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Molecular origion of human infection with a novel avian
influenza A H10N3 virus in China, 2021

WANG Shenjiao, QI Xian*, YU Huiyan, DENG Fei, HUANG Haodi, XU Ke, BAO Changjun

Jiangsu Provincial Center for Disease Control and Prevention, Nanjing 210009, Jiangsu, China

Abstract: [Background] Since the human infection with avian influenza that occurred in Hong
Kong in 1997, avian influenza virus has become a major threat to human health and public health.
[Objective] To perform the molecular epidemiological study on a human infection with HION3
avian influenza. [Methods] Influenza virus subtyping was detected by real-time quantitative
polymerase chain reaction (PCR) method. The virus genome sequencing was completed on the
next-generation sequencing platform. Bioinformatics software such as Blasts and Mega 6.1 was
used for sequence and phylogenetic analysis. [Results] In April 2021, a virus was isolated from
patients with severe respiratory diseases, which was confirmed as H10N3 subtype avian influenza
virus by nucleic acid detection and sequence analysis. A HION3 subtype avian influenza virus was
isolated from the farm product market near the patient’s residence, which was highly homologous
with the human isolate. The human isolate was a new gene recombinant HION3 avian influenza
virus, and its HA and NA combination first appeared in poultry in East China in 2019. However,
its six internal genes came from H9N2 virus prevalent in poultry in southern China in recent
years. The HA cleavage site of the virus contained one basic amino acid R, without insertion of
multiple basic amino acids. In theory, it did not belong to highly pathogenic avian influenza virus.
The amino acid residue at 228 of HA receptor binding site mutated from G to S, which
theoretically enhanced the affinity with human SA-a-2,6 receptor. No E627K mutation of PB2
protein was found, but the amino acid residue at site 591 mutated from Q to K, which
theoretically enhanced the adaptability to human body and the pathogenicity. [Conclusion] This
paper reported the molecular epidemiological characteristics of a case of human infection with
HI10N3 avian influenza virus, and revealed that live poultry market played an important role in
gene recombination of avian influenza virus and opportunistic infection.

Keywords: avian influenza A virus; H10N3 subtype; human infection
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87 w[ A/Environment/Hunan/09790/2017 EP11101004 H7N

71

88

9
A/Duck/Jiangxi/11.29 NCDZT66H2-C/2016 EP11835204 H9
A/Environment/Hunan/46719/2015 EP11092591 HON2
A/Chicken/Hubei/S0591/2016 EP11829959 HON2

A/Chicken/China/F1255/2015 EP11768241 HON2
l{ A/Duck/Japan/AQ-HES5/2015 EP1946771 HON2

m A/Environment/Jiangsu/04940/2021 EP11885159 HION3
A/Duck/Wenzhouw/YHQL64/2014 EP1683192 HIN2
A/Environment/Anhui/43762/2015 EP11091757 HON2
88, A/Chicken/Hunan/7.26 YYGK45V3-0OC/2018 EPI11828012 HON2
A/Duck/Hunan/06.22 YYGK79T3-OC/2018 EPI1834540 HON2
A/Chicken/Guangdong/G1586/2016 EP11743303 HON2
A/Chicken/China/H1072/2017 EP11768274 HON2
991 A/Hunan/37286/2017 EP11352866 HON2
A/Hunan/42088/2017 EP11352850 HON2 b
A/Hunan/11173/2020 EP11804953 HON2
A/Chicken/Fujian/3.15 FZHX0019-C/2018 EP11816236 HIN2
A/Chicken/Anhui/12.25 YHZGS007-0/2018 EP11816107 HON2
A/Chicken/Anhui/12.25 YHZGS005-0/2018 EP11816106 HON2
m A/Chicken/Jiangsu/0110/2019 EP11751743 H10N3
99" m A/Chicken/Jiangsu/0104/2019 EP11751736 H10N3 |
A/Anhui/1/2013 EP1439504 H7N9
99 A/Wuxi/1/2013 EP1467302 H7TN9
A/Shanghai/2/2013 EPI568646 H7N9
—— A/Chicken/Beijing/1/94 EP16009 HON2

W 99—— A/Duck/Hong Kong/Y280/97 EP15999 HON2

PB1 A/Environment/Shandong-Zaozhuang/33/2017 EP11101309 H7N9 7]
A/Chlcken/]lanﬁsw’JS/OZ 71/2017 EP11551311 H7TN9

7N
A/Chicken/China/H96/2017 EP11767135 HON2
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A/China/A Szohou GIRDO1 2019/2019 EPI1815740 HON2
A/Chicken/Jiangsu/3596/2017 EP11829672 HIN2
8L A/Chicken/Shandong/3424/2016 EP11785689 HON2
A/Chicken/Shanghai/05/2018 EP11556623 HON2
A/Environment-air/Kunshan/NIOSH-BL34/2018 EP11618407 HIN2
m A/Environment/Jiangsu/04940/2021 EPI1885160 H10N3
9boT A/Chicken/China/1101/2019 EPi1789469 HON2
A/Chicken/Shanghai/06/2018 EP11556631 HIN2
A/Environment/Guangdong/47405/2016 EP11092232 HON2
A/Environment/Sichuan/32315/2016 EP11093036 HIN2
8- A/WuXi/0213/2016 EP11555437 H7TN9
A/Chicken/Jiangxi/04.01 NCNP0061-1-0/201
A/Duck/Wenzhow/ YHQL64/2014 EP1683149 HON2
A/Chicken/Wuxi/6085/2015 EP11055795 HIN2
A/Environment/Jiangsu/03758/2015 EP11101093 H7N9
A/Chicken/Qingdao/015/2014 EP1652986 HON2
A/Chicken/Zhejiang/3C28/2014 EP1681060 HON2
A/Chicken/Jiangxi/T4512/2014 EP1602187 HI0N6
A/Chicken/Zhejiang/3C14/2014 EPI681059 HIN2 |
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5(Mixed) EP1665627 HIN2
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m 100 L A/Chicken/Beijing/1/94 EPI5979 HON2
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0_| m A/Chicken/Jiangsu/0110/2019 EPI1751745 H10N3
m A/Chicken/Jiangsu/0104/2019 EPI1751738 H10N3

- A/Chicken/Shandong/3442/2017 EP11829649 HON2
AfChicken/Jlangsu/S 96/2017 EP11829673 HIN2

}-A/C hicken/Shandong/3424/2016 EP11785690 HON2

- A/Chicken/China/H1072/2017 EP11767265 H9N2

2.2}
(=2}

o
u.;lc\‘-!

o A/’Jlangsu/428/ P11868384{;H ON3)
Fujian- 31mm 2020 EP11804941 HIN2
A/Hunan/l 17 2020 EPIl804955 HIN2

1

D

— A/Beijing/226 /2017 EPll 100603

g A/Enwronmenthhandon
o(j A/Shandong- Qm dao/03 PI1102625 H

— A/Chicken/Japan/A 5 EP1946749 HIN2
99 A/Chlcken/Chma/El 74/2014 EP11767201 H9N2
L' A/Duck/China/E2838/2014 EPI1767212 HON

=)

0.()1

N
o

—
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- A/Chicken/Guangdong/DG16058/2015 EP1918968 H7N9
{A/Chlcken/Chlna/D2 15/2013 EP11767156 HON2
A/Chicken/China/D2120/2013 EP11767157 HIN2
A/Enwronment/’Nantong/nt38/2014 EPI556869 HON2
/Envnronmentr’Zhe iang/zj31/2014 EP1556853 HON2
A/Guangdong/M 058%2d16 EP1942889 HON
A/Chicken/Hu el/ZYSJF15/2016 EP1942192 H9N2
/Nan_]mg/l/2013 EPI469565 H7TN9
A/Chicken/Zhejiang/S1IC30/2014 EPI838060 HIN2
A/Chlcken/Zhe_]lan 925I34/2014 EP1681093 HON2

|_— A/Duck/Hong Y280/97 EPI6027 HIN2
/Chlcken/Beljlng/]/ EPI6037 HON2

A/Chicken/Hunan/08.25 YYGK28V2-OC/2017 EP11821414 HON2
A/Hunan/37286/2017 EP11352862 HON2

A/Duck/Hunan/08.25 YYGK87V2-OC/2017 EPI1821491 HON2
A/Chicken/Hunan/10.31 YYGK31C3-OC/2017 EPI1821421 HON2
A/Chicken/Hunan/09.22 YYGK41A3-0OC/2017 EP11821436 HON2
r A/Chicken/Primorsky Krai/05/2018 EP11274612 HON2

+ A/Chicken/Guangdong/7.20 DGCP045-0/2017 EP11821760 H9N2
~ A/Goose/Hunan/11.30 YYGKO92E3-OC/2017 EPI1821519 HON2

+ A/Chicken/Hunan/02.06 YYGK11J3-OC/2018 EPI1821380 HON2

A/Chicken/Anhui/LH99/2017 EP11302589 HON2

m A/Chicken/Jiangsu/0104/2019 EPI1751739 HI10N3
89' m A/Chicken/Jiangsu/0110/2019 EP11751747 HION3
- A/Chicken/Jiangxi/10.25 NCNP49A2-0/2016 EPI1821450 HON2
— A/Chicken/China/H1114/2017 EP11767397 H9N2
m A/Environment/Jiangsu/04940/2021 EP11885163 HI0N3
99 e A/Jiangsu/428/2021 EP11868393 (H10N3)
_{A/Duck/Jiangxi/09.21 NCNP98Z2-0C/2017 EP11821502 HIN2
A/Duck/Hunan/10.31 YYGK74C3-0C/2017 EP11821474 HON2
LA/Chicken/Hunan/7 21 YYGKy9-0/2016 EPI1821511 HON2
A/Environment/Gansu/52420/2016 EP11092053 HON2
A/Chicken/Jiangsu/JS86/2013 EP1691958 HON2
A/Chicken/Ganzhou/GZ86/2016 EP1942174 HON2

E{/HunanMZOSS/ZO 17 EPI1352846 HON2

[ A/Chicken/Zhejiang/SIC40/2015 EPI838117 HON2 ] c

99 ' A/Duck/Anhui/AQ14/2014 EP11034469 HON2
A/Chicken/Beijing/1/94 EPI5951 HON2
A/Quail/Hong Kong/G1/97 EP15947 HON2
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A/Chicken/Jiangx1/5.26 NCDZT18Q2-OC/2017 EP11829038 HIN2
A/Chicken/Jiangxi/5.26 NCDZT470)2- (())C/2017 EPI1829158 H9N2

A/Chicken/Jiangxi/5.26 NCDZT32§2 -0C/2017 EP11829086 HONZ]
C/2017 EP1 1)819051 HO9N2

N2
 A/Chicken/Hunan/07.25 YYGK48U2-OC/2017 EP11819120 HIN2
— A/Chicken/Guizhou/12.22 ZYLJJ007-0/2018 EP11819643 H9
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A/Chicken/Fujian/03.15 FZHX0026-C/2018 EPI11819569 HIN2
97 10 A/Enwronment/han u/04 940/202% EPI1885161 H1ON3

~ A/Chicken/Ningxia/ N024- C/2016 EPI1833182 HON2
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gi‘;) A/Environment/Shandong- mgdao/12/2017 EPI1101211 H7N9
m dao/28/2017 EPll 101275 H7N9
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A/Environment/Shan on%]%o%daoﬂ&’ml? EPII 101267 H7N9

A/Chicken/Jiangxi/5.26 NCDZT32Q2-0C/2017 EP11829088 HIN2
A/Chicken/Jiangxi/6.26 NCDZT48R2-OC/2017 EP11829304 HON2

A/Chicken/Jiangxi/5.26 NCDZT49Q2-0C/2017 EP11821343 HON2
A/Chicken/Jiangxi/2.28 NCDZT64K3-OC/2018 EP11821463 HON2
A/Chicken/Jiangxi/3.23 NCDZT15M3-0C/2018 EPI1822113 HON2




FAEOASE: NIRYH T HION3 & B 2 2 7R

1239

NS

- A/Environment/Hubei/12136/2017 EPI1104042 H7N9

+ A/Henan/27456/2017 EP11102002 H7N9

A/Gansu/19545/2017 EP11101514 H7TN9

A/Hunan/17868/2017 EP11102216 H7TN9

A/Environment/Hubei/12137/2017 EP11104050 H7TN9

A/Chongging-Fengjie/51/2017 EPI1100730 H7N9

A/Sichuan/11020/2017 EPI1102696 H7TN9

A/Environment/Jiangsu/06673/2016 EP11092637 HON2

+ A/Chicken/Jiangsu/JT154/2016 EP11526923 HON2

{A/Chicken/Fujian/6.22 FZHX0659-C/2017 EP11826050 HON2
A/Chicken/Fujian/3.15 FZHX0018-C/2018 EP11823867 HON2

r A/Zhejiang/27/2017 EP11103024 H7N9 a

A/Environment/Jiangsu/12105/2017 EPI1101186 H7N9

A/Environment/Jiangsu/12089/2016 EP11101162 HTN9

A/Zhejiang/21/2017 EP11102976 H7N9

L A/Shandong-Laiwu/02/2017 EP11102616 HTN9

9_9{ m A/Environment/Jiangsu/04940/2021 EPI1885165 H10N3

® A/Jiangsu/428/2021 EP11868391 (H10N3)

A/Shanxi/26571/2017 EP11102664 H7TN9
A/Gansu/27151/2017 EPI1101522 H7TN9
A/Environment/Xinjiang/32320/2017 EPI1101354 H7N9
A/Hebei/24991/2017 EPI1101810 H7N9
A/Beijing/22669/2017 EPI1100602 H7N9

A/Environment/Jiangsu/12090/2016 EP11101170 H7N9

99| 'w A/Chicken/Jiangsu/0110/2019 EPI1751749 HI10N3
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+ m A/Chicken/Jiangsu/0104/2019 EPI11751741 H10N3 b
+ A/Jiangxi/10674/2017 EP11102440 H7N9

A/Anhui/13443/2017 EP11100426 HTN9
A/Environment/Shandong-Zaozhuang/30/2017 EP11092967 HIN2
A/Chicken/Anhui/9.29 YHZGS014-0/2018 EP11825370 HSN6

A/Quail/Hong Kong/G1/97 EP16064 HON2
ﬁ|7_|j A/Duck/Hong Kong/Y280/97 EPI6058 HON2
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A/Chicken/Fujian/6.22 X0627-0/2017 EP11825995 HON2
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Alduck/G
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A/Duck/Wenzhou/YHQL64/2014 EP1683106 HON2

A/Shanghai/2/2013 EPI
[Shanghai/2/2013 EPLR6RC0 L K iiing/1/04 EPI6115 HON2

—
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99" A/Duck/Hong Kong/Y280/97 EP16100 HON2

]b

3 HI10N3 fFH5 R EREE (PB2. PB1. PA.NP. M #1 NS)# kit A0k &4 F) 5 1 Y872 GISAID
RIS, 43 ERREERT 70%89 AZSE. AR RE/R 0.02 FIZTEREC. o0 HION3 A4T-EFk; m:

HI10N3 &2 FIRET /> B kK

Figure 3 Phylogenetic analysis of six internal genes (PB2, PB1, PA, NP, M and NS) of three H10N3 viruses.
Number after each isolate virus is the sequence accession No. in GISAID. Bootstrap values are shown for
selected nodes (only for those with a frequency greater than 70%). Bar indicates 0.02 sequence divergence.

H10N3 human and avian/environment isolates are indicated by black circle ® and square m, respectively.
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24 DEBEHREISFIHE

HI1O0N3 ik 8 19 N R 3 B Pk M 225 B
B E SR ST LR 1. R EE HA
FRZURN S TA A E IR R, RifA
ZATE SRR, I E AR TR SuR b & K
paEl. HA A ZIRLE A0S 228 1 A SRR
el G A8k S, P B3R T XA SAe2,6 5%
IREZERFP, 348, K& PB2 &I E627K

F1 FHHION3 FEREBEAXBEEBMASON

Key functional amino acid sites of viral proteins of two H10N3 influenza viruses in Jiangsu

Table 1

FID70IN 7845, {H 591 [ 24 SEMERIEH Q RASS

K, HE E35E T X AR IE Y Ao
M2 B R4 S3IN A5, KRB EEXS &I befi
YA PINE . N3 A I R B 1 28 2 R
DRUAF ST 2507 5. (345 E119V . Q136K 1222M
R292K. R371K )R EARAE, RUXHZEE
i T 1 ) BBURR 27281 PB B 1119 1368V o7 5 il
PA 75 11 S409N . V100A , Ll Kz NS1 #5 [ i P42S .

A Y

AR, FEFR Virus

Protein Biological function Mutation Human H10N3 JS428 Environment H10N3 Human H10NS
EN/JS04940 JX-346
HA ZARGE B AL R Q226L Q Q Q
Receptor binding sites G228S S S G
(H3 number) R2291 I R R
BRI PEIIQGR |G PEIIQGR |G PELIQGR|G
Cleavage site
NA ZEKX Deletion No No No
Stalk region
EL7/E 7R EII9V  E E E
Antiviral resistance Q136K Q Q Q
1222M I I I
R292K R R R
R371K R R R
PB2 e I 2L Sl s oy Q591K K Q Q
Mammalian adaptation E627K E E E
D701N D D D
PBI ISR EAAIMEHE ) 1368V V \Y% \%
Increased transmission in ferret
PB1-F2 HEsmXHfizLshEeit: 87-90aa 90 aa 90 aa 52 aa
Increased virulence in mammalian
PA ([CESERE VIO0A V \Y% \%
Host signature S409N N N N
M2 2yt S3IN N N N
Antiviral resistance
NS1 C-K¥i PED R:J% 227-300 Runcated (217 aa) Runcated (217 aa) ESEV
C-terminal PED motif aa
g /N B o D92E D D E
Increased virulence in mice P42S S S S

FEVRAFRARS, JS428 (HION3): A/Jiangsu/428/2021 (H10N3); EN/JS04940 (H10N3): A/Environment/Jiangsu/04940/2021
(HIO0N3); JX-346 (HIONS): A/Jiangxi-Donghu/346/2013 (H10NS)
JS428 (H10N3): A/Jiangsu/428/2021 (H10N3); EN/JS04940 (HI10N3): A/Environment/Jiangsu/04940/2021 (H10N3); JX-346

(H10NS): A/Jiangxi-Donghu/346/2013 (H10NS).
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D92E (i S BIAR KA ZL S W) iE R, iR
& MEBYRTERIE. ILAh, PB1-F2 1A NS
1 C-terminal PED JEp IR KA e, (R T
BiER TN E Y6

3 W EE®R

2003 AFELIR, ABRES M B E NS E
TR B , EE W I HS JHON2 Fil H7 45307 1160
A 5T I\ — 5] S8 ™ T R s ) s N I R
FaA oy B B — R B X SRR AR AS R 2 0
Y17 Real-time PCR 43 A/ 6 i 1L PR 41 )7 51 i
BT, 45 SRAIE S AU H10N3 7 B & i e 141
IASE AT A B 3 AR 5 T T 8 R R AR AR
A oy B B — BRI R , 200 B A L R A X
O3HT, 5 R R L R AL R BEAZ T R S AH AL
JE 35 95.0%-100%. FER R 58Kk A 43t R
2 MRt O R EOE, A LM BRI, 45
BrIRA TR A, I R — i YL s i
BLS P S T B e 3 e e B A Sk, H
i, AR IE 19 G H10 955 84045 HI10N7
1 H10NS AR A58 1 R RE T
H10N3 7.2 & Jit Jieipg 2 Ji e A JF5 | B0™ 5% -

BB i I AR I AT e 5 | A PR [E]
1%, W L 24> JE R e 2L 30 P 3 1ok ik
R3320 HA B I SZ ARG A R R e T
2 R EE PTGV, TG I S Ah A Hh R O
P Herfst LGSR MR KB HAL HA
G226L. T2441 F1 HA2 & 1 E74D 3 M S %
A%, BE FECE HIONT SNEEfE S5 Pl <
RN IR T AOPAL4E 5 G226L 878 FE 7 HA
H RN AR SAa2-6Gal B3 17 3=
SRR, FRRIE G228S [AIF ARSI R LR )
YE— a5 . T2441 (HA1)F E74D (HA2)RY R AR
TR T HA 8RR pH BREE AR b i
fagtE, ARt , KA JS428 7£

G226L . T2441 F1 E74D3 v fi 095748 SR
228 A FLIRIRFE G A8 N S, HULHEN 4 i
Pk 18428 A HG5R N SA02,6 Z R ER S A%,
A A & A2 SA02-3Gal Z A4 1 77 [7] SAa2-6Gal
ZUCEM I & 1eAh, KewFse ks,
PB2 # 1 E627K MR AFREHE 4 5 & it B 7
RNA REWHE NN B HIETE, BE5Rp %
R B3 R PR RO PO, ARG R, 1S428
BARAR KA PB2 M E627K IRAE, {H 591 fif
FILFRFESRE Q RAE N K, Blig FJEXT E627 {if
SRR GRS A , B LA 1S428 H 5 T Xt
NI T o ABFFEAR DG HR L 2 28 51 Fn%% )
2 fih 25 A% TR T I 345 7 A 0 (9 R B s ok
RIS, B AR A T — o B Al
T AR 43 FHEAE , (H A HLA A BRIl FR2 (%
e tOLET

R EIREE SR I 2 B R
i DX, B A8 e B R A TR Y ) e
FECPU RRRIFE R E AT S AR S HELT BT
BLHRERNEHRMEZEHALT, A 1997 49
B B s R A T IBUIX R RO HSNT & R f
DI, KB R M, T4 2 & i 16 8 28 5 18
BB Y Rl N B R T AR
ZAAE R WG B T W s o B 2R S R EE ALY
AT Ry TR R 5 I R A T
MALEREST, M 2013 PG, AR ERKITIT
IE TR M 25, N T AR 1S NG
BT E ER RIS, AR -, R’ATE
FEVL IR R I — R AN N B AR I Y & 3 B i
W, WEEAfUFE HIN9, H7N4, H5N6 Fi
HON2 P45 Wem Bis 2 W], [ 2018 4F LK,
VLIRS BT IAT I 5 32252 HON2 Hl H5N6
WRICO 1994 AFAET AR E &K B HON2 Ji i,
ZJE AR R EREZEME g Hgh K
WIRAT AL, TN W BT Y I S
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FEERAE T AL, 4G H7NO \HSN6 Fll HIONS
43337 RS, HION3 4R kEA 6 A3
HE AR SR I8 T I AR R AE AR AR ML IX A 7Y HON2
WG TE , PE—4 /R HON2 J55 2 (1) 5 B0 2 4 25
AL TR S, T E ks nsm Wi TR,

FEE IR AR AT, B AR K& 2R
KR A7, 456 55 ()35 B K & ol 82 1 2 e
FHEAE A FEZAE P, rp E AR A X S AR |
MWFRKFHEEE . FEES, BEERAL-H
RV £ 19 1 BE I 2R 1 T B X0, T 4E R
P [ 46 AR i IX 5 & P B HTNO . H5NG
HS5NS ., H7N4 Fll HIONS 55, 4 Hy iz i 2k foe 1 42
T HA F/sl NA P AR o, MR 4k
AEA e HENT, 5 HION3 43 B bkt S5 4 K R
I HA FITNA SER Z AR E R TR & b
A A T, Hede ) B W5 T LA 36 990 21 B A K
B ANFFRHGE NG HION3 & g i
P, E— 200 i T & S g & i vt A& TR
JRE A B, AERVE N, B A KB s
g g ik DR 2L W B s e B Tl A =S e F AR ZH
X, XS H TS wE s TR — A, R
T B ST AL TE B R B AR N (58 B R
WA ZR 0 DU 7 8 3B i T K
YEM .
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