation
of HBV infection during pregnancy. Maximum serum levels of AST
(median 776 vs. 22 mIU/ml, p < 0.01), ALT (median 325 vs. 15 mIU/
ml, p < 0.01), and HBV-DNA (median 9.1 vs. 5.4 log copies/ml,
p < 0.05), frequencies of HBe Ag-positive (100% vs. 29.7%, p < 0.05)
and symptoms of itching or general fatigue (66.7% vs. 0%, p < 0.01)
in three women with exacerbation of HBV infection were signifi-
cantly higher than those in 37 women without exacerbation.

Table 2 shows clinical characteristics and laboratory findings of
14 pregnant women with a positive test for HBe Ag. Three (21%) of
the 14 HBe Ag-positive pregnant women experienced exacerbation
of HBV infection during pregnancy. Maximum serum levels of AST
(median 776 vs. 22 mIU/ml, p < 0.01), ALT (median 325 vs. 15 mIU/
ml, p < 0.01) in three HBe Ag-positive women with exacerbation of
HBV infection during pregnancy were significantly higher than
those in 11 HBe Ag-positive women without exacerbation.
Conversely, baseline serum levels of HBs antigen (median 3086 vs.
27,700, IU/ml, p < 0.01) in those with exacerbation were signifi-
cantly lower than those without exacerbation.
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Pregnant women with screening for HBs antigen
n=3796
[ ]
Positive for HBs antigen Negative for HBs antigen
n=40 n=3756
Neonates who received HBIG, HB vaccine
n=40
Five moved without
follow-up
Neonates who underwent tests for HBs antigen, HBs antibody
at 6-12 months after birth
n=35
l |
Neonates with a negative result for HBs antigen
Neonates with a positive result for HBs n=35
antigen: Failure of prevention l
n=0
1 ]
HBs antibody <10 mIU/ml
HBs antibody >10 mIU/ml: n=2
Success of prevention l
n=33 R . .
The two neonates acquired immunity
after HB revaccination:
Success of prevention n=2
Fig. 2. A flow-chart of maternal screening and prevention program of mother-to-child transmission of hepatitis B virus. HB, hepatitis B; HBs, hepatitis B surface.
Table 1
Clinical characteristics and laboratory findings of 40 pregnant women with a positive test for HBs antigen.
Findings All n = 40 Exacerbationn = 3 No exacerbationn = 37 P-Value
Age (year-old) 32(23—-44) 30 (28-33) 32(23-44) 0.5
Gravidity 2(1-6) 2(1-6) 2(1-6) 0.7
Parity 0(0-3) 0(0-1) 0(0-3) 0.6
Gestational week at delivery 39 (25—41) 36 (35—-39) 39 (25—41) 0.2
Baseline AST (mIU/ml) 17 (12-32) 22 (13-32) 17 (12-25) 0.5
Maximum AST (mIU/ml) during pregnancy 22 (13-829) 776 (338—829) 22 (13-56) <0.01
Baseline ALT (mIU/ml) 13 (7-35) 21 (11-31) 13 (7-35) 0.2
Maximum ALT (mIU/ml) during pregnancy 17.5 (8-732) 325 (325-732) 15 (8-79) <0.01
Baseline HBV-DNA (log copies/ml) 4.1(1.8-94) 5.7 (3.4-6) 4.0(1.8-94) 0.5
Maximum HBV-DNA (log copies/ml) during pregnancy 5.4 (2.0-10.1) 9.1 (9.1-10.1) 5.4 (2.0-9.7) <0.05
Positive HBe antigen 35.0% 100.0% 29.7% <0.05
Itching, general fatigue 5.0% 66.7% 0% <0.01
Median (range)
AST, asparatate transaminase; ALT, alanine transaminase; HBV; hepatitis B virus; HBs, hepatitis B surface; HBe, Hepatitis B envelope.
Table 2
Clinical characteristics and laboratory findings of 14 pregnant women with a positive test for HBe antigen.
Findings Alln=14 Exacerbationn = 3 No exacerbationn = 11 P-Value
Age (year-old) 30 (23—44) 30 (28-33) 30 (23—44) 0.9
Gravidity 2(1-6) 2(1-6) 2(1-6) 0.6
Parity 0(0-3) 0(0-1) 0(0-3) 0.6
Gestational week at delivery 38 (25—41) 36 (35—-39) 38 (25—41) 0.5
Baseline AST (mIU/ml) 20(12-32) 22 (13-32) 19 (12—-24) 0.5
Maximum AST (mIU/ml) during pregnancy 23 (15—-829) 776 (338—829) 22 (15-56) <0.01
Baseline ALT (mIU/ml) 16 (9-35) 21 (11-31) 14 (9-35) 0.4
Maximum ALT (mIU/ml) during pregnancy 20 (8—732) 325 (325-732) 15 (8-79) <0.01
Baseline HBV-DNA (log copies/ml) 8.2 (2.7-9.4) 5.7 (3.4-6) 9.0 (2.7-9.4) 0.1
Maximum HBV-DNA (log copies/ml) during pregnancy 9.1 (5.4-10.1) 9.1 (9.1-10.1) 9.1 (5.4-9.7) 0.3
Baseline HBs antigen (IU/ml) 18,737(1927—-105411) 3086 (1927—-3364) 27,700(3666—105411) <0.01
Maximum HBs antigen (IU/ml) during pregnancy 34,443(2912—73436) 16,496 (3501—21251) 49,516(2912—73436) 0.1

Median (range)

AST, asparatate transaminase; ALT, alanine transaminase; HBV; hepatitis B virus; HBs, hepatitis B surface; HBe, Hepatitis B envelope.
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Table 3 shows clinical characteristics and laboratory findings for
three cases with exacerbation of HBV infection during pregnancy.
In Case 1, serum baseline levels of HBe Ag (246 S/CO), ALT (31 mU/
ml), and HBV-DNA level (3.4 log copies/ml) increased to 1500 S/CO,
732 mU/ml, and 9.1 log copies/ml at 36 gestational week (GW),
respectively. In Case 2, serum baseline levels of HBe Ag (5.2 S/CO),
ALT (11 mU/ml), and HBV-DNA level (5.7 log copies/ml) increased
to 252 S/CO at 26 GW, 325 mU/ml at 28 GW, and 10.1 log copies/ml
at 27 GW, respectively. In Case 3, serum baseline levels of HBe Ag
(70 S/CO), ALT (21 mU/ml), and HBV-DNA level (6.0 log copies/ml)
increased to 440 S/CO at 26 GW, 325 mU/ml, and 9.1 log copies/ml
at 28 GW, respectively.

One of the three women received intravenous administration of
ritodrine hydrochloride and magnesium sulfate during pregnancy
due to threatened premature labor (Case 2), whereas the remaining
two cases had neither liver-related nor other events during preg-
nancy. Two of the three women had clinical symptoms such as
itching and general fatigue (Case 1 and Case 2). Although the three
women had high serum levels of HBV-DNA, none received anti-
virus therapy during pregnancy. Case 1 experienced exacerbation
of HBV infection at 36 GW, and received medication of fresh frozen
plasma due to low levels of blood coagulation factors. After cesar-
ean section was performed, HB exacerbation in Case 1 resolved
spontaneously. HB exacerbation in Case 2 and Case 3 occurred
during the second trimester, and resolved spontaneously. These
two pregnancies ended in vaginal delivery. During the postpartum
period, there was no exacerbation of HBV infection in the three
cases.

4. Discussion

The WHO estimated the prevalence of HBs Ag in the Japanese
population as 2%—4% in 2005 [10]. Ninety percent of infants born to
HBe Ag-positive mothers become HBs Ag carriers if they didn't
receive appropriate prophylaxis [4]. The present study demon-
strated that a perinatal HBV prevention program between July 2008
and December 2016 was effective because there was no case of
mother-to-child transmission, although the area and the period of
participation were limited. The present also study found fre-
quencies of exacerbation of HBV infection during pregnancy as
0.08% (3/3796 pregnant women), 7.5% (3/40 HBs Ag-positive
women) and 21.4% (3/14 HBe Ag-positive women). Maximum
blood AST, ALT and HBV-DNA levels, frequencies of HBe Ag-positive
and symptoms of itching or general fatigue in women with exac-
erbation of HBV infection during pregnancy were significantly
higher than those in women without exacerbation.

The prevalence of HBs Ag-positive pregnant women varies
widely depending on the region. In countries, where the prevalence
of HBs Ag exceeds 8%, perinatal transmission accounts for only
10%—20% of persistent HBV infections in infants. In contrast, the
major route of infection among young children is not horizontal
infection but perinatal infection in countries where the prevalence
of HBs Ag is <1.0% including Japan [11,12]. Therefore, it is very
important to implement maternal screening for HBV and a pre-
vention program of mother-to-child transmission to reduce the
population of HBV carriers. In Japan, everyone receives low-cost
medical care through the national health insurance system [13].
Additionally, pregnant women are entitled to receive pregnancy
health checkups and a Maternal and Child Health handbook
following registration at a local municipal office. To prevent peri-
natal HBV transmission among infants born to HBs Ag-positive
mothers, maternal screening for HB Ag and a perinatal HBV pre-
vention program are strongly recommended in Japan [14].

In the present study, there were three cases with exacerbation of
HBV infection during pregnancy. Two of the three women had

Table 3

Clinical characteristics and laboratory findings of three cases with exacerbation of hepatitis B virus infection during pregnancy.

AST (mIU/ml) ALT (mIU/ml)

HBV-DNA (log
copies/ml)

HBeantigen

(§/co)

HBs antigen

(1U/ml)

Obstetricalcomplications Medication during Clinical

Birth

Mode of Sex

delivery delivery

Gravidity/Parity GW at

Case Age

Baseline/Max.
during preg.
[GW]

Baseline/Max.

Baseline/Max.

Baseline/

Baseline/

symptom
[GW]

pregnancy

weight (g)

(year- old)

No.

during preg. [GW]

Max. during Max. during during preg. [GW]

preg. [GW]
1927/3501

(36]

preg. [GW]
246/1500
[36]

32/776 [36] 31/732 [36]

3.4/9.1 [36]

Itching [36],

general

None

Gestational diabetes

mellitus

Ccs female 2950

36

21

30

fatigue [36]

13/829 [28] 11/325 [28]

5.7/10.1 [27]

3364/16,496 5.2/252 [26]

[26]

Itching [28],

general

MgS04, ritodrine

Threatened

VD male 2654

35

6/2

33

hydrochloride

premature labor,

recurrent

fatigue [27]

miscarriage

None

22/338 [28] 21/325 [28]

70/440 [26]  6/9.1 [28]

3086/21,251
[26]

None

None

3226

11 39 VD male

28

AST, asparatate transaminase; ALT, alanine transaminase; HBV; hepatitis B virus; HBe, Hepatitis B envelope; HBs, hepatitis B surface, GW; gestational week, CS; cesarean section, VD; vaginal delivery, Max; maximum, Preg;

pregnancy.
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clinical symptoms, such as itching and general fatigue. Although
exacerbation of HBV infection is mostly asymptomatic and resolve
spontaneously, some cases may be severe and result in symptom-
atic hepatic decompensation [3]. Therefore, if clinical symptom
appears in HBs Ag-positive women during pregnancy, exacerbation
of HBV infection should be considered. HBe Ag-positive is found to
be a strong predictor of exacerbation of HBV infection during
pregnancy, and HBe Ag-positive women have more than two-fold
higher risk for a postpartum flare [8]. It has been reported that
the frequency of exacerbation of HBV infection during pregnancy is
6% in HBs Ag-positive women [3,9], which is similar to 7.5% in the
present study. In addition, in this study, serum baseline levels of
AST, ALT, and HBV-DNA were not different between the HBe Ag-
positive women with exacerbation of HBV infection during preg-
nancy and those without exacerbation. On the other hand, unex-
pectedly, baseline serum levels of HBs antigen in the HBe Ag-
positive women with exacerbation were significantly lower than
those without exacerbation, but the reason for this difference was
unknown. In the present study, predictors for exacerbation of HBV
infection during pregnancy in HBe Ag positive-women was not
determined.

On the other hand, HBe Ag levels in the three cases with exac-
erbation of HBV infection increased to more than five times higher
than prior to pregnancy. Simultaneously, levels of ALT and HBV-
DNA also increased in the three cases. Therefore, monitoring for
levels of HBe Ag, HBV-DNA, and liver enzymes as well as symptoms
of itching and general fatigue is very important for HBs Ag-positive
women during pregnancy and the postpartum period.

The guidelines of the American Association for the Study of Liver
Diseases recommend antiviral medication with tenofovir in the
third trimester for pregnant women with HBV-DNA >200,000 IU/
ml or >10° copies/ml and higher, even in the absence of clinical
symptoms, to reduce perinatal transmission of HBV [15]. Tenofovir
has been shown to be safe during pregnancy and for breastfeeding
mothers. In cases, where tenofovir is not effective, telbivudine or
lamivudine may be substituted. There is no consensus on the
management of HBV for women with blood HBV-DNA <200,000
IU/ml, women with active hepatic inflammation or advanced
fibrosis, or who become pregnant while on therapy [15,16]. In the
present study, none of the three cases with exacerbation of HBV
infection received antiviral therapy, and the exacerbation resolved
spontaneously. Exacerbation of HBV infection in the postpartum
period occurs mostly during the first three months [3]. Thus, it is
necessary to follow-up postpartum mothers closely for more than 3
months. Levels of liver enzymes and HBV-DNA should be repeat-
edly measured, especially in HBe Ag-positive women, because they
are at a high risk for exacerbation of HBV infection in the post-
partum period.
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Objective: We aimed to evaluate immunogenicity following Japanese original delayed hepatitis B (HB)
vaccinations for prevention of mother-to-child HB infection in preterm infants.

Methods: A nationwide survey in Japan was conducted at certified neonatology facilities in 2014. Eighty-
four preterm infants born from a serum hepatitis B surface (HBs) antigen-positive mother were included.
We collected data on the following parameters: gestational age, birth weight (BW), age at HB vaccination,

age at examination of serum anti-HBs titer, and serum anti-HBs titer. The delayed HB vaccination
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Birth weight

Delayed hepatitis B vaccination schedule
Gestational age

Mother-to-child hepatitis B virus infection
Seropositive rates

schedule was 3 doses of HB vaccines at 2, 3 and 5 months of age. A seropositive immunogenic response to
HB vaccination was defined as an anti-HBs titer >10 mIU/mL. Seropositive rates were calculated in all
participants. Four subgroups based on BW were as follows: <1000 g (n = 13), 1000—1499 g (n = 16), 1500
—1999 g (n = 26), and >2000 g (n = 29).

Results: Among 84 preterm infants who completed the delayed vaccination schedule, 82 (98%) achieved
seropositive anti-HBs titer at a median age of 6 months. Seropositive rates of infants <1000 g, 1000

—1499 g, 1500—1999 g, and >2000 g were 92%, 94%, 100%, and 100%, respectively.
Conclusion: The Japanese original delayed HB vaccinations achieved sufficient seropositive rates in
preterm infants and provide immunogenicity against mother-to-child HB infection.

© 2019 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.

Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Currently, a four-dose hepatitis B (HB) vaccination schedule (i.e.,
at 0 [within 12 h after birth], 1, 2, and 12 months of age) for infants
with a birth weight (BW) < 2000 g born from a mother with pos-
itive hepatitis B surface antigen (HBsAg) status in serum is rec-
ommended in the USA [1], UK [2], and Japan [3]. Conversely, for
infants with a BW < 2000 g with negative maternal HBsAg status in
serum, the advisory committee on immunization practices of the
United States recommends delaying the first HB vaccine until 1
month of age or hospital discharge (i.e., vaccination at 1, 2, 7
months of age, known as a delayed or non-compressed HB vacci-
nation schedule) [4].

Delayed HB vaccination for infants with a BW < 2000 g is rec-
ommended, because the regular HB vaccination schedule that is
initiated immediately after birth and followed by two additional
doses (i.e., three doses at 0, 1, and 6 months of age), observed low
seropositive immunogenic response rates and low anti-HBs titer

1341-321X/© 2019 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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after immunization [5—7]. This result was confirmed by several
subsequent studies, that is, a lower gestational age (GA) or BW was
associated with lower anti-HBs antibody seropositive response
rates when infants were vaccinated immediately after birth fol-
lowed by two additional doses of HB virus vaccine [5,6,8—11].

From 1986 to 2013 in Japan, the Japanese original delayed HB
vaccination schedule was adopted to prevent mother-to-child HB
virus infection [12]. Preterm infants (GA <37 weeks at birth) also
received HB vaccinations based on the Japanese original delayed HB
vaccination schedule. We aimed to evaluate the immunogenic
response following the Japanese original delayed HB vaccinations
in preterm infants, especially in infants with BW < 1000 g and BW
1000—-1499 g.

2. Materials and methods

A nationwide mail survey to certified facilities for neonatology
by the Japan Society of Premature and Newborn Medicine (JSPNM)
was conducted in March 2014 with approvals of the board of di-
rectors of the JSPNM. The formal written informed consent was not
required owing to the data from our regular practices at that time
and the retrospective survey of the study.

The Japanese original delayed HB vaccination schedule is shown
in Fig. 1. Infants born from mothers carrying serum HBsAg received
HB immune globulins (HBIG) at birth and/or at 2 months of age and
thereafter receive HB vaccines at 2, 3, and 5 months of age (Fig. 1)
[12]. HBIG was injected intramuscularly in the right and left
femoral muscles (A total of 200 U/mL, 100 U/0.5 mL in each side).
HB vaccine (0.25 mL) was injected subcutaneously in the upper arm
or femur. The standard age at which serum anti-HBs titers were
tested was 6 months.

Infants received 3 doses of HB vaccines according to the
schedule date were enrolled in this study. Data on the following
parameters were collected in preterm infants born from a serum
HBsAg-positive mother: BW, GA, age received HB vaccinations, age
at examination of serum anti-HBs titer, and serum anti-HBs titer at
6—12 months of age. A seropositive immunogenic response to HB
vaccinations was defined as anti-HBs titer >10 mIU/mL based on
the selected method used in the hospital, such as enzyme immu-
noassay, chemiluminescent immunoassay and chemiluminescent
enzyme immunoassay. It is generally considered that anti-HBs titer
>10 mIU/mL (seropositive immunogenic response to HB vaccina-
tion) are sufficient to prevent HB infection [13,14]. Because anti-HBs
titer >100 mIU/mL is sometimes a target level after HB booster
immunization for non- (<10 mIU/mL) and low-responders (10—99
mlIU/mL) [15], the rate also analyzed. Seropositive rates and the
rates of infants with anti-HBs titer >100 mIU/mL were calculated in

Fig. 1. Japanese original delayed hepatitis B vaccination schedule. HB immunoglobulin
is injected intramuscularly in the right and left femoral muscles (A total of 200 U/mL,
100 U/0.5 mL in each side). HB vaccine (0.25 mL) is injected subcutaneously in the
upper arm or femur. *Optional administration when mothers do not carry the serum
HB envelope antigen. HB, hepatitis B.

all participants; subgroups were determined based on BW (<1,000,
1000-1,499, 1500—1,999, and >2000 g) and GA (<28, 28—33, and
34—36 weeks). Finally, anti-HBs titers were compared between
infants <1500 g BW and infants >1500 g BW using the Mann-
Whitney nonparametric rank test. When anti-HBs titers were
>1000 mIU/mL by the measuring method, they were analyzed as
1000 mIU/mL.

3. Results

A total of 84 preterm infants completed the Japanese original
delayed vaccination schedule. All infants received 3 doses of HB
vaccines according to the schedule date. Clinical background data
are shown in Table 1. Median GA and BW were 34 weeks and
1820 g, respectively. Among infants tested for maternal serum HB
envelope antigen (HBeAg), 26, 50 and 8, were positive, negative,
and no examination, respectively. Seventy-nine infants (94%)
received Bimmugen™ (The Chemo-Sero-Therapeutic Research
Institute, Kumamoto, Japan); 5 infants (6%) received Heptavax-II"™
(MSD, Tokyo, Japan). The number of infants who received first-dose
and second-dose HB immunoglobulin were 81 and 37, respectively.
The median age at which serum anti-HBs titers were tested was 6
(range, 6—12) months.

Among those, 82 infants (98%) achieved seropositive anti-HBs
titer (Fig. 2). Two infants with negative anti-HBs titer were sero-
converted after receiving an additional 2 doses of HB vaccinations.
The seropositive rates and the rates of infants with anti-HBs titer
>100 mIU/mL in the subgroups based on BW or GA are shown in
Table 2. The seropositive rates were more than 90% in all subgroups.
No differences in anti-HBs titers were found between infants
<1500 g BW (median, 284 [6—2100] mIU/mL) and >1500 g BW
(median, 385 [25—2711] mIU/mL; p = 0.10, Fig. 3). No infants were
confirmed to have mother-to-child HB virus infection.

4. Discussion

In this study, even preterm infants born with <1500 g BW had
high seropositive rates and acquired sufficient immunogenicity as
evaluated by anti-HBs titers in the Japanese original delayed HB
vaccinations.

Some studies have evaluated the immunogenicity following 3-
dose HB vaccine schedules beginning at birth in preterm low
birthweight (LBW, BW < 2500 g) infants (i.e., at birth, 1-3 months,
and 6—8 months of age) [5—7]. Lau et al. reported a seropositive
rate of 78.9% in preterm infants with BW < 1750 g [6]. Van

Table 1
Clinical background on enrolled preterm infants, n = 84.

Gestational age at birth 34 (24—-36) weeks
<28 weeks 11 (13%)

28—33 weeks 29 (35%)
34—36 weeks 44 (52%)

Birth weight 1820 (608—2830) g
<1,000 g 13 (15%)
1000—1499 g 16 (19%)
1500—1999 g 26 (31%)
>2000 g 29 (35%)

Maternal HB envelope antigen
Positive 26 (31%)

Negative 50 (60%)
No examination 8 (9%)

HB immunoglobulin
First dose 81 (96%)

Second dose 37 (44%)

Data are shown as median (range) or number (percent).
HB, Hepatitis B.
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Fig. 2. Distribution of anti-HBs titers by birthweight. Two infants with negative anti-
HBs titer seroconverted after receiving an additional 2 doses of HB vaccinations. HBs,
hepatitis B surface.

Table 2
Seropositive rates in preterm infants classified by birthweight.
n Anti-HBs titers
>10 mIU/mL >100 mIU/mL

Birthweight
<1,000 g 13 12 (92%) 7 (54%)
1000—1499 g 16 15 (94%) 14 (88%)
1500—-1999 g 26 26 (100%) 23 (88%)
>2000 g 29 29 (100%) 28 (97%)
Gestational age
<28 weeks 11 11 (100%) 7 (64%)
28—33 weeks 29 27 (93%) 24 (83%)
34—-36 weeks 44 44 (100%) 41 (93%)

Data are shown as number (percent).
HBs, Hepatitis B surface.

Fig. 3. Comparison of anti-HBs titers between infants with birth weight <1500 g and
>1500 g.

Steenbergen et al. reported that LBW infants were a significant
clinical factor associated with a low antibody response of 10—100
IU/L in postimmunization anti-HBs titers [7]. Losonsky et al. re-
ported that the seropositive rate increased as BW increased; pre-
term infants <1500 g BW had lower rates of response (52% and 68%
infants <1000 g BW and 1000—1499 g BW, respectively) than pre-
term infants >1500 g BW (84%) [5]. Indeed, a study from South
Korea reported prophylaxis failure due to a low immunogenetic
response in preterm LBW infants receiving vaccinations immedi-
ately after birth followed by two additional doses; the HB trans-
mission rate was assessed in 20 preterm LBW infants and 10% were
positive for HBsAg after the completion of immune prophylaxis
schedule [16].

In Taiwan, Chen et al. reported that HB vaccinations for preterm
infants, including infants <1500 g BW, born from positive serum
HBsAg mothers were delayed until they reach a weight of 2000 g
with the administration of HBIG at birth, and sufficient immuno-
genicity was confirmed [17]. A study by Patel et al. reported that
infants <1000 g BW receiving three delayed doses of HB vaccina-
tions at 1, 2, and 7 months of age had a 90% seropositive rate [9].
Our results also supported these previous findings that the delayed
HB vaccinations achieved sufficient seropositive rates among pre-
term infants with BW < 1000 g or <1500 g.

Due to the immature immune response to HB vaccine and
effectiveness of the delayed vaccination strategy, the American
Academy of Pediatrics recommends that infants <2000 g BW are
given an additional HB vaccination at 2 months of age [1]. Similar
strategies to prevent perinatal transmission are recommended in
the United Kingdom [2]. For example, 98% of preterm infants
vaccinated using a four-dose HB vaccine schedule (0, 1, 2, and 12
months of age) attained protective immunogenicity [ 18]. Therefore,
an accelerated vaccination schedule consisting vaccinations at
birth, followed by three additional doses of HB vaccine at 1, 2, and
12 months of age, is recommended for all infants born to HBsAg-
positive mothers irrespective of GA or BW [7,16].

In Japan, beginning in 2013, infants >2000 g BW born to
mothers carrying HBsAg receive HBIG and an HB vaccine at birth, 1,
and 6 months of age, and the Japan Pediatric Society recommends
that infants <2000 g BW are given an additional HB vaccination at 2
months of age, similarly to the American Academy of Pediatrics [3].
Indeed, Yamana et al. reported a case of an infant <1000 g BW born
to a HBsAg-positive mother who was administered a four-dose
vaccinations at 0, 1, 2, and 6 months of age in addition to admin-
istration of HBIG at birth. A sufficient protective anti-HBs titer level
(>100 mU/mL) was confirmed after the fourth vaccination [19]. A
four-dose schedule at 0, 1, 2, and 6 months of age would contribute
to a low HB virus transmission rate in Japan, too.

This study has some limitations. First, serum anti-HBs titer
might be affected by the second dose of HBIG in the Japanese
original protocol to prevent mother-to-child HB virus infection. A
Japanese case report in an extremely low birth weight infant has
shown that the anti-HBs titer dramatically decreased to the bottom
level after injection of a single HBIG at birth, even with 3 doses of
HB vaccine (0, 1, and 2 months of age) [19]. Because in the Japanese
original protocol, the time at the examination of serum anti-HBs
titer had an interval of more than 3 months after the second dose of
HBIG administration at 2 months of age, we consider the impact
might be small. Second, the methods used to measure HB titer
levels were not uniform due to the nationwide survey variability in
testing protocols, such as use of enzyme immunoassay, chemilu-
minescent immunoassay, and chemiluminescent enzyme immu-
noassay. However, correlations between these measurement
methods for HBs antibody titer has been shown [20]. Third, because
this study was used a national survey, additional information on the
mother's background were not available such as the amount of
blood HB virus DNA levels and antiviral treatments. Finally, it is
unknown which measures lead to more immunogenicity between
the current four-dose vaccination schedule or Japanese original
delayed three-dose vaccination. Further studies are needed to
reveal clinical usefulness or demerits of the Japanese original
delayed HB vaccinations compared to the current adopted method
of four dose schedule at 0, 1, 2, and 6 months of age in preterm
infants.

In conclusion, our study demonstrated that Japanese original
delayed HB vaccinations achieved sufficient seropositive rates in
preterm infants, even in those born with <1500 g BW. The Japanese
original delayed HB vaccination schedule may be an effective
strategy to prevent mother-to-child HB virus infection.
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