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Table 1 Hepatitis B in chimpanzees inoculated with serum containing a precore mutant of

HBYV, strain HT

Chimpanzee Dilution of Donor Seurm Hepatitis
1410 10! Yes
1442 . 10 Yes
1420 10~7 Yes
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Fig. 1. Course of experimental infection of chimpanzee 1420 inocu-
lated with a 1077 dilution of serum from an index case infected with
an HBV pre-C mutant (strain HT). HBV antigens or antibodies in
serum were regarded as positive when the sample/negative control
ratio was =2.1 by radioimmunoassay. From [16], with permission
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FiG. 2. Map of the genome of HBV strain HT. The genome is in the
circular, partially double-stranded configuration. The RNA tran-
scripts are shown outside of the genome as wavy lines with initiation
sites as closed squares and poly-A addition signal as (A)n. The open
reading frames are shown outside of the RNA transcripts as boxes.
Cis-acting regulatory elements are shown on the map as solid bars
and hatched or closed boxes. Map unit 1 is the first A residue in the
Eco R1 recognition site. Abbreviations and locations of the regula-
tory elements are as follows: ENH | (enhancer |) and XP (X promoter)
are within nucleotides (nt) 963—-1354 (Shaul et a/., 1985; Treinin and
Laub, 1987; Patel et al., 1989); ENH Il (enhancer Il) and CP (core
promoter) are within nt 1591-1850 (Yee, 1989; L6pez-Cabrera et al.,
1990); SPI (surface promoter |; large surface promoter) and its regula-
tory sequence are within nt 2711-2822 (Chang et al., 1989); SPII
(surface promoter Il; major surface promoter) and its regulatory se-
quence are within nt 3003-3202 (Raney et al., 1989); ¢ (oregenome
RNA encapsidation signal ¢) is within nt 1853-1982 (Junker-Niep-
mann et al., 1990); DR2 and DR1 (direct repeat 2 and 1) at nt 1592
1602 and nt 1826-1636, respectively; GRE (glucocorticoid respon-
sive element) is within nt 340-369 (Tur-Kaspa et al., 1988). The virus
genes and their map positions are as follows; pre-core (pre-C),
1816-1902; core, 1903-2454; pre-surface 1 (pre-S1), 2850-3206;
pre-surface 2, (pre-S2) 3207-156; surface, 157-837; X, 1376-
1840; polymerase, 2309-1625. The four domains of the polymerase
gene are as follows: terminal protein (TP), 2309-2839; spacer (SP),
2840-131; DNA polymerase and reverse transcriptase (Pol-RT),
132-1163; ribonuclease H (RNaseH), 1164-1625 (Radziwill et al.,
1990). Rare or unique nucleotide substitutions within the regulatory
elements are shown as closed triangles. The predicted amino acids
that are rare or unique substitutions are shown as closed circles
within the open reading frames. The residues unique to strain HT are
indicated by asterisks on the codon positions.
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Fig. 2. Localization of nucleotides and amino acids that were unique
to HBV strain HT or rarely found in 33 complete HBV genome
sequences. Linear representation of the HBV genome from nucleo-
tide positions (nt) 1575 to 2525 with cis-acting regulatory elements
shown on the upper line [11]. Closed circles highlighted with an
asterisk represent nucleotides unique to strain HT (i.c., nts 1639,
1753, 1754, 1917, 2026, 2103, 2152, 2153, 2191, 2241, 2443, 2454,
2456, 2488, and 2497) and those without an asterisk indicate nucleo-
tides rarely found in other HBV sequences (i.e., nts 1655, 1764, 1766,
1898, 1901, 2047, 2140, and 2290). The X gene; pre-C, pre-core gene:
C, core gene; and Pol, polymerase gene, are indicated by boxes.
Open circles highlighted with an asterisk represent amino acids unique

P4g Pso

to strain HT (i.e., X127, C84, C97, C181, P49, and P50) and those
without an asterisk indicate amino acids rarely found in other HBV
isolates (i.e., X94, X130, X131, pC28: Trp—stop codon, pC29, C49,
C80, Cl113, and C130). Nucleotide and predicted amino acid se-
quences were identical between the index case and in chimpanzee
1410. ENHII-CP, enhancer II-core promoter; DR2, direct repeat 2;
DRI, direct repeat 1; €, pregenome encapsidation signal; Poly-A,
polyadenylation signal; (+), positive strand DNA; (-), negative
strand DNA.. The hatched region within ENHII-CP represents nuclear
protein binding sites. An arrow indicates transcription start sites for
the pre-C and C/pregenome RNAs
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X 3.

Fig. 1 Nucleotide and predicted amino acid sequences of an HBV strain HT which caused nosocomial outbreak of
fulminant hepatitis. Consensus sequence of HBV genotype C is from ref. 11. Gene regions of ENH II (en-
hancer II), CURS (core upstream regulatory sequence) and BCP (basic core promoter) are from ref. 28. A
gene region of PES (pregenome encapsidation signal) is from ref. 29.
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Table 3  Hepatitis B in chimpanzees inoculated with serum containing a surface mutant of

HBYV, strain AS
Chimpanzee Dilution of Donor Seurm Hepatitis
1434 107! Yes
1384 1073 Yes
1406 10°¢ Yes
1500 10°¢ Yes
1516 1077 Yes
1396 1077 No
Chimpanzee 1406
eer ves Ao
1400 - anti-HBs m wm
anti-HBc [ ]
12001 HBe Ag

- ani-Hge T

ALT, international units / liter
T
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Fig. 3. Course of experimental infection of chimpanzee 1406 inocu-
lated with a 10~ ° dilution of serum from an index case with an HBV
variant with a mutation in the S gene (strain AS). HBV antigens and
antibodies in serum were regarded as positive when the sample/
negative control ratio was =2.1 by radioimmunoassay. From [16],
with permission
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2) Strain AS DOFRAEW FRRME

FRCAEIRIMTE A, NIH/NIAID/LID/HVS (T 7 A /L 2 ~MIFES du, FADY KB - HFFEIC
L7z 47,

MmIEH HBV Z2Ftk (Strain AS & finds) DOREYME < JRIFME (IFRFEIEME) 230~ 25 HHYT,
F LNV —6 BANE NV DR AR U 72 M35 & PR UREERE L 72,

JEYEMEIZ DWW T, JFUILIE 2 AR LA 107 £ THAR L C 1 mL B+ 5 2 L1c kv
2BADH B BTG NL LTz (R 2), T ORMAFUIRIKITAFIET 2 HBV (ZUXF T T
NERERTH D Z & MR LTz, & 5HIC StrainAS &%/ L #&4y+ 27 m—=122" L HuhH7
i~ T AT 2 ar$52icky, BRI AR LTZ Y,



RN (FFRFENE) 122\ T, JBYRRST 5 BHIC 81T D peak ALT @ GMT 1%, HBV B4
KRR EBRICEB T 5 F 2R P —12 BAIZE 1T 5 peak ALT GMT 290 1U & FEEIL e o7z

(X1 4), 9725, Strain AS (XF 2 /R0 D—IZB W CTEHAK & ERFERE DL 25| & i
Z L7,
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Fig. 4. Localization of amino acid substitutions in the a determinant
of the S gene of HBV strain AS. The a determinant is shown in the
secondary structure predicted by Howard et al. [12]. Amino acid
residues that are different from the consensus sequence are indicated
by black circles. The substitution at codon 145 of the S gene
(S145:Gly—Arg) was observed in the index case and all infected
chimpanzees, and that at codon 120 ($120:Pro—GlIn) was found only
in chimpanzee 1406 that had been inoculated with serum from
the index case containing only a pure population of mutant virus.
Hatched circles indicate Cys residues

< a determinant-----
(487) d/y i/t
Genotype D CCAGGATCATCAACCACCAGCACGGGACCATGCAGAACCTGCACGACTCCTGCTCAAGGAACCTCTATGTATCCCTCCTGTTGCTGTACA
Strain AS  eeeeeaen T . o
(5111) (8122) (S126)
| |
Genotype D PGS s TTSTGPG CRTG CTTTPAQGTS SMYPSTCGCCT
Strain AS R A T R = sw dw el Sk Bk D2 2
>
w/r (667)
|
Genotype D AAACCTTCGGACGGAAATTGCACCTGTATTCCCATCCCATCATCCTGGGCTTTCGGAAAATTCCTATGGGAGTGGGCCTCAGCCCGTTTC
Strain AS ~ eecececrenas i 010007 ST N T T o R TR R T RS RS RS R
(S160)
|
Genotype D K PSDGUNTZCTOCTIPTITPSSWATFTGTZ XKT FTLTWETWA ATSI AT RF
Strain AS & avE @R S A & E o= 2 S e o e S E e T L E SR L e e e

Fig. 2 Nucleotide and predicted amino acid sequences of an HBV strain AS which emerged in an immunized infant.
Consensus sequence of HBV genotype D is fromref. 11. A gene region of group specific a determinant is from ref. 30.
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3) Strain AS DBRIEFFHIRFE

JR MG H KD Strain AS @ S EARFHEIRLS|ORRRIZ XLV | subtype 1% ayw. genotype 1L D
THO., BERIT LR, H 145 %7 2 VB Gly 0D Arg ~DERDOBTHoT=, Fr\vry
—S5 BHICHI3KT % Strain AS TiE, 1O IMIE MO Strain AS (Z major S & HE 120 &7
/B Pro 728 GIn [IZZR LTz (K4, [¥5), JRfiE PCR #EY) direct sequencing Tl H]
S U720 minor population & L CHFEEL TWeb D EE 2T,

4) >K[E FDA 587 HB U 7 F /i Strain AS BRI % B4 2

F 2R — 2K [E FDA #7807 HB U 7 5 T % Recombivax, (Merck & Co./Merck) 72
5 NZ Engerix (SmithKline Biologicals/GlaxoSmithKline) % L2 4V4%fE L, HBs HLiKPEA
FfE . AITSEER TR 2 fERRE A0 Strain AS B MG 248 L, SRS B0 E
D7, FERRLIZ,

Mk, HB U 27 F U T o D=3 R ZRIE LT3, HB U 7 F T /3w
T3 3L EORGE Z AT O IR EZFIEE T, BRI L7123~ TO HBY ~— U —
< nested PCR |2 & % HBV DNA b it &41d", FDA BRI HB U 27 F T 2 fi & $1Z Strain
AS YL A SERIZPHT 5 Z L 2 EFEL T (K 3) 7,

UbEOFERFELY | REEROIAEIL, T TIUERENPEE L T LE 7 (FENEGEO R
PEbdH V) BEMK HBV (CxE LT, #4537z HBIG & A T 5 buRIc X 5 £ 235K
L7725 Tmajor SEANER L7ZHDTHY ., vaccine failure Tl 72 < vaccination failure, 3~
RO BT HIROKENIRR TH A 5 LHER, $RELT,

5) D%

HA - BIEHEDZL < OREaRH b FARO/NRBIAMEAE 7223 b SH, 5T, 34T HB
T F TR, Tob 2T pre-S A GLU 7 FUNME L OB L feoTe, L
2L 20D O ERITIFFHERMRILIT AR v o T, S BITRMZEDm SIT% LT, EE 7 /L—770
X% L Lancet it CD debate & 72572,

# 3. KE FDA 3BT HB U 7 F 4K D Strain AS BREER 7

TasLE 1. Protection of Chimpanzees Against an S-Gene Mutant of HBV by Licensed Recombinant Hepatitis B Vaccines

Prechallenge Postchallenge
HBV

Anti-HBs Anti-subtype HBsAg  Anti-HBc HBeAg Anti-Be DNA ALT 1Cb GGT

Chimp
# Injection™ SRUY (mIU/mL)t a d y (wks. of duration)# (at wks 7 and 11)# (wk of elevation)#

88A04 M&Co. vac 166 8,889 + +- = = - - - = i =
1486 M&Co. vac 33 T + + = s - = % e s =
1475 SKB vac 139 6,721 + + == = = o = < &= s =
1479 SKB vac 54 120 + + = = = - - = - = =
1480 Saline - = = = &= 7-11 11->32  10-11  17->32 + 11-13  11-14 12
1491 Saline - - - - - 7-13 10->32  10-12  14->32 + 9-17 9-17 11-18

Abbreviations: ICD, isocitrate dehydrogenase; GGT, y-glutamyl transpeptidase.

*Recommended dose of 0.5 mL of Merck vaccine (5 pg) or SmithKline Beecham vaccine (10 pg) or 0.5 mL of saline.
‘tTested by radioimmunoassay at time of challenge (wk 7 after 1st vaccination).

¥Weeks after virus challenge.



FLEEDBRE L7z Strain AS 1X I~2 HOHZDT X VAR THY OB DT I/ iR
BRIZXE 2 HB U 27 F UBIHIBE DR EIIARIZ2 STV R, FRROBETH 5,

BUEIL, B &2 T OISR T2 &0 HB U 7 F U85 & 2 1 o/ NEDR R ET 512
BLO, 7aepitope WIZT X/ BEEREZGT HEEKRPEML THNDHEWS, ZHIEHB Y
7 F B HBs HURKT « ERICHEOEF AR 2 B L 2 /2 <7220 . Lo LIKNIC
179 5 HBs PURIC K D pressure |2 &0 YL U7- B AR ZE B~ L LT b D72 D7),
& DT HBs LA+ b 030 b T ERKEPEY L2 b DD, OFEXTH D, £
7o, ZHUHEREKO—EIT HBs PURRMEZ RT 2L b ERTRETH D,

ZOOH, AHICBWTH R PR A 7Y 2 —/Li, HBIG £ & HICHB V7 F
YHAEZT I (12 KEUA) ICEEET S L ) IctESh,

2016 10 H LV, 05&kE~DHB U/ FUo#fNARAH LR L Z LR RESNT, &
H A L HEREZAITV Strain AS & [RIER B RN EIE L 722 E 2 IfF L7z, —H T A
b & XV g FOEAOERENOVELERH SN TWD Z ERALETH D, Al L
72k 91z, ZRERN HBV THHUALZRA T2 Z LITEBLAEROTH A 9 D,

3. HBs FiEREBEEOIEETRORK R L R
1) HBs U HIEIE DL E

1990 - HHUR - HUAR OFRA VLN radioimmunoassay  (RIA) 57> 5 non-radioisotope
AR END L9257, HBs HUEHIELE S W< O OEBEHAT R RENE LT 5 &
TR | ARFRTIEMANAEH ST E 72 §4E7E & @ several standards & 72> 72, L2NL72
B ZASHEEEOMBIME « BEHNEE RE L7 AFRIX R o T,

HBV JE&YLBH /)y HBs HFUAMEIL, BEEE TIE 8~16 [FEHEM, EEEAFRETIE 10
mlU/mL, & ZTNFIHEEN TN D, ZTHDIEIFREEICBT D o7 fr B - SUE
b o THPE” @ HBs HUAIREE L &2 TRV, L7ch3> T HBV ZEFHIIEE L T, IRPLIC
F o THEEBG I+ S 130 2 e 2 2R L2 iuE e 5720,

H7RAHIT 1980 AR D 1990 FARUT T THiAT SN/ AFIZE T DL HB V7 F o (y
FE—UA e E—LF L e ~NTENRY I AN AL =27) FEERRBREE RO “HBs HUAL
H5” 1X9XT RIA V& “BHPE” CTORHECTH D, RIA 1ED O EFREALRRIESOEBLI I
728 b o THEREL X, RIA MEPE=10mIU/mL DL E, EHEfEL TRV, 72720, Zh
I WHO FEHE & SR IR E S - HERICIRE S LD,

2) HB U 7 Ff& & HBs HilkBIEE DM AR X 5 HBs FUikFHl O FREESR

1990 AR 0 B REMICERRFAEICKTT 5 HB V7 F U7 vy = 7 M3Blss S
o X9/ olz, EILERSERKY: (B ILRT) XRIICBL L7oKF T, FATHYE
E#EH L7720 HB U 7 FUH#OBE T O - AEZG5 2 LN TE T,

AL TV ey FE—U A BBERE L 72D HR LW E—A 7)) Bz, &
SIZZl CHEREN L & SN PreSQ EEAGH AA =2 v~ Y0 X T,
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FEAmIEL B AISHED PHAE T, 2 OFEITLAN T 505 2 12 fd

ELTN

A2 ~F

D5y B % FHNT AR

ANCE L LCRD . AFICHEITS HB U7 F U MUNMRIE L LCo HBs HLRFEMICE T2
evidences |X PHA ¥ ED & LN/ o Tz,

PHA standard solution
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measured value

40
20

Figure 1

120

32 16 8 4
expected value

Comparison of anti-HBs measure-
ments in standard anti-HBs solutions
of the PHA kit among PHA, CLEIA,
and CLIA.

CLEIA standard solution

100

x
S

measured value

—— | @ PHA (titer)
(J CLEIA (mIU/ml)
B CLIA (mIU/ml)

40
20
0
100 625 50 25 125 10
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Figure 2 Comparison of anti-HBs measure-
ments in standard anti-HBs solutions
of the CLEIA kit among PHA,
CLEIA, and CLIA.
CLIA standard solution
180
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o 140 [J CLEIA (mIU/ml)
3 120 M B CLIA (mIU/m))
?é 100 - =s
2 80 = m
g 60
40
20 -
0 U L ;
100 80 50 40 15 75
expected value
Figure 3 Comparison of anti-HBs measure-
ments in standard anti-HBs solutions
of the CLIA kit among PHA, CLEIA,
and CLIA.
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ZOXEIITHB VI FUrHEOER ZRERATORDB BEEZEHNA TV 9 BT, B4EH]
XA TH D T2 OFE - MR SICEBIT R0 > 7288, #4 L T PHA 15 CTo HBs HLiRAf D
FERD, Y 7 FUHIZERDDL L IICEZXDH LT oT,

wilal HB U 7 F U A - ¥ 2 — VIZB W CUGHE T 2 DERUGHE TH 5 O ETT
il 2 NiZ & o TFAEEOMBETH AN DI, WA LAIZIXTE W,

Z 2T, HERMRREOMFAERES 5 KET Ay MO X v N THHEE L Thiz, ik
Licb 2 A, B AREZLICHRY 7 F U & HBs FUIRIIELEOMAE O L0 FEEA
RESBRDFER LI o7289,

ZOFERAE 9T, AREIICHEY #Te - WHO LV HBs Uk MR 2 L 0 L8, £
TR IEIFZERT PHA V5, EREHEARRETH SEE Y ¥ L A1k CLEIA k& KET R
v Mt CLIA %, 4% > MO HBs HUAEHEMRZ AT L, BEWICHAGIETHE L E 24,
IR & LB A2 R L (K6) 19, §72b%, PHA 4 + CLEIA ik + CLIA {7 O
EF » MEWERIZI TS CLEIA 51X CLIA WIS REL REEEZ R LIZOTHD, Z0
L&, 7V L EAH CLEIA 5% » MIEEAERIZ WHO BEER A L TihvianZ & 2D
THEY, WK E L7z,

3) ENLBRIYERFERTIC X 5 HBs wm%&wﬁﬁ

FREREREZ. BARBARRAERESSAZE L CENEEM RNV TR VA VA EE
e ANZHIR - FURROFREREDOEFZRELZ BB DOOE D LT HMRENEA LT
<,

ENTHAR STV 2 EFSHEAL R RE 7 fE~To HBs HFUAHIEE S v SRS ZEOTH
Eﬁﬁbn\%@%%\L%%ﬁﬁﬁﬁﬁﬁﬁmﬂﬁ%ﬁﬁmﬁi%§ito

S L THEZIE, BBRARLET XL, “B” 2L > TUIHAENEW - O MM - RS
NTHAREETIT o 72idT Th 5, ﬁ{%mﬁ)%ﬁ‘ﬂz SN DT ONE IRV, EHA
EXHLL T\ EidsEnNTh o T,

4. HB U7 F U HEREDRHEHI BT
1) 4 HB U 7 F > OHRELER

Mg SR ~RB) L, 2B DOIFRTRIREITH> 2 L Lo,

ZOBRET EHNTELL T ol AT Z Ny 7 AN AT 5% b o7z,
BHOUEDIL, BEINDLRICR > TN T 7 FURGHITH 5T A v h—L OKEMEEY)
WX DR EZ LR L TWZ LD, KU FATF A —LE G/ LRV L
Thole, BHROL 5O L DIE, JREo FRHUAREDEE HBV 28 BAREYL 4 P L 72 >K[E FDA
#A] Recombivax & [l — T2V d LWV WARIZEORGTHAHI LW H L ThoT,
“HLLYL” ODEAIHEAT-MRTH D,

LARRIIART 7 F U RN LT o =BT, HEEEE (PHA 75) TOREEOMRY |
PERE (HBs PUAFHERE) MO CTHETH 72720 Th D,
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Figure 2 Ratios of number of HB vaccinees stratified by serum anti-HBs levels determined one month af-
ter completing the vaccination.
Panel A, Mycell titers; Panel B, Architect measurements.

X 7. 4FfEHBV UZF O PHA & - CLIA 1B L A MEREEE 1D

ZOX DR AR T, R4 HB U2 T OVEREE HBs HUAIE 1 o Rk e 2
FERXTRMINCIT T2 2 & Loz 1),

FEFX, HBs FUiAIERGER (AUS) =, 37eb b, PHA I 8 (FEHEMAT H 5 WX T R
> bk CLIA # 10 mIU/mL K%, & <IT~TH Ny 7 A M HEEE B W CHEEIC L 5%
HNPEL o7z, $72 5 PHA ETIE 23.4% & m=RI2x LT, CLIA £ Tl 6.4% LK T
bole, ZORPITITE N,

HBs FUAREFHEREIL, HE L ool A =a v - 2y FE—T A O, BIEMHEH A
BB —LF L e AT IRy AN LD BEFTHHZ EHHBALE (X7) 112,

2) AFCHEATIRER 2 Y 7 F L OEFEE T 5 HBs HrikREIEIC X 2 iRt

AFHNCBWTHERRER E—LAT Y - AT XNy 7 2 I KHEREEHIZBIT 7Y e
#t CLEIA #: & 778 » bt CLIA $5I1C K 5 HBs PUKRIRE OFEIZIEE TH -7z 111214,

[fl— PHA iIC 31T 2 el Tld, B — 27 UHEERE 2BV T, PHA B2 T 16~32 5k
EAMHIZ B 2303 53 CLIA ¥5TIE 10 mIU/mL K OFIRE Y | i ~T H o3y 7 2 11 5
FIZBW T, PHA HEIC T 8 fEEEEMREIC 222 597, CLIA # » CLEIA #£ & H12 10
mIU/mL LLEOFI3 %50 . F12iE 100 mIU/mL TV MEZ =36 b FE L= (X 8),

CLIA k& CLEIA {5 & OB TIE, B — A7 U EEF 28V T, CLEIA EfEIT CLIA &
ED 2 {52l EoEREZ R L Tz (K9),

13



a. b.
CY—LY VMR - T—% T MERME eNTH Ny 7 ANEME - 7—% 77 bER{l
oY =AY HME - VI NNV RERM ONTH Ny 7 ANEME - v I/ A g RAE
(mIU/mL) (mIU/mL)
1,000 - 10000 5
© | o
8 } $ 38
o \ ° : 8
% . g ﬁ | e © g . E
® P w r s
:';:: o 0 é 23] T’g . z s
= 100 R e e I 100 - T a1
" g:) o 3 ) °
& o o og-" o = ° Fle o ®
= > P o céb . . = * o b et . °
B o|® L |B2IE& | B . o|® o
H ©|e | N -
L Bl S| 8 (* . .
§ 3 - % L 8 °ole ©
:‘:j : ® ':‘ g » iﬁ 1’ ! ¢ ©
Q 10F o JND-+ 1 I :;?‘ 10 f-= % o u
g ° g 2
o
|
B8 SB[ (e '@
1 — 1 !
<8 8 16 32 64 128 <8 8 16 32 128
i HBs Hifk = A Vel (15 ) 1i{E HBs Ptk ~ 4 bV SRy (s R4 )
X 8. HBUZF EEECRITZME HBs FUARE, F—~1 &/ (PHA i) BEM
WZBiTLD7—%727 F (CLIA) EEELNLVINLVR (CLEIA ) BEEL O
Hrig 12,19
a. b.
AV - AT VERE - < A VEREAN 8 R K ANTZ Ny 7 A TEMFE - < A L VEREA 8 Ak
o ¥— A4 VIERIA - < A LIVEREAN 8 5Lk oNTF 8y 7 A NHEMH - < 4 v IVEEM 8 50
(mIU/mL) (mIU/mL)
1,000 S W 1,000 oo 5 %m
©, ; o 8o
el O% o O
@%ﬁ: Q oo
o ﬁgo ° o °
© 8 &)
b= eoé)% = °
@ 100 b ® 100+ - -5
X o 8%0 H X ° o <
3 ) ?0% % o
< ®© S ° H RS 0 A&
| o= s -
ﬁ O% ooo (e} i ﬁ i A - A 5
S % O 35 4,
::Aé 10 % 10+ g oé:‘) .....................................
# 4 ]
R ‘
1 A i H 1 prov.
1 10 100 1,000 1 10 100 1,000
(mIU/mL) (mIU/mL)
liLi HBs itk 7 —% 527 b il % HBs fiifk 7—%7 7 MERfHE
9. HB VY F U EREEICKITAME HBs FLEBE. ~ 1t/ (PHA IE) EE[H 8 %

RiG-UEHEE T —%7 7 b (CLIA ) EEMEIZRF 5/ I UL A (CLEIA #)

i%{ﬁ & @*ﬁ % 12,14)

14



3) HBs ufARIERE DL R

FLEEOENE 252017 T, B SN ENE T HBs HURIRELE OUENEEZ I LTz,

FY OB oA LB L LIS, 7P L EA+E CLEIA MEOS BREN TR ST
DIX 2012 FEThH o7z, FAORFTORE, HRBRITHEAEE L TT Ry Mt CLIA {EE
DOREMAEL L TEIDMEIRZERNH D 1Y, HURPUENE RIEELDIRI D TH A 5
D & B OB TORMM, ENRKFONE > THLIRERELZEN LI LT,
O N OSBRI LR & 5,

B, BEECOVWTUIMMO TR LEOLNL T RWNWEETH D, FHIZRLDZIE) BNEWN
LEZTWD,

5. HARIZEIT B universal HB vaccination DHEE

FREE DA FIIENURGYENTTET THE R S, ARRIZEB T 5 HB U 7 F AR O PR
DREWIEEEE B S, 2007 FE L BATGERFIIEOOE D& LTEIRS T 19,

HARIE, 1992 4£D WHO O universal HB vaccination SN Z 5 LT, HESCILERGEE &
kR, i U T2 edole, Bt BAG@R eSS o R OEHRZ2 =3 (K 10),
AP EFIT. AARIZEIT 5 universal HB vaccination ZEfii & e AR L7 19, AREEESFIT.
Z D%/ NRFERAS Mk i, FAZEOREPAGRIND Z L & oTz,

2016 4 4 H D WHO BRFIZ XL D & HAZ G DHERCILRGEE S universal HB vaccination
ERERELIZLEDZETHY, ZHTHRD 8% DEFK - HIKNSE T Z L1278 D,

B <50% (7 countries or 4 %)

1 50-79% (31 countries or 16 %)

[]80-89% (31 countries or 16 %)

W =90% (108 countries or 56 %)

[ HepB not in schedule (16 countries or 8%)

B 10. 2009 £EIZ universal HB vaccination Effiz L CWE=EZRE L TWEN-TZEF 1
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6. HBUZFUIZBDHD 2016 FEHAEDRIL
1) HBV BELFB5 D i i K&

REFRES PRARIR OMETH A 9 2, HBV F v ) TRNFIET HFET, FhRE I
IR — RS HBY 2 HRICZ 2 &, REROABRCTHB VY FU#EA3IT T2
25, —H T, HBV BEICK L TR E#R LBWADRKRZHTHL Z L HbHEETH D,

2006 F=~2007 41 B BUAPEAFA (genotype A) % 2 2 L=, 9 b 1 Bl EHBEERE
D20 FARBIETH -7, 26 & LMD 5 BT Entecavir (/N7 7 /b— R) {REEZ B L.
iM% HBV DNA « HBs HUR DM IZEY | R E LM (LA %iLiz, HBs HiiE~D
seroconversion F TR %Z W7o 7-DTH A2 iddi 27—, b & DA - ITEIEREE~
RBol-DTHA D,

B BUFB R HIT T 57 DR T2 28 2930 BUETIIR G /e oTo, L L, EFRRE
FICBIERE TR EARATH D Z L1130 ) FTHRL, ZOMME LARIZE 572D TR
VEEEZ D,

2) HBIG fitfs DERE

AIROMIE HBs FURDBGIEE MR ©VERL - R S0 5 HBIG 1RRERAGICHEE AR & 72
L ENEGICTRENS, BUHETIRESN TW5D HBIG JANZEHE S5 HBs Pk &EITHR
REVDELVNIERESLH D, FAEITZHBIG ICf Y 9 % HBs & / 7 1 FLHED HBV Jik
YeBRE 2 R E L. RAFRENIRAZRDT 19, FRERN 6 20 / 7 v A FukiEik - 324
RIS eho7eid, ZOX I RRAISBOMLETHA I,

3% HBs Mk &2 1557012, RT T A TIWCHB V7 F U a8+ 52 LIzl v EAS
5 HBs iR ZfEH L K 5 LT 23HEAH D, ZOHMT, FLEO HB UV 7 F 2 ORMHHY
PERBILIEE DR A B S, JBAETER PR ~ER LI 1D, A =a v (B kS
7 HEEHRAE DO PreS2 TR AGH) MNIEEIMIC B &5 L, MIfF S, Eaen s
ZOBIHIEEIE L o T LE o T,

3) HB UV 7 F g DR

AMTHEHTELHB V7 F AT o TUXTHELO Y 7 F Uil SRS & -
T BETIX, BEV 7T (E—0F70) BN LEE, AV 7 F v (NTH Ny 7 Z10)
W1 TH D, 2015 BRI VATEDPMHEE L L e FENE 2V | DWBY. FrI/NR
B CREERAS Va—MIBWTERDI VIV FUEFERL THLIWNE S, FORKT
HEREICKGY o727, AfFE RS 19,

AFBTIX, A HB U 7 F U NEPE T HEDO R i &0 6 O THHEE IR 24 0 iR LT
W5, [k, EFEHB V27 FUBHFIELRLS D 2 EbEans,

4) BRABRTOHB UV F o

Merck/Dynavax £t : HBs FLJi & H K50 % TLRY agonist & 25 H 3 5, & 3 HRBRZKT
L CFDAICHFEFTH D, 1 7 AR TO 2 [IEFEIZ LV & DD THEF 72 HBs FUAHERE
ZRD D,
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o. CB®FLX HC) VIFv

1. HCV 5/ MEEERBOMNT L EFAIEFIRORE R,
1) HEEERRE

1989 FEIZREDMETH 7= HCV 7 ) A7 vn—=2 7 &, HbIE A IE B BT
TANAD D B IMREEAR O #8 E STz H Strain 3 HCV &I L7z,

AR KT D HCV Ffede o 13 4f# (H77 Strain:1977 44HU & HI0 Strain: 1990 4
BED) (272 D EEHI A RICIRE LR L7z 1920, HEJIZ U A VR FRBODE D
ThHDT ) DO 31 OEREZRIT T D72 CTh o, HRES|ZRE LT
J Al (B 1D R BIER D & FHERE Tl d 528 MR IEA 72 B encoding regions @ boundary
DAARKH CTH 127Dl 7 F VA NV RABOEEIRZZBI/ERL LT b D TH D, &
HHFELH IR E % D H77 Strain 227/ MiEZ S TORT (K 11),

WRZE AT FEK 2.0x 103 R L RNA VAL AL LTCUIEBETH ST,

2) BRI

AR Z LT B E R & H STV < O gL - 7 IV ARNET LT
7z (K12), EbHIZ, ZOEBIIRIEAICHFET OMEEATIOLIITER LTV
L HCV O HRIFUREREAZ & 72 b T HE TH A O LT HIE A #ZE L7z 192,

5 3¢ FiGc. 1. Regions of the HCV
NC genome amplified by PCR. The
—l Cc I B | NS1 l NS2 NS3 NS4 NS5 map of the HCV genome illustrat-
ing the noncoding (NC) region and
regions encoding the core (C), en-

A -—> K Le—s v W < velope (E), and nonstructural pro-
B C «—> M <—> teins 1-5 (NS1-NSS) is presented.
De«— Arrows define the limits of the
E «<—> genome regions amplified by PCR

F<—> and sequenced.

H77 genome (accession NC_004102)

SUTR 3UTR
] 9646
r : g2
nucleotide J 342 915 1491 2580 2769 3420 $313 5475 6258 7602 9378 =
1y i T Y T o~
H c [ El l €2 gwl NS2 f NS3 N?Ml N4B | NSSA | NssB lw W\
H ] i L‘ S
polyprotein | 192 384 747 810 1027 1658 1712 1973 240 3012 (stop)
| HVRY (384-410/£21-27) W V3(2356-2379 /NSSA 383-409)
™ HVR2 (473480 / £290-97) # ISDR {2209-2248 / NSSA 236-275)
o PePHD {663-571/ €2 279-287) mm PKR binding {2209-2274 / NSSA 236-301

Start coordinates, based on H77 (accession NC_004102), from Fields' Virology. Structures of 3UTR (based on Kolykhalov 1996) and
5'UTR (Honda 1996 ) adapted from a figure provided by Stuart Ray. Other features based on Major & Feinstone, 1997 and You et
al, 2004.

X 11. HCV H Strain D4 7 LS L HHEAFWEER 1920
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110

1 MSTNPKPQRKTKRNTNRRPQDVKFPGGGQIVGGVYLLPRRGPRLGVRATRKTSERSQPRGRRQP IPK? TWAQPGYPWPLYGNEGCGWAGWLLSPRGSRP SWGPT
2 M
3 L N
4 W A L
5 1 v
6 KN

C|E 220
1 DPRRRSRNLGKVIDTLTCGFADLMGY IPLVGAPLGGAARALAHGVRVLEDGVNYATGNLPGCSF S IFLLALLSCLTVPASAYQVRNSSGLYHVTNDCPNSSTVYEAADAL
2 F
3 1 E V I s v
4 I E V I s M
5 T E
6 T

E | NS1 330

1 LHTPGCVPCVREGNASRCWVAVTP TVATRDGKLP TTQLRRHIDLLVGSATLCSALYVGDLCGSVF LVGQLF TF SPRRHWTTQDCNCS I YPGH I TGHRMAWDMMMNWSPTA
2 s T T
3 M A NS L LANASV T v TAF M s EV vs
4 M DS L LANASV TI V AAF M s EV LS T
5 v M A 1 G
6 M A G T

440
ALVVAQLLRIPQAIMDMIAGAHWGVLAGIAYF SMVGNWAKVLVVLLLFAGVDAETHVTGGSAGRT TAGLVGLLTPGAKONIQLINTNGSWHINSTALNCNESLNTGWLAG
D A I

1

74 SVL IASF R P K

3 S v v L Y IM GH R VQ HV ST TS FR S K v R L Q F A
4 S w v L Y Ia G YTS A SH ST AS FS SR v R D H F A
5 M L IS QAAMS S F

6 M L HVSFS A v L D

FiG. 3. Alignment of the amino acid sequences in single-letter code predicted from the core, envelope, and NS/ gene regions of five isolates
of HCV. The predicted amino acids of the core (positions 1-140), envelope (141-290), and part of NS1 (291-440) are aligned for the following
isolates: 1, H77; 2, H90; 3, isolate from ref. 14; 4, HC-J4 (11); 5, HC-J1 (11); and 6, isolate from ref. 17. It should be noted that gene regions
are approximate as discussed in the text. The hypervariable 39-nucleotide region discussed in the text corresponds to amino acid positions
395-407. The approximate boundaries of the core (C), envelope (E), and NS1 proteins are shown.

X| 12.  H77 Strain & H90 Strain 5 X Ot HCV #& & O E « 7 I J BREF| D LLigk 19

3) HVRI1 & HCV Hfnifk

FLENFE R U7z bRl BRAEEIL, £ OBRIMEICE 5 F TRERZRBIZED B - ikt S
HZEEipolz, BUETIEIE2 AN KW 27 72 /e (55 384~410 7 X /) (45
hypervariable region (HVR)1 & FEFRE L5,

HVR1 OREIZE L TIFBE T ORI SN TV D IFE AT LD LT 21 & D
AN X0 ML E A ORI COEEM:, F LM S TV D, TRENE & OBTE TiX, HVRI
3P 2 HUARTENE X, HVR1 OZ8 58 EFEfR - T, Bl - B2 BHEZICXIT 5 IL§72 HCV it
1A epitopes ~DFEG ZHET 5 Z LIC KV RIEFEHREOER &L 725 Z BRI TV D, &
D=, HC U 7 F I Z HVRI PEAE FNTKT 2 HURZ [BhEET 2 7EA EE L HERl STy
Do

2.  HCV OFIREY - BRRYL L FFigtE
1) F R V—ITBT 5 HCV FIKYL & BRY

fEdk X0, Stk C Al (NANB BY) JFRE# D ETBENFETHZ ENML TV,
ZOZEDN, —MMERORKEEG LD, B D WITFRHE R OTEEFER O, R
DEEFThHoT,

Fl—B3E - BIEERE., TNEIICHEKT D HCV ERIMIE % sequential (2T 2 /30 P —~
BT 5 EREIT-7- 0, fEE, WAL 2 EHOHEMICE Y &l C TR 23 &L
7z (B113), 20 Z LiE, HCV LTI, HRFURO DRI R EAD T2 Ds, FnfuiR 2 &
BT ERIZE VT OHIT D2 HEEPE 5720 (HVRI A I5EA) 2>, SHERIL, HC U
7 F UBRBORNEES &g LT,
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Fig. 2. Course of HCV infection in chimpanzee 963 rechallenged with the homologous HCV strain
(A) and in chimpanzee 793 rechallenged with a heterologous HCV strain (B). The gray areas
indicate the values of serum ALT. Normal ALT values in chimpanzees range between 6 and 38
Uliter. The arrows indicate the time of challenge and the strain used for inoculation. Open bars
indicate negative assays for serum HCV RNA by PCR (78) and solid bars indicate positive
assays. Liver pathology indicates necroinflammatory changes rated as negative or positive.
First-generation anti-HCV is indicated by circles, second-generation anti-HCV is indicated by
triangles, and squares indicate anti-NS5 (23). Cutoff ratio represents the ratio between the
absorbance value for the test sample and that for the assay cutoff; values above 1 were
considered positive.

X 13. FrRrU—IZBIiT5 HCV BRELERDRRE 20

REBRICEIT DO E UL, M5 ALT [EZ B LI FREIEE CTH 5,

HNREGLIRH T LE R TRR YL II3E ALT MEECThH - 72, T 705, HCV IE, FHEGLT
TH, YIERYER & 0 PR ITEE Th 5 ATRENE R R L7z, 202 & 1E, HCV YUY
(., SEEERR R FITENEIC E TIEE LRV S DD AT B Ot B MER) L Tz ki R Tl
W EHERIL 72,
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2) BEIZRIT D HCV ¥R & HRY

D%, JIREZR R ORI, HCV FIEGE Tl 20% O A0 BFH S —im MY T 5
23, HCV FHEYETlE 80% b DEE N — @MY TR DD Z EMB LN E 72572, 72 HCV
YL BN VIR 72 7 A L A R PEDSERD B ATz,

ZIVHHEGL, HCV RO PRIHUREA & 16 EREFUR O EEZ EM L HC YV 7 F
BRE TR STHHDOTHoT,

3. GBFREF
1) GB fFFREA+ & i

GB HFRE %, B MNFRTANLANROE DHEIEA I TWRD 272 1967 FITZ DA
& LTHRANCHE Sz, GB LITRRRHOAMERFRICRE L-ABED A = ¥ LICH
KT %,

ZOBEDOIHE 3 HHOMEEZHHERIL, Z~ U AAHRE L E ZAFRERIE, L
HARUEGS 2 2 &b Z OMIKEAR TREG S 2 RAMONFR” HEIL” 1L GB K+ & FEFR
ST, TUR =TI RERIE L7200 o728 5 THDID, B LT ENE~— D —
MR KRS DFED IR o727, TR NG ® 5 23R RN (IFRFIEM) 1372
W, EWIOBEETELZONTWEL ) Th D,

2) BEAETY 7 F U O EERM

Y ZOGBIIFRRF2PHC V7 F o EFET L0 E WS & EREORKIE LY HCV D5
BRTIEZRWVD, LW O RFICHES <,

LR, FEAET 7 FUoOHFIE, HCV LRIL7 78U A VAR TH Y, B0kt T
SEALBREEIRICKHT DT 7 F U Th D, HENT 7 F 1%, HEND A L A & B THER
HCHBE L 729984k (Strain 17D-204) ZfiH L T\ %, {ERE O Max Theiler 13/ —~LE

ZZE. BRI ERGE L2 BIE THHR R E HIF T D,

3) GBIFRETFS 7 LARE
ﬂiGBﬁ*l%f/A%ﬁ%%waéa%flmvﬁ@¢5735¢4wxﬁf/
\ZARAF S5 5 UTR FEIEE HERC 51 2 MR LI B R 72 FRBE 0D primer sets & VERY L 2557231
@ thermal cycles Z{# H L RT-PCR |Zfit L7z, 724 9 U CHEIE T, sequencing L 7= HEECL4
IZTHCV &1T “BITHRD” bDOThoT,

TP R ERTE T, MR, IWERICARICHD TR T 5 L o7z 2,

4) GBV-A * GBV-B * GBV-C
D, KEIZT GBV-A * GBV-B * GBV-C D& ) LNy 17 a—=2 7 iz 329,
OB ERTH ZOH LT A L ADHFIEAMBERANZIRIT LTz,

feJm . BHEHIIZIEL, GBV-C DA MIELELTEHY . L LFBHETIE R Y o

ERmglfPEch b Z EVHIFAL T S
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Hapatitis Phase Non-Hapatitis Phase
2500 _ v v 10
S To
- 2000+ —o—AST 18 _
5 ——ALT 17 3
F 1500 - -a--T, Bil ‘6 g’
< mE
% 1000+ 4 2
< 3 =
500+ -;2
[ & s _‘1
an TR S S S T L 0 Wy i~ | B B8 | &
T e g - ®wg g e go
= & T f g g & d @ = o= o= 0
& - - - - . = . 3 <
3 3 8 &8 8 8 8 8 8 8 8§ 8§ 8
4280 429¢C 4300 4310 4320 433C 3340 1350

| | | i | | !
HGV1  GGGCATGGAER TACCCCTCGA GCGGATGCGA ACCGGARGGC ACT FCGTG"T CTGCCATTCT AAGGC 1u< T
HEVD: + i wrwington Gl o i A R e

GBYSE - . st 245 Ty G oo 2 i T 5By
TN-H w8 1 G. e [cHEF P (o} MMECFWRR e e &
TN-N e B A GiiMens G sis N Rs
Gly ->Glu
4360 4370 4380 4390 4400 4410 4470 4430

| | | | [

HGV1 TGCTGGCCAG TTCTCCGCTA G(_:GG(;GI‘CAA 'I‘GCCAP'I‘(:CC TATTATAGGG GTAAAGACAG TTC TA"‘(_PT& AAGGATGGGG
HGV2 4 aAN

GBVC G
TN-H C..G .
TN-N G..G..oove o T.ooeToiic sassesioshs. vioe Noooves coccennane o CieBeNovs covevevaces sssssnes A.
4440 4450
|
HGV1 ACCTGGTGGT CTGTGCTACA
HGV2 #T%a o s wenCaslBa o
GBVE: = o%a% 3 509 A Gy s
TN-H ceesCociann G..N..A
TN-N N...C..... G..C..A

X 14. FE ABCDE BUfF & BE OERKRARE & MiE+H GBV-C HEE S| 2

FZEEE D, AT BYEFFRFICaME: - B IERF261)>5 RT-PCR 75T GBV-C 7
J AORRHA S S (K 14) 252620 0 L LA IFEBIZEIT 5 GBV-C Btk
1%m1% EIK< . ZO®%ITIER S leo7z, H72 % passenger/bystander 72->7-2DTh A
NN

FLED HC U 7 F Ui o B AT T 223, B OFFETIL. GBV-C Xt iz sy
ML HIV &3S 282 & < HIV OERZ I L AIDS WA\ 5. &) 48
SOBUETERZED TS

LT, GB 72 Zo%ﬂl%bi%éﬁ L7-8IEA & 672 9 IFRIZMTE 7o D72 A 9 iy, MK I35%
HFLTHWRWESIThHD, ¥~V ZBHE L& T, Kok MNFRUA LA ZRRE LK
INCHEZ D),
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4. HC U7 FVIZHb 5B 2016 FHEDWRL
1) HCV JRELT-Bh D &l K

A NAREEILEDOHETHAS 9 H, HCV Rt a i S C& BETH LA
WAL IND HFOFRBENEG D DB EZ RSN D HFREIN LT, —5 T, HCV &Y%t
LTRE#RLEVWANRRZE THLZEHLFEETH D,

2015 1T C RAMERF (genotype 1b) % 1 fligHE L7c, BFkZ L THIMLL TWH ADF
VTERFTIToZ ENRETRA L 30 Lt Th oo, R &R D 13T
2 ENTZ, MR DI L OISR 21T o 72 2 E D3RO CThH - 7o, 1BHEHICA
o702 & B e Sofosbuvir/Ledipasvir (/~N—7R=—) 5% % Eii L, HCVRNA &b, &
3Tz, Lo LIFEIERD episodes 3% > T HPE a2 LIRWADIZ I BEHTHAH,
BTN - ATEEEO T THIEMIES ., HIF., FICB T 2P Z R 220 ADBZ N TH
59,

C BRI & 557 DRERAFEN 2 2930 BUETIIE S Ll o7, Lo L., EFRRH
FIC DI TR EARTH D Z LTV ETHARL, ZOMME EXIRICS 5725 TR
VEEEZ D,

2) HCIG * HC U 7 F > DB

HCV BRI | FRIC IR MEEYLE A O M T+ 2 P RFE RN ET 5 2 e n . &
N AR - R L 72 HCIG & bW 2 DHAIRC, Bkx R FEIC L D HC U 7 F L BE ORI T8
FRDRFRAEGE L T D,

ARIEATND & ZUHIFRE L TRERON, LZEINRHTHDA, AT ITHR
FRSE) B F OB, F7-BHFE BECIXEERES Of A OB G Fill HOV YL
FEMBIMLCnD, £2, BESAETHIUIHEREE L Z V09,

WFTHIN - TAFEE, B SR YA 720 HOV B E 1T, HLv A LV ARBIC X v ik
WMLTH, ZBEICL o TUIHERELRDH Y 55 Z L2 B2 R TIIR L0,

BUEMkGE ST HC U 7 F U BR%& X, HCV WIS L 0 b YO TR B RO RN
RV, 0 HX T, HREEIECIRET 572D THA 9,

3) BEKRBFOHC U I F

Chiron/Novartis t: : FFAIFUAZFEET D El - B2 EAZ BB SE, ERL7ZLDOTH D,
% 1 MBI RER T BT SN2, T OBOERIRPUIAHTH D,

Okairos/GlaxoSmithKline f1: : CD4+/CD8+T #flifid 2 7% 35 NS3 protease/helicase & NS5b
polymerase ZFE H & Bl S, fER L7 b D TH D, T, TARGETEMEL TY A L ZRK
YT B0 R A SRS 2 WTREMED B  IERICIZ WRIB D U 7 F o Th D, # 2 FERKRER
FTHEELTWD LD ETHD,
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