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OIZ20XH= R 2EYAHI0|ZA(Orthomyxoviridae)dll 8= 24 715k RNA(Negative-s
e) HIOIMAZ, MZ CHE 8712 RNA 2E=Z 71

- QIZRX} HIO|HAE —_rLZF_E._f“—”.’é'(matrix protein, M)z} HEtEE (Nucleoprotein, NP)2| &t
=

A KHOlof T2k A, BY, CY, DECE &3 0| & A2 Al 52 Z5F0IA HSEIH,
7F HHO|7F Bok T '|Qr°c|-:!9—| Yolo=Z UK US.

- QSRR AY HIOl2{AE EHOl U= F 7HK THHA F 602 2EIH (hemagglutinin, H
A)2t S2t0ILICHI(Neuraminidase, NA)E 7120 F OFHOE LI=0{Z!. SXHAl HA ofde

187H, NA OFE2 172 YHM US.

- QIERQIXt HIO|2{A = CHEHO|(antigenic shift, major change) = AH0|(antigenic drif
t, minor change)2 2o 210l H2Fe 4 UAS. Olofl T2t 71& TAlls S0l tHell Al&3]
WO + QICM, QIEZARXt HIO|2AL| 7 Y 59| 252 AE AFE =it M|
oj

3l(pandemic)2Z O0|01E 4 AUS.

INFLUENZA VIRUS

<7 1> ASFAA; Ho[2 A (AL 478 O[D]Z])

1) Subtypes of Influenza A Viruses, CDC, https://www.cdc.gov/bird-flu/about/avian-influenza-type-a.html
2) REQIZZAZH(A] AAZHZ, M-20rAE Y, https://www.amc.seoul.kr/asan/healthinfo/disease/disease
Detail.do?contentld=33902&utm_source=copilot.com



- QISRAUXL Hol2iA= S4 3 ZF0l 02 THAIE AT HIO[2AL| OtdES 28dt= dlil=F
H(HA)2 =3 MO0l HIO|2{AYF 2AISHT MZ2fut 886t Ol 2t0I6HH, F2t0ILICHREI(N
A ETHOIA HiOl2

=
7% HIOIH ALl £ X TEYE M2 HIOIZ AL HEHE 28sh= Ol U0 HIO|

A EES
21A0| A% 3 Z0t0| ST S StH, A& HHME M2= pHE ZESH= 012 2=, Ht

= =
Ol2ATt &3 ME=Z FUet = L0iLt= I A 2H06HH, S49| OFXIe TAIRl & 2
5

AT EQ3t cigg 3
- B HIO[2IA HOIS AIEISE| Qo MAE U4 JIE HIOIRIA MRNAL %3S Soff MZT

Z 0|88 =3 MEO MEZONAM 'Polymerase Basic THEZE'(PB1, PB2), NP, M1, S, NS1
2l NS2 S0| 4L, 0| & PB1, PB2, PAE diO=Z 0|S6t0 HIO|2{A RNAQ| FAL
SH0 2oE =5 MIZO| oM ME 2=l PB1, PB2, PAQL NP(HTHHHA) = ZRSH0 Al
Z2 VRNP(viral RNP) 2&HIE @4%. NS2(NEP, Nuclear Export Protein)= & LHOIA]
VRNPRE M1 BRSO 2 2ES OiMSHe & 1HFE0l 2Hoiet

CHEHAS =3 MIIE THO| A|Y4(sialic acid) Tt710 22, o

3 22 FE 2FQ 2571 JUMI0N EL6HH, 02,6 ZH2 F2 A9 &71=(
7

|:|OI-

N

kL

A B s
@ Hemagglutinin w Host cell
ab 4
o M coon @2OMH
A;_?:Q' Q7 226
£ Vil Ho O OH [GIeNAG
Viral RNP o \ &Q\ro’éﬁ/%
’ NHAC
Bwm O e i ?o%-' Gal
O M2 © NP nd on OO 20|
PA RNA J — -
O f v Influenza A —
Q PB1  @= Sialic acid virus € Neuac ()Gal [l GIcNAc

=21: JBC(Journal of Biological Chemistry)

3) Rehman S, Effendi MH, Witaningruma AM, Nnabuikeb UE, Bilal M, Abbas A, Abbas RZ, Hussain K.
Avian influenza (H5N1) virus, epidemiology and its effects on backyard poultry in Indonesia: a
review. F1000Res. 2022 Nov 15:11:1321.
doi: 10.12688/f1000research.125878.2. PMID: 36845324; PMCID: PMC9947427.
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- OFl =%, E5| OFY £ ZR9| 3R, MEYY ZFAERUXHLow Pathogenicity Avian
t

ECINES ‘Ba—*?l% SHRIZE @34 7|ZHof| 2= = ROUE S L
UEE &S Eof HiIt 22 VIBRE HIEN B & =2 HEE AN, 18YE =&
QIEZAIXHHighly Pathogenic Avian Influenza, HPANZ tHO|7t &l

=

- MIAISEE2AH717(World Organisation for Animal Health, WOAH)UIA T&2ld XZ01E
2XH= H5 = H7 OFd = Hl40] 1.2 04 IVPI(Intravenous Pathogenicity Inde

6732l SPF &Holl 3 & S YLELS O(BE)~3AE)NA| Ha3t ot )

£ 7I&2 0d.7)

- MBS RRUSZAUX0 ZdFE H2 B0l &= H0[AHLE FEL 8 182dd &7
QUSERAUXI= ozt =5 L2t sS4t otgt Nof, HAE f2E. i, HEEd 2FUAEFU
Kb HIOIZAL DEYY ZRASTAURZ Hetel FR8), o205t S HAE 0PI £+~ /U2

- RELIOIME 1EY ARQISFAX= TS oY) & M1S 7I=UgE2z X
ot ACH, MAIS=EA7IFUME 22| e L= XIFotd AN TS Aoz E100F
EE 485t s

7h &=

Atlgate|, =F SOl M2k AI7F AS. MAISSEAVIF0IME Al ~=0lM
L =

AN
2hits B0 2 22 fot BEVIE 2122 +

4) Fournié G, de Glanville W, Pfeiffer D. Epidemiology of Highly Pathogenic Avian Influenza Virus Strain
Type H5N1. Health and Animal Agriculture in Developing Countries. 2011 Jun 21;36:161-82. doi:
10.1007/978-1-4419-7077-0_10. PMCID: PMC7122524.

5) Rehman S, Effendi MH, Witaningruma AM, Nnabuikeb UE, Bilal M, Abbas A, Abbas RZ, Hussain K.
Avian influenza (H5N1) virus, epidemiology and its effects on backyard poultry in Indonesia: a
review, F1000Res. 2022 Nov 15:11:1321.
doi: 10.12688/f1000research.125878.2. PMID: 36845324; PMCID: PM(C9947427.

6) '23/24 THYUM ZBOIZ20Z} HEIRAF BMEIN, S2UZAAGREE 202411,

7) Avian Influenza in Birds, U.S. Centers for Disease Control and Prevention (CDC). 14 June 2022.
Retrieved 6 May 2024.

8) ‘LPAI>HPAIL B Atgf: BIA|Z H5N2(1994), O|=&|0F H7N1(1999), 7HLtCt H7N2(2004), Oj= H7N9(2017),

232413 DYAUY ZRABZAA A3t RAL BHRIM, SHSAZALE, 2024,
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728 AM[2I0F HFUIME Of2] Kf2fl 20l 20E[YIQH, 2006 28 0|R0l= RAE
20, 2Z20LEIOF, HIOf3, YA, =2, J2|A, ATSUE, AQE, AL S 02 =7H0|AM
e A7F E10EI0 Y2 SEQEZNA| SHEIRS.

- QEAIZOIM A (European Food Safety Authority, 018t EFSA)Q| Q|HA(2023) LIS
HIZOZ, THRE ZRQIERAUX}; HAHY| AR E= JHY SO Al 7|=2 47K £ EEiE

7h 23t #4l(Inactivated and adjuvated whole virus AlV vaccines)

3
- S W2 VY 2l AFZEIH & £01H MEH0| Sifks ZE0I UAS. E X HMUSE 2+

- A™AL QHFSHReverse Genetics)!) 7|22 HPAI(ZHIAN)E LPAIMERAE)Z 510

WSUTSE-2(BSL-2)2 Lt HHHUAME WAl Lol 7H5E.
- MZ2 20| HI0|2{AYF Zooliz, 3iE HIO|2A RTXE ME EUCZ WAISHO #44IR0f Hif

2 T=0| 7ts. SHRIZE XA HAS 2o =7t HE(booster)0| BRE £ AUAS.

- St W2 ZAHIRFeSH M0 B0 ”BE Al7] 28 Al BEA] 12480F StH
=

Lt) #IE eiAl(Vectored vaccines)

- WES HIOIZIA HEIO: HVT)OI ZROISZOIR Hiol2A SIS AIst0l AIZE

- J1BE 2OIA ZEOISIH AFZEIT QOM, Batet HAl CiH| DHISQHKI ZHI0l 2 BIzE,

- 7|2 HZE S MY 2 AHS 2~3F7t K|LIOF SHH, LB HVT-HE A0 22 M 2=t
Xl 477t A2

- JYHE HHA2 SEdsr SHA0| HisH ZAIQEAIel 20 B TIZSHH, &R0 YKIGHK| =

HIOIZI A0 CHOHAME HAl 250 UMz 2 s ¢S, L, 4l (Live attenuated

vaccines)Q| 32, MEdo| H5, H70|2t1T stHEE

HO
ox
|o
HU
rz
o
utn
.{_o
ot
=
o
<

|

N

10) EFSA AHAW Panel (EFSA Panel on Animal Health and Animal Welfare), European Union Reference
Laboratory for Avian Influenza, Nielsen et al., 2023. Vaccination of poultry against highly pathogenic
avian influenza - part 1. Available vaccines and vaccination strategies. EFSA Journal, 21(10), 1-87.

https://doi.org/10.2903/].efsa.2023.8271
1) SE3t #A A2 IHOM HPAI LbE7| dAH HYE HUF7|Z 28510 Ho|2 29 =d& S22 O
2
o

e
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2) DIVA(Differentiating Infected from Vaccinated Animals)
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AtEste T4l B3 M QLo syl
712 Sl ME, 22, EHHIZI0F SOl LA
OF WEA YHIOIEY} 7tsdl #0lx: Hao |

Biol2iA FHHIS
R ES

EY CHE(ZzZ
7 HAS

2l

CESh LHE CHEHEl(internal viral protein)g &6HAl 0t 71&

H(NP-ELISA12) 2 o EAIE & UB.
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rr

= X=X
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2t) dlAt 8 Al (Nucleic acid vaccines)
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'03.12.10-'04.3.20.
'06.11.22.-'07.3.6.
'08.4.1-'08.56.12.
10.12.29-11.5.16.

2003/2004  H5N1
2006/2007  H5N1

2008 H5N1
2010/2011 H5N1

® "14.1.16-14.7.29.

@ "14.9.24.-15.6.10.
® 15.9.14.-15.1.15.

2014/2016  HBNS8
@ 16.3.23.-16.4.5.

16.11.16.-17.3.3.
17.2.6.-17.4.4.
17.6.2.-17.6.19.
17.11.17.-18.3.17.
20.11.26.-'21.4.6.
2111.8.-22.4.7.
2210.17.-'23.4.14.

2016/2017  H5N6
2017 H5N8

2017/2018  H5N6
2020/2021 H5N8
2021/2022  H5N1
2022/2023  H5N1

H5NB ® '23.12.3.-24.2.8.

2023/2024
H5N1 @ 24522

2025/2026
13)

HBENT 25.9.12.-'26.3.19.

* H5 674 ZE3f

MOISZZE AQEAIEA S8 EM2 2 99 9l 242 S8xoz 2
S EMBARIOIA HPAI TAZBE MOl OfoH HIOIZIATE SUE
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= BT
10 9
5 6
79 18
34 54
84 290
197 136
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55 48
22 23
34 38
17 15
91 54
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4 | WE | a4 [F7[BEA| B | MTA 138,605 I H5M1 1115
4 |43 nze | EE| R | B | 22 18 1 H5N1 11.28 5 | WE | 1as | F2I|SEA| B | M8 | 269228 X H5N1 1117
S | Oi&E | 1125 [SE| Mi | 28 (2207 32700] 1 HSN1 11.26 5 | M| 1117 |[=E(FEZ| 28 | =27 4100 I H5M 1 1118
6 | 43 [ 122 |EE| TE | =22 |8se: 22000 1 HEN1 123 T U] 121 |BIERA| FH | oEA | 148973 4 i, 2
- = = - . z 8 |9 | 128 |PE|TYC| =20 | SE2F| 063 3 H5M1 129
T|HR| 12 |4E| HE | B | U4EA | s 1 HEN 122 o a3 120 [ze|aen| 5 |~z | 5215 2 HSN1 1210
8 | d3 | 125 |®E=E| ZH | 2d 17868 1 H5N1 126 o |43 ] 129 [@7|egal| ® [ a2 | 26367 2 HEN1 1210
g | M3 | 1211 |2=| @8 | = pagag| 1 HENg 1212 N | d3 ) 1214 |85 |58AM| F |SEFA| 376y 2 H5N1 1215
; = 12 | #3[ 1215 | F7|BREA| B | A | 202781 X H5N1 1216
10 | 4 1212 | B2 | 29 | 23 zzoo0l I H5N1 1212 — —
13 | 3 [ 1218 | SE|DMZ| B | MEH | 243413 2 HEM1 1217
AR s | EE) BY | B | 48 | ey 1 i i I R R I E R T
12| & [ 1237 (E=2| 22 | 22 | 8228 32000 1 H5N1 1218 15 | {3 [ 1247 | SE|22A B | 42A 16,815 2 H3M3 1218
12 | oE | 1213 | EHA| Z=m | B | ded 7306z 1 HaNT 1220 16 | A& 1210|885 RN 20| 389 228 El a1 =5
= ——— - 17 | 43| 1221 |22 |FHE| 76| =2 | s7o000 2 H5N1 1222
T4 | Mm) 22 (B eE | B ) =EH o e HENE: | Em 18 |wz | 22 [z=lsez) g [ 42| mag 2 HSNT | 1223
15 | M3 | 122z |EE| LH | B | 424 72337 1 HaNT 1223 19 | M| 1223 [ FHE|UFA| 23| E23 5000 H5M1 12.24
16 | M3 | 1225 [FH7| oE | B | A 71630 1 HSNi 1226 20 | W) 1223 | BN |BA| B | MBA | 118135 A i =
i — - — 21 | BE | 1223 |ME |18 22 (ge27 gooo| 2 H5N1 12.24
| G| 6 | R s [ 2R)8s08) stoo A L 22 | W | 1224 |371|29A| ® | wA | 263459 @ | rsni | 1zzs
18 | OiE | 1227 |BE| UE | B | 424 15635 I HENT 1228 23 | 413 | 1225 |2 |oMA| B [22ZH| 21000 2 HS5M1 12.26
19 | M3 | 1230 (B=| 24 | B | 424 42651 I HSN 1231 24 | WE | 1226 || TYE| 22 2822 32900 2 H5N1 1227
AR R W = — = 5 | wE | 1228 (== |24 28 | =29 10000 2 H5N1 1229
=) W) e Adt) A | : R, K HEN it 26 | 12 | 1228 | B2 |UFA| ¥ | M2 | 4s000 = E 1229
o[ d3 | s | EE| I | 23 | 2228 16068 I HN1 16 7 | 4T | 12ze | |ESA| B | A2 04538 2 H5M 1230
- L= o l=ulaa |l o loa=x e ] n 28 |43 | 1229 |=E|FHEZE| 28 | =27 78000 2 HSM 1230
25 SUSUAEE ZRUBRAR YA
O|A = H ol d
Ll L TEYY ZFQISZUR & 3 2 AIHH
1) H FOq &4 XH
o 1o
E eHd o
7t EEYAMY|IZE 2F
- EH| A =20|=E= L X (=) SIS = mf =] O|& ]
L 1FYS RFUSFUX= 2 A=E BM 0l AlI7I2F &= 21”0l ARV =0,
H L =N E eHY 2 O
F2= 0id 7I28H SN ESYAMYZtE 22
=~ L = old E eHd o O °
- 2025/2026'F S27|0l= 2025 102 122H SELAUMY|IZE ML, 2026'H 4
= L O|& L (@] A=) (=) ol
ol A-ZTF HoF ALt B0 712 42 15YUNHR] AR
=]
LE) OE-Z=7] LA KA
- 25 (o) 3 ol = sH 2 = XKt d k=]
7t AT O|ESHR] 411, FUIBAR FLHAE 8ol HF HHNE =70 He A2
=3k 2 Lt O O =Xt =~ XF A o1 &2 =
3. 2026 3 M 2Ot 8222| =& Atz ZUI0IE AHAOIA H5E 20| 2HIEl
C ol = | & Ol A = = =
Ll SLUBAE Solf HONTE nE2AY ZRUSRAUXIZ =7
- L 2| EAFAIIIH / = LXF HOlA o|& RIE2HAH E
STHRAAER0 LIEH 2025/2026E A0 s 2BAR! XS 2E58E & 55
X=X 5 = HFA = =) =1
o WEES Edf /IEsT 2 60H & 2242 =70 HA



16

207, 5T LRI A=, HAHZHA

00 FENQaM O|REXE Vol.16

mr

F

crojo| xt
- 20264 1€

PN
o

=l
=

E[ALE SH|

t

= 1112 XIEol

.
o

Off TE2t

=)

A 5 539
BAIRH O|SH|

b

=
—

b

A, K, =5 01s0| A

A
&=

0

2 X HMZeHK] 2 20t 212 ViEsd SOl

= b2t =~ 0

.I

| 7lesE0l

x
7t

_

—

HCHAH Ol A =

F

—

o
o

-3

|.

o

2
ALH QoI

O|SAl

=1
o

Si=
Al

F

EENES)

NER] S A O

Tl
Kk
KO

Ho

ol
1

2 5tk|, HI} 2

I.

2 M3l 2025/2026 &

= [

=
=

HIX|S A
oo= T

=

s}

OlA &2l

=
=

0] HOH &4

4

271 ™0 A

- &XE0| 0|R0KIH Heg ME7F HEEK

S
KH

MR, 2025E0= £12 1

=
o

=

i
<+
ol
KO0
ol

ZFOH
o

—1
[

A S0l CHall X2 2

=)

=)

MM H&

L

—

S

L

—

|2 S7toll

(]
-

dIE|E,

.I

ANES NMZ =K 2 710
A

(o]
A

I.

N=|
o

4

A=AlE

KIZIX] S4AHLE

- Cfe MZECE
- SESMAEETA H2026-252

A S0

|:.
=

7
L

76t AQH, M5 (HI26X-HM30R)0iA =

ojn

2, 2026. 2. 2., ¥R, HAHA

SHELMAMEFHETA %2026-25

=
O




17

t

.|

71 oS &

__'.L
L7t AeB=z LFSHHoF ottt

HE )

® HM29Z0 Tk
<7t

HI26%(

00 F=ARAUM Clx=EE Vol16

=13
=

= X

=

=i

101

%0
R
Ko

<

=X

Mo

~d

H

M27%(

I.

Alofl Ct
b 0E&=0| F=0

ZR|, A2 S)
HE7t=01 SIOIE WHIHAl EAl

YAZKIUOZE St

I.

HFOl2{ARt HI

b

—

o
o

2|

=
=

=0l A

3
.l

—

=

QSZARIC| OlSHISt, &A=
L

HE H9Al
2 Al

=y
o

HA
=1L

H

Ch.
| Zls
- EX[A}

AN

(o]

A
e

=13
=

t=S KIAl

(o)
st
o

2 Al
“EXIAE SLA

Al

of At
RIB0Z(AI= 22l &) Al

HMI29E(

=]
@ Al

e
_zr._._

A 2% H5Y



18

00 FENQaM O|REXE Vol.16

o
ol

10

o]=
1)

ol

&2 HiFI(XI26X)

LE

ol

e

=
[=]

S=z= M7t Of

Al 7ZHs(MI27X)

ojn

JTERI Gl et

=
s

M(2026E 38 7

st 012 ¥

ASLL 2003 =L 7HEsT0A £[x

A} Hto[2{A

& Hi0|

oo

. Ol= HIOIH ATt

YOI

o2&

HA
=

I

ot

o0
=<
Ok

ol

£ 20204 =LA

- SRBMAARLOA

MAISEE 27|72

o
—

-

o
| =)
=2

AlO
Al O

H

3.21cQt 2.3.4.4a, b, ¢, d(HENX)HIEC| rgkA435/2.3.2.1c?t rgES2/2.3.4.4¢c &

Lol
o=

FO| AEHA|(Stol2tel H2te) 400t2Iet

Ho
o
1100
<
g
A4
o2
<+

ol

__o._

F

=)

°f 50%

5=

AlS
=%

15) Protective Dose 50%Z



@@ SERIQ ORFTE Voll6 19
Z=Yo| (L) 320128 HAOR 28 ZAIR MAS FYESIUS. #Al 3442 PBS(Y

Aoi)QF Montanide(adjuvant) ISA VG702 3
de ISA VG702t &0

7hH S&HE(homologous clade)ll ZZQIZZAUIKt

0:70L=2

AHE, CHEZ0l= PBS?E Montani

A rgKA435/2.3.2.1c (A2HH)) B rgES2/2.3.4.4c (A2HAH))
10 % -& 1dose e * -&- 1dose
— 804 l%: == 1/10dose — 80 == 1/10dose
2 -+ 1/100dose 32 - 1/100dose
aﬁ 601 -+ sham ah'ﬁ 60 -+~ sham
204 20
% . — N—— A R ————
12:\‘667!510111213!1 012346678 9101121314
HE=(Y) HE=(Y)
C rgKA435/2.3.2.1¢ (B4|) D rgES2/2.3.4.4c (E4))
- 1idose - 1dose
= 804 -+ 1/10dose — 80 l—l—‘ == 1/10dose
3\9, -+ 1/100dose g\i =+ 1/100dose
ol 809 -+ sham oy 5 - sham
LN g o
204 20
1234867486 1011121314 01234566789 1011121314
HE= () HE=(Y)
£2z1: Yong-Myung Kang et al.
<IY 6> BB YUY ZRASIAUZ WAYF 5 Go| HES
- SEAEQ| nHEeM RFUEZAX; A Zit rgkA435/2.3.21c EE HEZ(1dose)S
EOSIUE O AEEARF SAHGA 100% ASA Ho 2utE LIENICH, 012 3|A5t 32
Ol= MEHAIOAM HE = 62M 20%2| HAFES EUCH, 0.012 3|Mst Z0l= 88 =
7~8% ALOIO &= D27t AMFSHA St HAAHE HO|CH HIAIGIRICH, 8LMitl= 30%2
HAIES EF2. SHWA= 0.012 glAst 220 8= = 528 60%2| HAIES EFS.
S rgES2/2.3.4.4c & FEH(1dose) L= 012 3|Ast HiAE LA2HA0| S0{6IUSE
[ WAFSH= SOl SAAKITE SHUH A= QLM 25%2| HAIES EUS
- £ WO LIEZ0IMC| B HAMIX| 22l AIZFS 2.9~3.820I%OLE, 0.01 314 £0f A
g

S
H
AN

n

alo

HAL AlZHmean death times, MDT)2

4.6~6.52= HAMA HLtH 21 AIZH0| &2
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A rgKA435/2.3.2.1c (AEHH)) B rgES2/2.3.4.4c (MEHH))
12 1 dose : 1/10 dose : 1/100 dose 12 1 dose l | 1/10 dose : 1/100 dose
- 10 ; ' i | - - 10 1] m. i I l'l
D g @ eee | 1 o1 _‘2 o ! as ! s
_—O, o o ? .| # %‘I . 4‘ ._—O, @ e 1 s Aaal " ‘;‘
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L I 15 E S Jaaa | mm
L i 1 g = 1 B I I
14 o =s t I |%r
0 . ' T } 3 -.@.'-ID ’ 2 L T — ! T T T . ? T
L * “ﬁ L 'i‘#‘ " \‘Fa 1&@ “? \f By \'ﬁ‘ \f 1‘&‘ \"\ \’q‘ 1“# \‘ﬁ\
@ rgKA435/2.3.2.1¢ (Z7)) D rgES2/2.3.4.4c(Z4))
12 " | 12 | I
T 1 dose . 1/10 dose : 1/100 dose = 1 dose | 1/10dose | 1/100 dose
o)) fe)] [} I
o & euo % : 1%1 # : _‘_ O g 1, A ﬁ‘,l -=
ot 000 opo o & kka g Srms o | T 4la I a
~ & i ° |~§ I o ™~ 6 %ﬁ % |:vfa ] O +
'g_r . : | a : = E—r i ) | s A 1 ﬁ (1]
SR T
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0 1 | 0 ! ! -
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QUSZUA HAUYE 2t FFH HAOIM ZHl It 2=
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£%{: Yong-Myung Kang et al.
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St

MEEAIRE SAH 25 HIO[MA &

0 A
=(34 T3) Toll SHATE YEEIUS. B 0.012 343t R0l HI0l2A k& T
2.4~b.

LF) OI&ZAHIE (heterologous clade)ll Z2QIZZQIX} HHAl

A rgKA435/2.3.2.1c and rgES2/2.3.4.4c (AZHA]) B rgKA435/23.2.1c and rgEs2/2.3.4.4¢ (S 7))
o - gKAISKAG3S T o gKA435-KA435
£ a0 | == rgKA435-ES2 2 80 ++ rgKA435-ES2
= = L —
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£2{: Yong-Myung Kang et al.
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ATHRIHE (RR)

0.27
0.22
0.05
0.05
0.03
0.03
0.21
0.10
0.10
0.10
0.16
0.10
0.04
0.04
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2LS=

18%

0%

0%

60%

0%

31%
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Z2: 1. Tseng et al.
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100

Vacecinated Control
Study Events Total Events Total Risk Ratio
clade = heterclogous i
James-Berry, 2010(1) 0 10 10 10 ————r—
James-Berry, 2010(2) 0 10 10 10 ————
Hung, 2011(1} 1 5 5 5 ——
Hung, 2011{2) 0 5 5 5§ —t—
All, 2017(1) 1 10 10 10 —ar—
Ali, 2017(2) 1 10 10 10 ——
Poetri, 2017(2) 4 8 8 8 ——
Poetri, 2017(3) 0 8 8 8 ——H—
Hoang, 2020(4) 1 12 5 5 ——
Hegazy, 2021(3) 2 10 10 10 —i—
Hegazy, 2021(4) a 10 10 10 e
Common effect model a8 81 B
Random effects model <&
Heterogenaity: ° = 18%, 1° = 0.1792, p = 0.27 i
clade = homologous i
Poetri, 2017(1) 0 ] a :] ;:
Poetri, 2017(4) 0 8 8 g ———
Hoang, 2020(3) o 12 5 5 ————
Hegazy, 2021(1) 010 10 10 ———+—
Hegazy, 2021(2) o 10 0 10—
Commaon effect model 48 a1 < i
Random effects model ===
Heterogenaity: E= 0%, = 0, p=100 i
Common effect model 146 132 &
Random effects model <

T T T 1

Hetarogeneity: £ = 22%, 1% = 0.2926, p = 0.21 0.01 04 1 10

Test for subgroup differences (common effect): }:z =691, di=1(p<0.01)

Test for subgroup differences (random effects): ;= 5.03, df

=1(p =0.02)

RR

0.05
0.05
0.27
0.09
0.14
0.14
0.53
0.06
0.12

[0.00; 0.71]
[0.00; 0.71]
[0.07;1.07)
[0.01; 1.28]
[0.03; 0.63]
[0.03; 0.63]
[0.28; 1.00]
[0.00; 0.87]
[0.03; 0.54]
0.24 [0.08;0.70]
0.33 [0.14:0.78]
0.27 [0.19; 0.40]
0.22 [0.14; 0.37]

0.06 [0.00; 0.87]
0.06 [0.00; 0.87]
0.04 [0.00; 0.60]
0.05 [0.00; 0.71]
0.05 [0.00; 0.71]
0.05 [0.01; 0.17]
0.05 [0.01; 0.17]

0.24 [0.16; 0.34]
0.17 [0.10; 0.28]

<% 10> AfHHAl EPAE ZSHForest Plot)

Lt AT A Al(live recombinant vaccine)

Vaccinated Control
Study Events Total Events Total
Rauw, 2011(1) 0 10 46 46
Rauw, 2011(2) 0 10 46 46
Criado, 2019(1) 0 20 20 20
Criado, 2019(2) 0 20 20 20
Common effect model 60 132

Random effects model

Heterogeneity: 2= 0%, 2=0, p=0.97

MM A 97%(P=0%)2l £ E52 HOED

$0
i

Weight Weight

1.7%
1.7%
6.8%
1.8%
5.8%
5.8%
31.7%
1.8%
5.7%
10.9%
17.4%
91.3%

1.8%
1.8%
1.7%
1.7%
1.7%
B8.7%

100.0%
1

=4

95%-Cl (common) (random)

3.0%
3.0%
8.5%
3.1%
T7.T%
T.7%
16.6%
3.0%
7.5%
11.1%
13.7%

84.9%

3.0%
3.0%
3.0%
3.0%
3.0%

15.1%

00.0%

Weight Weight
Risk Ratio RR 95%-Cl (common) (random)
+ 0.05 [0.00;0.71] 25.3% 25.3%
— 0.05 [0.00;0.71] 25.3% 25.3%
— 0.02 [0.00;0.38] 24.7% 24.7%
— 0.02 [0.00;0.38] 24.7% 24.7%
|
<j‘;> 0.03 [0.01; 0.13] 100.0% i
= 0.03 [0.01; 0.13] 100.0%
I T ] T 1
001 01t 1 10 100

Fig. 3. Forest plot of live recombinant vaccines illustrating efficacy in reducing mortality.

<O 11> A4u

Al

M T AE ESHForest Plot)

Ch X AtiAl(inactivated recombinant vaccine)

APEHAIO] ZHO

o1,

0IZAIE 90%(F=60%8))2|

o5, SSASUAM 90%(F=0%)2

=4

I. Tseng et al.

I. Tseng et al.
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Study

clade = heterologous
Tian, 2010(1)

Tian, 2010(2)

Tian, 2010(3)

Tian, 2010(4)

Tian, 2010(5)

Tian, 2010(6)

Liu, 2012(1)

Liu, 2012(2)

Peeters, 2014(2)

Peng, 2018(1)

Peng, 2018(2)

Hoang, 2020(2)

Lei, 2021(2)

Maartens, 2023
Common effect model
Random effects model

Heterogeneity: /> = 60%, * = 0.6170, p < 0.01

clade = homologous
Lee, 2013

Peeters, 2014(1)
Hoang, 2020(1)

Lei, 2021(1)

Yehia, 2021(1)

Yehia, 2021(2)

Kang, 2022(1)

Kang, 2022(2)
Common effect model
Random effects model

Heterogeneity: P =0%, =0, p =0.80

Common effect model
Random effects model

Heterogeneity: I* = 47%, ° = 0.4642, p < 0.01

Test for subgroup differences (common effect): xz =3.39,df=1(p=0.07)
Test for subgroup differences (random effects): 7 = 0.00, df = 1 (p = 0.98)

<A™ 12> 2 RF AP

2) A2 gAl(commercial vaccine)

ofm

9N%(F=23%) =52

o] 5 90%(F=31%) CHH|l 2%

Vaccinated Control
Events Total Events Total Risk Ratio
0 20 10 10 ————
4 20 10 10 -
0 20 10 10 ———
0 20 10 10 —————
0 20 10 10 ————
0 20 10 10—
2 20 20 20 ——
2 20 20 20 —_—
7 14 5 5 e
0 20 20 20 ————
2 20 20 20 ——
1 12 5 5 ——
0 10 9 10 ———
0 20 15 20 —
256 180 Lo
0 10 10 10 ————+H—
0 15 5 5 ———tr
2 12 5 5 ——p—
0o 10 10 10 ————
0 10 10 10 ————
1 10 10 10 ——
0 10 10 10 ————
0 10 10 10 ———
87 70 <
<
343 250 23
<
I T T 1
001 01 1 10

100

RR

0.02 [0.00; 0.38]
0.22 [0.10; 0.50]
0.02 [0.00; 0.38]
0.02 [0.00; 0.38]
0.02 [0.00; 0.38]
0.02 [0.00; 0.38]
0.12 [0.04; 0.39]
0.12 [0.04; 0.39]
0.52 [0.31;0.85]
0.02 [0.00; 0.38]
0.12 [0.04; 0.39]
0.12 [0.03; 0.54]
0.05 [0.00; 0.79]
0.03 [0.00; 0.50]
0.21 [0.15; 0.29]
0.10 [0.05; 0.19]

0.05 [0.00;0.71]
0.03 [0.00; 0.49]
0.20 [0.07;0.61]
0.05 [0.00;0.71]
0.05 [0.00;0.71]
0.14 [0.03; 0.63]
0.05 [0.00;0.71]
0.05 [0.00; 0.71]
0.10 [0.05; 0.21]
0.10 [0.05; 0.21]

0.19 [0.14; 0.25]
0.10 [0.06; 0.16]

I AE E&HForest Plot)

ik

Weight Weight

95%-Cl (common) (random)

1.2% 2.6%
13.2% 9.7%
1.2% 2.6%
1.2% 2.6%
1.2% 2.6%
1.2% 2.6%
6.5% 7.6%
6.5% 7.6%
35.6% 1.7%
1.2% 2.6%
6.5% 7.6%
3.9% 5.9%
1.2% 2.6%
1.2% 2.5%
81.6% .
70.5%

1.2% 2.6%
1.2% 2.6%
7.2% 7.9%
1.2% 2.6%
1.2% 2.6%
4.0% 6.0%
1.2% 2.6%
1.2% 2.6%
18.4% .
29.5%

100.0% -
100.0%

I. Tseng et al.

KD S, SEHSS 96%(F=0%) 252 7HID
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Vaccinated Control Weight Weight
Study Events Total Events Total Risk Ratio RR 95%-Cl (common) (random)
clade = heterologous i
Tian, 2010(1) 0 20 10 10 ———1— 0.02 [0.00; 0.38] 2.4% 4.2%
Tian, 2010(2) 4 20 10 10 —-— 0.22 [0.10; 0.50] 26.6% 15.5%
Tian, 2010(3) 0 20 10 10 ———— 0.02 [0.00;0.38] 2.4% 4.2%
Tian, 2010(4) 0 20 10 10 —*—-:r— 0.02 [0.00; 0.38] 2.4% 4.2%
Tian, 2010(5) 0 20 10 10 ——— 0.02 [0.00; 0.38] 2.4% 4.2%
Tian, 2010(6) 0 20 10 10 ———— 0.02 [0.00; 0.38] 2.4% 4.2%
James-Berry, 2010(1) 0 10 10 10 ————— 0.05 [0.00; 0.71] 2.4% 4.3%
James-Berry, 2010(2) 0 10 10 10 ——=i— 0.05 [0.00; 0.71] 2.4% 4.3%
Hoang, 2020(4) 1 42 5 5 —— 0.12 [0.03; 0.54] 7.9% 9.6%
Hegazy, 2021(3) 2 10 10 10 +Hil— 0.24 [0.08;0.70] 15.1% 13.0%
Hegazy, 2021(4) 3 10 10 10 il 0.33 [0.14;0.78] 242%  15.1%
Maartens, 2023 0 20 15 20 : 0.03 [0.00; 0.50] 2.3% 4.2%
Commeon effect model 192 125 > 0.16 [0.10; 0.24] 92.8% :
Random effects model {5 0.10 [0.05; 0.20] . 87.1%
Heterogeneity: I° = 31%, t° = 0.5066, p = 0.14 H
clade = homologous ¥
Rauw, 2011(1) 0 10 46 46 ——F1— 0.05 [0.00;0.71] 2.4% 4.3%
Rauw, 2011(2) 0 10 46 46 —’—i— 0.05 [0.00;0.71] 2.4% 4.3%
Hoang, 2020(3) 0 A2 5 5 ———t— 0.04 [0.00; 0.60] 2.4% 4.3%
Common effect model 32 a7 st 0.04 [0.01; 0.21] 7.2% y
Random effects model < 0.04 [0.01;0.21] . 12.9%
Heterogeneity: 1> = 0%, 1* =0, p = 0.99 : E
Commeon effect model 224 222 <> 0.14 [0.09; 0.22] 100.0% 2
Random effects model : <? : ; 0.09 [0.05; 0.17] . 100.0%
Heterogeneity: I* = 23%, t° = 0.4920, p = 0.20 001 0.1 1 10 100

Test for subgroup differences (common effect): ¥° = 2.27, df =1 (p = 0.13)
Test for subgroup differences (random effects): 7 = 0.89, df =1 (p = 0.35)

Z2: 1. Tseng et al.
<I= 13> A8 HHAl ZYHAE ZESHForest Plot)

- QAISEAXL 9 Al QIMIZE flggol tiet 2Xl= &S| M7IE
Of 2. Ol AT T=7t EZ2I7f 0f2] Xf2ll OIFOIRKIT, 2AXZ &0 et fel= KH
ol SHAE[K| 50 el Q0| 2EHEZE XE

- 0|9F 2t HeE M3 ot naE2 HAUZS0| MYS HAS 2|Ifsk= HIOIZAL =
HO| Eoig £XE £ UCLL SN2 REIL RE(HA trimer) 26 BET XRF0
Mol Mg ES dAAZ » ATt 219

- A2 VHER0IM HY BtES 2(Tl6t7| 2lsH ASFAUX} HO|2AL] HA EHEiE £F 2fX|0
0|7t ZOILELD, Of2feh H0|7t Hiol2A #A2E B UFEHORE S0 ERF0A SAE0l &
2% > ASS HOS

19) An SH, Lee CY, Hong SM, Song CS, Kim JH, Kwon HJ. Novel Mutations Evading Avian Immunity
around the Receptor Binding Site of the Clade 2.3.2.1c Hemagglutinin Gene Reduce Viral
Thermostability and Mammalian  Pathogenicity.  Viruses. 2019  Oct  9:11(10):923. doi:
10.3390/v11100923. PMID: 31600990; PMCID: PMC6832455.



00 FEANQAM oY EE Vol.16 26

- HARE JI2R0M XS 1Y & E53 S144N 2 V223] S¢H#H0E a2,3 Al (avian-t
ype) =EXI0l st XSt E ZEGSI0] Hol2{A Hde RAIsts oMM, HA X290 & ety
(thermostability)2 FH XoAlI7|= ZHOZ LIEHS. A 0|5 HY 3|I| SHHOIZ X
AlIZ! rtHEN1-N144S-1223VE OFRAUHA 100% KIAMES H0le & O &2 HAES LIEK!

O, MDCK20) 3! A5492) MIZOIME R2l0/5HA Bt =Xl 282 B0 ZRR0A O 2=
of HMES XILID ASS AlAE
- ZUNOR 71330 HY s 3ImIshy| QloH MEHEl H#H0I(S144N, V223)& =& LHoIAC|
dEHE =0l e REGHRIEL O Ci7t2 ZRTO0AS| Bdut Hio|2 ALl 225 QHEY
= 23, Ol2iet 21| HOIVt Sl &7] WEiQ| HIOI2A= ERF RRNA 2314 O
=

IAtEE HO0|1 US. Ol 72&F8 Wil ¥8 80| ZRF0| Cieh 2
A

S2ARHHENT)Ql QIMIZE At 2023 38 292 HIMIA X2 2105
2 Felof AFRASFAUML LH0IA 7022 AUNIZF AtHIRE 124Q] AFY At

BIERS. OlME 1EES 2RUSFARIL 1bAet | ZRRUME XEH &S 21
pS|
=

U0 =
- 0|= AlZ9|%f=(Food and Drug Administration, FDA)OI Al 7tK| HEN1T AfEHAIS &Q1st
HE QLOLE & A MAECZ Qulist= 2.3.4.4bHIE HIOIZAN CHOHAS 83t 20 SItE

l 3
7ICHBE7 1= Ol2i2 2EO0IXITH Mz IR0 CHblet Walo] HA1-7HA0| 2D 0|2

US

- %|2 Masato Hatta(npj Vaccine) 2| A7ZI2 QIMIZIE L240il CHHlsH HEHE e 2E mR
NA HAS HAPEIUS .22 HE mRNA #4l 2HIS 55| 3 ASH7|0A HIO[MA SHIE £
O|0ISHAI AXIsHH, E6l Hl HH 2Aets Sdi HIF oYt KALES AA0 22E 20z
2. E8t 2.3.4.4b° 2.3.21eAIE9| QI HIOIZ{A0 CHol Z2et WAL B3t K| BHEE R

20) MDCK AM|Z(Madin-Darby Canine Kidney): A4r&Q1 7§ AZk(Canine Kidney) Z2! S2ff M £

21) A549 M| E(Adenocarcinomic Human Alveolar Basal Epithelial cells): @17F HZE 4fmol [ R2 Qi
[E

22) Hatta, M., Brock, N., Hauguel, T. et al. Influenza mRNA vaccine reduces pathogenicity and
transmission of A(H5N1) virus in a ferret model. npj Vaccines 10, 263 (2025).

https://doi.org/10.1038/s41541-025-01318-3
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VACCINATION HISTORY

Clade

| A7t YOO Z Re-5 BHAIS CHA| AL

£ + 1st outbreak of HPAI H5N1 ‘
2003, )

1;5

Vaccine use (_)_]_(_ -

NA

=]
=

« Vaccination campaign start & new ' ‘
clades appear

Re-1 (clade 0, 1)

€«

* Vaccination & new clades appear
2006 to

L 1:2.3.4:2.3.2.1a

- Re-1

=3
=1

- Start to use Re-5 vaccine & stop using Re-1

+ 2 regionals were divided by vaccination for
virus clade circulation

)
|
J

{ 1;2.3.4;2.3.2.1a

- Re-5 (clade 2.3.4)

* New vaccine was introduced Re-6 &

* The appearance of new HS5 virus strain ' [
using local vaccine

1;5;7;2.3.4;2.3.2.1a
(b, c) and 2.3.4.4

Re-5
Re-6 & Navet-Vifluvac (cladel)

):

Note:
* Re-6 + Re-8 in progress e
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Navet-vifluvac:

AfViet Nam/1194/2004(H5N1)-NIBRG-14, clade 1

AlduckiAnhui/1/06 (HEN1), clade 2.3.4
Alduck/Guangdong/S1322/2006 (H5N1), clade 2.3.2.1b
Alchicken/Guizhou/2013 (H5NT), clade 2.3.4.4

£2{: WHOA

SOISZAIXI0| CHHISH, 3E(@Early detection, @Early response, ®
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27) Official Vaccination Plan Highly Pathogenic Avian Influenza(HPAI) Fact sheet-4 Description of The

Vaccine Used. Ministere de l'agriculture et de la souverainete alimentaire
28) Guinat C, Fourtune L, Lambert S, Martin E, Gerbier G, Pellicer AJ, Guérin JL, Vergne T. Promising

Effects of Duck Vaccination against Highly Pathogenic Avian Influenza, France, 2023-2024. Emerg
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30) K.M. Bouwman, C.A. Jansen, M.C.M. de Jong, et al. “Progress report: Transmission study testing
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