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Abstract : Objective  To conduct molecular surveillance and evolutionary analysis of avian influenza virus (AIV) in air
samples collected from the live pouliry wholesale market in Changsha, providing laboratory data for the prevention and control of
human AIV infections. Methods  Air samples were collected from pouliry stalls in live poultry wholesale market in Changsha.
AIV nucleic acid detection and nucleotide sequencing were performed. The sequencing results were analyzed using BLAST, key
amino acid (aa) residue alignment, and nucleotide evolutionary analysis. Results  All 27 air samples from the live poultry
wholesale market tested positive for AIV nucleic acid (100% positivity rate). Two AIV nucleotide sequences ( CS17 and
CS11) were obtained. For CS17, the HA and NA genes exhibited the highest nucleotide similarities to A/duck/Bangladesh/
38285/2019( H11N3) (98.47% ) and A/mallard/South Korea/JB21 — 58/2019 ( HSN3) (98.94% ), respectively. For
CSI11, the HA and NA genes showed the highest nucleotide similarities to A/environment/Fujian/EV01/2020 ( HI1N3)
(95.34% ) and A/duck/Wenzhou/771/2013 ( HIN3) (95.30% ), respectively. Internal gene analysis revealed that CS17
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originated from H3N8, H4N6, H3N2, and H6N1 viruses, while CS11 was derived from H7N9, H3N2, and related viruses.
Both CS17 and CS11 were identified as HI1N3 subtype AIV (abbreviated as HIIN3 - CS17 and HIIN3 - CS11, respectively)
. The HI1N3 - CS17, H11N3 - CS11, and 101 H11N3 strains ( retrieved from GISAID) exhibited conserved molecular features

in their HA proteins. All strains retained a single basic amino acid (aa) at the HA cleavage site and preserved Q/G residues at

the receptor — binding sites. No critical mutations were observed at R293K ( NA protein) , S3IN (M2 protein) , E627K, or
D701N (PB2 protein) , nor deletions in the 69 —73 (NA protein) or 218 —230 (NSI1 protein) regions. Notably, specific
mutations were identified; 189V (PB2 protein) , and N30D and T215A (M1 protein). Phylogenetic analysis indicated that the
HA and NA genes of both strains belonged to the Eurasian lineage. H11N3 — CS17 clustered into a subclade with H11N3

viruses from ducks in Bangladesh and Japan, while HITN3 — CS11 formed a subclade with HI1N3 viruses from domestic ducks

and live poultry market environments in China. Conclusion

Two H11N3 subtype AIV strains were identified in air samples

from the live poultry wholesale market in Changsha. These strains exhibited molecular features of low pathogenicity and avian

receptor specificity but displayed distinct genetic reassortment and evolutionary subclades, warranting further surveillance.

Keywords: Live poultry market; Air sample; Avian influenza virus; HI1N3 subtype; Gene; Evolutionary analysis
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( Neuraminidase, NA) $LJR Y22 5, 7] 434 18 4~ HA
WWAI(HL ~HI8) A1 11 4~ NA WA (N1 ~NI1), 4Bk
EA ZMIER ALV BESYR G 2K, P Kb E &
LT &Y HTN9 (H5SN6 \HON2 J% H3N8 Z:3F #d ALV
Wl B R Y 56 & T FATIR Ok
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Tk ARA BT HRIA .

AIV |y 8 /N7hts7 i RNA J Bt (PB2,PB1 PA
HA NP NA M NS) 4, i BLZ A1 45 %) A dL 4l AR
5, ATV BBURFAIE SZARRAE | i 25 1 55 5 903 2 2 K]
G HE R (amino acid ,aa) i 2 P)AH G H
EA MR AIV &5 7 B A Tab s 7, &
B BE IS IR0 AL 46 RE 1 LA OO I 2L 30 0 1 S0 1k 1
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2l AR XURS o TR B A T AR Th N R B
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EAFICTE . AMTTE B A KT 1 ZRANE &
itk i I e <o ALV i K oAk s, A
L ATV SN B 42 4R S0 % Kl

1 #REFEE
L1 #&RE EFERUTHX KL

VB Ry W 3, 122117 4 32 BT 1) A DX A B T 37 B AR X
MG 89 KGR S B H M R HUL B, ARHF
8T 2022 AEAE M (4.5.6.8.9 11 H) MR EH K&
BB I AR T 25 SRR R A, 42 U Bl o2 I 4 1K
KA 4 ~5 FING, B EUCRE 1 ha S,
MR AL A SHREM 27 Dy, 25 SRR SR AR AL BN T B T
BEFEX BFREXERA 4 ~6 m* A IEERUCR 4
1 e, SRAEA B FE B ML 1. 0 m 2247, R T
RFERS (1% H Bertin CORIOLIS® ) 78 & A4~ SR A 25 LA
200 L/min 954 FERAE 10 min K 4k 2.0 m* 255
BWCEREA 3 ml g B R AF U (AU 5 R AE R
ABRA ] IR /M, 55 5 56 7 IR, 4°C
VORI 1 Vb T TR 4 A O S0 IR A
SRR

1.2 AIV #Zag#m FF Thermo KingFisher Flex
PRV AE TR HE BN AN Fisher Scientific™ LabServ™ i 43
TEREER L B B TR PEBGR K £ ( 32 [E Thermo Fisher
Scientific 73] ) XFWCHE BY 25 SRR i DR AFCEEA T 6 RA%
PRI, M H] ALV 52525 PCR A R A I 3 70) &
RV A YR FRA 7)) K ABI 7500 %Y Real -
time PCR {¥ (2% & Thermo Fisher Scientific 2\ &]) %} #2
B RE S AZ IR EA T ALV R, 438 25 A S 5 R A e 2
PR BB

L3 AIV & 24 are o) mle R (4 i
WM H ARG ) (2017 4R ATV 38 JH 514 (Uni - 12/
Infl .5’ — GGGGGGAGCAAAAGCAGG -3’ , Uni -
12/Inf3: 5> - GGGGGGAGCGAAAGCAGG -3’ ,Uni —
13/Infl : 5’ - CGGGTTATTAGTAGAAACAAGG -
37) . illumina miseq I 5 1% K FiE 2 3k 50 &5 (36
illumina 2\ &) %f 32 B %€ )6 PCR 1 ¥4 ] & ( Cycle
Threshold value, CT) /NTF 30 {4 AIV 25 S AL AR AF K
PR AZ IR A A T v 3 A% R e, W00 e T LS £
FastQC B X 7 B 1 47 AT ARAL , >R H] cutadapt T
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BTG e 91 3 3t 9B A 5 & )5 91 veads , 5 J5 1
SPAdes — 3. 13. 0 B FF4% 5 $2 22 2 IR Bn 1A 910 4L
% £ ( Genetic Sequence Database , Genbank ) , 7E 2R FeAx
JRIHR A oL PE 8 & T. B ( Basic local alignment search
tool, BLAST ) #f 17 4% H M2 AH &L 7% 73 #t (hup://
BLAST. ncbi. nlm. nih. gov/BLAST. cgi) .

1.4 AIVAREY aa XSS NAERIEREL
P53 ZZ B 18 ( Global Initiative on Sharing All Influenza
Data, GISAID ) #1 3¢ EAEWHE ARG B oL
( National Center for Biotechnology Information, NCBI)
S R a4 H1IN3 Kz HON2 \H7N9 ,H6N6 , H5NI |
H5N6 H3N8 WY ATV AR IRIEN it aa J751, F1IH]
BioEdit 6 T 2 19 ATV FIABIF 58 vh 25 SR PR 1Y
HIIN3 WE R ATV JE [N 4% S0 aa (7 b AT 2 H HEXT
o FAFE T

1.5 AIV HA NA AR Fitte st M GISAID T
#5430 HIIN3 SZ %Y ATV HA Fil NA JE A H R 751
BSEHH MEGA X #Af9E47 DNA [#31) ALIGN Clustal
WX, 0 i R A B A — B A R Y 40 AT I R
K5 Al i MODELS £ & Find Best DNA/Protein
Models ( ML) 47 i Ak 73 A A5 B0 T30, AR 4 Tt 45 2R
PP LA I A A HIIN3 WA ATV HA Fl NA
FEHEAERY

2 &5 R

2.1 ALV mldh ot FIH ATV S2EF %% PCR #%R
I GR S 2022 AR VDT 1 535 S & T ok IR

(2 SRE AT RN, 25 3R 7R, 27 A AURE A ATV
R B 100% (27/27)

2.2 AIV @S HFmal 5 R HEE9 i SERF U
J6 PCR CT {A/NT 30 19 ATV A% 2 BHPE 25 SRR it A7
T T8 R HE R I FE AT BLAST FE X, %858 45 51 R 2
PRz SORVRRY ATV S HIIN3 WEAY, Horh 455 CS17
By HI1IN3 ¥ % AIV ( A/environment/Hunan/CS17/
2022 ,H11N3 — CS17) HA XRS5 %P ER HI1N3
WA ATV ( A/ duck/Bangladesh/38285/2019) #% 1 g tH
RL 1 A 7 (98.47% ) , NA J [H] 5 i ] B A 4 Sk G
H5N3 \F % AIV ( A/mallard/South Korea/JB21 - 58/
2019) A% ER AR BL I 5 55 (98. 94% ) , INTRAE PB2
PB1 PA NP M & NS 735 5 H A PR 455 H3NS | B 15
H4NG6 | [E] NS H3IN2 58 [ (450 HONT (=] YIS HANG
Sy SEWE TG H3NS 7 A ATV A% H IR AH BV 55
5 S CS11 f4 HI1IN3 ¥ & AIV ( A/environment/
Hunan/CS11,2022, H11N3 - CS11) HA ®H 5 EN
EEE BT EE HIIN3 A ALV ( A/environment/
Fujian/EV01,/2020) 4% 1 B AH L Fe vy (95.34% ),
NA 5 K 55 [ py I M 5 H7N3 SIE A ALV (A/duck/
Wenzhou/771/2013) ¥R AHRI M B 5 (95.30% ) ,
R PB2, NP M J2 NS 435I 5 [ P #7155
H7NO J7PHXE HIN2 VTR 15 W0 4 K% 4 30 H3N2
EAD ATV A% AR LM s, ASWF5E Hh i HTINS —
CS17 il HIIN3 — CS11 5 #5417 W3 %91 GenBank %
S5O PV258289—PV258302, H A b X 45 L L &%
L,

F1 Z5SFESL CSIT A1 CSIT HIIN3 SEAY ATV 46 36D BLAST A% 41 R AH B4 23 H7
Table 1 The BLAST analysis of genes of HI1N3 subtype AIV isolates CS17 and CS11 from air samples

R FEH GenBank % 5% 5t e AR5 2 ik AAE(% )
CS17 PB2 PV258289 A/environment/ Japan/KU —4h/2021 (H3N8) 2 267/2 280(99.43)
PB1 PV258290 A/ duck/ Vietham/HN5959,/2019 ( H4N6 ) 2 154/2 180(98.81)
PA PV258291 A/duck/China/402D27,/2019 (H3N2) 2 117/2 151(98.42)
HA PV258292 A/ duck/Bangladesh/38285/2019 (H11N3) 1 672/1 698(98.47)
NP PV258293 A/ Anser albifrons/South Korea/22MC - 64,2022 ( HON1) 1 488/1 497(99.40)
NA PV258294 A/mallard/South Korea/JB21 -58/2019 ( H5N3) 1395/1 410(98.94)
M PV258295 A/ duck/China/JX02M/2023 ( H4N6 ) 979/982(99.69)
NS PV258296 A/Spot - billed duck ( Anas poecilohyncha) /Korea/KNU23,/2022 ( H3N8 ) 830/837(99.16)
CSl11 PB2 PV258297 A/ duck/Zhejiang/S4488/2014 (H7N9 ) 2214/2280(97.11)
HA PV258298 A/environment/ Fujian/EV01/2020 (H11N3) 1 618/1 697(95.34)
NP PV258299 A/ chicken/Guangxi/165C7/2014 (H3N2) 1 505/1 564(96.23)
NA PV258300 A/ duck/Wenzhou/771/2013 (H7N3) 1 338/1 404(95.30)
M PV258301 A/duck/Zhejiang/4.29_HZBX008 — 0/2018 ( mixed ) 1 004/1 027(97.76)
NS PV258302 A/duck/ Anhui/LY/2021 (H3N2) 882/890(99.10)

2.3 AIV &R B4 aa 248455 54  HIIN3 -
CS17 F1 HIIN3 — CS11 HA & [ 24 v 2555 337 ~ 345
{7 aa & PAIASRGLF, GISAID T #% iy 4 3% 101

HIIN3 A ATV (LLF faiFK 101 #k HIIN3 53 ) HA
HASRMHRAL IR 1 AE aa J7 51 (51 BREEE R
PAIATRGLF,46 #4575 &7 PAIASRGLF, 4 ¥4 5
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PAIAARGLFG), HIIN3 - CS17.HIIN3 - CS11 %
101 #f HI11N3 f58E HA 5 21K 4555 7 & ( Receptor
binding site , RBS) &5 238 #1240 {v; ( X} 1 H3 JiJ8 2
%5 226 F1 228 {ii) aa ¥k Q F1 G, 5 HON2 Fi1 H7N9
WAL ALV ACREEI N L G KA, HIIN3 -
CS17 H11N3 - CS11 % 101 # H11N3 J5# NA
5293 v/ aa SN R,M2 T4 31 {i/ aa N S, 5 HON2 |
H7N9 H5N6 J% H3N8 i %I AIV ft 2 kk M2 & (4 B
S3IN {37 25,2845 Rl ; NA 85 11 69 ~73 37 45 & NS1 &
45 218 ~230aa £ % A e, 5 HON2 H7N9  H6NG6
K H3N8 W7 AIV {8328k NS1 26 F146 218 ~230aa it
R PB2 A LA T 189V 2848 (H R & A E627K
H1 D70IN 2875,

H11N3 - CS17.101 # H11N3 J%5#% PB1 & (54
%A H99Y 2275  H11N3 - CS17 J% GISAID T2k (% 95
Bk HI1N3 J%57 PB1 % (445 368 {3 aa J}y I, GISAID T
YA 6 F HITIN3 58 & 4 1368V 5845 ;HI1N3 —

CS17 B 101 £k H11N3 J52E: PB1 - F2 45 45 KR 24
9 90aa, {UA 4 b 3& HIIN3 5 3 87aa, 75 4
H9N2 H6N6 Kz H5N1 W5 ATV fC £tk 90aa, HTN9
1 H3N8 W B ATV A FE kK fy 52aa, HSNG6 V5 ATV AL
Tk AR DI AEYE PBL - F2 #& (4, HIIN3 - CS17,
HI11N3 - CS11.101 #f HI11N3 Jig 2 M HoAth W AT Fe bk
(N 46 HSNL W AY ATV AR R M) ML SR R A T
N30D A1 T215A %€ ZF, HI11IN3 - CS11, A/duck/
Jiangsu/10 — d4,/2011 ( HIIN3 ) ( HIIN3 - JS) A/
duck/Bangladesh/38285/2019 ( HI1IN3 ) ( HIIN3 -
Bangladesh ) } GISAID T 2% 74 ¥k H11N3 ji5#E NSI
T H Kk P42S 4% HI1N3 - CS17 . A/environment/
Fujian/EV01/2020( HI1N3) (H11N3 - EVO1 ) ,A/blue
— winged teal/North Carolina/NC674 - 362/2005
(HIIN3) (HIIN3 - North Carolina) & GISAID | %%
(4927 Bk HIIN3 i 8g & Az PA2A 8748 . AR L X451
W2,

|2 AURER CSIT Al CSIT HIIN3 MEAY ATV 43 BRI PR i 5 1 OB 23 43
Table 2 Analysis of the important amino acids in HI1N3 subtype AIV isolates CS17 and CS11 from air Samples

iR (A= FRRNE H11N3 - CS17 H11N3 - CS11 H11N3 - EVO1 HIIN3 - JS
HA BRI 337 ~345 PAT ASRGLF PAI ASR GLF PAT ASR GLF PAI ASR GLF
0226L 226/238* Q Q Q Q
62288 228/240° G G G G
NA R294K 294/293* R R R R
69 ~73 sk i 5 5 =
PB2 189V 89 v v v v
E627K 627 E E E E
D701N 701 D D D D
PBI1 H99Y 99 H A H H
1368V 368 I A v 1
PB1 -2 LK 90aa K 90aa 90aa
M1 N30D 30 D D D D
T215A 215 A A A A
M2 S3IN 31 s S S s
NS1 P42S 42 A s A s
218 ~230 sk I & w i
B Bﬂ;ﬂgﬁ;h HENS = North “pony 11197 HINO - €SI H6N6 - GZ090 HSN6 - €SI HSNI-HNI  H3N8 - 1000
HA PAI ASR PAI ATR PSR SSR PEI PKG PQI ETR PLR ERR PLR ERR REK QTR
GLF GLF GLF RGLF GLF RKR GLF RKR GLF GLF
Q Q L L Q Q Q Q
G G e G G G G
NA R R R R R R R R
& = = = = = = w
PB2 v v v v v v \ v
E E E E E E E E
D D D D D D D D
PB1 H H H H H H H H
I I v v I I I I
PB1 - F2 90aa 90aa 90aa 52aa 90aa JETh et 90aa 52aa
M1 D D D D D D KA D
A A A A A A KA A
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- HIIN3 - HIIN3 - North ~ ~
BEEA  Bongladesh Corotima ™ HON2 - 11197 H7N9 —CSI H6N6 - GZ090 HSN6 - €SI HSNI - HNI H3N8 - 1000
M2 s s N N s N s N
NSl s A s s s s s s

i i E % E i i &

7 : a: A/environment/Changsha/CS17,2022 ( HIIN3 ) ; HIIN3 - CS17: A/environment/Changsha/CS17,/2022 ( HI1N3 ); HIIN3 - CS11; A/
environment/ Changsha/CS11/2022 ( HI1N3) ; H11N3 - EVO1 ; A/environment/Fujian/EV01,/2020 (HIIN3) ; H11N3 - JS: A/duck/Jiangsu/10 — d4,/2011
(H11N3) ; HI1N3 — Bangladesh ; A/duck/Bangladesh/38285,/2019 (H11N3) ; HI1N3 — North Carolina; A/blue — winged teal/North Carolina/NC674 — 362/
2005 (HI11N3) ; HON2 - 11197 ; A/Lengshuitan/11197/2013 ( HON2 ) ; HTN9 - CS1.: A/Changsha/1/2013 ( H/N9 ) ; HON6 — GZ090: A/environment/
Guangdong/GZ090/2013 (H6N6 ) ; HSN6 — CS1: A/Changsha/1,/2014 ( HSN6) ; HSN1 — HN1 ; A/Hunan/1/2006 ( H5N1 ) ; H3N8 — 1000: A/Changsha/
1000/2022 (H3N8) ; A: N2 ; D : RAEER ;B A E I F K NEIR; G B AR H A AR 1 T & K & R L e &R N RBP4

R Q : A A RAEER ;S 252 T 00 &R ; V. AR

2.4 AIV HA NA A Fstepf g AR s Al fu
S5 HA R NA e R AR AR AR 43 ) e 4 ) SCI [i]
7] i #2 7 ( General Time Reversible Model, GTR ) FI
Tamura = Z ${ 5% A ( Tamura 3 — parameter Model
T92), J7 ¥ 6 88 8¢ KU Sk 5 ( Maximum Likelihood
Tree) , £ B {H (bootstrap ) %}y 1 000 ¥k, HIIN3 J55
HA F1 NA e R HE AR 25 T8 I Fn b 58 WK 43 32,
ABFFE ) HIIN3 - CS17 (H1IN3 - CS11 J& F Rk IE
Ry 3, AERRIE R 73 3, HEIN3 Ji5 8¢ HA R NA Jk
SBT3

HA & K JE R 78 HITIN3 - CS17 53 md [
9 HI11N3 j% 2 ( A/ duck/Bangladesh/38285/2019 ) 3%
GOCRI, FE G Fmpr EFH ARG HIIN3 55 # 5
I L — 43 32, HUIN3 — CS11 5 =] P4 A N 1
H11N3 %5 2: ( A/duck/Fuzhou/D6/2020 ) 254 5 R,
EE [ AR AWV RTL R R TG T 3 B
HIIN3 g8 R i — D03 3. HA LRI R
3 S 3 SN LA 53 32 53 53] e T PN L 2R SR 968 T B D
i 22 2 S 8 WK I B A= 7K & DL K g S HTIN3
WREELLA . d63E R 533 32 B bk 28 [ 5 HL 22 ) /N Rh g
R AU 56 HAth b X HF A= & HIIN3 5 35 20 . WAL 1
(A),

NA BB R, HIIN3 - CS17 5E P 1L 7R
K K& HIIN3 %5 5 ( A/Swan/Shandong/W4154,/2021 )
FHRRIE, FE 5 HA S nd E 1 HIIN3 j5 8
REIL M — 43 3, HIIN3 - CS11 5[5 P 4 i
&1 % 3 55 H1IN3 5 & ( A/environment/ Fujian/
EV01/2020) 24 X R, R 25 E R EE Wi &L
ARG 4E HIIN3 i aE AR TE M — W5 3, HoA I 43
SCHAT =2 B i B L H AR P 22 R ORI S A B
A8 HIIN3 sl dBSER I3 F 28l 56 [ 45t
FHu XA EF AR & HIINS a2, WIR 1(B),

3 ®

BTG ATV 5 38 o U8 T R P e T R

TR 7 PR [R] B 3 A 28 2 B B3 s A SOKE A
B ) ALV JE U I, FERF ST YL B8 IR IR 4%, 1 i
BRI YL . AP T 2022 4E R
KA1 G E M A T2 [N 27 0y, BANE 5%
T KRB R E R B, 7581 0 8 r0 s & Bl o+
XRAE 1428 SR S HEAT ALV W, 45 5 R 2022
SRR PTG & & T 25 Soh ATV B % 100%
(27/27) & T SETEANIMNGE T 2 S AV 15
YL PR B AR T (12/14,85.71% ) L7
B ETH (275/807,34.10% ) . # & ] N (27/30,
90.00% ). FF w& (6/13, 46.15%) K& Wi 2%
(100% ) ™21 ] 2022 AE Kb TG &tk i s
S ALV {508 SRR 5 AT S B 0% &t ki
g 3gim L2, SRR AV J5 B R I5 4
H R, T NS e A ) T s RO T wE A it A
XTI S A O, $n KD T G &t A i 7 2
JinsiaE XH BRI AR, BRI ALV S e =
g &SR R A9 RS

H11 WA ATV B2 —FRE0RE ALV, 045 9 Fps
[f] NA A, [ 1956 4F 15 I A TeA% =2 i 51 o3 15
H HIL LR, B A 240 B R HGE 53 55 %00 AL
i1 , Kuratko 25 H1 Pawar 25 43 591 ) BE 14 1 %5
I AR (4 28 S 18 H 23 85 14 HIINL J5 7. Zhang 45 A
I AR T T R SR B XS RE 4 B HLIN2
FIEE Y . HLL G330 3 15 H A 5 ATV JE[R] g,
FERRYL TS A 2 B 2 R I ARRE IR, (H A AF 5
KW RERY LS (5% , AR T

HHl, O A W& I8 L AH IR EE 73 25 11 HIIN3 J5
BEIIWFFE . 2009 44 F g NSRS B i 3
Bk HIIN3 J5 77, 2011 45, v [ VT 05 8 Y MG 4y
B HLIN3 ™ . 2020 4F, [ Y AR 8RS 1 R I8
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Fig.1 Phylogenetic analysis of the HA (A) and NA(B) genes of the influenza HIIN3 viruses isolates CS17 and CS11 from air samples

at live poultry wholesale market in Changsha, China
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