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Genetic evolution and antigenic characteristics of HIN2 avian
influenza virusesin laying-hen farmsin Hebe provincein 2017
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Abstract: [Background] HON2 avian influenza viruses are widespread in chickens and cause great losses.
[Objective] Elucidate the sequence characteristics and the variation of antigenicity of HON2 subtype avian
influenza virus (AlV) in Hebei province to understand heterologous protection of AlV. [Methods] Seven
strains of HON2 subtype AIV were isolated and identified from farms in Hebei province in 2017. We
sequenced the HA genome of 7 HON2 isolated strains. Then, the phylogenetic trees, amino acid in key
functional sites and antigenicity were analyzed. [Results] The homology of HA genes for 7 isolated strains
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was between 95.5% and 97.2%. Comparing with the epidemic strains before 2016, the cleavage sites and the
glycosylation sites were not significantly different from those of the previous strains, except the receptor
binding sites of the HA proteins. The antigenicity of the isolated strains changed and a new antigen group
formed. The analysis of the HA amino acid sites related to the antigenicity shows that there was a significant
mutation in 9 antigenic sites of the newly isolated strains, which may be the molecular basis of antigenic
variation. [Conclusion] The prevalent strains of HON2 subtype AlIV in laying-hen farms in Hebei province
have mutated in key functional areas and presented antigenic variation, reminding us the importance of
continuous surveillance of the genetic evolution and antigenic variation of HON2 AlV. Changing the
candidate strain of vaccine in time isimportant for the prevention and control of HIN2 Al V.

Keywords: Laying hens farms, HON2 avian influenza virus, Isolation and identification, Genetic evolution,

Antigenic variation
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Fz1 HON2 TR E RS BEMHk HA MELER
Tablel TheHA titer of HON2 isolated strains

75 BER fRIFR IEERL AT
Number Virus Abbreviation  HA titer

Alchicken/Hebei/0115/2017 Ck/HeB/0115/17 2
Alchicken/Hebei/0318/2017 Ck/HeB/0318/17  2°
Alchicken/Hebei/0427/2017 Ck/HeB/0427/17 2
Alchicken/Hebei/0511/2017 Ck/HeB/0511/17  2%°
Alchicken/Hebei/0626/2017 Ck/HeB/0626/17  2°
Alchicken/Hebei/0918/2017 Ck/HeB/0918/17  2'°
Alchicken/Hebei/1027/2017 Ck/HeB/1027/17 2™
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§](4n - Alchicken/Shandong/366SZ/2017 . A/chicken/
China/333/2017. A/chicken/Anhui/AB39/2017.
Alchicken/Hebei/H2247/2017 . Alchicken/Fujian/I33/
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Figurel Thephylogenetic treeof HA genes of

o BB Bk
Note: Circular: Isolated strains.

— A/chlcken/Shaoguan/l3/1998 10

HON2 isolated strains

Alchicken/Shantow/22116/2005 | 1

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1808 A - i Microbiol. China

F2 HIN2 TR EREES BEMK HA RESFZERE S a2
Table2 Analysisof cleavage sites and receptor binding sitesin the HA proteins of HIN2 AlVs
TGS LR

wbk AL Receptor binding sites

Virus Cleavage sites 130-Loop (132-138) 190-Helix (188-190) 220-Loop (221-228)
Ck/SD/ZB/07* PARSSR/GL Y SGTSKA DTT PLVNGQQG
Ck/HeB/Y T/10° PSRSSR/GL YSGTSKA DTT PLVNGLHG
CK/GD/0L/11° PARSSR/GL YSGTSKA DTV PLVNGQQG
CK/BIO701/15° PSRSSR/GL YSGTSKA DAT PLVNGLMG
CKTIV15® PSK SSR/GL YDGTSTA DTT PLVNGLMG
CK/BY11/16° PSRSSR/GL YSGTSKA DTT PLVNGLMG
Ck/HeB/20/16° PSRSSR/GL YDGTSTA DDT PLVNGLMG
Ck/HeB/0115/17 PSRSSR/GL YDGTSTA DDT PLVNGLMG
Ck/HeB/0318/17 PSRSSR/GL YDGTSTA DTT PLVNGLMG
Ck/HeB/0427/17 PSRSSR/GL YDGTSTA DDT PLVNGLMG
Ck/HeB/0511/17 PSRSSR/GL YSGTSKA DDT PLVNGLMG
Ck/HeB/0626/17 PSRSSR/GL YDGTSNT DDT PLVNGLMG
Ck/HeB/0918/17 PSRSSR/GL YDGTSTA DDT PLVNGLMG

11 ®; 20072016 4E7 4T85 k. Ck/HeB/Y T/10: Alchicken/Hebei/Y T/2010; Ck/GD/01/11: A/chicken/Guangdong/01/2011; Ck/BJ0701/15:
Alchicken/Beijing/0701/2015; Ck/BJ11/16: Alchicken/Beijing/11/2016. FAKZE/R 5 B0 BEEEARAE L AETE 22 TR o7 24

Note: * Pandemic strains in 2007-2016. Ck/HeB/YT/10: A/chicken/Hebei/YT/2010; Ck/GD/01/11; Al/chicken/Guangdong/01/2011;
Ck/BJ0701/15: A/chicken/Beijing/0701/2015; Ck/BJ11/16: A/chicken/Beijing/11/2016. Bold represant the different sites from early strains.

R3 HIN2 TRFRBDBFWR HA BEBEUASKREDT
Table3 Thepotential glycosylation sitesin HA protein of theisolated HON2 AlVs

kR HA1 HA2

Virus 11 64 123 280 287 295 146 205
Ck/SD/zB/07? NST NPS NVS NTT NVS - NGT NGS
Ck/HeB/YT/10? NST NPS NVS NTT NVS NCS NGT NGS
Ck/GD/0Y/112 NST NPS NVS NTT NVS - NGT NGS
Ck/BJ0701/152 NST NPS NVS NTT NVS NCS NGT NGS
Ck/ITy1/15% NST NPS NVS NTT NVS NCS NGT NGS
Ck/BJ11/16° NST NPS NVS NTT NVS NCS NGT NGS
Ck/HeB/20/16* NST NPS NVS NTT NVS NCS NGT NGS
Ck/HeB/0115/17 NST NPS NVS NTT NVS NCS NGT NGS
Ck/HeB/0318/17 NST NPS NVS NTT NVS NCS NGT NGS
Ck/HeB/0427/17 NST NPS NVS NTT NVS NCS NGT NGS
Ck/HeB/0511/17 NST - NVS NTT NVS NCS NGT NGS
Ck/HeB/0626/17 NST NPS NVS NTT NVS NCS NGT NGS
Ck/HeB/0918/17 NST NPS NVS NTT NVS NCS NGT NGS
Ck/HeB/1027/17 NST NPS NVS NTT NVS NCS NGT NGS

TE: % 2007-2016 AEA TRk —: TCAHHNDTEREREAL AL .
Note: % Pandemic strainsin 2007—2016; —: No potential glycosylation sites.
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R4 HIN2 TRZRBFHHIRZX HI FRIES 7
Table4 Theantigenic analysisof isolated AlVs
T EE(HL)
Virus (Antigen)

LM Antisera
Ck/SH/ Ck/SD/ Ck/HeB/ Ck/Is/ Ck/TY  Ck/HeB/ Ck/HeB/ Ck/HeB/  Ck/HeB/

F/98 ZB/07 0617/07 TS10 115 20/16 0115/17 0918/17 1027/17

Ck/SH/F/98 1280 320 20 320 < < < 20 <

Ck/SD/zB/07 640 1280 40 160 < < < < <

Ck/HeB/0617/07 1280 1280 1280 640 160 40 40 80 80
Ck/ISITS/10 2560 1280 40 1280 80 20 20 80 80
Ck/TJ1/15 160 160 < 160 1280 160 320 320 320
Ck/HeB/20/16 160 320 160 320 640 1280 640 640 640
Ck/HeB/0115/17 160 320 160 320 160 640 1280 640 1280
Ck/HeB/0318/17 160 320 160 160 640 640 1280 640 1280
Ck/HeB/0427/17 160 160 160 160 320 1280 1280 640 640
Ck/HeB/0511/17 160 320 160 320 160 640 1280 640 640
Ck/HeB/0626/17 160 320 320 320 320 640 1280 1280 640
Ck/HeB/0918/17 160 160 80 320 160 1280 320 1280 640
Ck/HeB/1027/17 160 160 80 160 320 640 640 640 1280

TE: [FIREERRAPILTE B9 HI S AR SOR s <0 HI &lffr<20.

Note: HI titers of homologous strains and antiserums are indicated in bold; <: HI titer <20.

= Saved strains
Isolated strains

CK/IS/TS/10
CLSD/ZB/07 Ck/HeB/0617/07
Ck/SH/F/98
. CK/TI/1/15

Ck/HeB/20/16

k/HeB/1027/17 Ck/HeB/0115/1

k/HeB/0918/17 * Ck/HeB/OS11/17 | Ck/HeB/0427/17
Ck/HeB/0626/17 Ck/HeB/0318/17

2 B HI KI8T HON2 T2 AV HREE 247

Figure2 Theantigenmap anaylsis generated by using HI experiment

T ¢ IO PR e 4R 40 AntigenMap (http://sysbio.cvm.msstate.edwAntigenMap) /- Hr il k. o — RIS A e s LI 75
TE HI S R BEATAE 2 (525 5%

Note: The antigenic mapping is analyzed by online software AntigenMap (http://sysbio.cvm.msstate.edu/AntigenMap). A grid represents a
two-fold differencein titer between the virus and the antiserum in the HI response.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1810

TEY I8

Microbiol. China

#*5 HA ZEARFREMHEXRMSRES R

Table5 Analysisof antigenic amino acidsin the HA proteins of isolated HIN2 AlVs

I PUF A AT 5,
\;fri Antigenic amino acids sites
72 74 127 135 146 148 149 150 179 182 183

Ck/SH/F/98 G G S D Q N N A T T N
Ck/SD/zBI07 G R S D Q S N A T T N
Ck/HeB/0617/07 G R S D Q N N A T T N
Ck/JSITS/10 G R S D Q N N A T T N
Ck/TJ1/15 E R D G K N G N T R D
Ck/HeB/20/16 E R D G R D G N D R N
Ck/HeB/0115/17 E R D G R N G N T R E
Ck/HeB/0318/17 E R D G R N G E T R D
Ck/HeB/0427/17 E R D G R N G E T R D
Ck/HeB/0511/17 E R D G R N G N E R G
Ck/HeB/0626/17 E R D G R D G N D R S
Ck/HeB/0918/17 E R N G R N G E T R E
Ck/HeB/1027/17 E R N N R D G N D R N

T HROR I SERR AL S AR I B R S Z AT RERR 9 22 508

Note: Bold represent the difference sites between the isolated strains and the previous antigen groups.

AWF5EH 2007 AEHRI T A0 TR EEXG SR
Yy 7 kK HON2 W8I ALV, I35 H HA JE Rk
Trist il Kotk ot . 5 R W 7 MR B8
[EEMEAE 95.5%-97.2% ], WF5E4E, HON2 W
LAV 1 HA EHRRASTE 1994-2005 4 LA
PARSSR/GL *~F, H 2005 4, H PSRSSR/GL
20 100 B A S ST A6 o i O b AL A 2 5
WAT I R R B 4 5 4 AT . 2017 4F
] [ HON2 43 125 5 bk 24 o7 o 2 B A 24 28
PSRSSR/GL, Y 2007-2015 4EyitTaEbEAH LA &
AARAY, EA WFIEUE B A A5 ) 5 AR 2 1 5 0 B
SRS HNREOEOR P HA TR S
B RS Z BT TR R R A B AR

W BRE HA RS2 AR S5 A X i 130-Loop.,
190-Helix I 220-Loop DA Kz FEFRAR ST 1 4 HEBR 40
o HA B ARG G AT SRR SR 2 ALV B
i FAEABR LTI R, 1 Q226L Hl G228S Vs i
FHRE AV 5 NEMER IR ZIRMIGE ), AWFSE
W) 7 MRS TR 226 N IRGE A NLEIRAT

QL W24k, Q226L ZE7Z FIsi HON2 W2 AIV 1Y)
HA 454G NI MEWR RS2 /K RE 7, SEmisg i 1
HON2 P 7 AIV JEe AR XU . 130-Loop [X 37 {44
A X R 133, 137 1 138 fy &R S R
TP EEARA L AP FE R O I B 25 5, (ELIX BB A 1)
RASXSF HON2 WA AIV ZAREE S S R
WiATS A FER ST . 190-Helix [X. 189 {3 F1 190 fv; 48 Iz
£j 2007-2015 4 TREMRAH LRI TIAID. TIV
AR, AHSCSCHERIRIE T190V J& HON2 WA AlV
25 o ) e A SR el L Sh g S e D U9 R
BeaR AR LS IR RR T, X R BARAR
BB HIN2 Y ALV (32 AR ZE &R 5k, (HRE 2
BRI FL S A R i 2 AR . 25 R
MR EE KN, 2017 4E53 B 1) 7 Pk HON2 i TREpR
(I ZIREE GO R TR B WA SR, HE&T
gh A NIRMER R Z IR RE 1, HA e A
JRURS:

£ HA LR, 7 SRor s R T HEr
T HON2 WA AIV 4723 %, H5 2017 4
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Y EERIE N T — 53 . PUR M R R
43 B BE RS 0 AT 1 B AR AR N T I
HI 2L AI2E 1-4 AN, S5&PURERE M, Bl
B 2017 AFRIA TR R AR T U tEAs e s
Xt 7 BRBERAS PR A A S T R B 72,
127, 131 553 9 A kA T8 B 1Y 2%
A5, AT RE A P EOr B AR R AR PR S AR 1
JE R

FEHR IR IS EE B4 HON2 WA ALV,
SRR 12 WA T ABFFE R, A7 HON2
R AV B RATR AR, A2 REE B A s 382
FLPR K A= AR, A I I 3 T LR B B 45 A
BH5. T AV PR S kAR, 5K
PEVETER 8 HON2 E 7 AV g — 10 s BB S
P B, IR K 8 T B A N B & R
JER [T 4 v LK 5 X0 T X B P A S i Y B
AT E S [, EBEER AR XA X
o X 8] i X3 IR R AR A S T8 S S
AR 0 16 55 94 TR R P DG B P 2 Y ik vk
PR TR ARG PR AR A DA, X 2 8%
5 AR SRR TRA TR R G RS R O R
R, BUFREH R RCR, IR R AR
FERIZET, THe (i 2B E R J158 A9 HON2 7 Al
BB, BORASREEEE ; A, R SSERET
il 2 BB A% (W] B 7 A 200 Jf S 98 RVA I B g8 2 Bl 8
VI . ARSI, oIS N 5 R
REAS 5 | XS AR XA [T JEAER HON2 MBS ALV 1)
G SERA Y o
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