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07022 ALE, LHEF0= PBS2F Montani
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A rgKA435/2.3.2.1c (A2HH)) B rgES2/2.3.4.4c (A2HAH))
10 % -& 1dose e * -&- 1dose
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aﬁ 601 -+ sham ah'ﬁ 60 -+~ sham
204 20
% . — N—— A R ————
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£2z1: Yong-Myung Kang et al.
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[ WAFSH= SOl SAAKITE SHUH A= QLM 25%2| HAIES EUS
- & BHAIO| CHERFOIAC B HIAMIEK| 22l AlZH2 2.9~3.820[AOLE, 0.01 3|4l E0f Al

 —
— T
B3
H
AN

n

alo

HAL AlZHmean death times, MDT)2

4.6~6.52= HAMA HLtH 21 AIZH0| &2



00 F=NRAY Ol EE Vol.16

20
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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.
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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.
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- 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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- 20074 220I= 101A 220IE 2.3.42 HOIEIR
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OLt, Re-1 #4l0| & HE 20 221

- 2009-2010H0ll= 220I1E 2.3.401AM 22I0/E 2.3.21a & b2 HO|ED, 20| 2.3.

2.1b0ll= Re-6 #40| AFSEIZE HE

= —-0O.
210[ AtE

201240Il= 2I0IE 2.3.2.1c0l CHSHA = Re-6

- 2014500 20IE 2.3 4.4(HENG)7H E¥2H0M| If2t Re-6 #AI0] SHOIS 2.3.4.40) ot
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:I?_:lo

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

€L €
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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
Infect Dis. 2025 Jul:31(7):1468-1471. doi: 10.3201/eid3107.241445. Epub 2025 Jun 11. PMID:
40498635; PMCID: PMC12205464.
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