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Table 1 The HS5/H7 subtype avian influenza vaccine products with new veterinary drug certificates in China from 2003 to 2022

T W AR WEF 5 |
KIEPEH
1 BB VE FE T (HSN2IF A, N28 k) (2003)H1 E 2UE7535 e
2 A BB 1 JOE R H (HSN DIERY, Re-11K)Y (2005)H & ZiEF03 5 —%k
3 BRI (HS+HY) — M KIE R B (HSNT Re-1+HON2 Re-2£k)” (2007 ZIEF015 =%
4 FZH A I B (HSN L) K328 1 (MU, Re-5%K)” (2012)HF 4 25iE 7155 =%
5 BT KIS W (HSN2IE A, DTAR) (2013) B & 25iE 7125 =%
6 T LH SRR FEHS T A KAF R T (AU, Re-6Fk+Re-44)"" (2015)FTE2IE 5205 =%
7 o 4 5 VA B T HLS W 2 AP U P T (MR, Re-6hk+Re-44k)"" (016)HT 4 ZIE 7275 =%
8 BB HS I Y KIS AL T (DT Rk +D8 B)” QO1T) 4 ZHEF10% =%
9 A £ YRR FEHS I R K 5 1 (HSN 1, Re-68%, 4HARIR)Y (2018)H 4 5iE 7255 =%
10 L AW (HS+HHT) KGR (H5N1 Re-8#k+H7N9 H7-Rel #k)” (2019)HF S ZiEF375 —2%
11 T2 SRR S W A7 KAF R T (R2346HK+R232VEE)? (2021 B & L3855 =%
12 EHEREREHSHT) EN KIS (I8, HSN1 Re-118k+Re-128k, H7N9 H7-Re2kk)? (202 1) B B 25iF£525 =%
13 A B ER TF KRS T (HTNOIE B, rGD76H%)” (2022)H7 & ZHiE 7695 =%
TR
1 LRI 4 X A R AT 1 (H5 T )™ (2005)HT 4 ZHIEF04 5 -
2 BRI L R T (L -HS B (2007)H7 & Z5iE 7035 —%
AT
1 BIEDNAZE T (HS WA, pHS-GD)' (2018)HT E LjiF 7265 —%

*, IS @) o R ML A e G AR R T T BT (B — € BERAL); b) HERE AL KGR — S8 UERAL); ©) FH KGR — S8R AL). **, TR
o [ A B 24 R I ARV S5 BE AT FE BT AN [R) Aol 451 T A 0 200 P 0 8 177

BEYE MR, W T @ UL K Y P (HSN2 &Y,
D7#%), T20134 A8 S 25E 5. iz Wi b
NHSERATV HARGGTERR, FAAEXE U H SR AL 3RS
AR AR S 2 B R BT E M VT RC FEAS s (R sk F,  TE
I R A T AR R R TR R, AR S ) i A
2 DR TR K 28 1 T ELAR

(2) HSIP Y ATEE R T A2 400 55 KT 2% 1 1)
PAHS B HPATV Ay 2 i) £ 92 1l AR IR B 5 3
SRy BRRZ [RGB IS EC M, (HHPATVAE 9% 1 55
HAEY 2GR PURIREAG. Sl =% 6,
M, BT ZTHPALEE B R AT, BE A AATT0
HS5 A ATVEU 7750 FHLEI RN T AR B
B EREROR ) H A Rk, B 22 R R R 92 v
AT RE. Tian% AUV F s a8t 1 3 B TR R,
PRFH P 08 25k DR R U8 T X85 VA v 355 B2 14 B R H AN TR
EIA/Puerto Rico/8/1934(PR8), HARNINAZEF K iE T

1702

H5N1#:#kA/goose/Guangdong/1/1996 (GS/GD/1/96)I¥]
6+24 S E A 5. 1% 4L B (Wl v 4% ARe- 1K)
HASE PR 2L 7 15 Ak 158 3 35 B0 /7 1) 2 AN 2 2k
1% (-RRRKKR-)# 548 Ny BAT AIVAR R P 7 1R AE
(1751 (-RETR-). 1255 20 5 £ 6 09 ARG R 35 TE 30 7,
5 3R W S (THSN L R ATV AL SR DU RC I v, FERE K
BHEA RIFRZ SR, 2Rk AN b x
AL 22 AT RIS RE T, T20054FE3k — 38 M 253E 1,
ERE R E R RN, FHH Ok, EEEJe v
MV R R Je B e —ar — % 5K, fEHS LAY
HPAIP; 459 K45 T B ZEAEH.
AIVARNAJEE, HIERH T S FE o = 2 4
MU, e HAR AL RIAE 7. HABE AR AIVECE
BRI R, YewmE iR AR, HAR A
SKEBRIZERR, HAHAKIX IR E SPE R E R, %X
AR AENE FER R T AR 3, FTHAK



I ERE: AaRE 202344 E£53% O 12M

DR () S P TR PR B A, E 3R AR v P 8 ) 2 B
HS TR ATVETHAZE R B b, 2 FEAIVAE R E
R, RIEHSTIATIVIIHAZ R R, AL
HS TR ATV 5 N0~9%3 52, HoA24y SCRIT7 53 30 B8 2 s
FEREFFE A TR FHER, HE—P N2
5332 RSSO 2 1) e PR 2 7 2004
FERLSR, 2.2433(20054F). 2.3.24532(20044F). 2.3.4
3 (20044F) 7.24r £ (20065F) . 2.3.4.4g%7 % (2014
). 2.3.2.1F5 3 (20154F) 2.3.4.4b% % (20204F)HS
R ATV [R5 8 s 1 e 4 g 31100
KA R

P25 T R I ATV )25 S5 33 ) B 37 2 1 e 28 1 8
B R ekt R 2 SCHS R ATV 2 (A1 %
FEPURMEZ R, BORRIPUREZ 72 S EUR A %
G AR ROR N . B0, Re-1HRPE 1 51996~20054F
B HI02r 0 12030 2,240 3 F12.3.4%0 S0 #5471
JRPEREI, o B R ER A R A e TS AE . H% 0%
Tk 5200653 E A6 77 HBLHS W7 29y S0 fE 2
[ AETERCR PR M 22 7 (3248), M FH 7.2 Lk I
J, AN REFRAE80% A A R4 BRI, 4 1 A
B 50 PR AR O PR VCHC M R BRE, w75 2
SRS M I T, 20065E 84, — RHIEHHA
I B JIAS [7) 23 S 0 HLS 28 1 ok ) 32 ol T 5 PR 928 v
BEEEHT, LARERXT 7240 3O B S SE W T HSN T 2
Re-4Fk (20064 ) FIRe-7#k(20144F), 4%§2.3.240 3¢ K H
2321053 SO 543 A T HSN1IE Y Re-64% Al Re-
I2FRFET IR, 415%2.3.495 32 B 30043 3099 35 2 53l it o)
THSN1W A Re-5Fk(2.3.4% ) Re-8¥k(2.3.4.4g%
). Re-11%£(2.3.4.4h%3>). H5-Rel3#£(2.3.4.4h%)
F)MIHS5-Rel44K(2.3.4.4b7) 30) L B RR(E1).  E120074F
Frs,  H [ [F] A F 2 ik B3R AN [ 8 1 ik A 7= 1
FAF- 75 [F B A7 R R HS/HTIE RS ATV, #5053
BE R B 2 5 IR0 AR B B 5 T 1 )
), RS T OB LE A T R 24 A {3 I HS
J5E AR A £ 0 2.3.4.4h 53 ST 5 HS-Re 1 3R W R AN
EF512.3.4.4b55 SR EE ITHS-Re 4R AR ().

IRV EE AR A R AR LR B e R S AT AT
BT B R &SRS SLi = Arift i, 2T DL R B RA
{14028 i A 4 LE RO AR A SR HETE 1) 10 X HPA T B /8 A1
A PR AR AR P FEHE [ KRS (R2), #EFRIEHS T AY
AlFi ¥ R IEEEAER. R K= AT 20134

AR v 82 R B HS P 7Y ALK 3% 38 1 s it 647 1
BEUHT, 761 KHPATEE 1 5 f AL 7= A b 2B 7= R .

(3) HS/HT7IEAY AL R TR 495 B K 3% 9 1 O it
#. FRE2013F HIFHINOW AIATIVAE20134E3 H &
20174E9 A [a1 3L 5] K& 53 AHTINOWREE 1, S 81564 A
YL, FET R LT 40%, HAF20165F10 H 2201749 H
6] ) SR S R I 4L S 8766 NIk L, 5T F—3%
Pt o 2 B E Y. FIR20134E I
RBURPEHTNGG % T-201 74E R A N 8o v, xF A2
el B 1 R B, R R IE O/ E I 3 B 51 R 15
PetE, HFE62)7 AR, 1 E AT, AN
XoF NHTNO it B2 17 0 5K 8 7= b i fes 55 Aok N 2828
R B, H LA R 2 B v 7RV R AT R
T-20144F 4 2 HHTNO . 7 AT [n] 38 4% 27 02 1 bR H T -
Reltk, iZ##k &4 PG/SH/S1069/2013(H7NO)FTHAFI
NAZER, P32 DR R 5 1 X S v P oy P B HRH N/
PRS, HA RIFHE R, NFEN W HSFIH7IER AL
(BB I JFE A HS WA AT S0, o B ARML R e
IRV B4 S ATE 5T BT LAHS S B Re-8 AR ATH 7 U H7-Re 1 £k
NFREE, B K G AT R I T HS ATHTNO R 7Y
AIFTHS+HT — M K Y, 3095 — i s 259E 45,
ZIEH 201749 HHEm B JS, K& HHTNYJEEE 7>
B RK, IR BELWT T HINOR R NP 4%
1M, 20184 LAK, HINOJ 5:3% H 58 M bR, KIRTEFK
E PR X IR K @ AT, SRR AR R NE
THBH AW AS S FTHTNOY B8, H7E AL i 53R T 173
YR HT(H7-Re2#k, H7-Re3MkAIHT7-Reatk)>", 35075
HS+H7 =45 B AH 44 A 7] KRR FH (22), 7EFREIHS
AH7W R AIG ¥ R EEAE . thah, Rk
SRR PR AR SSHS/H 7V 28 ALY 1t 7 3 6] 4 17 I
AT Z IR

(4) ZHARIRHS/HTIE Y ALKE R TR 400 2 K% 7%
A, PR ES FR B B A w] P O AR =
WG AR R AE TS e At R S B sk AR
B, 0] DLIBE G A% G R B 7% AR 7 O 3R RO R A it
JRF A ATBOR A 77 L X VR Bk A Ak 38 45 22 1 e i
I 6 MDCK 4H i K KA TG 1L 375 A2k VF 15 7R AR 1) H Rk
A, R MDCKH A 7= AL 1 oA AT . o B AROL R
SRS RIS AT T20094E 146, BEAE N2 X
AW AT EMDCK 4 55 72 ATV L ZEWF 7L, LA
S A AL S R R O HS/H T T ATRS B ok A2, WEAf)

1703



B AR A [ HS/H7IE R 2 i B v B AT N g

WEME 2004 2006 2008 2012

D)
H5(0) H5N1 Re-1

H5(7.2) H5N1 Re-4

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

H5N1 Re-7

@ Al

H5(2.3.2)
H5(2.3.2.1)

H5(2.3.4) H5N1 Re-5
H5(2.3.4.4g)
H5(2.3.4.4h)
H5(2.3.4.4b)

H7N9
RIER o KIHEM
1

L

HS5N1 Re-6

H5N1 Re-12

H5N1 Re-8

H5N1 Re-11 H5-Re13

H5-Re14

H7-Re1 H7-Re2 H7-Re3  H7-Re4

epER 6—> 2SHEA

| X 8 LIRS 25 S 06 Z A1) RO HLS/H 7 I 2R AT DR TR K8 1 Aoy S HL 2 I 1)

Figure 1 The vaccine seeds for genetically engineered HS5/H7 subtype Al inactivated vaccines that were developed by National Avian Influenza

Reference Laboratory, and their application time for vaccine production
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Table 2 Reverse genetics generated H5/H7 subtype Al inactivated vaccines that have been used in China from 2004 to 2022"

i i I FH I ] )
FEHI(FhEE) P55 T P BEH AL R A R (B R 49 320) o prs EFSTHATE R G K 4 30)
5] =n
H5(Re-1) GS/GD/1/1996(H5N1)(0) 200443 H 200843 A H5(0, 1,22, 2.3.4)
H5(Re-4) CK/SX/2/2006(H5N1)(7.2) 200647 7 201447 F H5(7.2)
H5(Re-5) DK/AH/1/2006(H5N1)(2.3.4) 20084E3 H 20124E6 H H5(2.2, 2.3.4)
H5 " /fr(Re-1F1Re-4) GS/GD/1/1996(H5N1)(0) 2007414 20084F4 F H5(0, 1,2.2,23.4,72)
CK/SX/2/2006(H5N1)(7.2)
H5 1 (Re-5F1Re-4) DK/AH/1/2006(H5N1)(2.3.4) 200844 F 201243 7 H5(2.2,2.3.4,7.2)
CK/SX/2/2006(H5N1)(7.2)
H5(Re-6) DK/GD/S1322/2010(H5N1)(2.3.2) 20124F3 2015412 H H5(2.3.2)
H5 1 (H5N1 Re-6F1Re-4) DK/GD/S1322/2010(H5N1)(2.3.2) 20124E3H 20144F4H H5(2.3.2, 7.2)
CK/SX/2/2006(H5N1)(7.2)
H5 —4r(H5N1 Re-6F1Re-7) DK/GD/S1322/2010(H5N1)(2.3.2) 20144E4H 20154124 H5(2.3.2, 7.2)
CK/LN/S4092/2011(H5N1)(7.2)
H5 —4/(H5N1 Re-6FIRe-8) DK/GD/S1322/2010(H5N1)(2.3.2) 20154F12H 20174E9 H5(2.3.2, 2.3.4.4g)
CK/GZ/4/2013(H5N1)(2.3.4.4g)
H5 =41 (H5N1 Re-6, DK/GD/S1322/2010(H5N1)(2.3.2) 20154124 201749 H H5(2.3.2, 7.2, 2.3.4.4g)
Re-7HIRe-8) CK/LN/S4092/2011(H5N1)(7.2)
CK/GZ/4/2013(H5N1)(2.3.4.4g)
H5+H7 4 (H5N1 Re-811 CK/GZ/4/2013(H5N1)(2.3.4.4g) 201749 F 20184E12H H5(2.3.4.4g),
H7N9 H7-Rel) PG/SH/S1069/2013(H7N9) H7N9
H5+H7=/r(H5N1 Re-11, DK/GZ/S4184/2017(H5N6)(2.3.4.4h) 20184E12H 20204E7H H5(2.3.4.4h, 2.3.2.1),
Re-12fTH7N9 H7-Re2) CK/LN/SD007/2017(H5N1)(2.3.2.1f) H7N9
CK/GX/SD098/2017(H7N9)
H5+H7 =4/ (H5N1 Re-11, DK/GZ/S4184/2017(H5N6)(2.3.4.4h) 20204E7 A 20214E12H H5(2.3.4.4h, 2.3.2.1),
Re-12RTH7N9 H7-Re3) CK/LN/SD007/2017(H5N1)(2.3.2.1f) H7N9
CK/IM/SD010/2019(H7N9)
H5+H7 =4/ (H5N6 H5-Rel3, DK/FJ/S1424/2020(H5N6)(2.3.4.4h) 20224E1 H R H5(2.3.4.4h, 2.3.4.4b),

H5N8 H5-Rel4FIH7NY H7
-Red)

WS/SX/4-1/2020(H5N8)(2.3.4.4b)
CK/YN/SD024/2021(H7N9)

H7N9

a) %R RUSER T Hp [ R R e 7R Ve S B S0 BT 88 1 AT RE O0A5 8., FCABLA I A0 e P 8345 BN TR, %, 18 W 2 Fhe 1, A
FERG ISR IR 7 AR P 9 B AN A B s 75 07 AR P O . R EE AR AR ORAE S - CK, chicken; DK, duck; GS, goose; PG, pigeon; WS, whooper
swan; AH, Anhui; FJ, Fujian; GD, Guangdong; GX, Guangxi; GZ, Guizhou; IM, Inner Mongolia; LN, Liaoning; SX, Shanxi; YN, Yunnan

F 3 I E20054 Lk ] R FTHS W5 ALV 30 1

Table 3 HS5 subtype Al live vector vaccines that have been used in China since 2005

S HAJE T PR ) e Ly
- zﬂxégavﬁ‘\;%%?gﬁ, ) GS/GD/1/1996(H5N1)(0) 200541 2005412 H5(0)
(B LHR {é}ﬁlﬁgﬁgﬁ HS) GS/GD/1/1996(H5N1)(0) 20074F1H 200843 H H5(0, 1, 2.2, 2.3.4)
(B ALHT J;I%I%S{é . HS) DK/AH/1/2006(H5N1)(2.3.4) 200843 7 20124E6 H5(2.2, 2.3.4)
(ﬁaéﬂ,‘a‘éﬁiﬁﬁfgggﬁﬁﬁ, Hs) DK/GD/S1322/2010(H5N1)(2.3.2) 20124E6 7 20154E12H H5(2.3.2)
rLHS-8 CK/GZ/4/2013(HSN1)(2.3.4.4g) 201641 £ H5(2.3.4.4g)

(PR 2 % 1, HS)
a) WE LI M RS CK, chicken; DK, duck; GS, goose; AH, Anhui; GD, Guangdong; GZ, Guizhou
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Figure 2 The key events of prevention and control of H5/H7 subtype avian influenza in China
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Figure 3 Vaccination can effectively prevent the transmission of AIV from wild birds to poultry and humans
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Progress in development and application of HS/H7 avian influenza
vaccines in China

ZENG XianYing, TIAN GuoBin & CHEN Hualan

State Key Laboratory for Animal Disease Control and Prevention, Key Laboratory for Prevention and Control of Avian Influenza and other Major
Poultry Diseases, Ministry of Agriculture and Rural Affairs, Harbin Veterinary Research Institute, Chinese Academy of Agricultural Sciences,
Harbin 150069, China

Since 1959, H5/H7 subtype avian influenza viruses (AIVs) have continued to endanger the development of the poultry industry and
public health. In order to effectively control the HS/H7 subtype AIVs in poultry, China began to develop the vaccines for prevention
and control of H5/H7 subtype avian influenza (Al) after the first HSN1 virus was isolated in poultry in 1996. In the past 20 years,
inactivated vaccines, live vector vaccines, and nucleic acid vaccines have been successfully developed in China, among which
inactivated vaccines and live vector vaccines have been widely used in poultry and vaccine seed viruses have been updated several
times according to virus variation. These vaccines provided key scientific and technological support for China’s implementation of
the “culling plus vaccination” prevention and control strategy since 2004. By the end of 2022, more than 300 billion doses of relevant
vaccines have been applied in China and many countries along the “Belt and Road”. The application of the vaccine effectively
controlled the HS subtype highly pathogenic avian influenza (HPAI) in China and related countries, and guaranteed the China’s
poultry industry in the context of the recent global H5 Al outbreak. At the same time, vaccination in poultry had eradicated the H7N9
virus that appeared in China in 2013, and completely eliminated its infection to humans, which became a global model of “human
disease and animal prevention”, and created huge economic and social benefits and global impact. The great success of bird flu
prevention and control in China provides important reference for the scientific transformation of bird flu prevention and control policy
from “culling” to “vaccination” in developed countries such as Europe and America. In this review, we summarize the progress of Al
vaccines development, application efficacy of H5/H7 subtype Al vaccines, and current challenges in China, in order to provide a
reference for the prevention and control of HPAI in the future.

avian influenza, HS/H7 subtype, vaccine development and application, progress
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