WAHERE D IEHE S D DOTII Ry P
A RTHWLZENTE D, BT, BRAFRK
L) 2RHUACTRHRESHE 2B ARD
Fv bAREBEENLY GEFLE. 20X
vy MIREREEELRSTHY, L2rd
HSV OB BHETELENDDTH S,

2) IMiEZkr

a) EZUTY Vo5 AFIPRRE

PNV R DOREE RN LEE ORI
MEATH ) MEZHITE LV, ZOHEEHIZ
WG TIER O R AN T I IEPRIE
BHETHY, BRECTIRERL BERTIE
DEZIIH T Y 2 MFEZHOBFEEIUCH T
ELWVWhrHTHbA, LAL, ELISA HEIZ &
AtgErua ) vy 5 ARHAHEEE B
B L HERDOAFE AR P L& Tl
T HREETREIC R o7,

MG TIIRERRADOLABMAIL IgM -
IgG ikt bEMT, 0% IgM iiEd L
FT 5, RWT IgGMBEIFrHRHTESL LD
2% B oIgM PRz 7 ~10H A2 TKREBS 25K
W% 5% b HETHE ST 5 ELISA
Fv b (Fr A& Tk, HSV-1#ik &
HSV-2Hifk0Om 5 & b RIBTE 5, —7F,
IgG I ARIZ ER T 57, E£HOKRETIIAE
GEDEIZRBIIERLTEWERZ LD
LIRS EFHITH 5D,

MFESW TEELZITE ROV &
1, SEICHESRAVSRAEEDLEDL LD
BN BHEFIC HSV O 1gG A gz
EWVH) LT THRANRIEZHL T
BHRNWIETHDB, TOHEHIZ, ALDH
50% 13 S EEIC HSV-1ICEE L T 5 720
IgG DB & 72 o TV B D THEIRED
PIRANNRREWHIRI|EZT RS2V PHT
Hbho 1272L, TOHBATHE IgM ik
A E AT HSV OREREA 2 hEEb L
id7 b,

b) B RBUER TR
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&Y LT\ b HSV 2% HSV-14 HSV-22»
BEGRPAERIET 22 L TRWITE %,
HSV-1& HSV-2i3&@BHEDH 5 720 @ HE
DFETIIEBRREY A OBRBIZTE R
Ve LAL, HSVOERMICH HHEEHD D
% glycoprotein G (gG) & HSV-1& HSV-2
EHBEWICELRBEIAPLZVDTINGLSE
ZNETNRHELHUEE LTHWwWSZ &z X
DB R K R PAROMB AR 2 o 72,
HSV-1id O & HROmW FICREET 5 28,
HSV-2i3i3 & A EWUBROBRETHEDT
HSV-25: 2314k (LUF HSV-28ifk & § %)
AIHH S TR D M EE R A HSV-212
L BEBFANRADOWEER D E V, B3R
BREH D 72 WAS, HEALRIDBITICITR
WD, 72720, TheDFy M IgG
R EZ T 2 O TREOMEIZIE IgG T
EHBHIRL T nwzOBMEIZ Rk 5O THIR
FOZWICITHELTIE RV, 72, gG-1
(HSV-1® gG) iF gG-2 (HSV-2?D gG) &
D DPREETTG VL D DT HSV-10 g
TRAERHEET S SR TS50 TER
BURETHBY,

c) HEREAIV AR D RRYLTF e

gL T\ 5 HSV ORI & SERE ORISR
BIPUE D SRR ANV R & RYFFHE A4
HTHERIDIILIDDRBREIFELD 2
el hB. 72720, BAREBRFAOE
BoBERIZ R WOT, RN TRVWIERRAW
T &7z HSV SR CHIE L 72356 0 R ge s e
R L7

3. BETDERE
PEBANIVRRE bW B IREBN R T 5
BAER, ALM, BHEZ2 12N T I 9% ES
1790 WEBWO 720K RIS 2 52
PELBOPFEELTHLBEISR-T LT
o 7-BEIE, FFETIR IgM AR H 2 7w
BWEDRRIZWOSE kb, T/, HE
WHZED H ) HSV-20L Rl S -3 &
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=3 EBANIRADRARRFE

B BIEROPUR YL IF AR IR OPUE BRI RE
K HBGUEIZ L 5 Ry HSV Jocrays | AT
) BRI Lo | 5 | HSY btk
= HSV-25ifk HSV #ifk Vo kB4
_ - HSV-1 HSV-1#0 8 - i
PG
- - HSV-2 HSV-24 e -
# + —~ HSV-1 HSV-1FE# B4 705 +
- + HSV-2 HSV-23E 90 4= 90 55 +
£ FERRR
+ - HSV-2 HSV-24) ke +
+ + HSV-2 HSV-23E W) B de ) % +
B + - HSV-1 HSV-1DB% + B
- + HSV-2 +
. HSV-20F% BR
% + + HSV-2 +

HHEBRANRADEEND L 2 b,
REDVH-> THHAERBRTIT) TP TR
BERTAECL A2REZHIIRESEND
T, BHL Lo THHEBANVRADED L
BECEMESH AT L8O LN
5o

YN, BEAANIORE E4)

FANVRATANWVAEELTXZ LA TVF
TTu s INENRGEREE LTHER
ZEIFTwaE, bPETIET7T Y70l
(ACV), v 7ua¥iv (VACV) SHW
bNb, Wi d HSV OHEFE % Efl LR
T TOHMAEME S NERDZRTHREIC L
DNIRSEEXLHEAL LT OB 2> Twh,
ACV iZMHBEE MR 5720121 H 5 H
AT 25LENHo 725, VACV & ACV
DT LTy S THEP L ORPBE V20
IHZ2RITELSBEELL T ol BER
BTHWLR TV EH L HG5HE LR 412
RL7=Z,

1. #91%
—RRIZHFE (B ICHBREATR) (SRR EE
CHREDIEN ) Z TR DPBETH 5720
BETORMD 255, H5HEIZ5~10H

B shTwbd, BEOERNIBRRGIRE
D HSV Z2HBT 5 2 LIETE 2V OTHA
NWRATANVAEIZE > THELTHEDHE
DOEFIIRNEV, BRELEZEHELZD, 4
BOREHNIL L, PRE» R HEEE?RE
HRGE, KEMERECLIRAREEE
T 2B EIEARGESLETDH 5,

2. BR

BRI —BIERPBE O THRSHEIE
5 HE & v, HREOWBEIE, BELTH,DL
LHUATENE 6 REELINICRET L EH
BREESEIBEONLIDOTH LN LDERE
ICEAZE L TBWTHERORIRI D - -k
WIRAS SR ERIELENIEDE WV (Pa-
tient initiated treatment, JGHlEE) O TH
BT LIZLIZfTbR T 5D, REETIIE
OB TR,

3. BRIGIEE

DHBETHERBIBRECAKRNAELZT TR
CHMBNCKRELZA ML AL D QOL A&
T35, ERIZBELTHOHERETLE/— b
—RPRIFIBPEE LD TRV L W0
bbb, €T, BELZEHTLFHR
BT A NV AEE R R T % %% (sup-
pressive treatment) 2SHE SN BIFLHERE
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K4 MEBNVRROEE

HE I E 54/
oo NI 7B EL500meg 1 H 248845 2, 5~10H
7208 N200me 1 H 58855
<EfEHI> 5~7 A
BERT7 Y208V 5 mg/kg TOHEOT
1 H 3\ it BINEFI0H B
B % NZT7uENE600mg 1 H 255 2,
FE7 Y 270¥0200me 1 H 54855
<EREPF>
3%EF T ¥ VHE o 5~10H
5%797n5w%§}15ﬁ@@m
I NZ 3 2a¥nN500mg 1 HI1ME 3HH~
FEFIZ L B

2HTVD, COHFEZEEUEERT S
FEBNCH V2L 2 A, BRT TOFHAHD
77 RETIE20H CTHo 72D L112H
UETHo7- L BEMFIRIREZR L7 %3
ARABETIEERELZVSDOPHT0%TH o 72
DKL, 7T ERETEIOTIICHI0% T
BELREND o2 LTWwW5, WEEERT
DEETAHI LD A, ZOERITE,
S50, WHREEZIT - 72BEIZIE HSV O 8E
MDIR SNBRER = M F—~DREGE
H75% M2 6N bZ L LRI THEY,
Thbb, FEECIDEERANIE TR
BEZEOTILICL) QOLFYESIND
PPTHRL, MANBRESEZDOTIE RV
EVIHIRLELHLBEEMRETE B, BIVEAL
LB ADS, BEOEZAEHIZIRHALT
LS 2 2EWEH T ST v,
bARETEEELE (2AHC1HE) B
BEHDBRTEFIOVTNNT Y7 EN
500mg 1 H 1 [\ 9 % HEHHIEE R
BB > T b REIZHIHIEE R IZE W
PEETLIIELNH D, ZOHBEIE, 1H2
FEDIRHEICZ3 ~5 HE D &9 HlEEF
THHECHEIICVETHAIE I Homd
REZ 25X —FIRO>Z L2 HELT
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31 H250mg 1 H2ERAETAI L%
TTOTWTRVWRHERIE LN TV S,
20064 9 A5 O RFEDGRE > TV B9,
THRBEFREIC L o THhIETHHEIE L R
RIEERIMELNTWAZ &, BHICH
LIRAICLZ2EMWER S w2 L bREMHD
DO HNT WS, REEHEA S 72400
34 6 B EOBREFICOAERTED SR
7o, ToOLRYESNETIT b AEED
BN % IR L 721G BEDSEE 6 DL E o B3
ZoWTiThbh7z2k, bAETORERE
P BIEROERZ LELZZ E, EHO
ELH % B S ARBESEIE TN A X912
LI EBEZEIBLDTHo720 L L
20064E D CDC DA A F5 4 v TIIEREK
DYE 6 B OB HREOER O BEVFITH
BHTHHEHY TR, AEFEIXHSV O
PR Z H 5 2 O THANOERED ) 2 7 %
BoOEDLIELHBNOT, BERBEORRET
BEEITT B IGIERERICT A 0 B LA
TAHIEREDTNEY,

20104F |2 A E40kg UL ED/NRICH LT 7
Yo7 u¥ )1 \20me/kg (7275 L, 800mg
rHEAB) Z1HARBRMBEL CHRS5$52
EDRBEI NIz,
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SV MEBRANANACETERE

IR O BNV AR 4OV 2 DRRGEIC &
LBAOBEIE, BNERRICL ZBRERE
B RE LSRRI L D HAERA LR
»d B, HSV OREFRER T EMUR LA E T
A VA MIERBHCTH 5720 VICHEZED
FEIZESEOHEZED HSV BRETH A2
ANNVRANTBIUT BEMEGI X B8R~V
RADTAEE Do RINTBIT BHAERAN
A2 DOREFNTER14,000~20, 0004 412 1 41
BELHEINTBY, ZRIEEEHVEET
ave Lo L, BRIRIALVRZAY 4 LA
EHRERENTSHTHEIR TIZH0% 1T
BOERZ L VEFLTHEELBEINRS
LV ERRERTHHY,

1. BEAIUARZATAIVADBRARBELEIC K
BHEREER

HSV DB £ 5 REE DOERNIZ
BTHAINHONT VA, XHHREIZL-T
Baldwin 5 27181 % H&E L Tw 39, 20
FEROREBE LT, REER BE KEB%
&), BHER ONRIE, WREERLER L), #
BEER CNEEIE, BBRILEZR L) D=o%%
FehTwb,

TEBRBICL o THFETTIFIE VWS Z &
B LPRBILEVWILEEKRLTY
5o Brown S5 X iE, KE THIEHIC
HSV-2ICBRETAHEIEZ 2% D EELE W
Jo LAL, BEAETRTOEEREEZH
ELTWAERELTWVWADT, BRI
FHIRFOFBEEOFTOLHBDO TR LR & Z
ZHNDBEDT, HRFOMWBANNVSRZAEHT
BIHIRFMOBR L 352 VWEEZTW
%

2. FERAINRZ

BRI R 2 ORI RO B I
L TWD HSV DG BEZEZONT
Wb BRIRIYICIE, 5% (Disseminated

K5 HERENNRAOREETFE

(ZER11 K D IE)
EHE PR RAEA
SR BERE  TwhA o KA
HiH gt MBS
DIC AR
i 9
ZIEREE  5~11H 2~438 5~11H
N 20% 50% 100%
FETE 29% 4% 0%
FEEE  13% 70% 0%

Form), AFAE##ERE (CNS Form), REH
(Skin-Eye-Month Form) 24 & Tw
B (RD5)e £HEIT HSV & F Y
SBBAE TRV T B, FHEMREE
WHRICRE LR REMEREENELRERTH
5o BERRPRPEN2 ~4BLvwbhTw
o RTEENIHSV 25 - R - OFELRED
EEICER LTFRE—BIICERVWY, 72
2L, BEMOPIZIEY AV AMIEIFED 5
NEFEIIIBITTAH0H DO THRELER
BHETH D, EFIDSAIIERATH45%,
AR AR 2935 %, 4 EIA20% & DA
HrHP, KEREOBBBREREERET S
DIE30~40BFREET LR Wi-DHAERAIL
NRADBEITEE LW EHBE v, BRTIER
TLEIZEDBREROFHEEILTVS
ERTH %,

3. FERAINRADY RATEF
A RNV R ORISR IR RS 5
%, SUREERRGAI85%, HAEHOK TG
10% L HEEINT VD, FHRERERENEICR
B AR I B AL R R B S L B
MBS TIEAR50% 12, BREFITIE0~2 %I
BHERNVARAZHETHE SN TS, %
FRFAERNNRABEDO) A7 HFLZD
BRRFMOERERE6DIICEZTY
5o
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RO MHBNUNRIGHERICBI DHERNIRIREDY ZIRF

¥ il R B A

1) B a) vANVRE WAL D MR >ERE

b) 7 AV AR FEEE>HE

c) HHEBE HREE
2) B a) BiTHE BHE D HFIHUE

b) BaiEs TERE L
3) BEFHE Ca) AR FERE >R

IR
b) KM O% BREEE W5 - ot

1) BEORF

a) VANVAE  BRELTWEYAVAE
PETNTBRE LR T v, MRBREIREDO Y A
W ABRIZERICHEREZEDICE N L5
TWah,

b) 7AW AP, © REEE SIS, R
T EEE AT A RIS EmT 5
REL D DEEDPICESEFZBETHS, L
20T, HNEDRELD D FEHE~DY
ANWAPEED FHRBEIRD ) A7 BB kb L
Bbhsb,

c) BROBEE  HREOHEEILESZ LI
KELEND D HIREIRHEIRF ICEROHE
ERZ T EENZT o RmEICERT AU R
7R BDBTHHAI,

2) R

a) BATHE  BIB I BAED S BITHMA
(FFFIFR) ISk o TEEIREEZ I ITHI L
W75, BEoOPMErllEL, Zhd
IsGHBETHHZ L E2ARTBEL I LHBBEIC
bk, BAROBRMbIAE (BIBEHEREED
BENDT) MEDOALLZWRTHELZDD
WEWEES,

b) FaEs : l R OREN R AIE HSV &g
WX BBEEIIRESRET S, RIEKER
DFBDVBEN EPFHSN TV,

3) RRIHpE

a) BERhERR  BHMROREEEA & IRIR o
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MR E T NIEEWIT SRR ) T
Vo L7285 T, FESHEIC HSV 258k &
NTVBEETY R 7BV, BkEORRH
BEITRIZVZAZ23EL 5,

b) BB D4 : HSV 0 Bgeid 57 i S0k
PORRET DA, BAHIIEES IR
MY b, BELLLTEETAEL LTI, B
BEBLEG M F OO & D) %FMoUH
HY, WENVRAGHFITIZIINS DEME
B BIIRET 72

INLDHERFOFTEENT V74417 %
FTHIIFHIRLEETH b, FICHBET
7 AV ABRDE S BITHSES 2L, hOTF
HEHEPLOTA NVAHEED LIELIZA SR
206 THb, FE2HEBVTFEEEILDY
A NV ZHRED OB TR IR Ol )t
RUhOTHb. % 3% HIBEO PR
MREHEUTOHETH B HERNEHRED D
BIENED)VAIDPEBNEEZLNTE
720 IBREOHEIHENPIZIANAEDLSZ N
DTYAZIZENA, BREATIEVAVZE
B, BHTESE  SHERCAR L ©
IR ERHTIIL2OTERIIEEN
Y7 TIRBRWERSTWA,

FHERANNVRADRIEIIREREN R L E
BEALARFTHY, DI REEISHTFED
EER SRR A RE T HONEHEN TR
WhtkEZTWwWh,
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7 FHRPOESENVRADEER

HIRFIE : 5% 7> 7 v LikE RBETEA

R~%H
M O Tyruvin
F AL

NTyrza¥n 1,000mg 72,
5 mg/kg 1HE, 1H3ME, 5~7HME, ri#EfHE
1,000mg 575,
NI r7a¥n 1,000mg 72,

EEH Tiruoven
B % 7yruvy

1,000mg 775,

5~10HM, &0

5~10HH, &M

5HH, &0
5HM, &0

]R8 HEBAIRROSHIFIROERE - FHRIRAORR

O SUEBICERES )

@ SBEHERERL

a. FIRRYL s

b. BRI IEMERREMRE
''''''' FIEL Y 1BMLA--WHY)

....... R LD 1% ALK

BIELY 1 AAUL--BE

1 BH L k-

4. BBNIARAEHEIFEOERE

HEDM0E BB L - BNV R AP
EIREIT561 H ) G FEA21H], B3 -
RS T HBABI T H - 7219, HSV O &
% A D LR EYHF T Ik HSV-1 251041,
HSV-2%° 1161 TH % 25, F5 - FENREED
FTI1E54B 436 (80%) 4% HSV-2Th -
720 BIBRD X 5122 S oA IEEEOMN
BANARZIIBIT HERRE L HSV OB D5
HEFIZRALTH %, HIROKHTIX, @
B il - REACKRERZEITRL, CORH
TORIET S0 T DLFEDRITH AR AN
ZCETAMALEZ, FBEREDER
LTHB OB E &b ICHFFOEEFTEL B
LTELD, ERMCEIUTOEERZ LT
720

1) REr
RS AL R Z & B LB SRR ASHY
HLIZHE, TVREDMICE ) SHZHES
LRRICIES A2 ME L, RIGREZ IE

Th, 7Y7RENLRNT Y7 VOBR
FUMMENZ LAV L T 5 O THEIER
TDEIAToTwB, 72721, HIRFMEIE
Ty U VEREE VL RIEEEZ{To T
Wb,

2) RS

S, BEBETHSV 2 HLTW5EC
EXDHBEDOLTFEREDNLO LATHREDY
27 %EZT, HELEFEEENS HSV D
S BEH LAMP 312 & 5 HSV-DNA #eHi %28
BHS35EFET2BIC1E, 36ELUKEIE1E
1 EAT->TWwb,

—%, BEOPFRREEZHETALEDIC
INA IgG PR TH A & % ELISA EIZ X
DHERT B HFRIPUED 8 fERmOE AR
AT HBEL BDEDTERVREZEZ TV,

3) HEEROER (F8)

DRRICHABRRES S THF EWH 21T
Jo TETHRED 2 THRBRBETIIRIELY
1A AU, BRECTIEEBELD 1 ABUNIX
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RIVFEUHET ). WRETIEIAAL
b, BETIE1IAMUERE O THERRED
A NV ABHPENE THIITRIE S %
T9. B, FARIHAERICE 8 O
H, Mi# L) HSV O4 8% DNA Bl 217
9 & LD ICEFMD IgG Pilk, IgM Hifk%z
WET 5. 7HUEIZAREEL THAERA
WRADFEEDBHFERICED 5,

5. BEEBAIRZAESHITROETE

IR ISR ANV R ADPER L - F1 s
NVRADEFEDH P15 LD L 5 ICEHT
ERPIZOVTIINVAWALEZ FRH B, #
DI, SURREEREPOBESBIC X 55
HERANNVRADFEENO0~2 % LHEIZLY
ZHEEHHD, WTRIZLTL kKR
THEPLTHA 9,

*7vITIE, SHRFBICERL T TLE
otz iToTwb X 97201, Prober b H
RO CIITAERANRAEZRET A LI
FTHRVWEREYLTWEDT, SHIFICE
EL T TORBESHRICK ZHAERALRZ
FIEDY A7 IR VENERATINWTHA
,*)17)O

EEO07EDTA F54 v 2dhbl, &
BRICHERBE L TGS, BRI L THE
BANVRZADFEED Y A 7 IZFEFITHENZ &
BEFA LT AXRESTHIEYRZ NV —F
YT TOBEZ LR BVEVINEREST
WBY, ZDEI hBEZCELERICIL,
WEETIEHFERANRRIZ 6 FHAICT LT
1BIEFEIRCEETHLZ L OHELT
WBHTHA A9,

KETIHREYHNITTHETR 2 EIRL T
W3, CoZEZ AT BEOEREE
HWanErwa bicn b, KETIE, HEHEA
AR K BFEYRAS P2 ) BB IThh
TWABIHITHY, TR L THEALR
A DFFEIE L HIR36A L D 170 T L
WHLEZWTTLEHICLELEYIEVWIERT
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b, BEIFEEL L, HIR6ED SO
FTT7T7uEN200mg X 4 H, F7-iEN
5 7BYNV500mg X 2E A EHRAT 5
FHETHb, CORE, FEFIITLRLTY
LEENFRED 2B TH 5,

B, BREBAVRIAYEHT DIEGEICHE
IR36E LARE D BRI EE 1T - 72 7 D OHF
78 (WPHlFRELE64661, XHR59451) DX 5 7 F
FA Y ARFThIET, 2ORKE Ak
WBAHREBEOBREZR S TOTHEYRAS
MOTZENTELELTWS, LAL, I
ERANVRZEBRSTZENTELEVSF
—FEhnwELTwWb, FOHEMBIIXEE
5B AEBANL R ZFA] Bl HE TV
WL THBERNTNE, EHF, TRE
WCHERALVRZIET DT ARWEEZ
FEELTWAS, 512, HER~OBEERIZ
ozl HESNTWEA, EHICH5
REEIZODWTDF—FITRENT VRV
EVHETH B EDBBRRT B, EE, #Hik
RICEBEOT Y70V EHEST LI LI
ENIFRERBELE S 2O L2 TAHREDL D
2. Lal, RE®DOACOGRHF ¥k
DHFERERLTWE90, ZOBRBH;Z
LWeT2ERLH2D, £/, HIERN
DFEFIMEIRE © B BIIITH 2 &
WIIEEICTARETHALVIBENER
%)3;)2021)0

SR IITHRFICHEREL W TRES 21T
STOHERNNARZZRBELZVWE WD F
5 v ¥ DR, HIB D Prober D, #
LTEEDIFREBALAZFIZONWTITE
A E DB TRBG B 24T - 7225 E B A LR
ADFEFI o722 EORBELH Y, T
WR36E D DWE D 2 HEE % v A5 E
% BREEEANNVARZEHEECEREA L
BEDOH 5 EDOEFNIDOWTIT) T LIk
EDVDB, TV RENVIEIEEEICBIERE
KICBTTAHZEFPMONTWEDOTL AR
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Zb 7 2 HEERES RIS ATHRIBENE
BEE (720U MBI NS) ®
BERRRICHEDR R VORRII ) RETH D
L, b LIERICERERENS 72 5B46Th
BRI 2\ O L BRI 2 BT T B B
FKbWwbo 7272, WEHRESTRERBICTFE
SHE DS O HSV DB HEO BRI IR10
Bl Ao T LHBICER 2 VETH, =
L TEREZRNTOBHWICAREIC R 2 Tn
B EICRENLE ) OBEEIHS ),
6. DIHEIEDOFH LULEA
B OMEEEL, WOBRT AN SR
W & IEIR36E D G E TIT - T B bl
Thb, —h, BRER»SEREEZE- TF
FURLADOOENLIRYES LK 35D
2T A NVAMRECTERETH oL DHED
HBW, ThbziE, SHE (KR 12
PEBRIZ HSV AN L T b 2 & &Rz 4N
LI EDTELHENRNIENFNKE HE
LTwh,
HEEIIFRO L DI, BB TRKRE - BEE
EDIT L VEEEEEIRIE Tdh A5 LAMP 250
BANNVRADOZHICENTHAZ L 2R L
2o ZOFFIZHFBUAICHEREZEES L
BEELIZZRAUERETH L, 22T, AR
Bzl e FEEE» S LAMP 12T
HSV-DNA O % 17V BHE OB & 13 EIE
ST, BHEOHEEFEWRTHBR S
HDBLVWIRAEFToTWDE, ZOE, BT
HBEDOEZZEBIZANTWS, ALK
DWTIE, 7272BIICH, & O, H, HEEHIC
DWT LAMP &% AT L, BiEx 513772
LI A VABEEIT ). BiER 5138
BELT 2, EBE3IHBCLBEONEL T
EHEELRIIOWTKRER®FT)
COEBFRIIEBT 23N TH D
2, BED L ZAHERAN R RREBNL 2
Vo

S BbYIC

BIE, WBANVRAZBHT 5720 DK
B ARREL L ICENRIEZIES HE R
RO CTHEHTE 2O B BT
L, 5|2, HBERAOHED TR
DT, WEANVRADIE LWEGIRE D 2T
TERV, TNHOFEMRBRTHERATES
I BZEEPEL TS,

FAERANVARZ % HE L7 BEDT70% 138
EBETHLEVDRTWAED, ERELLT
BAICZ D X ) B ER L TP 550
REGZBRETH S, FRFICHEREESENVRA
EHEFEL D 2 % L HEERERVSHAERANV
RAFEFBH DL VONTVEDT, Z
NoDBFIOY R 7 HFHMENTE2LEND
5o
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In this study, we evaluated the immunogenicity and protective efficacy of a candidate attenuated H5N1
pre-pandemic influenza vaccine of clade 2.3.4, rgAnhui, which was reverse genetically generated from
highly virulent A/Anhui/01/2005 (H5N1) wild-type virus. When a low-dose antigen (0.3 p.g HA) vac-
cine was combined with aluminum hydroxide adjuvant, virus neutralization and anti-HA [gG antibodies
induced in the sera of vaccinated mice showed similar levels as those in mice vaccinated with non-
adjuvanted high-dose antigen (3 pg HA) vaccine. Serum antibodies had broad reactivity against highly
pathogenic H5N1 viruses of both homologous and heterologous clades. All mice vaccinated with adju-
vanted and non-adjuvanted rgAnhui vaccines at low and high antigen doses survived, without any
significant weight loss, lethal challenge infection with homologous clade 2.3.4 viruses, including antigenic
variant virus and heterologous clade 2.1.3. Mice vaccinated with low-dose antigen without adjuvant,
however, exhibited 20% and 60% survival rates against clade 1 and clade 2.2 viruses, respectively; but,
addition of adjuvant improved these rates to 80% and 100%, respectively. The data strongly suggest that
aluminum hydroxide-adjuvanted rgAnhui vaccine can elicit broad cross-reactive and protective immuni-
ties against homologous and heterologous clades, and that the rgAnhui vaccine is a useful pre-pandemic

Keywords:

H5N1 avian influenza
Adjuvanted H5N1 whole virion
pre-pandemic influenza vaccine
Cross-neutralizing antibodies
Cross-protective immunity

H5N1 vaccine.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

H5N1 highly pathogenic avian influenza virus (H5N1 HPAIV) has
become enzootic in some countries and has the potential to cause
an influenza pandemic. The direct avian-to-human transmission of
H5N1 HPAIV, with a high mortality rate, was first reported in Hong
Kong in 1997 [1,2]. Subsequently, the number of reported human
infections has increased in various countries around the world, par-
ticularly in Southeast Asia, the Middle East and Africa. As of August
2, 2011, the World Health Organization (WHO) has confirmed 563
cases of human infections and 330 deaths in 15 countries [3]. Most
cases of H5SN1 HPAIV infection in humans appear to be caused
by direct avian transmission. However, several suspected cases of
human-to-human transmission have also been reported {4-6}, and
these viruses have the potential to become human-adapted viruses

* Corresponding author. Tel.: +81 42 848 7162; fax: +81 42 561 6149.
E-mail address: todagiri@nih.go.jp (T. Odagiri).

0264-410X/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.vaccine.2011.08.091

due to the accumulation of mutations in their genome. Although
there have been no reports of human infections in Japan, the iso-
lation of H5N1 HPAIV from wild birds and outbreaks at poultry
farms have been intermittently reported since 2003. In particu-
lar, 30 cases of virus detection in wild birds and 24 outbreaks in
poultry farms were confirmed to be caused by clade 2.3.2 viruses
in 2010 and 2011 [7]. Furthermore, anti-H5N1 HPAIV antibodies
were detected in workers exposed to HSN1 HPAIV-positive poultry,
although they showed no symptoms suggestive of viral infection
[8]. Thus, sustained measures against H5N1 HPAIV by more rigor-
ous monitoring of both wild birds and poultry, and by the national
stockpiling of pre-pandemic H5N1 vaccines remain a high priority
for pandemic preparedness.

The development of attenuated H5N1 vaccines from H5N1
HPAIVs isolated from wild birds, poultry and humans is performed
by reverse-genetics (rg) to modify the virulent H5 hemagglutinin
(HA) gene and to reassort the six backbone genes of A/Puerto
Rico/8/1934 (H1IN1) virus {9-11]. These rg H5N1 virus vaccines
generally have low immunogenicity without adjuvant [12]. Conse-
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quently, we [ 13] and other groups [ 14,15] have assessed the effects
of aluminum hydroxide adjuvant (alum), which is the most widely
used licensed adjuvant for human use [16], and have confirmed
positive results with respect to strengthened immunogenicity in
mouse models and human clinical studies. However, other oil-in-
water adjuvants, such as MF-59 [17] and AS0O3 [18], have recently
been licensed and are now used in human H5N1 vaccines [19-22].

The H5N1 HPAIVs isolated worldwide have diversified both
genetically and antigenically, and the current major isolates are
clade 2.3.2 viruses detected in Hong Kong (SAR), China, Korea and
Japan and clade 2.2.1 viruses detected in Egypt, although clade 1
viruses, which were the major isolates in 2004 [ 23], are still sporad-
ically detected in Cambodia [24]. Therefore, multiple H5N1 vaccine
candidate viruses from these clades, or a vaccine virus that can elicit
broad reactive and protective immunities against various clades of
H5N1 HPAIVs, must be prepared for pandemic preparedness.

In the present study, we assessed the immunogenicity and
protective efficacy of an inactivated H5N1 whole virus vaccine,
rgAnhui, with or without alum adjuvant against homologous and
heterologous clades of HSN1 HPAIVs using a mouse model.

2. Materials and methods
2.1. Vaccine virus and adjuvant

Recombinant avirulent A/Anhui/01/05-PR8-IBCDC-RG5 (rgAn-
hui01/05) virus generated from the virulent A/Anhui/01/05 strain
by reverse genetics (rg) was obtained from the United States Cen-
ters for Disease Control and Prevention (USCDC, Atlanta, USA).
Virus was grown in the allantoic cavity of 10-day-old embryonated
chicken eggs and purified by velocity density gradient centrifuga-
tion through a 10-50% linear sucrose gradient. The purified virus
pellet obtained by ultracentrifugation was re-suspended in phos-
phate buffered saline (PBS) and inactivated by 0.05% formalin, as
described previously [13].

A portion of the purified virus was separated by SDS-PAGE using
a 12.5% polyacrylamide gel. The gel was stained with Coomassie
brilliant blue, and the gel image was captured using a CS cool saver
(ATTO, Tokyo, Japan). The digitized gel image was then analyzed
with a CS analyzer (ATTO), and the percentage HA content (¥HA)
was calculated by (HA1+HA2)/(HA1+NP+MT1 +HA2) x 100. Pro-
tein concentration of the purified virus was determined using a DC
protein assay kit (Bio-Rad Laboratories K.K., Tokyo, Japan) based on
the modified Lowry method. HA content (p.g/mL) was calculated by
(%HA) x (protein concentration). Purified virus was appropriately
diluted and mixed with aluminum hydroxide gel or PBS in order to
obtain a final concentration of 0.3 mg/mL.

2.2. Animals, immunization and H5N1 HPAIV challenge

Eight-week-old female BALB/c mice were purchased from Japan
SLC, Inc. (Shizuoka, Japan). Procedures involving mice were per-
formed in accordance with the institutional guidelines for animal
care.

Five mice per group were subcutaneously immunized twice at
a 3-week interval with 100 ul of formalin-inactivated virus vac-
cine containing 0.3 or 3 ug HA with or without alum adjuvant.
Mice in the control group were immunized according to the same
schedule with alum adjuvant only. Three weeks after the lastimmu-
nization, mice were anesthetized and then intranasally inoculated
with 20 .l of virus solution containing 20x 50% mouse lethal dose
(MLDsg) of H5N1 HPAIV. The H5N1 HPAIVs used in this study were:
A/Viet Nam/]P1203/2004 (VN)[clade 1], A/Indonesia/5/2005 (Indo)
[clade 2.1.3], A/Turkey/12/2006 (Tk) [clade 2.2], A/Japanese White
Eye/HK/1038/2005 (JWE) [clade 2.3.4], A/Laos/JP127/2007 (Laos)

[clade 2.3.4] and A/Myanmar JPA007-07/2007 (Myan) [clade 2.3.4].
For 2-3 weeks after lethal HSN1 HPAIV challenge, mice were mon-
itored daily for their survival and weight. During monitoring, mice
losing 30% of their body weight were euthanized.

2.3. Hemagglutination inhibition (HI) assay

Post-infection ferret anti-sera raised against JWE, rgAnhui and
Laos viruses were provided by the USCDC. Sera were treated with
RDE (Denka Seiken, Niigata, Japan) for 18-20h at 37°C and were
theninactivated by incubation for 30 min at 56 *C.Sera were treated
with packed turkey red blood cells for 60 min at room temperature
in order to remove non-specific hemagglutinating factors in the
sera. Using U-bottom 96-well microtiter plates (AGC Techno Glass
Co., Ltd., Chiba, Japan), 25 pl of sera were serially diluted 2-fold with
PBS and mixed with an equivalent volume of test antigens contain-
ing 8 hemagglutinating units (HAU) of virus. The mixture of diluted
sera and virus was incubated for 30 min at room temperature. Fifty
microliters of 0.5% turkey red blood cells was added to the anti-
gen/serum mixture and incubated for 45 min at room temperature.
After determination of HI (positive or negative), endpoint antibody
titers were expressed as the reciprocal value of the last dilution at
which complete inhibition of hemagglutination was observed.

2.4. Titration of antigen-specific antibodies in mouse sera

Virus-neutralizing antibody titers were determined as follows.
Sera were collected from mice at 21 days after the last vaccination,
and were treated with RDE for 18-20h at 37 °C, followed by inacti-
vation via incubation for 30 min at 56 °C. Sera were serially diluted
and mixed with an equivalent volume of H5N1 HPAIV containing
200x 50%-tissue-culture infectious dose (TCIDsg) of virus. The mix-
ture of diluted sera and virus was incubated for 30 min at 37°C.
Confluent monolayers of MDCK cells in 96-well microtiter plates
were washed with PBS, and serum/virus mixtures were transferred
into the wells. After incubation for 4 days at 37°C under a humid-
ified atmosphere containing 5% CO,, cells were fixed with 10%
formalin and then stained with NB staining solution (0.1% naphthol
blue black, 0.1% sodium acetate and 9% acetic acid). Stained cells
were eluted with 100 mM NaOH, and optical densities at 655 nm
were measured using a microplate reader (Model 550; Bio-Rad Lab-
oratories, Tokyo, Japan). Endpoint antibody titers were expressed
as the reciprocal value of the last dilution with an optical density
that was at least a half unit greater than the optical density of the
uninfected control.

Viral HA-specific antibody titers were determined according to
the method described by Takahashi et al. [25]. Briefly, baculovirus-
produced recombinant HA proteins were used as the coating
antigen, and viral HA-specific IgG1 and IgG2a antibodies in the sera
of mice were measured by ELISA. Horseradish peroxidase (HRP)-
conjugated goat anti-mouse IgG1 and IgG2a antibodies (Southern
Biotechnology, Birmingham, AL, USA) were used as detection anti-
bodies.

2.5. Statistical analysis

For comparison among virus-neutralizing antibody titers
against various HPAIVs, we performed Steel's method for multi-
ple comparison. The virus-neutralizing antibody titers against 3-4
virus strains were compared with anti-Myan or anti-VN virus-
neutralizing antibody titers. The p-value of each comparison under
0.05 was regarded as statistically significant difference.
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Table 1
Antigenic properties of rgAnhui-H5N1 vaccine virus and HPAIVs,

Viruses Genetic clade Post-infection ferret sera

JWE rgAnhui Laos
VN 1 © <10 20 40
Indo 2.13 80 1280 160
Tk 2.2 160 80 40
JWE 234 320 320 320
rgAnhui 234 160 1280 1280
Laos 234 160 1280 1280
Myan 234 40 160 320

Bold type refers to homologous HI titers for indicated viruses.

2.6. The survival curve was compared using Log-rank test

Student’s t-test or Mann-Whitney U test was performed to com-
pare viral HA-specific IgG1 and IgG2a antibodies against various
virus strains.

All statistical analyses, except for Steel's method, were per-
formed with PASW statistical software (IBM Japan Ltd., Tokyo,
Japan) and the p-value of each comparison under 0.05 was regarded
as statistically significant difference.

3. Results

3.1. Antigenic properties of rgAnhui vaccine virus and H5N1
HPAIVs

First, we analyzed the antigenic properties of all viruses used in
this study by performing HI assay with post-infection ferret anti-
sera. As shown in Table 1, rgAnhui, Laos and JWE viruses of clade
2.3.4 exhibited similar antigenicity, as indicated by HI titers within
4-fold of the HI titers for each homologous antiserum. Myan virus,
however, showed 8-fold lower HI titers against anti-rgAnhui and
anti-JWE sera, and 4-fold lower HI titer against anti-Laos serum,
indicating that the virus was antigenically different from rgAn-
hui and the two clade 2.3.4 viruses, although the Myan virus also
belongs to clade 2.3.4. With respect to the heterologous clade
viruses, the HI titer of Indo (clade 2.1.3) virus against anti-rgAnhui
serum was the same as the homologous HI titer, whereas VN (clade
1) and Tk (clade 2.2) viruses exhibited 64-fold and 16-fold lower
HI titers against anti-rgAnhui serum, respectively. Thus, HI assay
clearly indicated that VN and Tk viruses were antigenically differ-
ent from rgAnhui vaccine virus, while Indo virus was closely related
to the vaccine virus, despite the heterologous genetic clade.

3.2. Induction of virus-neutralizing antibodies in sera from
vaccinated mice

In order to investigate the immunogenicity of the rgAnhui vac-
cine, mice were subcutaneously vaccinated with a high (3 p.g HA)
or low (0.3 g HA) doses of vaccine antigen with or without alum.
On day 42 (21 days after the 2nd vaccination), sera were collected
from vaccinated mice and virus-neutralizing antibody titers against
various clades of wild-type H5N1 HPAIVs were measured (Fig. 1).
JWE was used as a homologue of the wild-type virus in rgAnhui
vaccine, as wild-type A/Anhui/01/2005 was not available and JWE
virus is antigenically similar (Table 1). The virus-neutralizing anti-
body titer against homologous JWE virus was correlated with both
the antigen dose and the presence of alum. Mice vaccinated with
0.3 pg HA antigen with adjuvant produced almost the same level of
serum virus-neutralizing antibody as that induced by vaccination
with 3 g HA antigen without adjuvant, indicating that one-tenth
the amount of vaccine antigen could be used with addition of alum.
Similar reactivity occurred against the Laos strain, which is from

B TWE (clade 234)

B Laos (clade 2.3.4)
Myan (clade 2.3.4)
VN (clade 1)

[0 indo (clade 2.1.3)

Tk (clade 2.2)

Virus neutralizing antibody titer (log 2)

Fig. 1. Virus-neutralizing antibody titers in sera from vaccinated mice. Mice were
vaccinated twice with H5SN1 rgAnhui vaccine (clade 2.3.4) at a 3-week interval and
with or without alum. On day 21 after the second vaccination, sera were collected,
and the virus-neutralizing antibody titers against various clades (2.3.4, 1, 2.1.3 and
2.2) of H5N1 viruses were measured. Each bar represents the mean titer of virus-
neutralizing antibodies, and error bars represent standard deviations. The dashed
line represents the detection limit. *p < 0.05 for comparison with JWE or Laos strain
and p>0.05 for comparison with VN strain using Steel’s method. **p <0.05 for com~
parison with JWE, Laos or Indo strain and p>0.05 for comparison with Tk strain
using Steel's method.

the same clade (2.3.4) and is antigenically similar to the rgAnhui
vaccine virus (Table 1). In contrast, the antibody reactivity to an
antigenic variant virus of clade 2.3.4, the Myan strain (Table 1),
was significantly weaker than that of JWE and Laos strain (p<0.05,
Steel’s method for multiple comparison), and the titer was similar
to that against heterologous clade 1 virus, the VN strain. Further-
more, virus-neutralizing antibodies against the Myan strain were
not detectable at any antigen dose with non-adjuvanted vaccine.
In order to assess cross-reactivity against heterologous clade
viruses, virus-neutralizing antibody titers against the VN strain
(clade 1), Indo strain (clade 2.1.3) and Tk strain (clade 2.2) were
also measured (Fig. 1). Mice vaccinated with adjuvanted vaccine
showed a high level of cross-reactive virus-neutralizing antibodies
against Indo virus and an intermediate level of virus-neutralizing
antibody against Tk virus. These cross-reactive virus-neutralizing
antibodies were also detected by vaccination with high-dose non-
adjuvanted vaccine. Virus-neutralizing antibody against VN strain
was induced only in mice receiving vaccine antigen with adjuvant.
Anti-VN virus-neutralizing antibody titers were similar to those of
anti-Tk, but were significantly lower than anti-]JWE, -Laos or -Indo
antibody titers (p <0.05, Steel's method for multiple comparison).

3.3. Protective efficacy of inactivated rgAnhui vaccine against
lethal-dose infections with homologous clade H5N1 HPAIVs

The protective efficacy of rgAnhui vaccine was evaluated in mice
that were subcutaneously vaccinated twice, as outlined in Fig. 1.
On day 42, mice were anesthetized and intranasally infected with a
lethal dose (20 x MLDsg ) of homologous clade viruses (JWE, Laos or
Myan). All mice vaccinated with either dose of antigen with or with-
out adjuvant survived the lethal-dose infection (Fig. 2). Moreover,
none of the infected mice lost a significant amount of weight dur-
ing the 14-day observation period (Fig. 3). In contrast, the weight
of control mice (inoculated with alum adjuvant alone) began to
decrease at 4-6 days after HPAIV infection, and all control mice
were dead by day 10 after infection (Figs. 2 and 3).
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Fig. 2. Survival rate of vaccinated mice after lethal infection with homologous clade 2.3.4 viruses. Five mice in each group were vaccinated twice with H5N1 rgAnhui vaccine
(with or without alum) at a 3-week interval (@, 3 g HA with alum; a, 0.3 ug HA with alum; O, 3 wg HA; 4, 0.3 pg HA; O, alum). On day 21 after the second vaccination, mice
were anesthetized and inoculated intranasally with a lethal dose of homologous clade JWE (A), Laos (B) or Myan (C) strain, and their survival was monitored for 2 weeks.

3.4. Cross-protective efficacy of inactivated rgAnhui vaccine
against lethal-dose infections with heterologous clade H5N1
HPAIVs

Next, we examined the cross-protective efficacy of rgAnhui
vaccine by challenge infection with 20 x MLDs of various heterol-
ogous clades of H5N1 HPAIVs. After clade 1 VN virus infection,
only 20% of mice vaccinated with a low dose (0.3 g HA) of non-
adjuvanted vaccine survived (Fig. 4A), and severe weight loss
similar to that of the control mice occurred until day 9 after virus
infection (Fig. 5A). However, the survival rate increased to 80%
when mice were vaccinated with the same dose of adjuvanted vac-
cine (Fig. 4A). These mice lost some weight during days 3-7, after
which they returned to a normal weight (Fig. 5A). At a high dose

110

Body weight (%)

80

70

(3 g HA) of adjuvanted vaccine, all mice survived and no signif-
icant weight loss was observed, whereas one mouse was dead at
day 16 by vaccination with non-adjuvanted vaccine (Fig. 4A).

In a challenge infection with Indo virus (clade 2.1.3)
(Figs. 4B and 5B), all vaccinated mice survived without signifi-
cant weight loss, regardless of the dose and presence or absence
of adjuvant, with the exception of mice vaccinated with 0.3 g HA
non-adjuvanted vaccine; these mice had a weight loss of approxi-
mately 10% during days 4-8, after which their weight recovered. In
contrast, the control mice lost weight starting at 3 days after virus
infection, and all control mice were dead by day 9 after infection
(Fig. 5B).

On challenge infection with Tk (clade 2.2) virus (Fig. 4C), the
survival rate of mice vaccinated with 0.3 ug HA non-adjuvanted

@ 3pngHA/alum
iy 0.3pgHA/alum
—O— 3ugHA
—— 0.3pugHA
—{J— alum

T T T T T T 1 T T
140 2 4

6

T T T 1 T T T T T T 1
8 10 12

Days after infection

Fig. 3. Weight changes in vaccinated mice after lethal infection with homologous clade 2.3.4 viruses. Five mice in each group were vaccinated twice with H5N1 rgAnhui
vaccine (with or without alum) at a 3-week intervai (@, 3 g HA with alum; 4, 0.3 pg HAwith alum; O, 3 ng HA; 2, 0.3 wg HA; 0, alum). On day 21 after the second vaccination,
mice were anesthetized and inoculated intranasally with a lethal dose of homologous clade JWE (A), Laos (B) or Myan (C) strain, and their weight was monitored for 2 weeks.
Weight is expressed as a percentage of weight on day 0. Data represent the mean weight of mice, and error bars represent standard deviations.
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Fig. 4. Survival rate of vaccinated mice after lethal infection with heterologous clade viruses. Five mice in each group were vaccinated twice with H5N1 rgAnhui vaccine
(clade 2.3.4) at a 3-week interval and with or without alum (@, 3 ug HA with alum; 4, 0.3 pg HA with alum; O, 3 pg HA; A, 0.3 ug HA; 03, alum). On day 21 after the second
vaccination, mice were anesthetized and inoculated intranasally with a lethal dose of heterologous clade 1 VN (A), clade 2.1.3 Indo (B) or clade 2.2 Tk (C) strain, and their

survival was monitored for 3 weeks.

vaccine was 60%, which was not significantly higher than that of the
control mice (Log-rank (Mantel-Cox) test, p=0.582). However, the
survival rate was 100% with the addition of adjuvant. At a high dose
of vaccine antigen, all mice survived, regardless of the presence
or absence of adjuvant. However, unlike other clades of challenge
virus, Tk infection caused weight loss in all vaccinated mice start-
ing at 1-2 days after infection (Fig. 5C). The severity of weight loss
depended on the vaccine antigen dose (0.3 g HA antigen was asso-
ciated with more marked weight loss than 3 pg HA antigen), but
all mice returned to a normal weight by day 14. Moreover, recov-
ery from weight loss occurred earlier in the mice that received

120 1
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adjuvanted vaccine as compared to the non-adjuvanted vaccine at
the same vaccine antigen dose (Fig. 5C).

3.5. Detection of viral HA-specific IgG1 and IgG2a antibodies in
sera from vaccinated mice

HA protein from influenza virus is the major antigen for induc-
tion of protective antibodies. Alum is thought to enhance the
induction of antigen-specific 1gG1 antibody responses [26,27]. It
has also been reported that virus-specific IgG2a antibodies are
induced by live influenza virus infection and are important to
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Fig. 5. Weight changes in vaccinated mice after lethal infection with heterologous clade viruses. Five mice in each group were vaccinated twice with H5N1 rgAnhui vaccine
(clade 2.3.4) at a 3-week interval and with or without alum (®, 3 pg HA with alum; A, 0.3 pug HA with alum; O, 3 ug HA; A, 0.3 ug HA; 0, alum). On day 21 after the second
vaccination, mice were anesthetized and inoculated intranasally with a lethal dose of heterologous clade 1 VN (A), clade 2.1.3 Indo (B) or clade 2.2 Tk (C) strain, and their
weight was monitored for 2 weeks. Weight is expressed as a percentage of weight on day 0. Data represent the mean weight of mice, and error bars represent standard

deviations.
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