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Genetic evolution of avian influenza A (H9N2) virus in a live
poultry market in central Jiangsu, China, 2019-2020

ZHAI Xiaohu', HE Weihua', ZHAO Xuegang', LI Ling', QI Xian"

1 Jiangsu Agri-Animal Husbandry Vocational College, Taizhou 225300, Jiangsu, China
2 Jiangsu Provincial Center for Disease Control and Prevention, Nanjing 210009, Jiangsu, China

Abstract: [Background] Since the 1990s, HIN2 avian influenza virus has become a major threat to
human and animal health. [Objective] To understand the molecular evolutionary characteristics of
HON2 avian influenza virus in a live poultry market in central Jiangsu, 2019-2020. [Methods] The
specimens were detected by real-time quantitative PCR method, and SPF chicken embryos were used for
the isolation of virus strains from the specimens. The whole genome of each isolate was sequenced with
specific primers. BLAST, ClustalX and MEGA 6 were used for sequence alignments and phylogenetic
analysis. [Results] A total of 231 environmental and poultry specimens were collected from a farmers’
market from 2019 to 2020, from which of 34 influenza A virus strains were detected, including
33 strains of HIN2 subtype. Twenty strains of HON2 virus were isolated with SPF chicken embryos, and
the whole genomes of 11 strains were sequenced and aligned. The HA and NA gene sequences indicated
that the 11 strains belonged to G57 genotype of Y280-like lineage. According to the evolutionary
characteristics of HA and NA, the 11 strains can be divided into 5 gene constellations (A, B, C, D and
E), of which constellation A (n=5) was dominant. The cleavage site of HA1 and HA2 subunits of HA
protein of the 11 strains was a basic amino acid R, which indicated low pathogenicity. Four mutations
(including I155T, H183N, A190T/V and Q226L) were occurred in the receptor-binding region of HA
protein, indicating that these viruses had enhanced ability of binding to human SAa2-6Gal receptor.
[Conclusion] The HON2 avian influenza virus in the live poultry market in central Jiangsu is
characterized by active evolution and has a risk of transmission to people. Efforts should be made to
strengthen the monitoring and the research on cross-species transmission of avian influenza virus in the

live poultry market.

Keywords: avian influenza virus; HON2 subtype; live poultry market; Y280 lineage
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Table 1 Nucleotide sequence similarity of HOIN2 in 11 poultry market isolates, 1 human isolate and
3 reference strains (HA and NA) (%)

FER A B 11 isolates JS/1/2019 dk/hk/Y280/97 dk/hk/Y439/1997  ql/hk/G1/1997
Gene segment

HA 90.7-99.8 92.6—99.9 87.9-89.7 80.3—-80.9 84.7-85.3

NA 94.3-99.9 95.7-99.9 89.1-90.1 83.3-84.4 86.3-87.4

Note: JS/1/2019: A/Jiangsu/1/2019(HIN2); dk/hk/Y280/97: A/duck/Hong Kong/Y280/97(HIN2); dk/hk/Y439/1997: A/duck/
Hong Kong/Y439/1997(H9N2); ql/hk/G1/1997: A/quail/Hong Kong/G1/1997(HIN2).
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Figure 1 Phylogenetic tree of HA genes of 12 HIN2 isolates and reference strains.
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Figure 2 Phylogenetic tree of NA genes of 12 HIN2 isolates and reference
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F2 2019-2020 FHFH X 12 #k HIN2 5 ZE#k HA 1 NA EEEES
Table 2 HA and NA gene combinations of 12 HIN2 isolates in central Jiangsu (2019—2020)

f B Virus

FL N4 4 Gene constellation

MBERIL HA P s REGIE ] NA

A/lJiangsu/1/2019 (HON2)
A/environment/Taizhou/02/2019
A/environment/Taizhou/03/2019
A/environment/Taizhou/10/2019
A/chicken/Taizhou/32/2019
A/environment/Taizhou/11/2019
A/chicken/Taizhou/24/2019
A/environment/Jiangsu/1190/2020
A/environment/Taizhou/1197/2020
A/environment/Taizhou/1239/2020
A/environment/Taizhou/1191/2020
A/chicken/Taizhou/25/2019

Mmoo mwz > > > >

1.1 1.1

1.1 1.1
1.1 1.1
1.1 1.1
1.1 1.1
1.1 1.2
1.1 1.2
1.2 1.1
1.2 1.1
1.2 1.1
1.2 1.2
2 1.2
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MEVR R, SA02-6Gal)fZ & 1t sk s
FHEALFE T155T. HI83N., A190T/V. Q226L #l
G228S 4 (ZA MR HE T # I8 H3 W/ HA J¥51),
Hirp Q226L 1 G228S ZE748 & 44 S HAF o A
FEr, 11 BRI EE HA SRR T 228 L2 LR A
SRIE G, HAh 4 M7 EAE TR, Mgk
s TR A SAa2-6Gal 2 AR Y 4 A
(F 3), NA B[ 274 (H— )N S 4 L iR vk
B OH, Hie FRUPEEEAR AN 2 A R R
il CAnFLAR K =5 A0 B w5 ) A g bEt pegh,
11 ¥R R PB2 1 E627 AR AR,
F IR REXT AR A 38 1 ) RSO J1 ERA — 2 1Y
Jry PR

3 winEE#

2019 4F 3 A VL75 & P —6) N\ s HON2 5
il o A58 A REE i T BT 0 & T S M R A
BARA SIS 31 £ HON2 VR BHEARAS , XF
Horr 11 MRS F I T30, B3 2019 4F
SR AR B T B 5 1 AR B TR 43 8 B I
A/Jiangsu/1/2019 (HON2)AZHF B2 = B [l U, #6718
TIEE T HON2 & 38R 5 /M g A1
HEMEH, 21 HHEPILok, SERFERITHX
RS2 RE T 28 &Y HON2 &5 Bk i, 4
BT ARk 2 T A R A
N, M AREA A 1 3%, FEE LA
TEE ML A F I A A T 15%5T4
P US201 - S S AT T R i X HE B T
FHEFNHRY A E 0 W

ARWEFEH, 11 Bk HON2 FREE 43 B AR A 43
Bk HA B 20 B — il 2 LR
2 W 995 B X 4G 1 SO 1 R 28 A8 O = BUR 1 .
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B IR B R e N R & P AR R,
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£3 2019-2020 EFH P HEX 12 % HIN2 B H R EERThAE
Table 3 Amino acid function of 12 strains of HON2 virus in central Jiangsu (2019-2020)

W mE EXYES]:
Gene  Mutation Biological function

A1 Bk Isolates
NGBS 11 BRIRES /8 &bk

Human 11 environment/poultry isolates
HA 155T  HESR T A2 1K SAa2-6Gal 124 1) T T
Enhanced the binding for human receptor SAa2-6Gal
HI83N N N
A190T/N T T
Q226L L L
G228S G G
NA H274Y  #P&EBRFEPITE Neuraminidase resistance H H
PB2  E627K  H3H XTI FL IS B 1k E E
D701N Increased virulence in mammals D D
PB1 1368V v v
NS1 D92E N N
M2 S3IN 4 W E BTk Antiviral resistance D D

Note: JS: A/Jiangsu/1/2019.

A 4 R A MR AL A (1155T . HI83N .
A190T/V Fl Q226L) kA= 5748 , A4k AH AT 5% 4
5 B35 25 1] B3G5 T X AZE SAa2-6Gal Z 1k
(57 A0y 2122 T B ) 6 T B B A R e A
R HA A T RAE

ARG, 12 BRI EETE HA F1 NA SEALAY
BT RS, 2R Lo 5 A
FEHAA, Z5RER HON2 i i TR H R
AR FEFF LIRS, HON2 95 5 de K A9 R
SRR S RN S PR R AR 22 HON2 5 75 1] LA JR
JeXg . B JOOFRSEZ RS, MRS
O fl B & e fe LT . IbAh, HON2 R B ER &
AR AT R AS TR IV TR 37 i B 110 R e F
FRIRAE T 5 A FE R 2 4 1 Sk 4ok
HH I — S NS S AR A W {d e Y &
TR FE(HSNL, H5N6 ., H7N9 253t 1T Py
HE LA HON2 ¥ B i K B4R s 28 S DR N A A
IR Z . Chen PRI Pu FEPTAFST A& BH,
1994-2013 4¢fn], ERERKEHH 117 FiEEHE
RILEGRAT, St HON2 5 25 4% 1 R 10 5 e 728

FINEBEE N E R BR . M 2013 4EFF IR, G57
JE R R W B L AT SR A, R, G57
FEPIA HON2 9 g HoAth 7 70 375 8o 2 S $2 446 Y
3 R 11 S AR, AU FE H7N9 . HSN6 A1 H10NS
0T (HAFTE R S, HON2 2 N B3 [N 5
Hofh g B s ECRE S5k, M AR IER
TRATEERR A A BRI TR AR Y B R R U

5 NG HSNT (JRFEZHN 52.8%). HS5N6
URAEZ N 65%)F1 HINO (i FE4HK 39.2%)4H
EEO-1O28T IR Ye HOND 5 5 AR AR A L o
FEARIAR, RO N SRt B A 8 S T A= 38 i )
T N2 20 . HON2 5 5 76 8 2 v 3 A7
e, IR, B E RSN EN A,
EG 25 F e kR BE S5, MRBRMERE KPS, A
WF XYL AR 1 B NG HON2 i il 1% & T
AT IR 5T, UE— 2 BN A R
A 7 B0 SR A 5% A B A SR BV ] 2
JRBRTER G E Y, AR Sy KW IR
FEYE L, AE R [a) FlZs [B] 4E B [ RRae R X & i
SR (B0 45 H5 . H9 ., H7 FHAdY ) 7E AR
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