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< SUMMARY >

| EEEE | D-02

O Build of emergency vaccination policy through seletion and preparation for
highly pathogenic avian influenza (HPAI) vaccine and establishment of HPAI
vaccination program and exit plan following vaccination policy

- Selection of HPAI vaccine, establishment of vaccination program, and

Purpose& . . .
evaluation of efficacy of vaccine at emergency
Contents - Studies on feasibility of stockpile for HPAI vaccine bank, and
establishment of stockpile building plans
- Development of decision tree for application of emergency vaccination
and exit plan following vaccination policy
O Selection of HPAl vaccine strains and setting of vaccination program at
emergency
- Selection of vaccine strains (highly immunogenic, high productive, and
safe strains): Optimal vaccines corresponded to predictable clades,
compar ison of vaccine efficacy, and evaluation of vaccine safety
- Optimization and substantiation of vaccine program for each poultry
including layers, broilers, Korea native chickens, and ducks
O Studies on feasibility of stockpile for HPAl vaccine bank, and
establishment of stockpile building plans
Results - Compatibility and economic evaluation of HPAIl vaccine bank: comparison
between antigen bank and strain bank
- Production, quality management, store and building of application system
of vaccine for stockpile
- Setting of standard for building of early enrollment and early
production system of vaccine
O Decision tree for vaccination and development of exit plan
- Decision tree for vaccination policy at emergency
- Surveillance of wild virus, management strategy and establishment of
specific approach after HPAI vaccination
- Development of exit plan
O Application plan
1. Application for development of effective vaccination methods and doses and
Expected advanced biosecuriy methods and system
Contribution

2. Studies on feasibility of stockpile for HPAl vaccine bank, and
establishment of stockpile building plans




3. Establishment of standard operating procedure (SOP) on each HPAl outbreak
phases

4. Development of overall exit strategy and establishment of eradication
policies of HPAI including termination of vaccination policy

O Expected contribution
1. Technical aspects
- Development of vaccine candidates against HPAI
- Development of effective vaccine production
- Establishment of evaluating methods on H5 HPAIl vaccine

2. Economic and industrial aspects

- Suggestion of exit plan and feasibility on stockpile vaccine bank

- Contribution on development of animal drug industry by various influenza
vaccine development

- Stabilization of poultry industry

Keywords

Domestic avian ) . )
vaccine vaccination exit plan

animal disease influenza
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LLEA R HA NA PB2 PB1 PA NP M NS
rPR&—HNO03 clade 2.5 N1/03 PR8 PR8 PR8 PR8 PR8 PRS
H5/ASGR
rPR8—HNO05 clade 2.2 N1/05 PR8 PR8 PR8 PR8 PR8 PRS8
H5/ASGR
rPR8—HNO08 clade 2.3.2 N1/08 PR8 PR8 PR8 PR8 PR8 PRS
H5/ASGR
rPR8—HNI11 clade 2.3.2.1 N1/11 PR8 PR8 PR8 PR8 PR8 PRS8
H5/ASGR
rPR8—HN14 clade 2.3.4.4 N8/14 PR8 PR8 PR8 PR8 PR8 PRS
H5/ASGR
U aHAKA, AL o] EAS TERHEA, ok do] R wiaFe] s gl oMHyg
(1) dAA oA AFE3= Re-1, Re-4. Re-5, 18]al Re-6 % thH&9 A83H
TP JAZFA} vpolef = Male] A9 YF F-AAbe] gk 18] glo] PR (HIN1)
Hlolgl =& ARg8tal &
(2) A3y A4 Ay 7|E AR A FE MAol backbone Hlo]l#]A~FE PRS vlol#|{AE
A8 AEsteE A2 WAlY 335 A7, Yol oE vloly vt EdE S

(3) A/Hong Kong/156/1997 (HKI156; HPAI H5N1) #Hfoleixel Wi Frxbol A 98%
AEol fFAMS 7FA= A/Quail/Hong Kong/G1/1997 (QHKGI; HOIN2)&  wh$-2=9]
HEe * HKIS6S T48F at3s Wl vk~ dAALE 98] Wojates A= ved
(O'Neill et al., 2000). °o]=
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wholel 2 olo] FasAl 483 3
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& olgel AFFAA vdolgzel da o we Wolvg V)
5 #4212 HPAI vlole e} 4413 fHA2 L33

SHBR 2F o] Wy FHaAE 7HAE
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ﬂOL
2
|
=
4z ¢

(5) ARy A, =deA ®EE ANdgd 2R JAEFAA
A/chicken/Korea/01301/2001  (HON2; °]s} 01310) whe]gj=9f  =uies 00289
polymerase +XAHE 7HA= Azd Wl A AEollM e FAEE FA F2
TN AL, ERFlIA L B AT Ao 3918k 00282 NS fdAF HA]
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Z449 s glol TN BAYS FAA7
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(7) dpolels W @ S AAsh= HA, NA @9l 5 NA @9 d9) stalk
region| &= T2] N-glycosylation site’} £A]3tH o]= HA stalk regiono] ZAgsl+=
Aol HIAAS A Aoz o, aEste] NA ©@E  stalk  regiond
N-glycosylation siteE A3 NA FAA=S 883 (optional).

o

(8) M2 extracellular domain (M2e) T2 QAEZF A} vlolelx~ W] EA|shH o]
Ade] 7l5S & M2e T2 A9 RE QAZFAA vlo]g oA H|gt FRE
7FA™ HA, NA o312 722 W 4 (immunodominant) T &2 ol X|ql &0
Add HAE o]FAAH F Fo] ¢EA A (Neirynck et al, 1999). M2e domain®]
ok H9Jo EA45l= N-glycosylation site= HA @&l stalk region®] A<t
npz 7R 2 Aol HEAdS Alwted oz o AfHe] wel N-glycosylation sites
AATOEAN M2eoll thet o] =& AAG W Feof 3 WAl vpo]e] 29 wAt vhol
BNE FEgh EI M2 H¥ES X 7F obd =7 rele] M2e (clade, 2.3.2,
clade, 2.3.4.4 o] M2e)= A Zslo] xFoAe] AGULS = FHAXE FH3)

¢

o 4
il
do

R I

9 98t 7IHES ol&ste] NA FAA 2 A7 WFEFHA2 AxFsS Fsh
IHAUA, DALl EAAS 7HA A, kAo g e WASFE AEste] HAAE

(10) AHG LA, DAL, b gtr W4l 1S 7 (dA])

WAl S H 3= HA NA PB2 PB1 PA NP M NS

rGM—-03 clade 2.5 N1/03/Ng 01310 PR8 PR8 PR8 M2e/Av/Ng 0028
H5/ASGR/Ng

rGM—05 clade 2.2 N1/05/Ng 01310 PR8 PR8 PR8 M2e/Av/Ng 0028
H5/ASGR/Ng

rGM—08 clade 2.3.1 N1/08/Ng 01301 PR8 PR8 PR8 M2e/Av/Ng 0028
H5/ASGR/Ng

rGM—11 clade 2.3.1 N1/11/Ng 01310 PR8 PR8 PR8 M2e/Av/Ng 0028
H5/ASGR/Ng

rGM—14 clade 2.3.4.4 N8/14/Ng 01301 PR8 PR8 PR8 M2e/Av/Ng 0028
H5/ASGR/Ng

o, ofe] 7kel wolelze} @A) 7ol @ WAl (DIVA) FuF 44
() A BAHES = BAFAAE A58 MAHE 492 F4ske] 99 Fe
B_:_

= A9s A HeHor WAHFTS b= targeting vaccination
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Ao W FA 98 o A%, MUPEEA AAEE oF qAF g
WA AWAA (DIVA)E 253 94 om o3d a2 4@ & A o
o 3]

Hlste] ofslF3} 7P JbsE WA FRF} B,

(7h ¥4l a4 g2 He BEEA (sentinel) & AlAFl A gHAFSHAA A A}

(W) HA ABfy @2 (5 HA 23 W 9a)S HFetn HA o9l e o
o PGS 24
3] prde)

(th HA o} 2o} NA o}3& ofsl®s} the o}de 2be WAL HEshe] ofs)F

(@) WA vhelezel XA o} FUAe] GoWAE Fd AXelA TEom
WEHE NS g o] d# GAE A%

(3) ole@ HFE F Aol A B AFHL A= AL A
S7buleh Wagel ofe] wholelse] NA ofde] mel A3t =S A4k DIVA

Az FEIHIL QL.

(4) ZFYollAE= HIN2 AHAA ZFAZFAdA tigh Als o dwAls 3 Q&
HEsta 9=d HAN1 2 H5N8E HP =3 5}
AN 2ES A g A WMAFo NA oS NA1F NAS o]e]e] Z o7 nlitojof 3}
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THHFMAAEY 2/FAHIY AFFARAF oA e wu] HINZ ARS8l 4321
013109] NA2% whol#f~e] FAAT WYy 37 #de T8 EdWol7 walA
H5NZ2 DIVA 4l 7iE Al F88t 283 & s & 3 d7AsE2 Add+ =
Za) %3¢ HOoN2 DIVA Aol H5NSE HPAiol thdk mlAlS i wlo]g]xo wi&S

oA sz AL .

(5) FAA HONZ WA HES sbwel HBN2 w2g PEat 49 ol EAlae
NAZY o Aol ols) HoN2 wale] wejelgel Askd 4 9l sbsAel 9ol ol
9@ Wb Aaste 49@ Wy Ast AgsE 4% NAIG NA2ZL obd A
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AW S HA NA PB2 PB1 PA NP M NS

rGM—N2/03 clade 2.5 01310 01310 PR8 PR8 PR8 M2e/Av/Ng 0028
H5/ASGR/Ng

rGM—N2/05 clade 2.2 01310 01310 PR8 PR8 PR8 M2e/Av/Ng 0028
H5/ASGR/Ng

rGM—N2/08 clade 2.3.1 01310 01301 PR8 PR8 PR8 M2e/Av/Ng 0028
H5/ASGR/Ng

rGM—N2/11 clade 2.3.1 01310 01310 PR8 PR8 PR8 M2e/Av/Ng 0028
H5/ASGR/Ng

rGM—N2/14 clade 2.3.4.4 01310 01301 PR8 PR8 PR8 M2e/Av/Ng 0028
H5/ASGR/Ng

2wy FRE 5y g

() A4 WA Fuze] Z44, Aol el a4 5o 542 v Jg

S R STE

(1) A=

10%

(2)

)

g wpol &

A 2%t
TCIDsymDE =743}7] 938t z+
107 A5t 7k 3 A w4

5 o
_:,0‘_ ou]-oHE

&l
AEo
=

Hpol 2 25 9]

Adotol o] Z4e
=487) Sskel, 7o) AxF velg A5 ¢
CEE EREE RS J
10002 AE30] 72417 wloFE &

selste] vholel 2 7} (BIDy/m)E

Fetetel wol
(TCIDsymD & =7 3k

7} (50% embryo infection dose, EIDsy/ml)=
lakkS4-9 (PBS)CZ 107 ~ 10719744
SPF W5 5o a9 Arw
gt Ho AR dFSHARE

i E= 10-11

MMl F2d7F (50% tissue culture infection dose,
7ve] A %3F wlolEl ~AE5S PBSC®E 10! T 10 #7kA
H2 CEK % MDCKel 100u0% HE3sbe] 72417 v ks

4YTR BTIHOINE  FAse] vl 9}
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Expression plasmids

pHW2000 PHW2000
-PB2 -PB1
pHW2000 g
-NP

pHW2000

-PA

PpHW2000
-M

pHW2000
-HA

pHW2000
-NS

Transfection with
Plus Reagent & lipofectamine2000

Mutagenesis
Point-mutation / Deletion

Titration of recombinant influenza virus

Illcllﬁntiﬂll 293T cell

@
W
SN
S i?ogmlnﬁon B h
Recombinant Influenza Virus & AN
PFU
(Hoffn et Vascine, 2002 / Bureel, 2007
ol b B NN Z2oag 43
(D 71& dA7das atgoR 7he SHE Al Z2a3s #4353
Ob WA FF A2 4F ARl B WA &% vl
Adss WA HISEAE FAG7F (log)
H4E A 7 144 21
SPF & ISA70 o5 - - - -
(35F7%) 3:7 3] &} — — — _
L ISA70 -5 - - - -
(3F9) 37 33 - : - :
EZH ISA70 =5 - - - -
(3%%) 37 w3 - - - -
(W) wAl ZA]: Whole inactivated vaccine %+ adujuvant ©]-& 4l wlAl:Q <)
= 8}
AAEsE  HITAE WAxA A7) (logw)
H4E A 7d 14 214
SPF & 4 WIV - - = =
(35°%) 3:7 - - - _
ko] = WIV - - - -
(35%) 3:7 - - - _
TH # % WIV - - - _
(35%) 3:7 - - — _
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RG)& ol &3te] PR8 670 fradztel el Al @Ae HA5 NAle] mWagdfHdxE

7P = A ZF vloly sl WMAFRE JNgE v S B AFAES
&S EHHF B9 AR AA, HA, NA 23] w2 mlolgix F44 A3}
s, HA2 3% I ZA7] (epitope)®] WA TS 4
A28 H5NI, HEN2 2 H5N3 Aj 23 wAFE ole] & o)n 7jutsty

2. WMAW A 2 stockpling ol tE AAAH FAF A= -
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o o
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3E. BV &
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o) Foi A e
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2. Q| |= =& S A
14, 7led s
1. &5 HPAI #®lolgl~E Wojd] & 4 = W8 A (universal vaccine) 7Hee] off sk
AFE ol Zy|dA EIslH, H5 HI S subtype BZ A APMAL Ak A3E7)
Y= Q& H5N8 HPAI® I&|7t 54 F=, HWEY, JAZdAol oFE 59

SN AE ofu] MAHF PAS AAFD = AP,

ro

2. AAZANE WA AE AAud FARA @ x7] = AL g

=
wae uggow swstA uabAEel dulg WA ASRAL Fu

EE PEEATe Sot 6AFA ARH mx A9y
A

3. & PR8 wlolg] 29 67 W 4 AF (internal gene: PB2, PB1, PA, NP, M, NS)%}
sl mloly22RE =3 A7l HA (cleavage site?] -RRRKKR-S -RETR-%
x| gksto] oF=3let HA)SF NA FHAE Zbe A3 vlold2E 9 /7313 (reverse
genetics) 7152 A%ato] AFEA S ALEeta QL.

4. HASSF NAL F¢] dpolglxE2 wadh FAAdo] v Flo] & A= Fzhyo]
grovt, RGZIEA 9@ Az wtole25e] 448 438 AHE AoR Feld Ae
oE AHUAL FEeE A oA A% ATEPIA Ak A%HR 22t AL
gt g3 £ Aoz d#A s

4719] PR8 A2 vhol ] 28 ol 43 ALFUAEC] ALHoR Wol AgH I 92,

6. "=re] D. E. Swayne HHA}Elo] AlF wvlolzl~  (fowlpox virus)E ©]-&3 HHH
HEWALS 7dste] WA|S, FEolAlo) oA AE&AoZ AMESH &

7 SgAst AW olgd BEHF wa do] AFFN gYsow Huwe g 4

[
dpol@ls WM o] §3 F4 fAAANZYE YEWAL e} 22,

2

7}, Trovac-Al H5 (fowlpox vector) Merial

L}, Volvac (folwpox vector) Boehringer Ingelheim

t}. Fowlpox vector-Al H5 not used Harbin Institute China
2. NDV-AI H5 Avimex

v}, NDV-AI H5 Harbin Institute China

v}, Vectormune HVT-AI CEVA
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1. 39 A9 20084 1209 dose’} AHE A=W dose B 7HAS & 4+ glov
Aol e wdte] 9 33 509S 7FEEHE 60009 Holl &3t

2. Re WAl FToolA F2 AMEEE WAooz A A4 HPAI WAl AR&22] 90% o] A<
AR s= WMAl9). Volvae WAl oo A F2 ARREHE wiAlog t=md FojokE
AZ3ALel Wy A1 A (Boehringer Ingelheim)®] A&, WA spo A ArbE o]

o5 gloml, ¥l Ao of9lo] FelAele] FEHL S
3d. 3A71ddR

A2 A LA E S
L AERAA vleleze) AR A7 ThE FehavEA s o

¢

|

J{m
=0
oj
Jt

(2012,
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3. @73 U8 * 4

)

| ATHE D-05
1%, DAY AERAX WAFO| MY
14. HAS NA FAA9 AA

1. HA +37 A4 7€

7V Z2F AZF AR} wio]#] A~ (avian influenza virus; AIV)E orthomyxoviridae 1459l
%3l= RNA nHpoly 22 1 F AY <ZFdlx vlolg)~ (influenza A virus; IAV)el
%3t g sYdel hemagglutinin (HA)$} neuraminidase (NA) &-o] 23] subtype©]
AR EH, dAZA F 18F< H U7 1159 NA 9ol By, 71 F HI7TNIOH
HI8N11e v A vk B 1% (Rafael et al, 2011, and Suxiang et al, 2013).

o @Al AIVeE ‘BHelAe] 7 Al wWedAde wet AMAdAd Z2RAEFIAA (ow
pathogenic avian influenza; LPAD® YA ZFAZF:MA (highly pathogenic
avian influenza;, HPADZ F&49. ©] <+ HPAI= Hb59 H73 9 nlolgjx 7o
o Aut WA (Swayne et al, 2000, 2007, and 2009). =ujolA= 2003 o] %
H5% o] HPAI 2% ®Wuwlom, H7E HPAIYl he 2L oA 7bA] &lxA|

[SLNCN
Sl =p

otk AAIA FAe mhEbA R Fdel = 20039 A2 HPAIZE 2HAsk o] ujw o}
gL 7hd WHolF (clade)7t FHE L U2

(1) 2003: clade 2.5 H5N1 HPAI

(2) 2006%3: clade 2.2 H5N1 HPAI

(3) 2008%3: clade 2.3.2 H5N1 HPAI

(4) 2010 ~ 20113: clade 2.3.2.1 H5N1 HPAI

(5) 2014 ~ 201541: clade 2.3.4.4 H5N8 HPAI

(6) 2016 ~ 2017y1: clade 2.3.4.4 H5N6 & H5HN8 HPAI

il

gh el A o] H5Nx Hpol#| 2o & x|&2Ql HPAIS| A HAje} HAg ol
ghow, wiEie] welHis Few, swob wbeld AR HPAL whel@ e}
FHAH o2 FAFE (Lee et al, 2005, The Global Consortium for HS5N8 and Related
Influenza Viruses, 2016, Kwon et al, 2016, and Kang et al, 2017). =3 T oA = Al
vpol e =9 x| &2 Q1 Hstel A xgho] WAt A= Al vpo]y 27t AT 7hs A o]
=5 (Qi et al, 2014). o]o we} AEHQ &3 EUEPS F3 el +9

=]
=<
7bsdel & ZF AEFAA voly 2z tig dF& S3 wWalFE MdAgo] g

=)

b Z2e was MAgEe FAH A9 a9ow FAYom A

24 ] Sl
S 9RE AME3 9. HSNx HPAI wpolelzrh okslold o AlA4ow
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Zolglol wakala 9lv] wiel 1wrE Eevole] bsAel molxli, AdHow
FAY WM MAFI ok FE FRI W T F e HEE Wolk A%H T Qo]
1ES Aol o% oWl HEFol stobxs W, mebd AW wWol Ed 3
upolel 2 W% oAl sk WS wA hehd wu =

ol ofsulo]e] o] EAMolE
A5 (Lee CW, Senne DA, and Suarez DL 2004, Smith GJD, Fan XH,
Wang ], et al 2006, Grund C, Adbelwhab ESM, Arafa AS, et al. 2011).

4

Hh webA el A Z2lE HPAL mhol#| =9 39 <] cladeo] ™88k HA subtype

=
FAAE Ad MAFE FuFe A4FoRH RS wE wa ;

g

2 A

QY

X
F“

AL F el HPAI vlel#] 2~ /313 9] claded o83k HA subtype 3%} A

I 1 gl A HAlS uH YA JAEF AR vlol o] 5A A4

Year Subtype Clade

2003 H5N1 Clade 2.5 H5

2006 H5N1 Clade 2.2 H5

2008 H5N1 Clade 2.3.2 H5

2010 H5N1 Clade 2.3.2.1 H5

2014 H5N8 Clade 2.3.4.4 H5

2016 H5N6 Clade 2.3.4.4 H5

Next H5Nx HPAIV Homologous H5
of, =ruje] A FHIAA F3 F< HPAI wlolg] 9] A IUYE F4=E 7FsAdol
E7] wtel AEAQ dF2y RUHHS %3]] TUel] FHdE 7hsAdol =2 AIVel
gk oSS Fste] sid HPAIL vholy =9 FAE o] &3 WMAilFo gl Ha3th
ols fdl A BAS Bt ®WolE dFst= AEARS (bioinformatics)S
o] &3} "¢l (Neher RA et al, 2014, Kim HK, Jeong DG, Yoon SW, 2017) %A
AHEE S
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E__; H5N2 2005
l-i L_ H5N1 2011-2012, H5N2 2013-2014

H5N1 2009, 2014

H5N2 2014, HSNG 2013-2014 in China
& Korean H5N6 in 2016

H5N2 2014, H5N6 2014

best

KU042756 1
KUB42754 1
KU042755.1
KUG42766 1
KU042753.1

KUD42749 1

s KU042765.1

0.005 HSNZ2 2014, H5N6 2014, HSNE 2014

2% 1 %% 2994 H5Nx vholel o] dh =5

2. NA FRAxe AA 7|E¢
7h @A MAHES = AAQFANME HAFH

54 %% Ex A& BHed AFHem
1

1=

E
i

ol

0

o

Fgste] Aol =2
%S 3} targeting vaccination
estin V, et al, 2009, Swayne

w3 el @ Hae

2N

:(>E24_,o

1S (Capua I, Schmitz
DE, Pavade G, Hamilton K, et al. 2011) ©] 4%,
7 WA JAdAA (DIVA)E 253 A

olof thu]sle] ofejF3 FHH 7legh WAl FRFT

)

B S
o\

_l”é
2

ROl
(ot
[HCA Y

?éo

e, FE
to
ol

[
Al 771,
g wagAe gdRAs PEas] 9% DIVA A28 444 dgon RRE 4
o
H

(1) WAl &A e TS B2A (sentinel) 2 AlAF Al AFebA A Al AA} (Suarez et
al, 2005, and 2012)

(2) HA AEFY W2 (B HA 2 Ay uWa)s JFokal HA o] 99 Wi o
et A 55 ZAF (Kim SH, Paldurai A, Xiao S et al, 2014, Lee DH, Park JK,
Lee YN et a/, 2011, Li Y, Reddy K, Reid SM et al, 2011, Lozano-Dubernard B,
Soto—Priante E, Sarfati-Mizrahi D et a/, 2010, Li C, Ping J, Jing B et al, 2008, Ge
J, Deng G, Wen Z et al, 2007, Bublot M, Pritchard N, Swayne DE et al, 2006,
Veits J, Wiesner D, Fuchs W et al, 2006, Veits J, Luschow D, Kindermann K ef
al, 2003, Swayne DE, Beck JR, Perdue ML ef al, 2001 and Swayne DE, Garcia M,
Beck JR et al, 2000)

(3) HA o}g 2 Zo NA ofyg 2 ofe|F¢t Tt ofd & zke WAlS HEsto] ofel+
NA o}8 A= #H= (Wang L, Qin Z, Pantin-Jackwood M et al, 2011, Avellaneda
G, Sylte MJ, Lee CW et al, 2010, Kwon JS, Kim MC, Jeong OM et al, 2009.
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Cattoli G, Milani A, Bettini F et al, 2006, Cattoli G, Terregino C, Brasola V et al,
2003 and Capua I, Terregino C, Cattoli G et al, 2002)

(4) 93 volelsot XA ol FAgol GoWMAE a4 MEeq tRem
A NSL e @ 2AE A%
(th oleld As F Aol b WIS ATHL Y= Qe Al WA Ao

S7huel WAF) ofe] whol#sol NA o}Fel uwel AgE xFL MAste] DIVA

Negg TEs

() 2 oZFlz x2A st X5 G5oA & £ 9%o] NAY Hogse
FAIE = glom Bo u2 walgss 7gsitd ofeFe) HTdd 23te] HAS NA
gwA S AR3EF= Aol A (Swayne DE, Garcia M, Beck JR, et al, 2000, Lee

CW, and Suarez DL 2005). ©] 2% HA®} NA7Z} obd 2 FAAE o] &3l N2E
DIVA Al2~®l A go] I Q3 (Takeyama N, Minari K, Kajihara M, et al, 2011, Wang
L, Qin Z, Pantin—Jackwood M, et al, 2011, Hemmatzadeh F, Sumarningsih S,
Tarigan S, et al. 2013, Hadifar F, Ignjatovic J, Tarigan S, et a, 2014, Tarigan S,

Indriani R, Durr PA, et al, 2015).

E 2.9 FEF AES A NA 2 A
Year Virus NA gene
2003 2003 H5N1 NA1
2006 2006 H5N1 NA1
2008 2008 H5N1 NA1
2010 2010 H5N1 NA1
2014 2014 H5N8 NAS
2016 2016 H5N6 NA6
2001 01310 HI9NZ NA2
Next New H5Nx HPAI Homologous NA subtype
2. W fAR HH
1. NS -zt
S NS AR AFFAR vhold FHAAZ NS1 w5

NEP @918 wEeljt ol
1980, O'Neill et al.,
SRR

o5&

=

vRNP2]

1998). NS

Hpol 8]~ 9] RNA

AEle 3

=
B\ L= =1

29 8HA segmentE Ol F &
JX} vtolej~9o] F8 WH f
FAZEU L] npo] ] 20
0], NEP wulde

il

ol 3o
==

al., 2008, Nemeroff et al.,

¢l (Lamb and Lai ,
@ vholel s AHg
uho] #] 2 9]
1998, Akarsu et al,

2}
o




2003).

- 0028 whele 2o NS 07k A9, Aa AT A%} whgzolAe YAl gl Aow
gl E 5. PR8 vlolel 2~ NS 25 0028 vio]ef 2~ ¢F 01310 viol#f 2~ 9 snub0-5 vk
olef 2ol NS HAAZ ABe AXF vhole2g Adsgon, 1 At kg 4F A
0028 wvlole] 29 NS FHAE B3 rPRE-NS(0028)91 4= A5 a4 2 HAE YERYA

ol Lol dist Aol glas ¢ 4 A5 (Kim and Kwon et al. 2015)(Z2% 2).

% 100

E ik

2 @ s

5 ]

& B0 ——PFE-NS(0026)

® e PRE-NS(01310)
0 1 ——ERE-NS(50.5)

—Mock(PES)

(Kim and Kwon et al. 2015).
% 2. NS A A x5 vpe]ef 9] w92 WA H7t

— g WAl 3 dlole] A6 0028 Hlol#] 49 NS fFHAE =e A9 wmAl ThFE b
oo EHF WHEAES vFUA WYdAde =d F des FAd9S (Kim et al,
2015). 53] A YA H5NI WAl F®Fo] 0028 Hlolzi~e NS FHAE = 49 10
ElDs Blolel~E wW9st H9ox 50 MLD52 ¥ 94 HON1 Q1ZFdx} vlo]H s A
AR Wojd = e Ae FAT F AMe (2" 3). F, 0028 vRel 2o NS x4}
E =9 AT, v 22 TaRelAY A AdAES EEuA WAl WA S =
A FAT F ds Aoz 7gd

_27_




(A) 120

110

‘A;g' . \ T Y —+—HIN(E20)-NS(0028) 10°EDy

> “‘ —a-HN(E20)-NS(0028) 10°EIDy,

'% w \‘L o HN(E20)-PB2(01310) 10°EIDy,

3 e e HN(E20)-PB2(01310) 10°EIDy,
2 ™ o Mock(PBS)

—a—Cont

1 2 3 4 5 6 7 & 9 10 11 12 13 14 15
Days Post Challenge

(B)m [ N ]
20
80
b
& —a—HN{E20)-NS(0028) 10¢EID,,
@ -B-HN{E20)-NS(0028) 104EID,,

Survival (%)

4~ HN(E20)-PB2(01310) 10¢EIDy,
~+—HN(E20)-PB2{01310) 10°EIDy,
= Mock(FBS)

2 ~a-Cont

40
30

01 2 34 5 6 T8 91011121314
Days Post Challenge

29 3. NS A Z3 vlo]#] 9] heterogenous HFo]#] 2~ Ho]

off

%7}

- @A FYA] AFEWAFE AFEE 5 gl HIN2 LPAI 01310 vhelg] 2=

71 S A Aol A olel W AUE sk gAo] AGHEAS 01310 Hhele st A eolol
Aol 189 AdE AXEAl 01310_CE20> 01310_CE2¢] H]3] F24d-2 wl$ =olxlony

AlEfotell tiet A E7E =obxlaol olv ¥E 3 (Choi, Jun Gu, et al. 2008).

0028 whole] 2ol NS Atz ABe Az vlole| =2 Aztate] Aelofol o] ¥l
wE A S IPET fUul A 13w 25 A S A)(E 3),

mlo il

- 918 A8 A4 AIE ol &ste], Ay A+ Al A 01310_CE20 ®iol&] 2] NS 4

I 3. GAg oz AZs r01310E20 vho] 8] 2~} r01310E20-NS(0028) vlo] &) ~9] -4 =}
ZA
Az Ffe] Y & NS PB2, PB1, PA, HA, NP, NA, M
r01310E20 01310 01310_CE20
r01310E20-NS(0028) 0028 01310_CE20

- NS 425 0028 wpol] =9 2= 2] gkgk r01310E20-NS(0028) wheo] e 29 -9 A
FekA] 22> r01310E20 wpolefssl wjais] Aefjopol o] F4gdo] dojx#] @ %=IPET
FrU AN A 12 A A B A)(E 4).
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3% 4. 101310E20 ®}o]el 2~ ¢} r01310E20-NS(0028) Hlo] el 2~ ¢] A jolo]| Aol 7}

A ZFukol H 2 Virus titer (loglOEIDsy/ml)
r01310E20 917 £ 0.3
r01310E20-NS(0028) 9.36 £ 0.1

- o] F7tA 9 wlolelxE AL WS vty fsiA wlel o] J7FE 100
EIDs/0.1mlZ2 23+ % Z+zF 10€3 SPF 1070l 0.1ml1% HF3FAaL, 12413F 124 &

et JE e SPE7E SAMSHE AlbS A o] Alzte] Hyro =z A Hit FHAL
Al (Mean Death Time, MDT) & =74 3%<. r01310E20-NS(0028) r01310E20°] H] 3
ofF 2] Hxo] MDTE uYelon, o& &3l 00289 NS 727} Aejolo] Ao BHAGS

SAFES % 4 ANSIPET FUM AN 143 A=A HA)(E 5).

3 5. r01310E20 vlo] 2 29}k r01310E20-NS(0028) Hiol e 2= 9] A efjolell A o] MDT

A Zufol H & MDT(Mean Death Time, h)
r01310E20 488 £ &
r01310E20-NS(0028) 944 £ 5

- TS A Y Fr HAF Aol A7) el o Q) nloly~E wjSE ¢ & A
o7 AZHE HEFE T SPFAA 4573 allantoic fluid WolA el wpolgj o] & wHlul

o 72A17F vl ¢F ¥ allantoic fluidE 53F9], % allantoic fluid$¥ HA titers = 3
=. WYt B¢ FAStE A#Ee AdS F3 SA] chillingshe], fluidel| &< FA %3t
= 392 Ad A3, r01310E20-NS(0028) Hleo]#] 2% r01310E20 who] e 2ol vl =%
¥+ allantoic fluidd @ F HA titerol A o £ A3E Role S FAIPET FUH
AwA N 123 % A - A A)(E 6).

3 6. r01310E203} r01310E20-NS(0028) nfol2]2=o] Aefolel o] A HlaL
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r01310E20 101310E20-NS(0028)

Vol. of Vol. of
I\]g: COEf: allfintoic HA titer TOtzlteI;IA %C%f allfintoic HA titer To?tlerHA
fluid(ml) fluid(ml)
1 12.60 29 6451.2 1 11.25 2 5760.0
2 12.50 28 3200.0 2 12.50 2 6400.0
3 11.75 29 6016.0 3 14.25 2 7296.0
4 12.00 28 3072.0 4 14.00 2 7168.0
5 13.00 28 3328.0 5 15.00 28 3840.0
6 9.75 28 2496.0 6 13.00 2 6656.0
6(2) 3.00 26 192.0 7 14.75 29 7552.0
7 11.00 28 2816.0 8 13.00 210 13312.0
8 11.00 28 2816.0 9 11.75 28 3008.0
9 9.75 28 2496.0 10 11.50 2 5888.0
10 13.00 28 3328.0 11 13.75 29 7040.0
11 11.80 29 6041.6 12 13.75 28 3520.0
12 12.00 28 3072.0 13 1450 2 7424.0
13 11.50 28 2944.0
Total 154.65 48268.8 Total 173.00 84864.0
Average 11.00 £ 2.50 SZILAé(SSgOi Average 13.30 + 1.30 6222':2;

- 99k ge Ay AT AE Fa, NS FAA7 Aol e AN S A T2
AAE g S HAY 5 Agor], 0028 vrelgze] NS HA4E A garh Ay
obel Aol Agel FAYE W, UYL FL WA FuE vlolusT ALY S U

Aoz BoH,

2. NP & M A=A}

- NP whilza o o= 2oz} wlo]z] 29 polymerase B A E3} complexE ©]F negative
senseEs %+ viral RNA(VRNA)E 74 viral RNPE #A 3t dldoln] vRNAS A}
2 Bao] 9SS = 4 A (Portela et al. 2002). M @A QlZFalx nlo]z ]
membranes HA s Wz 24 splicingS E3 M1¥ M2 5 7FA @A g2 HAly
w, M2 @il de QEFFAR 7 Al o] IR V|sFo=HA pH WIE Fal violel~

7Fd o] o] Fo] X == 3H(Schnell and Chou 2008).

_,d
g R
30,

rlr
L
1=

N

- M @S HASH NA @z ito] nsjA B cellol o3 &A & T8

eF A Wh, vo]l 2] 2~ 9] membranes T/Ad3tal 17] wiitel HAW W A2 NATE Hof o] o] A]
SHA R A7 F2 A " (Kreijtz, Fouchier et al. 2011). 53], M ©
extra—cellular domain (M2e) o] u]-¢- BEHojm ojn FymA u

pe
Ao R dE5ojx 1 ¢S (Deng, Cho et al. 2015). 2&}, Al s %] 2 ZFo| Ao M2e
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ofu] = ARS Bl Ay F7ke)] zolrt A5 A o™ (Liu, Zou et al. 2005), °]E =3}
o ZFAZFAAeA B2k M FHAE AFEstE o] M2e Hu& 9HE 4 7] o
ol Tt subtyped] ZFAZFAA Hojd TS & F U2 Aoz B,

SR subypertol HEAD ARE ANT 2, A A F A4S Wolk WA
of NP FdAE5 w3 Fvbd tpekdk subtypeoll W3k broad protections F=3% 4 <)
Aoz H<A(Seo and Webster 2001, Webby, Andreansky et al. 2003, Zheng, Luo et al.
2014, Grant, Quinones—Parra et al. 2016).

Mo

N

- NP F2ket M 32k WolA &3 T cell epitope -1 vh%2u oA 5
2 dyAd d. 28y, 279 AF T cellel epitopes A|Ag= MHC celle] vt 27] wj+
of T cell epitpoes THE2A oFafjokd Dot & A TxE A+ 23 T Z7A 9
T cell epitopes =3+ AS &83F°](Hou, Guo et al. 2012, Reemers, van Haarlem et al.
2012), "lole]~ 7+ NP<} FA2 oA o =% T cell epitope FES B &R S (F
7).

¥ 7. 272 MHC haplotypeoll wztA oS5 += T cell epitopes

MHC Haplotype Predicted Anchor Residues
B4 XDXXDXX(X)E(/D)
B12 XXXXV((DXX(X)V(I/L)
B15 XRXXXXX(X)Y
B19 XRXXXXXY(P/L/F)
B21 XH(K/R)XXXXX(X)E(D)XA(V/L/I/F/M)

(Hou, Guo et al. 2012, Reemers, van Haarlem et al. 2012)

FolA CD8+ T cell epitopelZ oS5 = oln] =4t vl A3} PR89| internal geneX.
Fold Eale AU 27U ZFAA0 HIN2Y H5N1 Bbo]#] 2~ 2] internal genes
= Zlo]l T cell epitoped] g dx]&o] wof WRFAAE ZFFrefo] wojgj 2=

Aol Wol&s wol=d Ewol 2 5 U= (3 8).

¥ 8 NP F4dA W £A43t= o5+ T cell epitoped} vlo]g] 2~ oln| =4k vl

NP PRS (?4193,\]% (33?«82) ('|f|55?\ﬁ) H5N8 H5N1 H5N6

GKMIG GRMVG GRMVG GRMVG GRMVG GRMVG GRMVS

30-34 GRMVS GRMIS
(26-34) GRMIN
GRMIS

371-375 | METME TETMD TETMD METMD METMD METMD METMD

(368-375) MEAMD MEAMD
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MEVMD MEVMD
LEVMD
TEAMD
IKGTKVLP  IRGARVVP  IRGTRWP  IRGTRWP  IRGTRWP  IRGTRVWP  IRGTRVVP
347-354 IRGTRVAP  IRGTRVAP  IRGTRMVP
IRGARVAP
127130 | DDATAG  EDATAG  EDATAG  EDATAG  EDATAG  EDATAG  EDATAG
(127-134) EDSTAG
WMRELI WVRELI WVRELI WMRELI WVRELI WVRELI WVRELI
Jggjﬁ’g) WMRELI  WVRELV WIRELI
WMREL
1317 METDG METGG METGG METGG METGG METGG METGG
(10-17) METSG
o NKYLEEH ~ NRYLEEH  NRYLEEH  NKYLEEH  NKYLEEH  NRYLEEH  NRYLEEH
(o35 NKYLEEH
124129 | NNGDDA  NNGEDA ~ NNGEDA  NNGEDA ~ NNGEDA  NNGEDA  NNGEDA
(124-131) NSGEDA  NNGEDS
190195 | VMELVR VMELIR VMELIR VMELIR VMELIR VMELIR VMELIR
(190-197) VMELVR
(giéjggg) EFEDLTF EIEDLIF EIEDLIF EIEDLIF EIEDLIF EIEDLIF EIEDLIF

E 9 M F8A W EAsEE g E = T cell epitope?t vlo]e] ~W olm =4t H|

01310 0028 K50-5
M PR8 (HON2) (HON2) (H5N1) H5N8 H5N1 H5N6
50-66 ILGFVFTL ILGFVFTL ILGFVFTL ILGFVFTL ILGFVFTL ILGFVFTL ILGFVFTL
ILGFVFTL ILGFVFTL
AEIAQRL AEIAQRL AEIAQRL AEIAQRL AEIAQRL AEIAQRL AEIAQRL
22-28
(20-28) AEIAQKL AEIAQKL AEIAQKL
AEIARKL AEIARKL
137-142 AVTTEV TVTTEV TVTTEV TVTTEV TVTTEV TVTTEV TVTAEV
(134-142) TVAAEG
229-236 | LKNDLLEN  LKDDLLEN LKDDLLEN LKDDLLEN LRDNLLEN LRDNLLEN LRDNLLEN
(229-239) LKNDLLEN
- B 7™ #A BAE Eohe PR wlelelae] g fAA4E @A fA%n At @
A AEFAA vpoly mo) i-Fd Aol Adolst, of= WAl Hpo] L9 Wogo] JF
) 7] =

ety g1 AU 1

=13
.
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1204
1104

1004t

Weight loss (%)

T T T 1 T T Ll T T T L) 1
4567 8 9101112131415
Days Post Inoculation
~®- NS(0028) 10* - SNU50-5(E20)
NS(0028) 106 - SNUS0-5(E20)
—* NS(0028) 10% - HN(50-5)
—% NS(0028) 108 - HN(50-5)

o
-
N -
w -

a9 4 W A el 2 A uHpo]g] 29 whol: Hlal

- PRS vheleissl Eii MUAE sEn A998 fA slsel ool
NSHHAE E9d gt rPR-NS(0028) Hlo] 2] 2=

= WA FHF plo]y~d (Kim et al, 2015). # oA+
rPRS*NS(OOZS FRF vlol#]A~E 10°EIDs, 10°EIDse %= 772 BALB/c wh$-
of Wk & 2 Fo wgroA =2 WAL E 7HA 3 = HONI1 Hpol #1222l snub0-5
Hjo] 2] 2 ¢} Snu50 5 } ] ] 229] HA, NAFA A<} PR8 wlol 2~ UF {FH2E9F A x=3sh

229
Eonpgse] WAl glom JEHos WY
Bl o
T
2~

2
A4e AT
) H

HNGO-5)E &4 A% wolss Hr7ke (21 4).

- 10°EIDs, H %9 rPR8-NS(0028) Hvlo]l#] 2= snub0-59F HN(G50-H)ulol ] ~& A 32 o=
Told = AAW, 10EDs §%9 rPR8-NS(0028) whel#jz= F- T"rﬁH o
snub0-55 AFAH o g Wostx] Eale= AS ged (29 4). &, WF FH4AE A AT
= Zo] MA nlolgl e Holso] FQ3 J8S = AL T £ YL

- M2 extracellular domain (M2e) @A olZ Tz} nfo]d| 2~ FHWHo| &3} o]
Ao 715S & M2e @A Aol BE AZFAx} wlo]g oA H|S2E FXRE THA]

H HA, NA @93 o wWo 24 (immunodominant) ©HEA-S oy x|ub &=9] AN A
HAS olFd F gl ¢€8A A (Ito T, Gorman OT, Kawaoka Y, et al, 1991,
Black RA, Rota PA, Gorodkova N, et al., 1993, Neirynck et al.,, 1999, Fiers W, De
Filette M, Bakkouri KE, et al. 2009, Khurana S, Suguitan AL, Rivera Y, et al., 2009).
M2e domain® E¥ F-9lo] &£43t+= N-glycosylation sitet= HA @2 9] stalk region®l
Ao mpR7A R A o] H2AdES Aste Adow oadHe wel N-glycosylation siteE A
Ao mM M2eol theh o 2 ANG A9 Freok 3 WAl wlole} 2o Wl Wro] g3}
Z F=%h T3 M2e FES EIfF Fd7F old 2F/F e M2e (clade, 2.3.2, clade,
2.3.4.4 Fde M2e)&E A gate] /MY HALdE S 5 FHAAE SR

3. Polymerase &332}t
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- Z7F f#9 HON2 <lZ=Fdlz} vlolz] 29l 013102 PB2 FAA:= AZFlA} vlolg] A
o] XFF TS GFUARE M2l vlo]gxe] S FAT F e EAS A
1S Kim et al, 2013, Kim et al.,, 2015). €3] clade 2.3.2.1 H5N1 ZF 2 ZFlA} nlolg
29 Z3tele] ALEEE S A9 WAl 3 H opfolgxo wE FAAY =& A TS
st o, ngzoAe] FAHS JAGtE 247 FHYAY 5HS 7HHS (Jang et

A 120
110 T % U 1 1 1
Y

-iPRS
——PRS-PB(DI310)
—o=BREPBIOI310)
50 " e IPRE-PA(01310)
T ~8 PRE-PB20028)
e rPRE-PB I 0028)

% Body weight
3
i
_,_/
fr
4

= 1PRE-PA(IN28)

& —4=Mock(PBS)
0 1 2 3 4 5 6 7 & 9 10 11 12 13 14
Days post inoculation
e e e =—a
B \\ \
80 ¥ d—d—i—h
\\
D:‘ \
6 \ PR
a \ it (PRS-PB2(01310)
= A \ ~0~PR8-PRI(01310)
Z 40 o L) Bl
7 \ S rPRE PAO1310)
\ = (PRE-PE2(0028)
20 4 \ —&— [PRS-PBI(0028)
% \ 4 rPRE-PA(OD2E)
\ —4—Mock(PBS)

—_—
0 1 2 3 4 5 6 7 8 9 1011 12 13 14
Days Post inoculation

a9 5 &7 8 Polymerase F3A9] X7 WY H7F (Kim et al, 2013)

- 01310 PB2 A A= 66, 1091, 18] 133Ho] 7]& tjF-&o AZFdx} ulole 7}
HAsEal & MVVEAWOE Bfata A &a. MVVEAROE ERatds 4% =
F AEFAR PB2 A= 2R FdA S 7 e HAY FAsE HAA HH
F2 8o wel FrrE o g 627K, 591K/R, 70IN¥ 722 X% 2ol EdAWolE sudk 4
U= A A5 Ssto] B R (Lee et al, 2017).

- % 01310 whol@ 29 PB2 HAAE WA Holesd £U¥ A5, FA4et WA
o 2 e A4 ov] WAl vole o] EfHF WY

9] b1y gl 71T Ao A,

A2 PB1, PB1-F2, 18|31 PA @9l do|= T cell epitope
Ast7lel NP, M 429 m#7k A & Polymerase -4 A
ds A Ziﬂi FA % (Chen et al, 2001, Belz et al.,
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w
o
)

B

1. clade 2.3.2.1 & clade 2.3.4.4 H5
2. Mutation on cleavage site as mono—basic amino acid (ASGR)

HA

3. Mutation on N—glycosylation site

1. NA1, Na6 and NAS

2. 01310 NA2
3. Mutation on stalk region

NA

1. PR8
2. 01310 & 0028 PB2

PB2

1. PR8
2. 01310 & 0028 PB1

PB1

1. PR3
2. 01310 & 0028 PA

PA

1. PRS
2. SNU50—5 (low pathogenic H5N1 isolated in 2009) NP

NP

1. PR8
2. Avian—derived MZ2e gene

3. Mutation on N—glycosylation site

PR8&/0028 NS

NS

!

Hlo] & &

ol

xy

el
;OO

Bo

I

Jjo

1l

w2 wo] 2]

-
R

SXNCER

%7}

=
[e)

s

R

o
T

A A fieldol) A

FHAAE

e

o] 2] 2 9]

ul A
I B

2ol

vl o}

1

A3l

27 o] A]
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strain¥ WSR2 Fele] WE FAAE ARESle Al AAl A FAol ojwE o
Fe vA=A Frlstaa, AYAd dESF AR vpol# A9l HINZ Hpol¥AE o] 881

B7hE AW,

- A{FAETES o] &3] PRS backboned] rHIN2(p) A %3+ wlo]#] ~¢} r01310E20 vfo] ] ~
o] AbE WAl HE T 6F7A 9 dF W FdA7FE B s S. rHIN2(p) Hlol#~¢] HA
9} NA A+ 01310_CE209] FHdxE2 Ab8319 <.

_,d
O
lo,

- 7 dlelej &= BEIRZ =#3}stal, ISA70S adjuvant® Ab§3dte] IMoez2 247F & v
SPE ol HFstdd o, 0F, 25, 35, 57, 650l AMFste] H W FA7LE Felstad
. vkelEl s HE Al B 25wl A AT kel &ebbH, 350l M =S
HI titer& YebW. o] FA7k= HF §F 65774 = vistA fASJE(1" 6) (1" 7).

- PR8 wlolzjz=o] W F fFHAE 7k rHIN2 mhel#] ¢} 013109 W FfdAE 74
r01310E20 Hiol2 == woll A M=%k F°5=°] Hemagglutination inhibition titers e S

om, o= FUT AN R FA Fdss v

Hi titer

-+ rHIN2(p)
= 101310E20

HI titer {log 2)

3

% 6. rHIN2(p) vhol &l 29 r01310E20 Ab= W2 HE Al @34 o A9 HI titer

NP antibody ELISA test

1204

-+ rHINZ(p)
= r01310E20

ODy50nm

a9 7. tHIN2(p) vhol & 29} r01310E20 Al= WAl & Alw-2] NP A
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2. HEN1 1894 AEFAZ vtolgd 2 #ae] A% 2 54
37t

- H5N1 wpolg)2~9 HA FAHAL NA @ F3Ax= U 85 A/mandarin
duck/Korea/K10-483/2010 (H5N1) (o]} K10-483) vlo]#] ~¢] HFHAE AFE3FA <.

THAA QAZFR HlolE 29 AHAA X3 A
- HA #7329 3942 glol7] 91814 cleavage site® REKRRRKReIA A& 7 A7}
Alefolel mpg-2o B o] gli= A/chicken/Korea/KBNP-0028/2000 (HONZ2; ©]a} 0028)1}
ol#] 2~ 9] cleavage site®} HYU3aA ASGRE HlHEF AL

2. HoN1 slol & 2~ ¢ R 3} YA F3
7b. HAN1 i1 QA QZ 2 ez} vlo]g] ~9] 73} e B4
- A A A FPH A+ A H5 clade 2.3.2.1c2] 45, 232011A1 2321c® H3}stH
A TR obmlmAl Welvh e g Selstdla, el Zol4 HA®l globular

239 o} mitol FE39S

head®] Receptor Binding Site(RBS) Wol &Ajsl= 1443}
(19 8).

2.3 2ihfohloben/Cusngdong SEASLOV CP EfFREASWLTREIL FT IRRE I TIILED L LY LW T D A RO TRL O P T TV L FVOT ST LR LT PR A TR LCE TR W
A DO320854 1 1-1 653 1 0rpani I v

gb:CYD1E86T7 1 4-170710rgani
GheHBATIIE:1-1787 10rgaml
D078 1 -1 698 Organi
b DIA0NE T 1-1 0381 0rgand
gb: EUSIC0N4 - 10=1713 | Crgan
23,2, A dack S Ehe ) Langs 2
ghoRTT6I43%: 219-1735 | Organ T
gho JFTASE8L1 - 1-530 |0rgania i L. .00
I JFTAFETE1-%30 |0rgania 5 L..D
g IFTARES2 1 -590 |Organis 5 L..O0
- RRTIZEL4 - 25-1735 | Drgan g L D
2.3.2 lagh/chickan/Bangls § L
i HPEE2EES: 1 -1704 10rgand ]
b KPIAEE1:29-1732 | Organ 1 o
Go KYLTL4T 11704 iSvrgani 3 x
G- EFRAR440: L=1704 I0rgand
ghoEPIIEAL 1 1=1704 1 Organi 14
Qb HEFBGLEET 1 25-1T735 | Organ L
gz CYLAEE44 - 1- 1704 iOrganl ¥ a
2.3.2. 1B tA/Bladl -2 roarued
- BDOET B 1-54T7 |Drgania
g J08N5ITL:1-17TE1Orgasd
gh: BIOOETTE 1=94T |Organie
g G103 1-170010rgani
gh: E412081 - 1=1700 10 rgand
PG LI055: 1= 1700 IDrgand L
gh o HMOOE7E0 1747 |IOrganis o
- ETTEI431 - 29-1732 | Organ 1t T
gh-GOA1T0582 13- 1700 i Organd 1]
g OA1T054 - 1-1700 0 gani K o
2.53.2. 1s(h/bailal taal /Ko 3 o
b JHB0TITE: L-1 704 i0rgani [
g JHBOTITS: 1-170410rgani
g JHE0TIE : 1=1704 10rgand
Gh: JHBOTIES: 11704 18rgani
gho JNIOTA50: 1=1704 10rgand
o IJTERRETI: L=1704 10 rgand J B
gh: JOT10449: 18-1718 | Drgan o
g JHSDTHS3 - 1-1704 i0rpani 1]
b JHBOTI - 1-1704 IOFQani

1% 8 HBNI o259 clade™ HA #7d#F v

mEoE NN N
=
mmwm W™

:l'::l::::'.:-:!;!:!:x.sf:r.:l:::::'.!:!:s‘.s_:i::l':'r.:.l':::!:!:r.!:!:;lcr::l::r:::::!: "
-

- 53|, HA9 £A3F= N-glycane HAQ] receptor binding specificity % affinityoll < &F
T, I Fo A% 158H N-glycan< host®] a2,3 receptor?} a2,6 recptord] st 23 &
S IR A oz 7d 73 host specificity’F @82 4 o] dy LA
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(Wang, Lu et al. 2010).

- AV AFE 7 Ue XS VHHOoEA FA IS WelE A 9 E A T

W A o= =5 AU allntoic fluid ol &EAskE B-inhibitortt y-inhibitor -2

H]E_Elo]xq ¢l HA inhibitorel]l o3t 3|3 5oA F83F IS = AL ol BL My AF
ura] A gkS-(Tate, Job et al. 2014, Anders et al. 1990, Hardy et al. 1948, Svedmyr,

A. 1949).

- ol¢} 7o M3 AT AYE EQE 144 ofn|x=Ato] o} A~ 3e}7)(Asparagine, N) o2 W

st A% N-X-T7F ¥ N-glycano] A= 4 Q7] wizo]l HA AL receptor
binding affinity 2 ® 3|yo & JTFS = Aow F=3.
- H5 &9 3x FxoA F ofu|Al Wolo] fJAE oS3 A3 HA @] RBSO
Fio EAsta o2 & 7 I (2™ 9).
omm
mnncn\ ' “W\ 144N

C ’M I

22[}-10:\;1 !

\ y9| w49 h’“\/

g= 130-loop

S133A1 ¢ S14IP
PL36S 4 <;

(Yang, Carney et al. 2016)

29 9 HARHA 37 FxolAe) 1443 ofn] sk} 2231 ofnlwste] 914

s £4S altg o ® 3 HONI QI&F At npole] 2o Az 81 54 4
- 9ok 22 S EdiE K10-4839 HS5 FAtel 5 7FA 9] ofmieibs 24zt WOl A

— = puld Zl
H5 f7sh 5 744 =% Weld7l Hs 4842 AAE 1. 2ze] §a4E w5

cleavage siteg® ASGR= 7}7<]I_’ J=.

3 11. HONI(K10-483)¢] #3d#F & Wo] fxx 229 Shan= 55
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segment Az ZElsns B2

H5(K10-483)
H5(K10-483)_144TGT

HA
H5N1(2.3.2.1¢c) H5(K10-483)_1223V
H5(K10-483)_144TGT, 1223V
NA N1(K10-483)

FAES o]&3te] §9 HA9 NA F2AF 7FA 2 o™, PR8S 67 F FHAE A
91+ PRS backbone A} %3t HO5N1 ®Hlolg] A~E5S A ZFSHE 12).

i
HJR

3 12. H5N1(K10-483) nielel~9o] HA9F % NAFHAE o] &3te] A «gk PR8 backbone
Hlo] ] &~

PB2, PB1, PA, NP,

Az 3ol 2 HA NA

fl 2= ghnkol & M. NS

rH5N1(P) H5(K10-483)-ASGR N1(K10-483) PRS

rH5N1(P)-ml H5(K10-483)-ASGR_I223V N1(K10-483) PR8

rH5N1(P)-m2 H5(K10-483)-ASGR_d144N N1(K10-483) PR8
H5(K10-483)-ASGR_I223V,d14

rH5N1(P)-m7 AN N1(K10-483) PRS

- AZg Ax2F HoN1vtolg =9 A7E SH43H7] 984 107 s]Aste] 10€#% SPF
o] HEdF o, 347 vjkst H allatioc fluidE HA testdte] 50% Egg Infectious
Dose(EID50)E S8R 13).

E 13, A%EE 2T HENI vholel o] Aglotel Al o7}

A Z&ufo] 2] 2~ HA Virus titer (logl0EIDs,/ml)
rH5N1(P) H5(K10-483)-ASGR 6.94 + 0.39
rH5N1(P)-m1 H5(K10-483)-ASGR_I1223V 6.83 + 0.38
rH5N1(P)-m2 H5(K10-483)-ASGR_d144N 6.08 + 0.14
rH5N1(P)-m7 H5(K10-483)-ASGR_I1223V ,d144N 6.25 + 0.54
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Az volEasel MDCKeIAe] 2448 Brbetel, A= F ofrlwit Wolrh w4
Tl Aol nlolel s~ FAd s FEA Gdstat 3 o] AFPoA = Ajolol A FA
3 =4 o 7}01 ElDsy/mls 7159 2 3}, 1 Multiplicity of infection (MOI)= MDCK cell
of A=t 347 37=o A vlkst FH HA testE o] 835 Tissue Culture Infectious
Dose(TCIDs o/ml)é' S5 =

H5N1 upo]g] 2of 144¥ o] £A]3t= N-glycan® 223¥H 9] isoleucines valine . &
o] niolel~9] 7-5- MDCKollA o] F24do] Hastd o, 7 74 BFE WHol

g B
A7l EAdo] vtolg 29 FAHL 238l Trtete AS FAT F AUE. o F AW
o|7b HoN1 wholg 9] Z44e] &< uAt 2992 AT & IAS.(2F 10)
41
3
a
(8]
=
o
-
«?‘@ \5&\ “\5& ‘\5&
tes 6?\\? @N\? (?SS
® ® ®

2% 10. MDCK Aol A ¢ Ajz=3F HON1 Hfolef 29 F2A14 7t

- = Clade 2.32° %3k= HONIL U4 JIEF<AA vpole]as 542 nlojgs W
£ frestalen, 227

Woli= mholeze U4 L FAAY FBL WA HFel 4EHoR ey

- A JIEFFAA vpole s Aol AREE = WU AEF AR vholg e W)
Al A e endemic A= H}o] B AYE gPHor wx £a W ool vlol s
o s e g f97lde |

FE=3t 4= A5 (Peyre et al, 2009, Watanabe et al., 2012,

Leung et al., 2013)). Clade 2.3.2 w}o]&{ oA clade 2.3.2.1c H}ol#] =2 Wslgo] upe &

dEl EdWol = vlole] 2 YA WolE of7|E W ooy wloly o] FAA TS

nE ¢ glom) T3 IfHFe Z2 & 7o dd S48 HI:E F28 ¢ s

A AFFAA vpole 2~ WAl A2 P W EZE YA = EHAQ WAl Az E oo}
3} o

Yk 22 Q%

ﬂl
JlN o oflt
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29 A% FUY R E Fotol TEF clade®] vholelmEol FA MAHT AL
%O

[e]
(Peng et al, 2016). thWl=r2 A2 A wgAd ASFAA vpol# 2 A =3t

= 4] J il
A 1ol e FAdS 7k A [lEFAA vpele Avh fdd gl .
aHBR Fwme HEE AAe agdd JIEF AR vpol# s WAy} T vpole o)
94 SAE P AAsta 22 FAdE THAE FRAAS ASHeR grete] 99
= tiulshs 2ol A2
3. 7% ¥ #dAE H8F HON1 HAUF AF & H7}

- 2011 &% clade 2.321c H5N1 HPAI®] %% PR8 W% 325 Abgste] Ax3t v
of#l~E AR A5 AEctlA e TGl FoH R Fhdte s AN s ol
o ol Ajorell e Aol mlg vt A Aol vta WS 93 FA] 4T E
of ®olx7]el mpE MR Avjdl= AR kA Wi s v s 5 (01310
EE 0028 whol#lse] PB2 HHA) MEE 23 olgdte] FANE B WA $EFE

A 2 ako oF o,

homa FuF wpolelzel ehdA Bt

- 013109 0028 wlolelxel  PB2 £ AAE bR rHBNI Wil SRE
(rK10-483-PB2(01310), rK10-483-PB2(0028)) += o] ¢} mp7bA| =2 W4l 25 b
olelae] FARES FHAL F b AL BAY + UG (F 14). EF 013103 0028
Hlolel o] PB2 #7048 AN FAAol FUH O i

=
[e] )& 2~ [e)
He ASE #EE 5 s

k1
s
Fa
2 x
o
o
Ho o
=<
)
@
=~
=

¥ 14. 279 PB2 F4dAE &3k HoN1 9Al S5 3 vlojg 29 S2]A4 HlaL
Viral titer
Virus ECE MDCK
|:|Dg'||:| E|D5DI'IITI|_}* {IDE‘:D TC'DED"II'T!L:I*
rPRE 895 + 0.62 7.38 + 0.85
rk10-483 770 + 0.28" 5.25 + 0.87'
rk10-483-PB2(01310) 9.15 + 0.30 4.63 + 0.63’
rk10-483-PB2(0028) 8.90 + D.40 5.38 + 0.25'

-zt Wl FEF apelgaE 10° ElDy o == BALB/c vhf-2o HFe3e o, k-
ool HAAL BEE A ks (2™ 11). A9 PRS vlo]#] ~¢] backbonel & Wt
Eo% rK10-483 wlolg =9 7 wpg-2 oA Fdst 92 ST ¢ e A
S = AAS (R 15). F AL =79 PB2 FHAE WaFod =94 49 {7
of gk WYL A Fe= nlole] 29 AEjol FAALS FA, B FUHE = AS
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o
ot

J 0
-+
facs
%

dlo

Body weight after vaccination

1151
w -o- [Mock
3 1104 -= rK10-483
= -+ rK10-483-PB2(0028)
% 105+ -+ rK10-483-PB2(01310)
2
2 100-
@
o 954
S
90 ] ] ] ] ] ] ] ] ] ) ] ) ]

L] Ll
QNAYD % H0A DN D\
day post vaccination

F 11 HONT Al F RS wpoje]29] vhe-2 WA 7}

¥ 15 HONI W2 333 npole] o] npor @ 2244

Wirus re-isolation in mouse lung’

Virus”
3 DPI & DPI

rPRS 3/3° a3 33 4.1
rK10-483 3/3 31" o3 1.9
rK10-483-PB2(01310) 0O/3 <o05' o3 < p.sT
rK10-483-PB2(0028)  O/3 <os5' OB < p.st
Mock (PBS) 0/3 <o05' o3 < p.sT

Wols& Hrbetaal, 559 BALB/c vkl 7}
WMAISE mlo]lgl g WA F 235 o] K10-483 (H5N1) mlol#l A5 &4 HE38ke] o

-
)
[}
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K10-483 challenge group
1101

" -o- Mock

@ -= rK10-483

E 1004 -+ rK10-483-PB2(0028)
% -+ rK10-483-PB2(01310)
i 90

S

<}

[11]

X 801

T Ll T T T v T Ll T T  ; T  ; ) )
ANDYD XD 0A 3NN
Days post challenge

K10-483 challenge group

100 a
—  80- l_l A
g —e— Mock
> - —=— 1K10-483
2 —— 1K10-483-PB2(0028)
- 1 —¥— 1K10-483-PB2(01310)
[=
o 404
o
1
iy

204 €

c Ll 1 T T ] L4 ) ]

T 1 L] 1 1 Ll
01 2 3 45 6 7 8 9 10 1112 13 14
Day post inoculation

1% 12. HEN1 WAl &1 3 vlo] 2] 2~ 9] homologeous H}o]e] A~ (H5N1)e] w3l ¥lo] %

~ rK10-483-PB2(0028) Whel#l2so] A% 502 F 1 whlsh s} (AL £=20%) & LhEb)
21719, rK10-483-PB2(01310) vhol#l~e] 23 A} glo] ofzte] lFaburo] ¥z
Ae (17 12).

- 5%% BALB/c vh$2d] 7} MAF wole 28 WAR T, 2F Fol 20159E ST A

i)
o\
ol
ol
2

FANE HSNS w4y AEFAA wlolelsel KU3-2 wlolgiE ¥7
]_

heterognous ®}Fo] 2] 2o t)3gh nL=x
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KU3-2 challenge group
1101

w -o- Mock
4 - rK10-483
= 1007 -+ rK10-483-PB2(0028)
2 -+ rK10-483-PB2(01310)
H
S, 90
T
o
0
X 80
L) Ll T T L) T T L) L) L) T T L) L) L)
QNYD X5 6A DO N 0D \M
Days post challenge
KU3-2 challenge group
100 —o— Mock
= rK10-483
804 ) -+ rK10-483-PB2(0028
S —— rK10-483-PB2(0131!
2 60
0 g
S 404
o
= |
& 20
0 T T T T T T T T

T T T T T T
012 3 45 6 7 8 9 10111213 14
Day post inoculation

193 13. HAN1 ®Al &1 S vlo]#] ~ 9] heterogenous HFo]#] 2~ (HHNS)e| g+ Wol %

- HB5NS upo]e]xl KU3-2 Hpo]g| A= vh-2o] FrolX T Jdsds Yetl= vt
L
H,

o~z IPH} o] Mock & WHE IFo|ME 20%2 HAE o] YElUE AL g9
& 4 9. SHAIRE HONI WAl S HF mlol A nhe-2o] HANS oA oz Wold
T 3 AS g F AME (2™ 19).

ok WA FRF wpole e FA 4T H7t
- H5N1 WA F1F vl go] tiad FA @452 Brhstud BEIE Fate] M
FTHF vlolgl~Es EEss § 6wl SPFH] 1ml¥ oil-adjuvant 9418 3 E35
4

A= 15Y Aoz FAste] FA s B

- PR8"FeIZ 29 YR §HAE 743 rK10-483 wholef 2 div] o] =& @A 9rts 89
& o glglen, of= H5NI WAl F8F vpole] =7k SPF Hell sl &5 &4 A7hE

o
=3 5 v A dng (G 16).
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=5
—_
o}
an)
(@]
Z,
—
=
2
i
fz
N
=
)
v
[»
il
1o
oot
N
ofk
oX,
ol
o,
N

N

HI titer {Iug:]_'
Virus®
0 DPi 7 DPl 14 DP1 21 DPI 28 DPI

rk10-483 0.0 04 + 09 60+ 1.7 90+19 8.8 + 1.5
rk10-483-PB2(01310) 00 34+ 1.5 82+13 102. + 16 104 + 1.5
rk10-483-PB2(0028) 0.0 16+ 05 7.24+13 104 + 1.8 92 + 1.7

[e) o

felel WE GAAE AT FAe

- A% HAN]1 #WA T HF vlo]y AEL 7]E PRS
o

3d. H5N1 1A dEFFAA Hiolgls WAg o] &3 ok
9 wiolE Aok A o] 7hedk WAl (DIVA) 7HsAd B7F

1. DIVA¥ 2 o] A %}

- SOl HONZ A Y 2RAETAR] i Ao AmAL B 9lsA)
2=t (Choi et al, 2010) H5N1, H5N6 % H5N83 HPAI Hfo]e] =] o =
9% DIVA A28 2§38t 249 wWaF NA o8& NAIL NA6 NAS o] 9]¢
[e=]
1

1]

an)
o
fo
o
2

aprolop 9F sESAH RN =RAE I JAEFAAATAAA JIEF ] HIN2 AL
WA 013109] NA2= Hlolzf &9 T4 Wy &4y add T8 a7t
& 2] H5N2 DIVA ®4l 7 A] #8384 288 & U=

- & A8 01310 vRole] =9 NA A5 HONI1 vlo] e ~of =913 A|Z3 HON2 Hiol

ss @A % oljel, H5N1 w4
=4 e IHF WA, ¥
ol

MNAp wpeol e} o] A} dA

i)
S
31_5

o

fru

x

=

<
>

N

Y

or

oX,

o

o,

N

Y

i)

S

<

o>
lo,

N

N

olr
X,

o

N

N

FESGOM, M2eie] N9S 19Uy
e

i
M2eoll thet Al 4= e (& 17).

3% 17. H5N2 7]gke] DIVA® A o] A =}

Recombinant
PB2* PBIl" PA" HA® NA® M* NP* NS*
virus
rPR8 PRS PRS PR8 PRS PRS PRS PR8 PR8
rH5N2(K/310) PRS PRS PRS K10-483/ 01310 PRS PR8 PR8
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ASGR

rHAN2(K/310)-PB2 K10-483/
01310 PRS PRS . 01310 PRS PRS PRS
(01310) ASGR
rHA5N2(K/310)-PB2 K10-483/
0028 PRS8 PRS8 01310 PRS8 PRS8 PRS8
(0028) ASGR
PRS
rH5N2(K/310)-PB2 K10-483/
01310 PRS8 PRS8 01310 (M2e/Av) PRS8 PRS8
(01310)-M(Av) ASGR ;
rHAN2(K/310)-PB2 K10-483/ PRS
0028 PRS8 PRS8 01310 PRS8 PRS8
(0028)-M(Av) ASGR (M2e/Av)
- A ZtE DIVAE WA Aol S2deo 3¢S vAA e 2SS ST & Adds (&
18).
3% 18. Azt DIVAW A vlo]l =9 2444 H7}t
Virus Titer
Virus MDCK

ECE (log;oEIDsy/ml)*
S10E50 (log 1y TCIDsy/ml)"

rPRS 870 + 0.77 7.38 + 0.85
rH5N2(K/310) 9.34 + 0.26 819 + 0.69
rH5N2(K/310)-PB2(01310) 9.08 + 1.15 469 + 0.90 *
rH5N2(K/310)-PB2(0028) 850 + 0.69 513 + 048 *
rH5N2(K/310)-PB2(01310)-M(Av) 878 + 0.42 517 + 095 *
rH5N2(K/310)-PB2(0028)-M(Av) 820 + 0.50 433 + 052 *

2. DIVA #WX9] "ol H7}

- DIVA #419] 2§ H5NL M4 F2F nho]e o)A AHg3F K10-483 (H5ND) wholef s
7

2 Abgskarlel WAel oy Bk F vk sdAe WUy Wk A, 01310,
0028 wlole] 29| PB2 4z =3t S 1#sta 3A HAFES EgE Frietd e o
Se EaR A4S A Aow dad

- DIVAH2Ie] wWolsg Wrletnat 357 SPF well 24 Wil S uF npojej~g IMS A
Z35lo] WE 3 35 Fo] A/mallard/Korea/KU3-2/2015 (KU3-2) Hlol#] 2= 10° ElDs,
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o sz TAPFN Wols e WY (E 19
¥ 19. HAN8 T A Fo w& DIVAWA *H F vlo]g] 9] wlolg H7}
Vaccine "¢ Challenge T¢
Mortality+  Titer of shed virus (EID:o/'sample) +
o 2 DBC# 3 DPCY 5 DPCP 7DPCe 9 DPC+
OP ¢ cL 0P~ e 0P+~ ce 0P« ce 0P+ ca
Re-6+ 0/9 206=013 - 225=063 203 233= (09 403 -(0/9) 526 322
(0 (39 e (0/9) @ {419y (1/9y 113 (/g (eW {19y
28y
HIN(K/310)- 0/9 251=045 - 256=0093 166 214=036 171=012 -(0%e 234 - - (0/g)e .
PB2(01310)-M{Av)e  (0)¢ 39y (0/9)° {3/9)° (190 (4/9)¢ (29y0 (19 02y
rHIN2(K/310)- 0/9 3.59=124 2.02 3.18=133 - 34220937 332(1/9¢ 137=010 33 - - (0gye
PB2(0028)-M{Av)# (0) a (78 (1/9ye (8/9)0 (093 (19ye 20y (19} 09y
Mock (PBS)< 67 360=076 317089 402070 330=034 3539=062 3501=075 406=117 443= 302 -(0)e .
(85T (6/7)¢ e (7T (7w 7Ty (17w (33 215 (5/3)¢ (L)
100 3
— 804
a
2
S 604
(2]
® 404
o
P |
& 204
e | 1 1 L) L) L) L) L) I 1 1 T L) L)
01 2 3 45 6 7 8 9 10 1112 13 14
Day post inoculation
—o— rH5N2(K/310)-PB2(01310)-M(Av)
—o— rH5N2(K/310)-PB2(0028)-M(Av)
—— RE-6
—e— Mock
719 14. DIVA9 2] $1.F9] H5N8 Wl H 7}

==

ro,
=
&
(@)}
=2,
=)
ol
S5
)
jus}
-
L

3. DIVA #4¢ A ¥4

- DIVA9W Al wvlole]~E BEIE &
A st o ZF A ZE WMae 3

sto] B3 A71 § ISAT0%
% SPFetel HEste] &4

of el erdE ol (ARG 0%)S A, who] 2 e
(19 14, ¥ 19). 12 &)

ZHAA AEEE WAF

23 Qil-adjuvant

[e)

= T
ngéﬁ‘e

W&ol Ha FaHE Ro] RANAL (F 19).

371,

Al

S
=
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& 20. DIVA W41 e] &4 945

HI titer (log2)

Virus
0 DPI 7 DPI 14 DPI 21 DPI 28 DPI
rH5N2(K/310) 0.0 04+09 6017 90+19 86+ 17
rH5N2(K/310)-PB2(01310) 0.0 3007 82+05 104+05 100+ 12
rH5N2(K/310)-PB2(0028) 0.0 1611 64+05 98+11 94213

rH5N2(K/310)-PB2(01310)-M(Av) 0.0 16+09 72+11 104 +13 96 +09

H
—
Nel
N
w
H
—
w
oo
oo
H
—
o
©
(=
H
—
>

rH5N2(K/310)-PB2(0028)-M(Av) 0.0 35

- DIVA 1ol 79, wlelg] 2o Adjol T2
T ddew A PAHTE T 73
subtype?] NA F+Hd#E =
Ao Wojd o w FAFA

4. DIVA ¥ 9] A 78 7bsA 37t
- T2 NA subtypeg ©]-&3 DIVA A= NA wudo] gk gl zojol] upel 4
o G

= hEs
S Qe HFel B ATl A DIVAWAY 7 A4S Hre] slste] WAl
FEstel 22 FEA] NA FAE T3 22 s Egh

o ok

- Neuraminidase inhibition assay& 283} a3 ¥ 01310 (HON2), K10-483 (H5NI),
HONS Hlo]H 25 WHgAl7l 3 ZF nlolgf 2o tfdk Neuraminidase activityES 4 §o =

A HrSAS Hore (29 15).
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110
100
90
80
70

60
\ —-01310 (HIN2)

\, —-rK10-483 (HIN1)
o % = rHSNS-m4 (H5NE)

50

Neuraminidase actiity (%)

30
20
10

0
7 6 = 4 3 2 A1 0
Concetraion of setum (log; o)

1% 15. Neuraminidase inhibition assayS ©]-&3F &3 o] NA weA vl

- 01310 who]z2e] NA 325 283 H5N2 DIVAWAS HZEe ddAL 01310ufe]
2]2~2] 3 Neuraminidase act1V1ty«] HAsE FE3g oy, NA subtypeo] ©tE
rK10-483°] 1 rHo5N8HFo] 2 2=9] 7 f-o] A= Neuraminidase activity] 47} #Z5 ]
%S = UE subtype] NAS 83+ 79 Neuraminidase activity =4S Sl H7}

‘:_T
7 e e A Ae (2H 15).

[ei3

44d. Ho5N8 A HAAR AFFAA vpold = WA Az & EA
3 7}

1. H5N8 WA F139] A%

- AT 9 P HA ool FrEste

24 o Holeage

lﬂJ
H—
} 83+ ‘1‘:/2: | AAE I & (Kim H,

1
f o
>

Webster RG, Webby R]J, 2018)

- 20143 o]F = U A+= H5 clade2.3.44 W AA ZFAZF4d = (Highly Pathogenic
Avian Influenza, HPAI) wlo]g] 2o 3djg3sl= HOHN H}o] 11\_ 7F A=A ow F3sla,
databases &3] =Wl «» oA e O]Cﬂ—r«] HA, NA #d7 AEE FH849, 714
He7h 2 oppil 2 7 d= HS5 34 2 N8 FdAE 4% =W 259 =
g F7F Aol 7t v o4k g Sl 5o ofr Al MR B A

- HAAMS 37 Ysid HS5 cleavage site?] 74-$, REKRRKROlA 0028 #}o]e] 2]
cleavage site?} 5434 ASGRE W7 slo] ghAl gt
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- AgAg Ay, AU H5N1 vho] 8 22l A/wild duck/Korea/SNU50-5/2009(H5N1) (€]
3l snub0-5)¢] 75, AlEfolell A 20 ool AulE AXEA] AEjolol A FAAH W
AAdo] ol om, HA A2 Fol PAdl 17], HAC 47], NAdl 17], M1d] 17], M2dp 1

N ofrl Ak Wol7 9SS & 4 J2(Kim and Kwon et al. 2013).

- PR8 Backbone®. & snub0-52] E2¢} E20¢] HASF NA A =3 nlolg] 2o 2448 H7}
o A7, F 1A glol® snub0-5 E209] HA®F NA®E X 3tet 79, CEK2F MDCKel A
o] F24 0] snub0-5 E20¥ FAFgE A& gl ol& S, i FdA7E obd HAS
NAdl Azl Wol7} 50-5 nfolej o] FAAHY Wl 71 & 4&FS 75 A& & F+ A
& (Kim and Kwon et al. 2013)(3% 21).

¥ 21. snub0-5 HFolE] =2 E29F E20 ¥ PR8A|Z3 nlolz|~9 AEjo} 5214 % CEK,
MDCK cellol A 2] =214 v 2 (Kim and Kwon et al. 2013)

Virus MDT" (hpi) EIDso/mI” (log o) TCIDso/ml (log,6)°
CEK? MDCK

37 C 32 C 37°C 42 C 32 C 37°C 42°C
50-5-E2 35.0 4.0 7903 6.4+ 0.1 6.8+£05 3.8=01 5.4+ 04 6.7 £0.1 3900
50-5-E20 38.0+4.2 100+0.1 73+03 78+03 55+01 60+02 7.2+01 53+00
rPR8-HN(E2) 104.0+31.7 76+03 6.6+03 7.0+03 2.8+00 57+02 6.8+0.1 <2.25
rPRB-HN(E20) 12040 9203 73403 79406 3.8:00 6.0+£02 7.8+£03 38100
rPR8-H{E2)N(E20) NT® 78206 NT 63+£03 NT NT NT NT
rPR8-H(E20)N(E2) NT 8603 NT 73+04 NT NT NT NT
rPR8 NT 9.4+03 8.3+0.1 86+03 4.3+ 0.0 79+03 8.7+02 3.8+00

¢ Mean death time of 10-day-old SPF chicken embryos with standard deviation; hpi: hours post inoculation.
b 50% of chicken embryo infection dose, EIDso/ml, geometric mean logg titer with standard deviation.

© 50% of tissue cell infection dose, TCIDsg/ml, geometric mean log, titer with standard deviation.

4 CEK: chicken embryo kidney cell; MDCK: Mardin-Darby canine kidney cell line.

© NT: not tested.

- 919 A7 ARE Hgsel, HNS vholelzel £44¢ ®ol7] S8 snu50-5 E20¢) HA
SENA A A7 obElt WMol B A gstel FHHS Prlstua & YT H5% N8
FAA @D WMol % FH WolE TE H5% N8 7t

Jo >
[
B

[t
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3 22. HONS npo]l {29l HAS 2 NAfFxAE o] &3sto] A 2g PR8 backbone Hfo] e 2~

A 2 3o ] HA NA PB2, PB1, PA,
NP, M, NS
rH5NS(P) Hb5(clade2.3.4.4) N8 PR8
rHSNS(P)-m8 H5(clade2.3.4.4)_H103Y N8 PRS
rHSN8(P)-m9 H5(clade2.3.4.4)_K161E N8 PRS
rH5N8(P)-m10 H5(clade2.3.4.4)_1.317P N8 PRS
rH5N8(P)-m11 Hb5(clade2.3.4.4) N8_S369N PRS
rH5N8(P)-m12 H5(clade2.3.4.4)_H103Y,K161E,L317P  N8_S369N PRS

2. HON8 9N FH o FA4 37}

H5NS QEF A olel 2o FHHS F/MY F Qe ARYL FAF
7 X

RN

=
Molg A8g AfolE ofzhel 9y} gel BAL. o AHE T AW
= A

F 23. A A3 HONS Hlole} o] A ool A o] 7}

Az fa NA gt
FH5NS(P) H5(clade?.3.4.4) NG 833 + 0.14

rH5NS(P)-m8 H5(clade2.3.4.4)_H103Y N8 9.17 + 0.14

rH5NS(P)-m9 H5(clade2.3.4.4)_K161E NG 825 + 0.25

rH5NS(P)-m10 H5(clade2.3.4.4)_1.317P N8 733 + 0.14

rH5NS(P)-ml1 H5(clade2.3.4.4) N8_S369N 763 + 0.32

HENS(P)-m1z D (clade23AD HIBYRIBL (0 ooy 883 + 038

EL317P

3. H5N8 WA F w9 A JA5 H7}

- HI03Y 9 Blwol: Fajo] W T4 EAE AP HENS(P)-m8 wA Fu o]
158

ek A AT
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-9l FRF dlolejxE BEIE Estel B3 F, ISAT0 Oild 7302 4 ofA
Oil-adjuvant inactivated WA1-& A2k A 2e WAL 658 SPFH 1.5mlY <S5HE
sty kA A FES HrlstR e (18 16).

H5N8 vaccination

&

2 - MOCK
= = H5N8
2 -+ H5N6
T

DPI

19 16. HON8 WAl HF dd Aol it <A I H71

- homogenous virus®! HON8 &¢o] thal = did oz =L sAA7E &2 4+ 3
2™ heterogenous virus®l H5N6 f%%oﬂ el = oF 16 titer ALl w
A7tE g+ AMS (2" 16). = 2
o}y 2}, heterogenous?d HOHNG Hfo] e 2o EHoHJ\i JH HojsS 714 z,: 9l 5o 3l

sk
.

A AN H

R

E
Z
o0
=z
>,
-101
N
rr
= g
s}
3
)
Q
@
=
S}
=
_?L
T
¥ =z g2
S

54. H5N6 2894 ZSdx volgd~ 929 A% L 54
53 7}

1. HoN6 WA FRF uto]g 29 A& & F244 H7}

- b Hitol: clade 2.3.4.4.9] HPAIQl H5N6 Hbo] & 7} a:L ZRE §950] A=A
A

o §AFAL, oo Ugshs HASH NA §044% 443 Baol

1:110 £

2= 22 clade 2344 Joll = E-5kal H5NgHFol 2] ~9ke] ofn] il zlo] 7}
| wioll H5N8S] HA A& *}a‘lo}xl gat, =« 2ol M el ¥l H5NG *1
Bop 7 Mimrt = 7] AEE HAS NA fHdaE5 4805 F43 HA #+4

e
go -y T
?

N
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2= HAARS AAS7] Yall cleavage siteE ASGRE %] $H815 S

- 9% HS5 FdAek N6 wdAE o]&3te], PR8 Hie]#} 9] 67] internal genes 7HX
PR8 backbone?] %3 vlo)le] ~E A|ZEH(F 24).

E 24 F4E HS A 2 N6 FHAE ol&3dte] A A3 PR8 backboned A xg
H5N6 vho] 2] 2

Az Fufo] H 2~ HA NA PB2, PB1, PA, NP, M, NS

rH5N6(P) H5(clade2.3.4.4) N6 PRS

- H5N8#} & rHEN6(p) A %3F vlole] 2= HAGHA %2 glo]l% AEjolo A =414
o] w9 ol = WaAlE nlo]e AR ALE 7hEEH(E 25).

3 25, Al=HEE H5NG Hhol 2] =9 Al efofel A o] <7}

Az 3ol H 2~ HA NA Virus titer (log10EIDsy/ml)

rH5N6(P) Hb5(clade2.3.4.4) N6 917 + 0.14

2. HO5N6 #j4 F RS uHpolg{ 2o A 45 H7L

- rH5N6(P) WAl W mpole| = HA Ak 22 flole Algjololl A Fd3s] w2 54
é T

S BS, o]lE ulg o2 rHHNG(P) wWAle uw)

- rH5N6(P) #A1S BEIZ o] &3le] &3}
Oil-adjuvant inactivated "8 T

s -
of @A WAL HI test® Fato] B398,

{

O
(o,

- HI test?] 392 homogenous &<l HEN63Y, heterogenous g2l H5N8E

Sro=d A3 FARS B (2" 17).

= °l
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H5N6 vaccination

‘;a -~ MOCK
S = H5N8
g —+ H5NG
T

7 10 14 21 28

DPI

19 17. HONG WAl 5 ol tieh &4 I H7t

- H5N6 Wil SHF= FAAo Hlste] FJojdoe=z e A q7tE 40T + AAS
(129 17). 13y HSHNS WAl T x5 39} wzl7FA] 2 heterogenous 3ol = LK

[e) [e] = [e]
Wolss 7HAA e AE g0 5 S

h BB
- Y AHLAH Z2F AZFAdA vlo]y A= dubg o ® 01% formalines ©]8§3le] 20%=
H = WHS AFE3F (Choi et al, 2008). formalin®] 7 - =
Gl o] cross-linkingS RSO 2N T dw A MAS Frs = 9lom o=
(Jagt et al., 2010). w}2F7}A] =2 “%O] ALEE = Al
A

N

=
A Agelel Qe WA bsAel

o

H
°ko] BPL (b-propiolactone)> = %/‘L% TAso 2 M <9S inactivation A7)+

2 d8A A& 1
- Binary ethylenimine (BED¥ aziridine §4 &% #H}o ]3*4 s Ak} HE-S-3F o 24 epitope

o] FEjetA Wolut A S formalineltt BPL Huh =2 ALR® WES 5 Sl Zo
e 4 9e (Razmaraii et al, 2012, Bahnemann et al., 1990) 5 BEIE o]&3td A
Hholg] =9 EjstA <l Wols Fshx] B Aol bdeA =23 + Us Ao
= 714

27, W) %4

- WAl S Eol7] e e AR o] FdE FeEAN 2 WS R




. dukA o7 adjuvants

S}
=

of

o

5

o
fr=

ol

5t adjuvant

)

]
~

A=

9

ki3

A XS F53 (Lone et al, 2017). 109] FF¢] adjuvantel] th

—_

o}
T
&

ol
M

A3, Montanide ISA 71VG,

e HER (29 18).

) 32 3

(¢}

03
ﬂv.o

oF
NF

PN
T

ol

=
=

>g—

I[SA70VG 1831 GELO1 ©] 7}

-PajeulddeA-uoN

-ojeulby
Lajeydsoyd en
-uesopyd

ks, puna.d ajejdwosu]
Louos

» [OA 081 VSI apluejuopy

1.0 139D 2puBjUOp
-OA 092 VSI SpIUBjUOl
FOA0L VSI SpIuBjuOp
FOA 1L VS] PIUBjUO

H] 2L (Lone et al., 2017)

DS ‘snJiA pejueanipe-uonN
s e—~Al ‘snaia pajueanipe-uoN
LIN| ‘snuia pajueanipe-uoN

Adjuvant

19 18. adjuvant z}olo] u}p&

el

He

XO

7}

ke
|

A Fol A A& ¥ 9dE Montanide ISA70 A%

LHER Sl o,

T

k<)
pa

T

-

(Lone et al., 2017).

nactivated vaccine®

A g

S

adjuvant®s A&

JJo

VN
nt
nt
nt
nt

6.50
3.67
9.83

HI

=

VN
nt
nt
nt
nt

104

FAG7} (log2)
HI

6.33

3.50

8.20

VN
nt
nt
nt
nt

1.60
0.17

HI

=

6
6
6

WIV 1Iml

WIV 0.5ml

ISA70 1ml
PBS

ISA70%2 oil adjuvant

=

=

SPF &
o] & A7HA SPF @2 o
# 26).

(

SFA]

HbH  adjuvantE AFE

-
R

Fotol wol €47} ooz Suist

N
No

¢}

o

8 e

S

_(H

KeN
=

HH X]

1574 ol 2

o
R4

3

=
fns

4
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F adjuvant$

3|
R

oill& 7|Wro =

St

3|
A

Montanide ISA70 #|%o] 7}4

s

B

o
o

o

3} 7:30 7

29

= ISA70=

o] o
AN H .

oE

ox

¢

o
X

~X

Hi

interference =

A=

dl

&

BA o] 3

s

!

=
| .

- gotg] Wl

t2 oA A

5|

e

oF 429 Aol 10¥d A=} Ay

7=

jant

_04

Wz

7ldko 2 Ht oAt u=

=
=

215 (Gharaibeh et al., 2013). €12 o] €

A ol

(Gharaibeh et al., 2013).

PN
T

SH
=

|

)
o
ofp

Ea

2 3}

o

4

PN
I 05

A3, 457 o] Hope]ol

a7}
AR

b

=K

‘mwo

0

(29 19) (Stone et al., 1987).

o
=]

400+

3004

2004

191 H

(Stone et al., 1987)

=
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3

ofp

.
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(SOP)
(SOP) &3

}

et

&

14. HPAI

B w MR A T w =
oF % T e ey a3 )
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= = SN =~ B o . %o | .
= o] B R > e § > . _.Tl -
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The Decision Tree for HPAI Vaccine Use

an HPAI be Is Is
eradicated using Pre-emptive No vaccination No
Stamping out Slaughter possible ?
only possible ? 4
Yes

Is
vaccination
possible ?
4

Pre-Emptive

Stamp Out et o PES + Vaccination Vaccination + Endemic HPAT
only g stamp out stamp out
P stamp out

Are HPAI
vaccinates
slaughtered ?

OIE Country
Freedom with
PAI vaccinatiol

OIE Dx test
for vaccinates ?

Yes

* since last HPAI case or last vaccination

. =59 HPAL Sl = 245 A% oJaadd 73 4%

<HPAI WA HFE 93 oA L 24H 7]=>

Criteria

For vaccination

Against vaccination

Location

In significant poultry producing
area

Isolated farm

Poultry density (numbers of
establishments and birds in immediate
vicinity)

High

Low

Clinical impact

Significant number of sick and
dead birds

Mortality low

Extent of movements
(bird/product/fomites) that have
occurred in and around infected
premises

Extensive

Limited

Evidence of spread

Multiple outbreaks involving
different industry sectors
(compartments)

Little evidence

Likelihood of spread

Potential to enter multiple
properties in different
compartments

Extensive spread unlikely

history of spread in similar situations

Spread to multiple properties in
different compartments

Spread was very limited

Spatial distribution of outbreaks Widespread Restricted
Suitable vaccine Available Not available
Resource availability (for stamping Adequate Limited
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< HPAI %83 oAHd4 72 mAE>

Avian Influenza Control Strategy Decision Support Tool

v
IS THERE A HIGH IS THERE A HIGH
PROBABILITY THAT THE PROBABILITY THAT
OUTBREAK CAN BE ADDITIONAL IS VACCINATION AN
ERADICATED WITH CULLING (pre-emptive/ OPTION?
STAMPING-OUT ALONE? area-wide) ACTIVITIES
Based on: — MO s CANHELP ERADICATION? L] Based on: . —nNO
Time ta detection Hasadoie ~Appropristensss of vaccine
sExert  * Socklipubic perception “Legal authority sLab surveillance resources for
*Biocontainment efficay sResources vaccinates L
sPopulstion densty *Sacialiuslic perception sRezources to cany out vaccination
Enterprize type slnpacts
"Resources
“Impacts I [
T
YES YES YE|S
v | v ) ) ¥
Stamping out of Stamping out of Iz the objective I5 the objective Is the objective Is the
infected and infected, 1o protect rare to address the to prevent digease
epidemiologically epidemiologically birds/breeding lack of resources spread to a nan- endermic
linked premises linked and other stock elc? for culling and infected area? 7
high-risk premises ‘ P reduce_J ) r | e |
circulatine viras
YES WepsiTE YES ¥ES Meedne  yEg
¢// ﬁraieM Vsﬂeﬂegyw
Fratective Suppressive Buffer Elanket/
vaccination of vaccination vactination mass
target birds within vaccination
demarcated
vaccination
Zone
¥ ¥

Surveillance Surveillance | | Surveillance | ‘ Suneillance | | Suneillance H Suneillance

Ao AL WAl A3 dFAE 5= (A4 H9EF)

Research

Institutes, etc.

Animal Preducts . orgg ;gﬁ
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| Z==ds | D-06

O v Al iy 5 YA Al HAF7 2 =

1) HA, NA f3# A4
- clade2.3.2.1c H5N19] HA, NA §#F A4 <&
-> opeftElFEHH HA, NAFHA 2249
~ clade2.3.4.4 H5N8S} H5N6S] HA, NA 37 44 b
-> 7V FHZ FaAdd HS HPAIO tiste] =u]-9] 2]l thsh fFdA FE database
(Influenza Research Database;IRD % Global Initiative on Sharing All Influenza

Data;GISAID)E %3} consensus?d HA, NAF-AA} &x
2) WH -2 44

- AElo} B EHFol ik Weo] v, A
2 A4 9w

AR (BF ol EHAE7N?

ol Mol SAd Aol ¢4k NS #4d
- Efel i@ eAdol = PB2 A AA 2 W PB2 ofbv|wat Wo] 2

=
- CD8+ T Cell epitope®] W3t XL =9 broad protection®] Thal 7] WAl )
o ¢ NP, M 32 A4 ¢

3) H5 HPAI #A1F M A

B

- Dol AAFE HA, NA 4245 Ei& 3k PRS backbone® H5N1, H5HNE, HHN69
HA, NA 42 B3k A %3 WAF (3% o)) A4 g8

- oA AAE UF FAAS 338 H5N1, HENS, H5N6 A %3t dlole]~ XA &=

! 2

O AAH Al BAF & Z5H77 dRHAE7P
1) =24 H7}

o [e]
- 10¥% SPF o5& 24 54 (ElDso/mD) =
- MDCK cello| A9 24 =4 (TCIDso/ml) &=
2) 3AA H7}

- HPAI (H5N8, H5N6) AF5aAl 3 SPRo|A 9] A7 H7t =
O AAR"E Al A gt ekAA H77F SR HAETP

1) ¢k Hrt

- HPAI (H5N1, H5N2) walZe] tjst vup9-~ HAA HFr 98

2) A A W wols Hr)

=

- HPAI (H5N1, H5N2) W10l gk Wols 2 34 4% H7F $s
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6. ATIFANN FHE ARt

| FEWNF | D-08
O U AEFAA vpolgj s T AL
- 19599 AFor uwdy JdEFAA vhol ATt BA sl o, 1996 Fre] FE Aol
A ARl Altete] JAAA L ofAle}, ozt frlE AT oF 6371 yele] wAd s
<.

- YA JAEFAR vlolel e ThairelA W AlekE HS B H79 AMAA JAEFA

vpolg o 578 EAWol7f MAlste] A Ao Ao A ShE npolgj g FAE]

27F 7haddA] ofAERFE HAAA HAA FH5ER HIstA HAS (Feare,

2010). HoN1 ¥ QA = Falz} nlole] 29 FH AFuE AlgEo] AlSslE Hog =

TR, B2 oprlo} vyt A HewlE Abgete Aol ok EAFOlA JteRE A9
1 95 (Swayne, Spackman, Pantin—Jackwood, 2014).

- 20034 oleubetel A wAA ABFFAR wholH 27t enzootic A WAFO] we 2t et
oA AWe FASH=E 27b4 WAl F2 28,

1. W& Aoz E3F Stamp-Out

O AFFAME WS
20029 E 20109 Abolel 1570 Lhebel A 113419] BeFe] olESala mAle] AbEEo] S
& 1% FRNA AR ol 9099%, ol WET} 465%, AwEH|Alolsk 232%, W=l

143%E o|F3 S (Swayne, Spackman, Pantin-Jackwood, 2014).

- YA 2F JAEFAA vlojy A~ WAl o® ALEE = WA FE FEH= oil-emulsified
whole AIV vaccine®. 2 o|= A A|&2] 955%E A8k 912, live recombinant virus

vaccine©] A|gtH o2 ALE-¥ a1 Q) (4.5%) (Swayne et al., 2011).

- spray®irl o2 A EI7lFs wIlE wholgl 29 QEFFAA vlolgx HA FHAXE A4S
live recombinant ND-vectored vaccine with H5 ({NDV-H5-AIV)9} 1d=#Ho] A &7153 =&

2~ wlolg] 2o H5 F4AE A3 WAl (rtFPV)-vectored vaccine &G A] 7EHE o] &

- A FEHA ATHL A= WA AR s okl SIS 25 (R D).
* inactivated whole AIV
= live AIV
» live vectors
= in vitro produced hemagglutinin

= DNA vaccine
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stAlRE 1% AA fieldol 3
o)

vectored vaccines® <.
o} fNDVEF 22 NDHE 9

A #Hohe

Al

PN

hud

inactivated vaccine®] 45+ 71
18 spray® 487153 4, rHVTO

[e)

=

q4F

pss
T e 1- = =] P =
i in ovo Xﬂ* §ol 7hed A3 22 FHol A7 MEe Tlees &
T = =% ol
g JAEFAA wtolg 2 FE FoloF & ow A7y,
F 1L AEEAAY AAFQ nH9d AdESFAA} Aol s WAl
Inactivated ATV Adjuvanted whole  Chicken (layer and  SQ, IM, in ovo  H5, H7 Yes Yes Mastly oil-emulsified; some with
AIV broiler), wrkey, aluminum hydroxide. Tncludes
duck, goose, H5 and H7 LPAIV, H5 and H7
other poultry, HPAIV, and H7 reverse genetic
200 birds LPAIV seed strains. Requires
parenteral administration
Live ATV Live wild-type Chicken IM, IT spray H5, H7 Yes No Rumors of intentional exposure  (Swayne, unpublished
LPATV with LPAIV to protect from information )
HPAIV have been reported in
HS5N1 and H5N2 HPAI out-
breaks in 1990s and 2000s
Attenuated LPAIV  Chicken Spray H5, HY Yes No Temperature sensitive mutant or  Park et al. (2006),
replace HA with ectodomain of Zhang et al. (2012)
NDV HN gene; risk assessment
needed for reassortment poten-
tial
Live vector rd-Adenovirus Chicken SQ, IN, in ovo  H5 Yes No rd = Replication defective, only 1 Gao et al. (2006)
round of replication occurs after
injection. SQ and in ovo pro-
tected
Avian leukosis Chicken M H7 Yes No Hunt et al. (1988)
virus
Avian paramyxovi-  Chicken Eye, IN H5, H7 Yes Yes Licensed in Mexico and China Ge et al. (2007),
rus type 1 Swayne et al. (2003)
(rNDV)
Duck enteritis virus  Duck M H5 Yes No Submitted for license in mid-2012  Liu et al (2011)
(rDVE) for ducks (China)
Fowlpox virus Chicken (layer and ~ SQ, WW H3, N1 Yes Yes Licensed 1997 for chickens (USA,
(rFPV) broiler), goose, Mexico); used primarily in
Muscovy ducks Central America against HSN2
LPAL limited use in China
Table 1. continued
Vaccine Vaccine Species Route Al subtypes  HPAIV Licensed  Comments Additional references
category challenge
tested
Herpesvirus Turkey  Chickens 5Q H3, N1 Yes Yes Licensed 2012 for chickens (USA, CEVA (2013), Rauw
(rHVT) Egypt). Used Egypt eval. (2011)
Infectious laryngo-  Chicken Eye H7, H5, N1 Yes No N1 did not protect Pavlova et al. (2009),
tracheitis virus Veits et al. (2003)
vector
att-Salmonella Chicken OR H5, M2e Yes No Anenuated vaccine strain. Failed Layton et al. (2009),
typhimurium to protect from HPAIV chal- Pan et al. (2009)
lenge with single oral immuni-
zation
Vaccinia Chicken IM, 1P H5 Yes No Low to no antibody response Chambers et al. (1988)
rd-Venezuelan SQ,inove H3 Yes No rd = Replication defective, only 1 Schultz-Cherry et al
Equine Encepha- round of replication oceurs after (2000)
litis virus injection
In vitro pro- Baculovirus in in-  Chicken, Muscovy  SQ H5, H7 Yes No Crawford et al. (1999)
duced hem- sect cell culture duck
agglutinin
Eukaryotic systems Chicken M H3 Yes No Nicotiana sp. Kalthoff et al. (2010)
(plamts or cells
cultures)
DNA Naked DNA Chicken M H5 Yes No Naot financially viable, Improve- Rao et al. (2008), Su-

nd

adjuvants to decrease quantity

ments needed in promoters

of nucleic acid needed and re-
duce number doses for protec-

tion

arez and Schultz-
Cherry (2000)

(Swayne, Spackman, Pantin-Jackwood, 2014)

O T=ollA A5 =

._l

- 19964 Z ol A SRR R = s olZ =
(A/goose/Guangdong/1/1996). & Ak o]g2 HOHN1 Hfo]#] 2~
of FAAFES WA FHon, 59 HAE HWE WUiks (Fan

a0 A

-

Foll AHgEE WAL FFelx

o

KeR
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ol A

Ao 2004 TH“ PR8 #lole]z=o] Wi {4

=

UEAIE}= epizooticdt HHN19o| o

A8 71 A
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et al., 2015)
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sl strainoZ X #et= IFHT 7|HE o] &3
A/goose/Guangdong/1/1996 1}o] Tﬂi-‘ﬂ HA, NA F4A= 71#

o] F2 @A
CRRENER))
A58 7S
L Aol
ol

N A&

Re-87}4]

F 2. THoA ARE B

Fashs HA, NA 4

AE

o]& 3% Re-1 H}ﬂaii o|F g A&

(Zeng et al.,

Table 1. Status of avian influenza vaccines in China (November 2014).

2016).

3} vectored vaccineGA] JNEE S o}

2ol Re AEY]
& vhold

Laboratory

Harbin Veterinary Research Institute
Harbin Veterinary Research Institute
Harbin Veterinary Research Institute
Harbin Veterinary Research Institute

Harbin Veterinary Research Institute
Harbin Veterinary Research Institute

Harbin Veterinary Research Institute
Harbin Veterinary Research Institute

Harbin Veterinary Research Institute
Harbin Veterinary Research Institute
Harbin Veterinary Research Institute
Harbin Veterinary Research Institute
Harbin Veterinary Research Institute
Harbin Veterinary Research Institute
Guangdong Dahuanong Animal
Health Products Co., Ltd

Harbin Veterinary Research Institute
South China Agricultural University
Yangzhou University

Qingdao Yebio Bioengineering Co,,
Ltd

Harbin Veterinary Research Institute
Pulike Biological Engineering, Inc.
Poultry Institute, Henan Agricultural
University

Qingdao Oland-better
Bioengineering Co,, Ltd

Poultry Institute, Shandong Academy
of Agricultural Science

Poultry Institute, Jiangsu Academy of
Agricultural Science

Institute of Animal Science of CAAS
Beijing Veterinary Biopharmaceutical
Manufacturing Company

Beijing Ceva Huadu Biological Co., Ltd
Nerthwest Agricultural and Forest
University

Qilu Anirnal Health Co,, Ltd

Harbin Pharmaceutical Group Hoelding
Co, Ltd

Vaccine category

Reverse genetic, oil adjuvant
Reverse genetic, oil adjuvant
Reverse genetic, oil adjuvant
Reverse genetic, oil adjuvant

Reverse genetic, oif adjuvant

Live recombinant NDV-vectored

HS, freeze dried

Live recomhbinant NDV-vectored

H5, freeze dried

Live recombinant NDV-vectored

H5, freeze dried

Reverse genetic, oil adjuvant
Reverse genetic, oil adjuvant
Reverse genetic, oil adjuvant
Reverse genetic, oil adjuvant
Reverse genetic, oil adjuvant
Inactivated, oil adjuvant
Inactivated, oil adjuvant

Reverse genetic, oif adjuvant
Inactivated, oil adjuvant
Reverse genetic, oil adjuvant
Inactivated, oil adjuvant
Inactivated, oil adjuvant
Inactivated, oil adjuvant
Inactivated, oil adjuvant
Inactivated, oil adjuvant
Inactivated, oil adjuvant

Inactivated, oil adjuvant

Inactivated, oil adjuvant
Inactivated, oil adjuvant

Inactivated, ail adjuvant
Inactivated, oil adjuvant

Inactivated, oil adjuvant
Inactivated, oil adjuvant

Subtype Commercial Strain
name

HSN1 Re-1 A/goose/Guangdong/1/1996 (0)'

H5NT Re-4 Ajchicken/Shanxi/2/2006 (7.2}

H5N1 Re-5 Afduck/Anhui/1/2006 (2.3.4)

HSN1 Re-6 Alduck/Guangdong/51322/2010
232y

HSNT Re-7 Afchicken/Liaoning/54092/2011 {7.2)'

H5N1 rLH5-1 A/goose/Guangdong/1/1956 (0)'

H5M1 rLH5-5 Ajduck/Anhui/1/2006 (2.3.4)'

H5M1 rLH5-6 Alduck/Guangdong/51322/2010
(2.3.2)

HSN1 Re-1+ Re-4

HaN1 Re-4 + Re-5

HSN1 Re-4 + Re-6

H5N1+HIN2 Re-5 + Re-2

H5N1+HIN2 Re-6 +Re-2

H5M2 Alturkey/England/N28/1973

H5M2 o7 Alduck/Guangdong/D7/ 2007

Hanz Re-2 Alchicken/Guangxi/10/1999

Hamz 55/94 Afchicken/Guangdong/55/1994

HaNZ F Adchicken/Shanghai/F/1998

HaNz YBFOO3

HanzZ sDega Ajchicken/Shangdong/6/1996

Hon2 HL

HanNz He

HEMZ L

HINZ 52

HIN2 Nia2

HoNZ WD

HOMNZ HN 106

HIN2 Jinga11

HaNZ Sy

HaNz LGt Alchicken/Shandong/LG1/2000

Han2 Iy

"inclicares ¢ wlar Influs yinuses.

(Fan et al 2015)

O olFEA Algs= WAl At 1 317
- oY EE 2006WF-E HON1 L4 A=

FAA wpol ¥ 27k WA

A 239 0

A
=
—=
=l
, A
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Ao = AR, B FHA], 2eal gk olF A AAE Aldeds (s A
9] 3kmyiH4). 20060 3EHEHE= RE Ao WAL = FAo] AEEdem, 2007
5URE AYE

- BFAITF 2008 7€ AlEA<Q HHNI 2o =2 Q13te] AR = H5NIHFo| #1222 endemics
MG (Peyre et al, 2009). sHAw MAHFL WAy AFFAA 2ho] 2
< "AA FRoem AL ArFelAel A At FEeAl IS S
(EMPRES/GLEWS, 2009).

- bEROl @ WA A E7) AvpAl] vhelel o] AnE AdsE meHelgont,
O 5ES g WHolFrt T AT wet AEH R THASA S, g o]yl thkgk wlolF
o wAe mRAel WA FuF AEL O oY su U

E 3 ol FESA AHgEE WA
Vaccine strain Abbreviation Clade Accession

number

A/chicken/Mexico/232/94/CPA (H5N2)  Mex/94 - AY497096
Afturkey/England/N28/1973 [H5N2) N28/73 - CY0320993
Aturkey/Minnesota/3689-1551/1981 Porsdam/86 - ABS58457

(H5N2)
Ajduclk/Potsdam,/1402-6/86 (H5N2) WIN/EL - AFO82042
A/TY/California,20902,2002 (H5N2) - - Mot available?
Ajgoose/Guangdong/1,/,1996 (H5N1) Re-1/96 0 NC_007362
Ajduclk/Anhui/1/06 (H5N1) Re-5/06 23 HM172115
A/mute swan/Hungary/4599,/2006 Hungary/06 2.2 KP969039

(HEMT)
Ajchicken/Egypt/18-H,/2009 [H5N1) H18/09 2211 CY062601
Aychicken/Egypt/Q19950,/2010 [H5N1)  2583-V/10 22.1.1 CYD99579
Ajduclk/Egypt/M2583D,/2010 (H5N1) 1955-V/10 2212 CY 099580
A/Egypt/2321-NAMRU3/2007 (H5N1)  2321-H/07 221"  FEF535822
AEgypt/NO3072/2010 (H5N1) 3300-H/08 221.2" CY062484
A/Egypt/3300-NAMRU3/2008 (H5NT1) 3072-H/10 2.21.1"  FJ226061

* Mo genetic information available for this vaccine strain.
" Strains selected by the WHO as vaccines for human.

(Abdelwhab et al., 2016)
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— kA AT S A AT b B A0l Bk HE(olsF A A8 (alS
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[2ai2lug] SHEH SH0[X]
(http://ieps,snu,ac kr)

[FiHng] HEmg Suo] AadE 05

« DS AFAOEY SEER|AASN] 2
{hitp://snulab snu ac, kr)

] £ 20| & UARIS| RSB T 6
Ol 0|4t A= MFWS 2ARID}
7T 2AZIE 0148t Ao uZ

7jEn el 22|dE ol

oS =& SRR g T 230In]
st » | J8 HHas 6 | [2aRIRg] Sk SHOIX

- SHAQEHA EH 00X XiE B2
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