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AIV Avian influenza viruses BRI B
CAF The Central Asian Flyway FROIE RS2
cDNA complementary DNA HA IR SEAZ A R
dNTP 2'-deoxynucleoside 5'-triphosphate 2 E AL IR 5'- =R #h
DMEM Dulbecco’s Modified Eagle Medium FEOR DUR 2 R PR IR 85 77 0k
d day AN
EAAF The East Asian - Australasian Flyway FRMP-MOR AN IE € R 2k
EID50 The 50% egg infectious dose X UK G B
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h hour ANR)
HA Hemagglutinin I #EER
LPAIV Low pathogenic avian influenza viruses {REURE M & B B
min minute P
mRNA Messenger Ribonucleic Acid (S RZERZ IR
Ml Matrix 1 R H 1
M2 Matrix 2 JEEH 2
mL mililiter =Ft
NP Nucleoprotein ZHEH
NA Neuraminidase T R
NEP/NS2 Nuclear export protein HizEeEA
NS1 Non-structural protein 1 JegEfEA 1
PB2 Polymerase basic protein 2 Bl R EEEE 2
PBI1-F2 Polymerase basic protein 1-F2 R AEEA 1-F2 HH
PB1 Polymerase basic protein 1 kR EEEEE 1
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PCR Polymerase Chain Reaction RA By N
rpm revolutions per minute L2
RT-PCR Reverse Transcription-Polymerase Chain 5 B 53 R0 B A it e QU
Reaction
RNA Ribonucleic Acid A AL
SPF Specific pathogen free TEHFAE I3 R AR
S second W
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T, AT H AR ST AT LA T, TR0 T8 S5 R T I B RS B A N\
FE FTRERR 2K

1. o ] 2R i S5 A Xk % & I B 25 R A 7T
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15 ERF AR A SR, fE(R S IS B 25 R s & S H13, H16 A1 HI Rkt
PRI 2.28% 1.65%F1 0.34%, HLARPHEZRIE S TR IES B3, HibnT i,



L 2RI Y8 R Sl L 24 A7 18 5T

LPALV 7Ef & ARG o M5 S A KOT A (BN 0 & iU J I AR 3R 34 17 561, &
W FARYEASIE B % KB SR AR . ATV 5 e R85 SO UK NS . PR IEAS . 20
RS, MOEAKIES . B A B W RR IS k&, G S2INE ALE BR R OTIRIB R E] e A HT
PERRZR, PSELT ALV IR 8 AN E S (. WP M, 5. EEL BRI, Bk,
L BEE) DURRE MBI, oo I e R 0 M FR MG ST Y A, AT 36 [ e 7 1B s Y
B 47 T I B, AR S L N BT RS AT BT PG A, A A RS A T E g
YL, SERC—REWIESE: KBEM MR ERS ST R, CAERP Wi R X B — A5,
IR S AR BT A, A& AR R ETT R AR DA, 8 KBS AR AR
FER XA, REFERMILT K, LTk BRI R MR, dkS bl ahH—
FXEAE: L0MERS IR TS MR T R R IR BRI A A, &
IR BN PR S R S, B 2R [ P T BRI BT, TR T —ReiE

s SRR RIS IR M M IRV B R — BRI R, WHERE. diES R
WHL X R4, SRAFEFZE QR )i MRV - BERS M PR i) i 7 e IR U 1 5 Bt H R
P I AR A AR B VRV I DBR A% 5 N A G 5 A A Y VM U T b S T LH R — R R AT
(= B BRI T AR A L DX, m I B R XA, $2OR LPAIV 2B S IE4E B I b %
.

2. SRS FUBGRTE HINT. HIONX. HI3Nx. HI6N3 {3 & HEL R AR AT 7T

REREHWEY, %55 HINL. HIONx WA &R EEk N2 TR E Sk, A
DRI 2, B RRL LR . % SR HI3Nx WAL B Mk R & LS HAt I A K A4
HAIMG, HION3 2B BS HI3Nx WAL RR S UIMDE, 2 IAFAEA S R 22
Wite ZH1902 Al ZH186 B#kI1) PB2 JE[K, ZH385. ZH5299. ZH987. DZ137 EEfkf NA &
5, DZ137 FAkH) PB1 £, DZ137 F1 C701 Btk NP £ v Be 5 S5 i R EEpkigi 4 ¢
REUL, WRERAE T SRMNNE REEMAL T BTN E A BB ORE, FRIE R Rk
FEG5W . GE. R R INHIX b E S X RO R Y], 5 RARd p g
B3 B DX A i BE AR, $ 73 8 H 0% % T B 1 8% 12 S 6,935 6 L 7E P9 1) ) 3 A o AR g 4%
.

3. 1% ZY5 HINT. HI13Nx. HIONx. HI6N3 FE#k 10 7L 5h M0 By M VA



L 2RI Y8 R Sl L 24 A7 18 5T

NG RIS 45 R Rk U HIND 70 Fk ZH1902. TI141. TMJ1994. TMJ679
PIRENS AN RN, Horh TI141 78/ BUBSEE R IOMB LU S5 B e, 75 6.4
loglOEIDso/mL, BRIGHZAFIpIESL, O HNE. BIE. B, 5 a R IR FK
] HIONS 43 B0k TMI1098 RIANGE R IGO0 N B G ,  BAE/NR 2 H 2
S UM S HINT A HIONS A5 55 73 B AR ] A58 B 1S 00 T BRI G/N R,
KU RUFHIASHY)ERE . HION4 73 B Pk TMI2193 Al H16N3 73k CZ1481 I £E/)s
SR b LUK 28], b ey FLa P B — & XU . HI3N6 73 Pk ZH5299. H13N8 %)
BItk CZ949 Al H16N3 73 B0k CZ1491 £E.ClE. FRAE. BIE. JRAE. SF-E . IifnfigiEs
AR B EE 2], LKA H AT HI13Nx AR 7 HI6N3 43 B3 bk AN BE£E /) BRAA A 2= i1,
ARG B H Gl AL B AL 1) e

Zi b, AR ARG 7B IRIE AR R ik S e X R % LPAIV 17> 7 AT i
REAE S VP T 0 0 L 30 A T fr S G R, ST AP B AT SR A [ £ S A L AR
TE B AR T I 15 B b B B (10 1S A2 E A L) A0 38 50N 00T 2 2 AR R I AL A —
SEME.

REEW: (KEURTEE RN R DI, BL R, ERL R



L 2RI Y8 R Sl L 24 A7 18 5T

Abstract

Influenza viruses are one of the main pathogens of zoonotic diseases, which can spread in
many species or groups. At present, influenza viruses have been isolated from more than 100
species of wild birds in the world, among which Anseriformes and Charadriiformes are considered
as natural reservoir of Avian influenza viruses (AlV). Low pathogenic avian influenza viruses
(LPAIV) have been continuously prevalent in migratory birds, and the continuous evolution and
cross-species spread of the virus continue to threaten human health, the safety of mammals, poultry
and wild birds. In recent years, the cross-species infection of low pathogenic avian influenza virus
to mammals or humans has occurred frequently, which poses a certain threat to public health and
safety. Therefore, it is of great significance to study the prevalence, evolution and spread of low
pathogenic avian influenza virus in migratory birds. In this study, AlIV was taken as the research
object, and the situation of migratory birds carrying AlV in the migratory areas of eastern China

(the East Asia-Australasia migration flyway and the Western Pacific migration flyway pass
through China's region) from 2021 to 2023 was monitored periodically, which explained the
prevalence, diversity and host specificity of low pathogenic avian influenza among migratory birds
in multi-host ecosystem. The genetic evolution and biological characteristics of different subtypes
of LPAIV were analyzed by molecular biology methods. At the same time, using the method of
virus molecular epidemiology, combined with the comprehensive analysis of the migration route
of the migratory birds of Charadriiformes, the possible route of the migratory birds carrying the
virus across the border into China was revealed.

1. Epidemiological investigation of avian influenza in migratory birds in eastern China

Under the background of global migratory birds migration, according to the migratory
characteristics of migratory birds and the distribution law of bird species, Tumuji National Nature
Reserve, Zhuanghe tidal flat wetland in the eastern coastal area, Bohai Bay tidal flat wetland and
other important resting places, breeding places and wintering places were selected to set up
monitoring posts, and active early warning monitoring was carried out for three years from 2021
to 2023. A total of 58,803 samples of 134 species of migratory birds belonging to 17 orders and
29 families were collected, and 124 strains of LPAIV were isolated, with a separation rate of 0.21%,
including 11 subtypes of HA and 7 subtypes of NA. A series of studies proved the diversity of
avian influenza virus subtypes in migratory birds. Statistical analysis showed that the hosts of the
isolated strains were both Anseriformes and Charadriiformes, among which 31 strains were H5,
H7, H10, H11, H13 and H16 subtypes in Charadriiformes, and 90 strains were H1, H2, H3, H6,

H7, H8, H10 and H11 subtypes in Anseriformes. However, the serological survey of migratory
v
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birds showed that the positive rates of H13, H16 and H1 specific antibodies were 2.28%, 1.65%
and 0.34% respectively. Combined with the virus isolation, the antibody positive rate is much
higher than the pathogen isolation rate, so it can be seen that the infection rate of LPAIV in
migratory birds can not be fully reflected by the pathogen isolation rate, and the distribution of
LPAIV and its subtypes in migratory birds should be analyzed by combining the antibody positive
rate. The dynamic movement of migratory birds provides conditions for the spread of avian
influenza virus. In this study, based on the long-distance migration characteristics of ostriches,
AlIV susceptible hosts and other factors, Black-bellied Plover, Bar—tailed Godwit, Asian
Dowitcher, Black—headed Gull, Gull-billed Tern, Black—winged Stilt migratory birds were
selected and tracked by real-time positioning and tracking methods. They span eight
countries(China, Russia, Mongolia, the United States, Australia, New Zealand, South Korea and
North Korea.) affected by AlV and Southeast Asia. It has important reference value for revealing
the possible route of migratory birds carrying virus to cross-border migration and introduce into
China. Gray spotted plovers set out from Yalu River in China and flew to the Russian Far East for
breeding for one month, then flew back to the mouth of Yalu River to breed, and flew to the eastern
coastal areas of Jiangsu Province in winter to overwinter. Some gray spotted plovers flew to the
Philippines in Southeast Asia for wintering, and moved north next spring, stopping at Chongming
Dongtan in Shanghai, and continuing to move north to start a new round of migration. Red-billed
gull started from the breeding ground of tidal flat wetland around Bohai Bay and moved south to
the lakes in Anhui and Hubei provinces for wintering. In spring, it moved north to the Central
Siberian Plateau to breed, and returned to the breeding ground of tidal flat wetland around Bohai
Bay in summer to start the next round of migration. The black-winged long-legged sandpiper
moved southward from the breeding ground of the tidal flat wetland around Bohai Bay, flew to
Southeast Asia such as Thailand and Myanmar for the winter, and flew back to the tidal flat
wetland around Bohai Bay in the spring of next year. Half-webbed snipe started from the beach
wetland stop in Bohai Bay and moved south to the eastern coastal area of Fujian Province for the
winter. Gull-billed noise gull started from the breeding ground of tidal flat wetland in Bohai Bay
and moved southward, stopping in the eastern coastal area of Yancheng City, and moved
southward to the Philippines for the winter.

2. Genetic evolution of avian influenza viruses HIN1, H10Nx, H13Nx and H16N3 from
migratory birds

Phylogenetic analysis showed that the HLN1 and H1ONXx subtype avian influenza strains from
migratory birds were multi-subtype recombinant strains with complex internal gene sources and

genetic diversity. The H13NXx subtype isolate from migratory birds has not been recombined with
v
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other subtypes. The internal fragment of HL6N3 isolate is closely related to H13Nx subtype strain,
and there is frequent gene exchange between them. PB2 gene of ZH1902 and ZH186 strains, NA
gene of ZH385, ZH5299, ZH987 and DZ137 strains, PB1 gene of DZ137 strains, NP gene
fragments of DZ137 and C701 strains are closely related to the American lineage strains, and the
introduction of independent fragments of American lineage strains may have occurred. From the
evolution of virus strains, the virus strains in China are closely related to those in Mongolia, South
Korea, Russia, Asia, Bangladesh and other regions, which are highly similar to the migratory bird
migration areas marked by us, suggesting that a relatively stable local transmission circle including
China has been formed by migratory bird migration networks.

3. Evaluation of mammalian infectivity of HIN1, H13Nx, H10Nx and H16N3 strains from
migratory birds

The experimental results of mice infectivity showed that HIN1 isolates ZH1902, TJ141,
TMJ1994 and TMJ679 from migratory birds could infect the lung tissue of mice, among which
TJ141 had the highest virus titer in the lung tissue of mice on the fifth day of infection, reaching
6.4 log10EIDso/ml. Besides brain tissue and intestine, low-level virus replication was also found
in heart, liver, kidney, spleen and turbinate. HLONS isolate TMJ1098 can directly infect mice
without adaptation and replicate in multiple tissues of mice. The results showed that HIN1 and
H10NS5 virus isolates from migratory birds could directly infect mice without adaptation, showing
good mammalian adaptability. HLON4 isolate TMJ2193 and H16N3 isolate CZ1481 can replicate
at a low level in mouse lungs, which has a certain risk of infecting mammals. H13NG6 isolate
ZH5299, H13N8 isolate CZ949 and H16N3 isolate CZ1491 have not detected virus replication in
heart, liver, kidney, spleen, turbinate, brain and intestine, which indicates that HL3Nx and some
H16N3 isolates can not be effectively replicated in mice at present, and the ability to directly infect
mammalian models has not been obtained.

In conclusion, this study systematically analyzed the molecular epidemiological
characteristics of LPAIV carried by migratory birds in the migratory areas of eastern China, and
evaluated the infection risk of mammalian models, which has certain reference value for
understanding the potential evolutionary mechanism of how to keep the virus in nature and cross
the species barrier by adopting different strategies and the mechanism of introducing new hosts
and spreading it widely.

Key words: Low pathogenic avian influenza virus; Migratory birds migrate; Genetic evolution;

Cross-species spread
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1.1 A B RREEA

A BB ER(AV) LR 42 8 MR EE RNA B4R, PB2. PB1. PA. HA.
NP. NA. M HI NS HE N RNA fr B E 2 gin i a0, MR Hw 28 2 1 A 4 A
M#E 2 (hemagglutinin, HA) AL ZIREE (neuroaminidase, NA) B, HEA 18 fi
SNI HA EALAN 11 FrE g0 NA WA, BFA KA B 2R iR R R B URME 2 FEAL I A iR
IR, CUEH 16 Ff HA A1 9 B NA LAY, 501 A BYRBYR FEE- UM R
MECHEA AL RE, B4 ANZE. BAKS . K&, . D, fRlEED . O AR E
100 2 A AN [F) il 58 1) B9 2F 1 28 o 43 B9 L ORPL, R 1K AE IR BE Hh  Anseriformes
Charadriiformes 2%, WNHEFHS, KRG, WFERG AP & EH A N2 B BYR 1R ATE £ 9,

TR R H AR B A 2 —, R N & LRI R —, A B
TN 8 AR GURE RNA Fr Bl 2 Fh i B etk . BOUWTE. ERRIEA S ThRE A,
G RNA REMEGAEN (FH PB2. PBI A PA 3 FhR [ 4 LK 57 5003 25 32 IR 401 11 5 %
MEHINEGHEE). MR HA 5570 3240 M 3 1000 8 5 B0 5 437 AR 3 10 P Y
MRBARGE S, (ERREAAT FIF SRS 10 1 B E D E I NP (ER 8 E il 2
A, BEREMES). AR NA (RSB s o e, D)%
i = 4 P R TR T A 8 L 3R T MRV R K R TR 2 1, R MR TR S D) R
A ML (25 vRNP & A4 M A MAZ I . e d A A A R AR AR R 2 85 1D
M2 (BRIBERTTRUER R AR, (EHTWER e i), 9k
LR A NSTOM B £RIA e, MR 4). E4i 8 NEPNS2 (i (4%
o 75 R L T A A R AR AE ). PB1-F2 2R (HB4M 25 00 I 2R (1 5 7 I A0 44
NI SIS )% 0%, BT DA SR R I BUR M) . PA-X B O R GG B
mRNA, EFHMEI ML H KD HAbRH#EEHEA (N40. PA-N155. PA-182. M42.
NS3 G ez BRI E ) U8, HA S REfE A MR E00 My TR 55 E
ZHER, BENAROLESE AN BCARSEAEREROCHE, 11 NA Y5 HA ARG
ST BT B R PR SRR X TR A R DL S SR 0RO D 10, A
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Fig. 1-1 Replication and antigenic classification of influenza A viruses™.

1.2 RER M B RBRFHRT

REBUBIEERBH RN R B sk, AFmAE. #. D, KE. HEE.
ALY . FEME AR, R, S 26 BHZE/D 105 FhETAE S K45
i LPAIVIS, X T H R B HINT R, CE R AN R FE 32 3 T8 RS A6 PR (1) 2
RIEL, A NEAPERUBIAAE, K2 HIND R BEERE I LA R ANBE PRI, (BAEXT K&
55 5 2R 00 AN I I B &Y HIND B94F£E. GSIAID U FE A TT P AR, 43kE
2K HINx WA #bk £ 2N HINT 86k, AL 69.3%, HUOR HIN2 1 HIN3 WA EEfk,
t 8% e A, TEXE M AFEMEY, B N 86% /LA, B Anas platyrhynchos (433:H9),
EBGRATHXONALSEW, AT A LE 46%, FKEFEERINE] H1 VA BERR I3 X 222 RO
X, JCHA LM, A 50%, HrRE & 32%, Z%XE HIN FERATHLX .

ENEERN [F B S R py WM E 0 B H10 SRS 0k, 1949 76 18 [ (13 rh i A DU
F)HION7 WA > Bl 1953 48, FEJLIE N E R IX 1 U BRI LLAN HTONX /& gelil,
B HI0 #EEH 1965 FLORCIERIRME R, #BE. M, SRR, €. MHIEmH
ARSI DA 2517, 1984 4R EG HLFIKSE (Mustela vison) K™ B FFIGEBIR, 1RE
5 HI0N4 WA EHUBIRTEA O¢, 1K CUAN I 15 YCTE It ARl L B ) e b 6 R 1y FR RSB
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TR RE R, T RE IR AR RE A 15 71 0 B 1 L 208 SN AL R 4 TR AR B K SRS 1),
2008 4, (EHENHALA % S For B —Fh HIONS e, %8/ \ R B S BRI B
REMBRERHE IR, 20144, HIONTAIV fEERIM#FSY) (Phoca vitulina) HF 5[ R 5 &
FBET, #530 H10 i EERR LR Fr B 5 (R 7E B9 2 S 28 AR 48 1 H10 3 2 1 25 R BUAH
REL 21, Ak, EIETE HI0 AV CHGIEH R G NE, HBE S BB ER AL DA
JBire 2004 4, RSO HIONT R #E, B ALK, HIONT ATV &£ 4Bk
TLE NS T EOR INZEIRYE, 2010 4E, HION7 WAIGERHR S SHREREEEL TA
&Y, 2013 4F 12 5, W EE JHRE T —FloEr Y HIONS B TR G N B a5, 2021 4,
2023 4, VLAVEFIWILAE /35 R T NG HION3 fil HIONS #i#E. Lk HIONx % A
I8 S B IS Gl LA AN A NI AR, BRI HIONx B3k CL 48 X IR 7L 5)
W) e NG ST AN WT T ROV AE B, 75 B0 AT D)

REBUR ME HI13 ALV T 1977 415 I A 56 [ 113 1 o 73 85 ok, 9 HAR A 7E By
Charadriiformes VAAI 1) S PR R I B, 12975 75 76 IS R HE IS Fh o P A5 DAERERY. B
1977 SEEWRBLLK, HI3 et aEdbSE. 3. BRI Wi JEIARTREEM g R B2,
WHEPFEW . ILARE . LTRSS RN HI3mER. BHEl, HI3AIV S 2HNER
WANAEETE ZR, KT HI13 M H16, 735 2 /DA ZASFIHASAS R R A% 3 SR 1 &) WY,
BT SIGTH, REE R ME/RSREEMN, REMRZ MRS, HI3 1 H16
TRTESEE T MPREE R R A, AR\ AN R B AT I bR AL RR 1 1 AR 2>, HI13 A
H16 VA5 #3 B Ak 1) A SR B R ARG A% E 35 DIAH OG2T- 2800 A3 58 36 I RS i R g1 FiEE 1
BRI BERUR, G 7RI & ) DU A i s A7 1, kB xR s gt AT AR 3%, HE
TR RS S RP LA H13 F1 H16 RITTHRA PR, [RIFE, H13 A1 H16 7 378 B R 17K
5, RAOGEBBIRE CREHZARS) P, GSIAID ¥ JE AT FHIER, 2ERE&I HI3
WA FER 208 HI3N6 Bk, (HEL 48.3%, Hikig HI3N2 A HI3NS WAL E bk, 4375 Lt
17.8%F120.2%, EZNEFAEGREE, HAamER 5 X, N 1% EHX K&K
YL, BRI PG ALy 22 3 X B ERAT X, HOGRAESESEEMIX, &5 sk 72%. 4
ERES2E Hi6 WAL E kT BT AN HION3, HLLEIE 96.5%, &4 HI6NS. HI6N9 %
VA S I, RN ART == 1 XA L 36 56 [ b [X 2 2 BERAT X, 7R R B 2 XA
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i, HAMTES KRR, fEE FERAMERSAAGHIEY . BAREAIEER HI13. H16
PRI B0 1 B VAL I 2R s 1 0 B A 1 SR N SR BB, R BT T AR X B
REMVER A, 0 U AR & T 5 00 B AL BRI A D RS A — e kAl
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5 B LPATV £ £ BR1T.

1.3 BEXEFEFRZRE
131 EEIESEXEERE

B RS RIBOR BRI £, R LPAIV ALHRIMSCHTE 32, K BAT i pERs 1,
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P L A BRER BT Re R R ] ATV BRI AT 2 —P0, PLCIESEARRAE 9 %1%
SILUERRZ, ATHRR, A 4 FBRARGFBIE, SRR —RIETAERR L. TR
LE(CAF). ZR I —W KR PG I T4 B 2R (EAAF) R P A P PRE AR IR £ . 2R W — KR G 7 3
i B 2 R P O P 3R A B 2 AR R 11 Xl e P e 15 P SRR B B e 2 (AT AEIX . TR
SEAE 2T AE I SR T B R A E @ ER Y, AT R LA R AN R AR KBNS
AWML, TEARRI FZMITAERE R b, FEXTAOERS RN 23 0] b, 2P S 28R R IR 22T,
HERETHI BT L hiREE, F2UMBEETRERHBTL N, F84Y
K oA, B A S 2T W] RE A0 B K BE B AL R IR R AN S B RRE el
FEAEITAE VAT IR ST, LA AL BRI X 2 A 2 TAV P bRz 2 AT 2H ) A2 A8 B
A HFEB2 330, 5 F AL B 1 RRIh B T 5 I R R G R D R SR R, 7D
Zahr, SR BN R, U N 2 B R 2 B 2 T P A B IR
T B R T, R rh R R 5 2R R U AT AR RS, R S AT AE B
BN G IBIR LIRS T SRR 3334,

R 7 B 2 A R TR IR AT 7S, Y 2 AN I SIS S B AL R I Rk
2005 4F 4 H RHIE 6 IR ELE 2R ) 176 30 7 30 0 10 T A 1 PR P R (1 HSNL i 7,
B 6000 2 R SRAET, R EEZEFH LB LNE (Anser indicus) FIERLES (Larus
brunnicephalus, Laridae), HHBELME GIET-EH 50% LA EB> 300, [Rmf B, 7E A iHbIX
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IS AR B HSNT o F5 I 2 20 A0 76 M0 X R AR Sk L B0 S JE ) o 2 SR A i A
FhEH, BESLE MR 9 AP, BRI, SRS B O e TSI, kY
fE 4 A ARSI, 055 5 U 5 F e R S SR bk, AR Sk RS 0 kAT R
K 71 ANEFREL RIEL RAHZE. . R E. AR, XL E K2 F
HPAIVHSN1 FI520, 580 HSNT 8l geidid S i St . R ACHh . S0 X Bl
H g 152 B L P 19 2K 10 TRAT BRERAE R 1005370, 2014 48 1 A E R &2 K5, HSNS A
(733 2.3.4.4) JR#EEAE 2014-2015 FREAERRR 2ER, AHTTKRY, HPAIVHSNS Jji# K
RS b A% 1 1) T LR AR AR v B I8 I 52 B e B BT AR SR K IR /AT, 2014 FRHE TR
EHEIA TR G AR SR, SRS TE 2014 FERK T I SR Y 4 A e 28 A L 3
FHBR YN IR ER A0, 55 BT e RR A . BEHEAT N B A g 5 B 1 AR AL PT R 22 3
W T P Z P DX B, I 5 I TR A T A (1 M X S A R EE R BB Y. n
SEAE AT B 2R EE B I BT AR S SR M, PT DL 25 (0 A PR AR AL R TR B3, % ]
R I R At B 0 0 T % 1 DX Sl A 1 8 LB B AR AE — B A A A . BT S TR
JR AR B AR ERAES, INR BB AR O R SRR R P T s ROME L, e B AR
F R o T E T — b WA R

A
B C
/;R/;{\:_/'ﬁ
/i 1
[ S
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B 1-2 3R ST e 2. AZE TR S RIEPERR 4. BAR M-I V0 WAL fi i 2
(EAAF) ufi mi4s, 2GRk S B 200 1, 20 RURIRIEHE R 2kl i I 2% )
Hif. Chttps://www.caaflyway.net) C.H EE LITHEX . (4 E ST HEEE R IT3IT7

% 20212035 4F)
Fig. 1-2 Global migration routes of migratory birds. A. Migratory routes based on shorebirds.
B. The East Asian—Australasian Flyway (EAAF) site network, Green dots indicate important
sites for migratory waterbirds and red dots indicate sites in the Flyway Site Network. C.

Migratory bird migration area in China.

132 ETERNERBRELRIE

ARILAN 2 Bt ATV ARSI 5, 9 B I A A 52 32 B0 & SR pE AR 255
IEZSENINE e P R RN e L2 RS PN LTE DN SR B S e 2 S TPk 3 R 7
I 5 55 oK B AL AN R IEAERh AR - ok =2 10 SR 2 A S0, A AR A AL
FHES) 7RG AR I AEAE, SRR A R Bl 2 b7 SR A S ST
BREGIARAL CASTRIANIN ()DL B AR B SN S 9R B RIL M S K 208 (EZAE R, DU
LR AL NIRE ST, TR S IGERER S, BRI e Ek ALV /&4k, AL
WIETT BE S BN T 5 W00 J AR 3R 0 XU . — M=, R S R A ST R 2 AT
TR EERAS TR s A, R KRR 5 2 W) B B 2= PR AR AL B 52 m P04 BRACiR
ETt Al e E A R S A R IR R, B SRR, XN ATV
FAERRRIE KL, WTFURY] ATV 34T R 5 NDVI(H—EGER B MR S FE LR
IEASRI, IGAE LPAIV (4ERE . AR AT & R R P REIE ke s B, W RRAEK
AR AR ATV ASAEEA A, H Al SRR A et ATV 194E
FRUATRENALERR BN S, ATV & 75 7T AR IR P I (o] GREFAL S, B AR S 2R e 3=
BAE i & T e S S AN A R & rh i B E R, AR SRR B AT RE S
T B YU AR B RE M3 DX RS, 1 R RO A e e . DALk,
SIS B X G HEAN Y ATV I, AR T EE— D 7RIS ATV Sk KA B i Sl
LRI 5 A 2S5

1.4 B RRE RRIEIL A XS
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141 BRBRENEMERSHK

i b 1 b G B0 0 S R DR M R AR ST T RO R L I R, RO
KWt 5 A6 35 2 1) 993 2 5 DR A 8 m] R 23 B I 6 B B TE E ISR A O IR AU SR A £ %
TG FECT HOT TSR TR AN, B I TE LA IS AT ] R AR R KA
AL P A S A PR FE R IR SLIE R, i A A A T T AR S e eh TR
B EAL IR, MR TE R T . W R 51 P RIEE AL T R A2 5 H IR A
B4 R TE (AIVS) AT LAEENGET IR, BAEVF 2 HARZh YR b, g o 2,
YA, A ETBORF RIS, TEENTZ B H A S RRAT RL R . & Rl A7
1AV EH2 B S ZRIER B MRS RN, E2ECEHE T IAEREa R
H7N7. HANS5. H4N6. H3N8 A1 H3N3 HJ5K M5 (Phoca vitulina) - [A] R [F] 4% #5141,
H 2014 £ 4 FJ LK, JbB— BEARAKEZINRK, 20144 6 H 16 HZE 8 A 13 HIMHE,
MUK EFRGE T B %, EW 3P BH HIONT i3, 2013 HA R
Y A/mallard/Sweden/133546/2011 (H10N4) (98.4%) F1F}Z% A/mallard/Denmark/16109-
4/2011 (HION6) (98.3%) WIZHRAHIVER =, Kbt HION7 J 7 Al Aok B & 2810,
2008 4, FREHE Bk HIONS BHRARIVEMM RGR T o R HA. NA ZEFRE TR
W58, P B TRt 5 28 45 B k0L,

WE ARG, I BRERRI AT REPERAC. 2013423 3, o [H iR
LR = 2 T B DR e 1 T PR T SRR, AR IR T — o B A B U
ARG (HTNO) e, Al 4R B bk e 5 & T K & ) LPAT HIN9 i
o, HSR LPAI HINO Ji S Yuill i A2 AE & h o e il W B 1, X B 2 BN
R EPIFMIET, WP AN SR, E=MR AR E Sk &3, HANA W
LR Sk H A HON2 @i somi 551470, 2019 4F 2 H ZE N I/R K A= i — 191 LPAT HON2 i 238k
Je— 2 Befila BE K & IR LR B . 2020452 H, AR — 4 AT REREEREA S i X &
) LE IR G LPAT HON2 /35 . [F)4F, P [EHRE 1 5 % LPAT HON2 i 3 e i, I
H 4 Z)LEA 1 SRR RSN, SR LT IR, H 2013 4E 12 H, FEEK
WIE T —FPE L H10 V5 2 Ge N0 25 DK, 2021 45 5 H o[ SUHGE —4]) LPAI
HI1ON3 i 5 YL TE — 44 i fE(H R B I e A 90, 2022 48 4, hERE T B0 A%

GARZOWRPEH R H3INS SRR B8, 220 BT iZ bk X S IR IR0 5 i Y AL 8, [
7
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KR I COARAE — A B A N B LB I H3INS R B %4, &2 HI & U H3 A1 N8 Ji 25
55 i [ R 5 KA A B 5 1 HON2 Jp B 2 [A] A EE AL AR 1Y) AR P K Rr St AL AT e
JRAF SR RIAT BP0 o F R RO B A1 D T LU e 22 R sh W 1 2 B R, 32 5
T LA 55 Z AR RS S VEAR AR Y B BR ), T I RPAH ELAE A2 8 RNA 2R R
A, B R, e e e et ARG R4, MM AEs S
Brite £ AR, SEIERE AN E IR

Influenza A virus Influenza B virus Other influenza viruses

Wild birds

H1,H3

H5, H6, H7
H9, H10

HS5,H7
H9,H10
H1-H13
Hang N1-N9 HIN1/2
H2N3 H3N2
Influenza D virus

Hah H5N1 Domestic and wild animals ?

H3N2

H3N8

HIN1, H3N2
H5N1, HIN2
H10N4

13 U A A 205

Figl-3 Ecology of influenza viruses

142 BRRRENEERESES

TR R R R H R A PROEAR T . SRR, KEZRRTEER G REREH
ARAZ PR, U RALRLIY 4X 107 (hisd « 48D, A e RARTERIUIROw 75 1815 3=
SRR B A A AR R A 0%k, BEZ MR Re BUWR I . 5 18 A 3R 1
Mk 245 14 45 777 T A AL 3R RO B A D — A I A R0 JRLAA DS, 54, e b e e i B % )
R RE 0 1 FL RE A0S FL A LR AR SR U, A5 AAEAED 35300, 20 3 B A PR AL BT
P EEHLH], PURERMPUR AR, LRSS R T HA B R R AR il
NARAE SN R BE R AL AE ST R AR IR RO B A 2R — A it R AR R S 4t
JFHAS, PURFARANE BEE PURER T IZ B 5L, 1 R EUE R Be HA/NA )58 22eil
M= A R N AR 5, /R MR R LR 2 s, IR T2 sh e £

IR IR 7 e e A T RE R AR PR ARG i 7 2 — T4,
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TR HA ARG A R R 8318 FVEH BRI B e N R, SR
BRI HA H A 576 LRI MERR o2,3 LR Z AL 409, HA EAd 210 3%
RbF=AE 1) Q226L RABMAE Ak 5 02,3 MR RR SR MR 45 & 5 B R 02,6 MEVR IR SR M4 &,
FF AT REHG IR B 00 AL RERE /), G228S RARWMEWINT N 02, 6 MEWRIRZAK KIS A JI 1Y 58,
150 35 bt = BEHA A AT AT BE 22 BRARRNT 02,3 B2 ARSI )07, 76 HSN1 & iU
FIBF 7T T160A. N182K. K193R. V2141, Q222L. G224S “5RAF 0] LI R1G 45 &
NMERIE o2, 6-FFLHEHSZA08, HSN1 GBS h it R UM AR (NA) ik
JH 2 X G B R A 2R B IE 2 2 B0 B o) PP R I e A i R 2 98 i 2 1) 2ok 12
AR, BB RIE AT R 5 58 H3E AL R AT — 8 SRk, 9 BE X 2 A4 (K 45 5V TR
g, AHE HILTE B, MR A AE K 22 2 H0HI0% 00, NA AR H274Y REBS T
NA EASMHEIFIFER R, HA 8E TIS5A. R2291. S1651 255845 H ] BR K 5 Xt
NA H R B PR PR A, AT ™ A i 247 1161 621,

PB2 M AR B B ML R e R, BRI E627K BUR S /N
JIBEINA D%, T Be 2 8 s 7L AN b8 AR T AN R A A I, A TR
HRAAE A B TE R JUe EAS), PB2 HEAMAREE QS91R R, Wk
W £ 3 S0 FLBN 3G LM AN R B AR, X PB2 B, RIAEALEARWE R ILE
A A% % FAL W] LR 3R 23 AL FLAN 0 1E - I SRR 0 RS 0T B A% 3R B 70 B0 1 90
BRI, L M147L. E158G. D253N. T271A. 1504V, D701N 247 i SARI0671, M2
B S3IN B, AR EEN SRS S LI 251, V2TA AL iR 2 AR
251, M1 ZEEH N30D. T215A FEA AT o5/ R BUR RS VR PB1 R E
RNA BAHEE AR, 444~446 Hiff) SDD 35 & R B A B AE F A5 7 110,
8622G Hl V7091 {7 £ 9AL, FEAR KHRFE b3 380 RIS B B0, RIS S 77 19 1
FEAZ B 8 M Rk 35 05 75 I BOW I, PN AR SRR AR WS e 2 A iR
B PB1 S524G FAZHY 3 7 H3NS X Wi LN I SUW HEFIFE H 2 (] (A6 4% B2 1. PA B2 224
AN 383 Ao B2 kIR A2 R Wi BE X X MG BUR LI R B 57, E18G. S388R. A448E S5 fifE
HSNT [ 7T v 285 5 7R T 1 s/ B 52 1) A ZE AR A N 4 i v 38 68 5 45 s £ U700, NP
HEETBOHTE VRNP Ea R EZA NI, KEG M 3 NE R (204R. 207W.
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208R) R HELGMEAL AN HEEN &, NP HEH 109T FIRLRWIEHH T RNA 155K,
155 ALV XX HIE0OH 717173, NS1 2R [ S42P J48 23 i 3 B 7e /N RoH MB0% 11, 55 4247
[f) S A2 HSNT R EEA PilE F 40T P 3R 15 5 10008, 2 NS1 A ARy IEXUEE RNA /&
[¥) INF-k B A1 IRF-3 @ BSIE 5S4, P42S. LOSF Al T101M [ ZAR 5 ml LA i 25
/N BRI B0 D 7

F T U007 5 R S R 42t 8 N0 JT 1K vRNA Fr BEALR, 2475 3 40 i [ I 4w Ff A [7)
VL T RIS , AT Be e AR SRR oK B AN SR AR B AL IR B R AR AR E AL A,
DN B A R U ) EE IR ), SRR BOE R SRR L, B IR 2h A B A A Rk
QAT TR S A R B VR BE P RE 2 A I TS A AR P 2 R B0 I SR AR T S
URAT o AL 23 70 52 b A o 7 A 3 o7 P 5748 T 3R A5 AN ) I B 2 i) 75 g R AR JE IR
A PE TER R-RNP B AR E A MM AN, FEE B 8 AR g T 3k R
HIMARM, R 1918 4F HINT PHIEF UKL, 1957 4F HON2 AU E . 1968 4 H3N2 7
BB 2009 4E A HINT U0 3 =X NIRRT AR 2 2L AL 51, 2009 4 K00
TGP NE R EATS T, 2019 4F 12 A, {EHREZREI @ ERE B, A5k
3 S H R P SR ORI TR S (GS7) HON2 AL E 41 HION3 Jidg, HEAJT
S AR AL HSN6. H7N9 1 H10NS — #7871, SEi6 3 W]t H10N3 73 B ARAE XS H AT L
TR 7 AR FLE I 0 BRI IE SR, 2022 4E 4 A 26 HE K g Z0@iik, Wy
RAE— B NIEGE HINS BRG], 2 &R 2 X & U6 H3NS MIAJR HON2 HH 275
B, HHAL NA JERET 2020 ) R ETR HING, 53 6 DA HEBEERJET 2021 £
U8 HON2, i#E—Br b 6 MNEEFRIF T & HON2BY, 2013 47 3 H o BB & 5 4% 7%

(H7N9) MR R MER (HA) FERF 210 H4A K& #H Q2261 (H3 4i'5), 150 kbR

BT TI60A RAZ, MEEIRE (NA) FE: 69-73 ZEFIX M) AN IL R KR, M2
HEEA S3IN BAR, &K PB2 1) 89V Hl E627K LA NS1 H 1) 428 RAEM, 2021 4
NG H] HION3 8, K HA 2 G228S RAFAT Q591K AR,

AE b BAFAE B AL PR 22 57, B3R5 K 33 R EBHL R B )5 A4 = 1E
IR S S IR R o 2 — Pl R IR AR 2R [ B AR AERE N A
AR, AT RE 2 SEORRAT, BRSO EE ) IZ AL RN T RS BT BEAE N
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5 NZ AR 3TF 51 R AR R A SERUERRAT HL = (HSN1. H7N9. H5N6 4%
R MR RE R L O W) 1952 82, PR REREAL . AT AR R I T AN BT IR
A BT I RRAT RGN s A, & i ROR & AT B S AR T2 H AT

T EE T TE AU A FA A 22—
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QLIREFEERBRERITHRERAERR

2.1 RFn sk
2.1.1 LI FGHE
9-11 H#& SPF XSG B A6 5T ARk B S 4E I8 A HR A 7]
2.1.2 EESRIRF
F 2-1 F B
Tab. 2-1 Main experimental reagents
44 R m g (50
AT ERK LT RFEHZHRAF
PBS WL #h 2z Ml Solarbio
DMEM gibco
RDE Nz
Agarose b R EEMHEARBATE IR A F
HHR LR RO 25 PR A
HER R PR 2 TR A A
6xSuper GelRed Prestain Loading Buffer US RVERBRIGHT
S0xTAE 2% I ¥ Solarbio
DL2000/500 Marker Takara
TransStart FastPfu DNA Polymerase It EEREEDH AR E TR AE]
Hiscript II One Step RT-PCR Kit Vazyme
QIAamp®Viral RNA Mini Kit(250) QIAGEN GmbH

2.1.3 FESLIH{UE

£ 2-2 FEIAAS

Tab. 2-2 Main experimental instruments

AR AR

a7 50

AL e 25 0o AL
e AL
(EREEAERT
FE A G4
a7kt il
TR
EXREEE e

1 L 2K R

R G T

LKA
B BA

Eppendorf
Thermo
BUPH A RRAX 2547 R 2 7]
PO B2
Baker
Retsch
SANTN
SANYO
NanoPhotometer-NP80
BAYGENE
Tanon

12
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214 REBHRIRE. BRfiEF

2021-2023 SE[A], S5 EFMN SRR R EEETS, AU de IR E B4k
IR B R R G N IR I 2 TG AR R (PR MR R . EHCGEF E K AR
TRYIXD, FER Sl A J R TR TR SRR ACREE, AR T RE AL
BHEHIX . RO PR A X KRG AE A X AR EBI T AE AR A X, 4E
e — VO B e A XS5 R e S I R B AR X, A I T BELE. AE
HIGIX . WrE . WEA Wdbg . g, RiEm. S5RE. BEdE. A%, L
Wi Wb dbstmis LI IZRAE 16 M XIE, JREE AU XORHBITE T &R
JESEI I SET AR S S I, YIRS R I I MR TR M L AR
HEEERRY X SE0ESITEME, WA EE GRS, AR /R
E, OREERE . MR MUE AR S SR A . RAE M TR AR S SRR A
i A TR e AR T SRR AL, T ORAFT-80°CRHIKIR VKA
i, R SR 12 2 S B IR AR T -20 °CHiBAE. LA BT REARIE i R R AR £R
17, JRATRETR (e iz B S ie AT R FE Al 5 70 5
215 BRBRBUSE

KA T IR REARTE R EIR G X LREY 30 s, MRS, WHURGWIAS NG
PUERMIBRIRBOR S, BYH%ET 4 °CIGIER AL 8000 rpm B0 10 min. Xf THIFEA,
TERS AR FE 1 g A4 CE T 2 mL WFEE R b, I\ TE B AW ER /45 ZR AT 1 mLDMEM,
KRB A ] 72 T A SRAC PR A2, AR VB D 30 Hz/s, BFESHTA) 3 min, BFBS 58 B 1)
HT 4 °CILIE 0L 8000 rpm B0 10 min. 25 FIAEC G AU EIEWE 200 pL #2200 F 9-
11 HESIE, AR € AR WSS IARAL, T 72 h 5 WU e BH 1 0 R R FE W, 7 T-80 °C
&

2.1.6 BREAFRE RNA IR

R & QIAamp®Viral RNA Mini Kit(250)F T # RNA (U, HAKD .
(1) # 560 uL AVL Buffer I\ 1.5 mL & RNA B &0, SRJE 0 5.6 pLCarrier

RNA(# & RNA, HFABIZBRITE), BHATIESG, I 140 uL 5 515

13
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FIRPRFER CARFESZ T 140 pL, ¥ AVL 32 LUBIE D, RiefEs 15s, f§
Ff A AVL Buffer 1RG5 USSR, - DL DRAE i 1R 80
(2) FiRFMT, WHE 10 min (10 min RIFA R, To R #EAT I KN A] 1) 57
B RSB, CKERESE R RIS IR,
(3) ¥ 560 uL To/K SEEIIAN FIR R AR TR, e 15 s, BRI B O CERe i
140 uL, Jo7K ZEEHH Ri% el g i) ;
(4) ¥t B i R AAREL 630 pL IDAAEFH, FEd5 )5 6000 g\8000 rpm £50» 1 min, #%
BAETRIH 2 mL WEEE T, RS IERIN R
(5) HE FIRAFEE, RIEATA R BO05EMRJE, I 500 L AW Buffer,
6000 g\8000 rpm 50> 1 min, HFAE T 2IH T 2 mL WLEEEH, EREFIEMRMIIL
G CIn A AR 140 uL, HIETRHIIN AW Buffer 1 8);
(6) A 500 uL AW?2 Buffer, 14000 rpm 5% 20000 g 43 &0 3 min; A1 2 mL
WAEE, B | min(PEE, J2 AP 15 Buffer A BERZ I RNA )5
Bt )
() BHETHEBIH 1.5 mL B0 T, ZFSIERIEE, A 60 pL WK
AVE, EEEHE 1 min, 6000 g 5% 8000 rpm 50
(8) EHE LG, EFMET, WICFELE, KT RNA R1FT-80 °C#% H.
217 MRARBRRMTL RELHR
I SR EAR I A BB Bl H 9Ot RT-PCR ARSI 7k R J5 A S HE A A
o, REFAEYEREA . KA QlAamp®Viral RNA mini Handbook $2HX RNA &, i [
One Step PrimeScript™ RT-PCR Kit (Takara) #R417% USRS xm) 31Tk
By ih, PG RN cDNA B, LURFR LS (IEF). A #3547 PCR B
M, HARE SR R FIRR R AN 2-3.

% 2-3 RT-PCR itk &
Tab. 2-3 RT-PCR preparation system
Component Volume Procedure
2x One Step RT-PCR Buffer I 12.5 ul Stage 1: ¥ [V
TaKaRa Ex Tag HS (5 U/uD 0.5ul Hold

PrimeScript RT Enzyme Mix 11 0.5 ul 42 °C 5 min

14
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PCR Forward Primer (10 uM) 0.5l 95°C10s
PCR Reverse Primer (10 uM) 0.5 ul Stage 2: PCR X
Probe 1 ul Repeat: 40 times
Total RNA 2 ul 95°C5s
RNase Free dH,O 7.5 ul 60°C20s
Total 25 ul

X4y BSEEAR IR B RNA $2EUS 1T H AMV Reverse Transcriptase [ % 55 Al
TransStart®FastPFu DNA Polymerase i/l &4 1, KK PCR =ik —24lifk, BEfiah
BIRBIKSEE S, ATREN, it 5 is B KEE R EYA R A R 37—,
PRI IR A0 3 285 S sk AT W0 S . TR sE e AL R, FRATR A
Sanger M 7 A i@ &I FAHSS & 10730 BEARREBER FEIK . IR, A BRI 2H ) SR
HABRUT

T R 5 Pz P K

(1) ARIEY G P B B 1-2% B3 TR HRE AR (N 1% IR IR MR BRI BN 7 g
BEARFEIN 70 mL1 X TAE HLIKZEMRD, il 4 Rk 5

(2) ¥ PCR F=¥p#% i8] 55 6 X Super GelRed Prestain Losding Buffer V&4 75 RIS
AR I 2 ) DNA Maker AR & J5 HIRE BB BUKAERF, —MCON 130V, 30 min;

(3) SRHIKE, BTRIRMERGRAR: W 5 RN ER,  [SENER A sk
A7 IR

JZ B (NucleoSpin® Gel and PCR Clean-up 77 #&) :

(1) 4F 100 mg FFASHEIMA 200 uL Buffer NT1, X T>2%3I5 IR HEAsERL, nfs
ZZ PR NTI B4 FR (200 pL NT1/100mg gel), 7E 50 °C 4 &8 & FEih 5-10 min;

(2) & 2-3 min XS AT R 0IRE, BRI e VMR <700 ul FESIIA
WA W I PCR B0 R, 11000 g B0 30 s; B FRUCEERT NTRAAR, K5 B8 oA el e S5 4
HCEFER KT 700 ul, EEUPIE); HF 0 700 ul BufferNT3, 11000 g &0 30s; %
UG NIBE, HEOHREES: BE ERERDIR,

(3)11000 g & 1 min, 584 ZBRZEM NT3: BAEBNFTH 1.5 mL #0250 RT 4, I
A 20uL Buffer NE i, Fil#(15-25° C)¥F 1 min, 11000 g &> 1min; R DNA T
-20°CIR A7

15
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S FERA MR &5 & QlAamp®Viral RNA mini Handbook 35 75% 2 RNA,
XPERAF ) RNA BT SCEEM R 541G 2 M Nlumina G #EATIF 05 58 05 #6147 75
B, RN WX RIS ERERA ., WRe: Wi e BER 7 5IE B 5 A L E0E
) P FUBEAT BE— B LR oA &SRR R e AR S R

R 2-4 OB A R AL 26 1

Tab.2-4 Reverse transcription preparation system and program conditions

Component Volume Procedure
AMYV Reverse Transcriptase 5x Reaction Buffer 10 ul
10mM dNTP mix Sul
RNasin®Ribonuclease Inhibitor 2 ul
Ul12 1 ul
Ul13 1 ul 42 °C lh
AMYV Reverse Transcriptase Sul
RNA 10 pl
Nuclease-Free Water 16 ul
Total 50 ul
e ul2, uld RNiRtEE A 5.
# 2-5 PCR ¥ G 14 R
Tab.2-5 PCR amplification preparation system
Component Volume PCR Procedure
Forward Primer(10 pM) 1wl Number of Cycles  Temperature Time
Reverse Primer(10 uM) 1l 1 cycles 95 °C 2 min
S5xTransStart®FastPfu Buffer 10 ul 95 °C 20 s
2.5mM dNTPs 4l 30-35 cveles Tm-5 °C 20's
TransStart®FastPfu DNA y o .
1l 72 °C 4 kb/min
Polymerase
Nu‘:le]?:;g‘::ewater 330 ﬁl 1 cycles 72°C 5 min

2.1.8 SEIEFH MBFR

2013-2023 SFAEA S EHGE E X BRI X IAEifeE MR DL Bife . )0
X RAE 13 H 19 Bl 73 Fp 2l B REARIE T 1750 6y, b oy 52 UGS B 5K AR DR IX I
TEFEAS 1040 7, FEZONMEIR H 20007, PR MRIE 689 fr, EEONMEH 5K
M, B, B X CRE 21 o WS KM IE B A . 2R A BT A
A/environment/Cangzhou/CZ949/2023/H13N8. A/environment/Tumuji/TMJ679/2023/HIN1 .

Alenvironment/Hebei/CZ1491/2023/H16N3 73 B #k

2.1.9 BARBRENITAEN
97 PEAHHINT, HI3NS. HI16N3 B 5 AR 00 14 &8 iR AL B & R AT IR E, R
LY 2 A T B 7 v A P 9 2 §% THINL. HI3NS. HI16N3 R & 5 0L AW 78 = E Xt

16
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2013-2023 4F P4 5 i BT B 5K SR ORAP IXORI R 1 V45 W b v N 1 X R AR 11 1729 43 I3 A
A, VALK b OB DCREERT 21 4 MERG SRS LIS AR AN BT ML 7 2 . 4% AR
158 1 R D I 58 0 s I 560 G WU L9 FE AR b 1 MLV AR KT . o 1 RRRITE B TR
Eppendorf & W, MA 4 /A RDE, WATH )5 E 37 °C K 16~18 h &, HUHJEE 56°C
KB 30 min K, B 4 CLRAFRFA . 7EVALZ ANt S350k FPBSLL 1: 2 fiflk
FREIMIEFEA, BFLIIN 25 uL HIFECHI 4 MEEERAI PR, R fEmR, [FhiR
e nsiREG, ERWE 30 mine W E TGN 50 uL 1% AR, ',
FIRWEE 15-20 min. [FIREHTICHTE R T MEREAS B0 RS . W08 21 40 fi i 4 it ik
BraE R o MR E MBS A R I LA B AR U R A5 A 5, AT DA 2 51 R 1 2120 B ek
BTG . L1 Bk F R S 4 00 2 4 P ot S S B L 375 114 5t v A R 1) 13 8

2.1.10 8 B & SRR E DB ER

R IERIEPE . /N RAR SRR RUE RIS BERRBERS. ZIMEINS . FRIE RS
el RUEHS . ~PEEES. ROVHAS. WOMEMRIG M A 528, (iilixs EEN 4-6 ¢ IH 7
OEFRAS, A DEEMEARIRIAHA L HEE . . RS S R AC % 2 F
SR NS 2019 FE 4 2023 SEMHIE], G PEBENEABE 7 ENIRATS), e
TALE, DURECTIESRERSER T RN (8GE B4 T rg AR LA IR A
Gk

2248

221 ZESHARERENR

T 2021 4E 4 2023 SEHAI, 7EFRE 4R P IT A5 X 0 B {22 B AT A Hb Fr 15 1
SCE A 1) LA S 3 B ISR 17 H 29 B 134 Pl S MR ATHE T A5 RE AR 41 4R Ak 3t
58,803 fi. H T WL IR [ 5 AR P X . BREDMEMRA IR MR T AR e X
WML, FARSRRE XL 2-1. 5 B R ER B SR, GRS, R g,
SPRESE) . O H 9% (EREAIHIX . S AR AR R B 0 R, A
THRERBTEX, QFAT. CIOER. BEKHA. KU, SURE. R
w. ERE. BRARYEE (AP, BRSBTS RS
%, HARfEE WK 2-6.
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TR 2-6 RARFEAE TR

Tab.2-6 Collection sample host source

H #} 4 T XX L TRAP
puicyiii3 Anser cygnoid Swan Goose -t
=3 Anser fabalis Bean Goose
VR Anser anser Graylag Goose

Sk Anser albifions Gfrr Z?lt: d“é}:)l(t;; —%
Bk Jife Anser indicus Bar—headed Goose
L RAG Cygnus olor Mute Swan %
UV Cygnus columbianus Tundra Swan %
KK Cygnus cygnus Whooper Swan %
HRHEE Cygnus atratus Black Swan
74 S RS Tadorna tadorna Common Shelduck
AR Tadorna ferruginea Ruddy Shelduck
4 Aix galericulata Mandarin Duck —%
FRFHG Mareca penelope Eurasian Wigeon
JETEH LYe SN Anas platyrhynchos Mallard
BEBE TS Anas zonorhyncha Eastern Sﬁglt(_bﬂled
gt Anas acuta Northern Pintail
LRIy Anas crecca Green—winged Teal
A S Aythya ferina Common Pochard
kR Aythya baeri Baer's Pochard —%
 HR Y Aythya nyroca Ferruginous Duck
T Aythya fuligula Tufted Duck
IR Anas gracilis Grey Teal
EEMETY Anas clypeata Northern Shoveler
AR Anas strepera Gadwall
L] Anas falcata Falcated Teal
AR EF%‘?/;&%@(W Mergellus albellus Smew
pidivd L Sibirionetta formosa Baikal Teal
R ke Tomantops Black—winged Stil
2 W 7 Recurvirostra avosetta Pied Avocet
IRH Pluvialis squatarola Grey Plover
o A a%gfjr};f;s Kentish Plover
fit SHERY Charadrius dubius Little Ringed Plover
ERMEILHY lecslé?]rear?;;lll; ; Greater Sand Plover
o KRBT Pluvialis squatarola Black-bellied Plover
WEH FasE o blee;;;z’:lteizl;s Greater Painted Snipe
8 Scolopax rusticola Eurasian Woodcock
TR RS Limosa limosa Black—tailed Godwit
B P Limosa lapponica Bar—tailed Godwit
ol KT ma dggﬁi’;ﬁi}ww Eastern Curlew %
H T Numenius phaeopus Whimbrel
8 Tringa erythropus Spotted Redshank
A S Numenius arquata Eurasian Curlew -
21 IS Tringa totanus Common Redshank
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Tab.2-6 Collection sample host source (continued)

H & 4 hT X YL TRy H
R Tringa stagnatilis Marsh Sandpiper
H I Tringa nebularia Common Greenshank
VIR Actitis hypoleucos Common Sandpiper
ey Arenaria interpres Ruddy Turnstone -t
AN Calidris canutus Red Knot
LEIERY Calidris ferruginea Curlew Sandpiper
GRS Calidris alpina Dunlin
RBIERY Calidris acuminata Sharp—tailed Sandpiper
ARt Calidris ruficollis Red-necked Stint
BT felZZZZZ;ZZi Asian Dowitcher
— LA Crocethia alba Sanderling
RS Tringa glareola Wood Sandpiper
KBRS Calidris subminuta Long-toed Stint
7] 1 7 Limicola falcinellus Broad-billed Sandpiper
KRSk Cb};}lﬁlonl;l(.)cc;p}leuf Brown—headed Gull
£T Y Chroicocephalus Black —headed Gull
ridibundus
R Ichthyaetus relictus Relict Gull —%
R Ichthyaetus ichthyaetus Pallas's Gull
=y PUAARI AR K Larus smithsonianus Siberian Gull
AT HE S Sternula albifrons Little Tern
L FHE B Sterna hirundo Common Tern
IRIVT S Chlidonias hybrida Whiskered Tern
SpZbEI Chlidonias leucopterus White—winged Tern
gibeais) Chlidonias hybrida Whiskered Tern
RS Larus crassirostris Black-tailed Gull
[R5 T i XS Gelochelidon nilotica Gull-billed Tern
Wil& Pavo cristatus Common Peafowl
SEy T Arborophila gingica White-brqwed Hill
I H HERL Partridge
ANCE P Chrysolophus pictus Golden Pheasant
pey L) Alectoris chukar Chuckar
i Lophura nycthemera silver pheasant
- N Pk IR Podiceps cristatus Great Crested Grebe
oS H HEREF TSRS Podiceps nigricollis Black—mnecked Grebe %
AN Tachybaptus ruficollis Little Grebe
R KRBT Streptopelia decaocto Eurasian Collared Dove
(A= L LB Streptopelia orientalis Oriental Turtle Dove
ERINBE I Spilopelia chinensis Spotted Dove
- HE i Fulica atra Common Coot
oA KRG Gallinula chloropus Common Moorhen
R Rallus indicus Brown—cheeked Rail
I H SE] Grus leucogeranus Siberian Crane —K
R ShyR L Grus vipio White—naped Crane —
FHIT#S Grus japonensis Red—crowned Crane —
R Grus grus Common Crane =
R K Otis tarda Great Bustard —%
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Tab.2-6 Collection sample host source (continued)

H & 4 T XX B PRAP G
ysis RITHE Ciconia boyciana Oriental Stork —%
A S Ciconia ciconia White Stork —2%
R TR Ardea purpurea Purple Heron
RISk 4 Ardea intermedia Yellow-billed Egret
2 1% 1 EFL 368 i 7 Phalacrocorax carbo Great Cormorant
55 HEEE Platalea leucorodia Eurasian Spoonbill =9
BEER Ixobrychus eurhythmus Von Schrenck's Bittern
T {xobrychus Cinnamon Bittern
cinnamomeus
TP TG Ixobrychus sinensis Yellow Bittern
KIRAG Botaurus stellaris Eurasian Bittern
G Ixobrychus sinensis Yellow Bittern
Y Logs! SR mgloar;glco}ZZis Malayan Night-heron
W Nycticorax nycticorax Black—crowned Night
Heron
Mtk Ardeola bacchus Chinese Pond Heron
' Ardea cinerea Grey Heron
Sk Egretta garzetta Little Egret
LR Butorides striata Striated Heron
PNEE Ardea alba Great Egret
5 FR) Nipponia nippon Crested Ibis —%
B Elanus caeruleus Black—winged Kite %
o Aegypius monachus Cinereous Vulture —2K
, i Rl k& Accipiter trivirgatus Crested Goshawk =
& H 5 e B
N Buteo hemilasius Upland Buzzard =
WIEE Buteo japonicus Common Buzzard —%
IRNE & Accipiter soloensis Chinese Sparrowhawk %
&%} Fa Accipiter virgatus Besra =
EILH o %i Falco tinnunculus Common Kestrel =
A Falco cherrug Saker Falcon —2%
TiEEE Falco peregrinus Peregrine Falcon 7
W& H &R} HE N E Caprimulgus indicus Jungle Nightjar
pEp Sl B IEAY Emberiza elegans Yello};vlgttiﬁrgoated
/NG Emberiza pusilla Little Bunting
BT B[ RAN=Y Phoenicurus auroreus Daurian Redstart
o LY SR Pycnonotus sinensis Light—vented Bulbul
#IH » ‘ ) .
AR o Garrulus glandarius Eurasian Jay
W RS A} 1 S Garrulax sannio White-browed
Laughingthrush
MR} e Fringilla montifringilla Brambling
ey 2R Sturnus sericeus Red-billed Starling
AN Athene noctua Little Owl %
KHS Asio otus Long—eared Owl %
K H YR} H 8 55 Ninox japonica Northern Boobook =
211155 Otus sunia Oriental Scops Owl %
S5 Otus lettia Collared Scops Owl -
5 Bubo bubo Eurasian Eagle-owl
RSIEH FLASFY FLEY 5 Cuculidae Cuckoo
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REY%H AL Ak Upupa epops Common Hoopoe

2-12021-2023 A= Z< 5 H DR AR AR [X 34
Fig. 2-1 Regional Map of Sample Collection in Eastern China from 2021 to 2023

222 BRERSRBREBKRIBERER

8 F 2 ST A DX (0% 1 S M 5 B R ok A 1t R R 1) AN () 2R B T 1 i B 4y 8
TFEMRBOR M B TERE 124 BR, LPAIV 28358 0.21%. AWFF R IUE S HKTEITHAA
KIFHH ATV 7B —80 BI04 0.22%, (X E R M ST IX, RAEEHZER
Mo AR T oAb X R, 75 AR - R 78 A5 1 3 A 5 X s B P ) P R X
FRHER T2 A 1 9 Mt X 23 545 38 B 22 1) S Y 2 RV AR B0 e B R e 2, 2 Y
Z AR AEEA A REVE A IREUR I B VR AR B T 11 A HA AL, 7 A0 NA LAY
22 Ff HA-NA W RUH A, FARVEHE HINT, HIN2. H2N2, H3NI1. H3N2. H3N8. H4N2,
H5N3. H6N1. H6N2. H7N2. H7N3. H7Nx. H8Nx. HION5. HION7. HIONx. HIIN9.
H1INx. HI13N6. HI3N8. HI6N3 WA ##k, A T AIVs WA ZFEME. fd £
charadriiform FITSHESZAR S HA WALA H13, 15E Anseriformes WIERSSSR A HA WAL N
HI, 03 NA WA NIL N2, B3 HA 1 NA WA A BEAE 0 AN [R5 B384k . ARBUw
S BRIk T ERS S RASES S S, HUMAAEFE, MUK EHME 16 Fhli
RIEEME, AR TR 2K 4 B B SN 2 REIE, 3 B IO EE bR b HTN2 SEH (R 75 RS2
FSER LRI LR Ba R R, TERGEAEEL % L2 ATV 1 5 B,
P4k SK AR R AR ST X MR ATV [ E BRI Fh, ATV G WA 2 R R T
ERF SRR, WERFSLINI, O AR AT B A DL K R A B AR 1 A R I ]
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REPES

2021 4, TELTE. HWRE. WEHABKX. WIEA. WEE. L8, mdig.
RET . R 9 X HREEF SFEA 23053 47, 702 tHAIVERE 514K, 2% K 0.22%,
FELPAIVF B PR 31 PR 3L 748 I TR AR ST SREA 10158 £, 7> BAIVERRL 18 #k, 7
BE 0.18%; Hrh 8 PROVHI3NG WA, 708 HEHEEZE: 10 PROVHTIN2 WA, il dbEig
TRAENSE K. MEMSRAEA 37224, 2 HAIVERE 138k, BN 0.38%; FHLAHIN2 I
o fk, HIN2 WA 2 #k, H2N2 WAL 1 #k, H3N2 WA 14k, 34> & HEEE. HHE XK
HIEEIE. ERSRFEAR 3329 4, RAOBHAIVER. AEH EBXREMMSEFEA 3038
1y, ROSBEHAIVER. WA REMEI. IS, J9RFEAR 1768 17, S BAIVEFE 2
B, EEOY 0.11%; BINHSNe WA, 703 HIESS . Wi, WA = kmERERK
TOREAS 18017, M ESHAIVERRR 144k, B F0y 7.78%; HHPHSNT AL 78k, HSNS MLAY
7 ko TLIFAEZHETT RAEMENS S H SUREA 48 4y, 73 B HIHSNS WAAIVERKE 3 ¥k, 708
N 6.25%. AL L TR A BRIGAEAS 35 4y, 70 B HHSNT WARIAIVERRR 1 7k, 7
BN 2.86%. KESKER T ABHALREAR 104y, ROBEHAIVER. IRE REMREIAL
FEAS 765 43, ARIrE HAIVERHK.

20224F, FENSZEEIRX. WIMHE . LTE . LA 4 T IR R A 17249 67,
EHAIVERR 19 ¥k, 72BN 0.11%, HPLPAIVEK 14 FR. NS HIRIXCRAENMREN
FEEA 3283 i, 7P EAIVERK 10 Bk, 0B ZN 0.30%; FHAHINI WA 7k, HIN2 LAY
3Fk. WA KRAEREA 307 4, JLArHH 6 BRATVERRE, P SHPS 43 2 1 BRH3NS 1
BIATVEERRAD 1| BRHSNT F5bk, MZSKHS 0t 1 BRHONT Fkk, MBEMERS 73 tH 1 BRHSNI1
A1 1 PRHONS #kk, MEREEF /3 1 FRHSNL, 23 B3RK 1.95%. dbE REMEE. T
MOBREAR 3212 43, MSMERS 70 85 HHHSNT WRIATVE#E 1 ¥k, B E N 0.03%. ILTH
RAEMBREAFEAR 10447 13, HESH 2 FRATVERR, 7B FN 0.02%; HA 1 #HROAHSNT T
AL 1 #RCONHI3NG MY,

2023 4F, fEWFEAE. LIGE . RED. WA, NEETHEEBEX. SHE. BRITA.
WMEE. TREG. L. Wb, CTE . WA 13 s HORAEREAR 18501 43,73 B
AIVEFR 96 ¥k, 73 BI%H N 0.52%, HAPLPAIVERE 79 ¥k. TR E FRERRREFEAR 217 17,
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B HHSNT I RIAIVE R 6 7%, 0B8N 2.76%. TLFGE RERTT EFEAR 3434y, K4r
B HAIVE . IR KRR AR A A 1196 1, KB HAIVEHK. N5 H
VAR MRS, MEERAL. BT RIREREA 3090 1, MMERGSE b/ 85 H ATV ER R
48Kk, RN 1.32%; HAHHINIAAG 218k, HONI WA 21 ¥k, HON2 WEAIE 47k,
H7N3 WARVA 1 #k, HIINXIERSA 1 k. SHAREKREEMENSSE. B, FITESEEA 155 67,
Ko BEHAIVERE . BIRTLA REMMGFI AEFEA 188 4, R EHAIVEE. fEEE
KA EPS R AT RFEA 466 1), B HAIVERRE 10 Bk, D BFN 2.15%; H AP EALEH
Y EFIHSNG AL 1 #&. HSN1 A 6 ¥k H3NT AL 1 #&. HON1 WA 1 ¥k, 155
BIEIHSNL WAL 1 k. REETCREFEA 280 £, 70 BSH 2 BRHINT 24k, 20 B% R 0.71%.
JTHRAERER SRR 164y, RO EHAIVERE. WIHLA REMRISFEA 590 4y, KK
ALV SR, FHE RIS TREA 5040, RSB HAIVEK. bE RAEMI,
OBEEREA 361010, 7B HAIVERRK 294k, 70 B39 0.80%: MEMSSEF 703t 15 PRHSN6
WHIATV, fSE52E 4 5 H 3 BRHSN3 WAIATV. SHEHI3NS AIATV. 1 #RHIONS I AIATV,
I FRHINWERYATV. 1T ARHTINTEAIATIV, 2 BRHSNTEAIALV. 1 #RHI6N3. 174 R
WRFEA 9348 17, MBS HIAIVERFR 1 #RHSNL, 70304 0.01%.

# 2-72021-2023 4 AIV 7} B 5t 1t
Tab. 2-7 Statistics of separation rate of AIV in 2021-2023

FEAy Ho[X REEREAEL ALV 43 B bk X 43 B % % 1R Y,
s 3038 0 0
I 3722 13 0.34
2021 . )
021 4 3] 10158 18 0.18 0.22
HoAh X 6135 20 0.32
SEves 3283 10 0.30
M 3212 1 0.03
2022 g )
022 4 ] 10447 2 0.02 0.11
HoAh X 307 6 1.95
SEves 2872 48 1.67
M 3610 29 0.80
202 g )
023 4 ] 9348 1 0.01 0.52
HoAh X 2671 18 0.67
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Nx—l
Ns {8

N6- [
N5-
N3-|
N2-{ |
N1-

WTI‘I'I‘ITI‘I‘I‘ITI‘I‘I‘ITI‘I‘I‘ITI‘I‘F
0 10 20 30 40 50

H1 == H2 H3 H5 H6
H7 H8 H10 mm H11 wm H13mm H16

] 2-2 2021-2023 FEARFHBHLIX LPAIV 43 BRI R e it
Fig. 2-2 Subtype statistics of LPAIV isolates in eastern China from 2021 to 2023

F 2-8 2021-2023 4R HEHLIX LPAIVs 73 2 ¥k 1 390 A
Tab.2-8 Host distribution of LPAIVs isolates in eastern China from 2021 to 2023

H 5% [y Ay

SRMERS GRS, ZIMERY
—_— FEAES RIEES . H5N3 (3) H7Nx (1) H7N2(10)

5. BRI, P H10N5(1)H11Nx(1)H13N6(9)H13N8(5)H16N3(1)

&

RRIG. SHES AR HINI30)HIN2(S)H2N2(1)H3NT(1)H3N2(1)H3NS(1)

[ FIASIEN NS S NES SN H6N1(23)H6N2(4)H6N8(1)H7N2(9)H7N3(1)
T I 2 H8N6(15) HIINx(1)

223 RERSRBRENMNFEFRE

X 2013-2023 I i 1 AT A0 [ 5K B AR ORI X 32 sh 0 Rl D AR 2 1 1
EFEAHAT MG F B i 4 R oR, 5 SR HL3 R R R R A2 2.28%, HI6 4F
FVEPURRIR AR 1.65%, THL F5 SRR &K E R 0.34%, KUIHI3. Hl6 WA
BEARAE R S AT EE B i, HI AN SR UAENR 5 o BB R RAT R IE AR . 2021-2023 1
MMARIHL. H13. HI16 WA B 50N 0.141%. 0.025%- 0.005%, 1 LT ifi i BH 14 2

24



L 2RI Y8 R Sl L 24 A7 18 5T

SRR ARG HT 3 BRBA Y M35 T ALK, RELRERES . JRREIEAS, HI3 4r Stk
BHPE ML 18 F oM . HEUE/NSS . BESS . ZDMERS. s, RBIERS . LW .
Pl BOMERRRG . KRAHERS. S:kT9. BB T, SRS, EEWERS. RCKRSRS. JErASEY.
ZLSTENG, H16 4r BSARFRPEMIE 18 3 AFABUE . Hod ey, Z0WENG . ZSWRREAS . FEAS. R
JRVERG . AREERY . 20BN, . KCKISRS. P aUNy. BEMERG S 5TE 4. ME R
Al — SRS 2R PUARIILS, WHHX 2015 L0 BERY, A HLIX 2020 4F 7R B S
2021 FEF1 2023 A RLIERS 52606 E RN 5 A HI3. H16 MR Efiik: 2022 4£F1 2023
T RCL SRS & 2808 R RIS A HI3 . HL R Epii . B A S 28 h e XHT. H13. H16
I3 B R L AE SN B AR FE B AR AE 1 40-1: 160 2 08], H/EAeisiA%] 1: 640 LA L.

* 2-9 SKhe HMmis St

Tab. 2-9 Experimental serum statistics

H (Bb 55 FEAHL H (Bb 5 FEAEY
21 3P 126 B A S WG 6
Sk 3 OR YRR WA Y 1
TEME Y 14 FIAERY 7
N 33 L 1 R 5
2 S 82 B E (D foig ] 1
el 3 AN I 29
R G 9 R 1
B g 5 5% B GESED et 7
B G 85 IRBEY 1
TE 3 S, Wi 131
JERHE (RSFLD " ) VARGV Sl 50
B R 1 BRHEVOHS 3
TE 1 B E (BRD FIES 1
IR 68 : o SE=a 412
i 3 % H (Befh [ )
PRI 2 A (R K 1
NRIG 1 % 15 (PSR L3 1 2 45
KRG 1 N 142
RN 1 SRS B (BSEeFL L 36
i 1 AN 16
BT 3 k4 2
—BEVERY 1 P IASHC ) FEE 1
R R I G 140 X 1
o o1 AN 3 BRA GBED KA 1
WmEH EED oS 2 e ;
RS 17 L i PN 4
YIRS 7 I () ik I
UG 2 KA 3

25



L 2RI Y8 R Sl L 24 A7 18 5T

B 88 MILE (BRD Bt 3
78 1 JifE 55 27
=15) 2 ( SREIE) ;) )
S 2 PHCERED s
KRR RY 2 ILEH CERED AL 2
W A 7 1 FE (B8RP IR I g 5
LR 42 HIRH (ERD AN 2
KIS 1 EIRE (ERD it 3
LBETRRS 37
e N Y 1
e | BYH GEERD 1

% 2-10 MiFRAYEZR . BHENE £ XS WAL 4y B 3R

Tab. 2-10 Serum positive rate, positive host and isolation rate of subtypes

It} H 5 I 375 BH 4 2 Iy B
(FAE! A 0.67 (3/443)

H1 NS RJBIERY 0.17 (1/590) 0.141
FEES H P R 1.03 (2/194)
[ FiA=! SRS SRS, FEMERY. 21 SkyERY 0.90(4/443)

RFEUEHS . BWEERS . FERS . ROMERNG . AR

il A ERHIG. LW 2.2(13/590)
ELyAS JESS . NG 7.1(2/28)
HI3  mimH i 20(1/5) 0.025
(EpIAS! SE=dU 0.48(2/416)
HEIRs B P R 6.18(12/194)
fil2 1% 168 P 4 2.2(1/45)
iFIA=! N ENA S R A 1.12(5/443)
T WHY. WIEMERY . ZIBERY . TMEERS. BERD.
Hi6 YS! e RS 1.86(11/590) 0.005
fil2 15 168 P 4 2.2(1/45)
HEJRS B P R 1.54(3/194)

e SROVIMIERAYESE B BRIy 2021-2023 58] % WAL FE R 2> B

2.2.4 BIERERS, RBEMEFEMDR BIREHSER EABER

BT DEMREMAS R E MIHETE, BRBEXRTITHMIE H S 7E 8RB0
AL P IOME 05 I, 2 AR 4 Y0 JR I 1k 1% T 1 % N Sl % 9 - 48 T I B 5 A% B
A5 g S TE A B TE I [R]A0 25 8] bR A5 A e P — SR

COTHERR R A bT, BRATTFTIE R S0 B R ARG R P S WA, = RURBERS 2L T =Fh
AFEIEE R 2, Horh— R R B . — R B ES . — RS RS AT w KB 56 ik
TENMMITHERY, BT ZEREBMiErmm 8 MEXR ChE. MP W, Zd. £H.
BORHNE Frvh==. shE. 5HE) DURARBEWHIX . DLUN 28 e S I TE AT e % 2

Dt RIS HQP3638 £ 2021 - 4 H 30 SIREPFARMIX K, BAWE RILRE, H
BRI, T 2021 4 6 H 25 H 25836 FER R o X Eh6 s, JUH i ITaahes K-
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PE, BABOKRIEHLX, B AR LA, 202243 ATk, —BgdGIT
AR E L FHEEIX, BRI E I S PR B X A FAL P ARG ST R PR AT, 58
Ji—FaL A

IRBE HQP3480 1 2021 4F 4 A 2 SinBub Erds, EREFIARMXIEHE -G, JIF
GRAGIE, BARILHIX, 5 HIRHIBEBNAEE WA, SRS Wi R S imE R 4 2L T R
X AL FB AL, [RI4E 7 A BRI ¢, @A RS I <. RE R AbiaEs .
i, FIK PRV X BT, PR AT b X PR XIS B B FAE 11 H 26 5 5 M BV 5%
U AR BRI, 2022 4F 4 H 8 S BT, ARALIE KBIFHARHLIX, [RI4E 5 HIR&HEE CA K
P, ERP AT, 8 H 12 FFAHAMIE VISR MRE B INART . HAEHX, 9H
vimegERhE, AL LY, SR E AL, BRI X T, FHR-AHAE,
HERIE Y, BRILAR, BATLINE BT AREEE, —BE/ANGEES), BEE 2023 4 1 H
20 5 DEESHE.

IRPES HQP3490 T~ 2021 5F 4 ] 2 SEIL TR ARG DEBESE, 5 H 26 SITET
MYSRITAEIERE, 6 H 1 S EIEME W R X AbH, 801 MHE, 7 H 28 SIFmAMIE
B, 7 H 30 SRIBFEEEA, FHRERET TN, 8 4 S NIRESHRIE AL, &
BN L REHLX, 5 5 RAM D MERIE T AR HE, (SEWAAE, F4E10H 7
SEESEALREREITE, EREHENLRBXE, XERMETRT T, A TEE
S RAE H A IX

IKPES HQP3599 2021 4F 5 H 5 S/EIL T M RAT LEB RSN E, LEESE
INEPHRH X PRI A= 8 1A JE T 5 ARIEIREZARIE X 3 A6d &, @i
WP Wi X, SRR P Wg R X AL S, 8 AVIMEMIE &, WML, &%
Sl HAZEHENTRESIN, 4ksiE CEBIPHRIX, (SREIE 1 ANH, 8 IR
PRI ARG BEEE N BA R AR SR X AS, 2022 4F 4 AWIFIRILE, SRR TALE,
HEFHRIIX, R4 9 ) — BT A SR X, 2023 4 4 A¥dbiTig e R E G,
i, BE RS RME, SR, S, BRLARE R, ARSI ANH,
5 AIRAGE &S A, BT, P ARG X, TR D e R XA . ik
HQP3599 J145 1 #—Fe HIITAE

FEERS HQP1126 T~ 2020 £ 8 H 30 S{Em M0 E RIS, AN AL X 5800
f, OA 17 SMIEAINAR,. R T, IO, X, RAREREREAEL, 5HE
2021 4 10 H 24 BIE 9k, RAEAETHEES).
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ZLMEIS HQP1127 T 2020 4F 8 J 12 SIFUAINEIEIE MERITH G MM X & =4 H J5 /e
TR ILon. W ZREEHILEN,  — A AE R ALSE A A 22 W80 vE A0 e T BE
PR —IK G, 2021 4 1 H 18 H-2021 4 3 J 25 HAEREIW . WEiife i, FE/E 6T
IATEIT YW, EHCEANAJE, 4kedE, SR Wi, T 4 A 20 5 EIAE IR
X, RENREEHIX, 5H 5 SALELEERE, 5 H 20 SRAMEE Hrhimx, 7595
THEFEIE, 11 S HERITALE, S0, 55 2AEEEEH, F8IUANH, 11 A
16 SAFIE K, AL, AR, ORI, PO ARl DRzl B X S
2022 4 3 A 12 SARIITAE K, SILINE, Aoy m o htE, saeeA
Ho ZlZk. HEhiEE . NERRE, WEARILEILE, 202245 /] 17 53] 2022 4 8 /]
2 STEMRD Wi B X g5, R A B X

RYEMERS HQP1125 T~ 2020 47 8 J1 11 SMIBGE ER s, (EPM ) MR B3 . g
MEMEAE R A A4, FFIRMEIE, KA, BEHREMARTTE, e KA,
RELVR R BRI DT, B AT, RS S HAREIFHREINIL,

KA HQP1121 T 2019 4 5 F 26 SITIREM NI X 4= B S0E, 10 H 5 STFA
ZaliR, W Wb, WiEE. PR AR X T T S ST R TR E e A S
HiX .

K JHES HQP1123 T 2019 4F 5 F 26 HILE B 4P wiB RS, fEB YR RHHTHE
FAMES) =ANH 4, 8 AL, @ik, Wi, Wik, Wik, L. )74, 27
Wik ERX M, Fidim. Zi, 9 A 22 SIARE, 12 A 17 SAEI0E CRIA 40 f) i
KM, 2020 4F 5 H 3 SHRICTINE K, BHERE RN EE QM L5, W
B Wb RS AR, BIENAALE RSB, SR =AHE, 8 A 7 SHEREE, Fik
TR T B — R R
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K 2-3 B IS HQP3638 ILHiE R £k
Fig. 2-3 Migration Route of Limosa lapponica HQP3638

K 2-4 KBEHS HQP3480. HQP3490. HQP3599 ifFiE i £k
Fig. 2-4 Migration Route of Pluvialis squatarola HQP3480,HQP3490and HQP3599

Bhiong Keng b i-

o

P 2-5 2P BERS HQP1126 iEHERK LR

Fig. 2-5 Migration Route of Limnodromu

s semipalmatus HQP1126
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K] 2-6 ZLMERYS HQP1127 i HE IR 25
Fig. 2-6 Migration Route of Chroicocephalus ridibundus HQP1127
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Fig. 2-7 Migration Route of Gelochelidon nilotica HQP1125
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NRBBKHFETATT ), EEOONZWERS . KIEMIEATT W, SENHRERE . KIEMIT
ANTT T
Fig. 2-9 Track the main direction map of migratory birds moving into China. The black icons
show the breeding grounds, wintering grounds and stopping places of migratory birds. Purple is
the migration direction of Black—winged Stilt, blue is the migration direction of Black—headed

Gull and Black-bellied Plover, and green is the migration direction of Bar—tailed Godwit and

Black-bellied Plover.
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KEAHEIR o 7 S E A X 6045 2 T — R K ) 0 I 34 4 0 6 A T 28 o I 2 5 2 7 X
Wi, A 10 R B A YT R DR KRR AT 1 . AR S S RE . SR
TERRMY . M. LTMERG . KBS, LU ATAL R 1 AR RT3k
B MBS DS, SRR RS MR B T X . R A X, A
A4 B 2 1 A I — R G 0 R B P 3 X, A0 X P16 19 B KR . SRR
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HAE U LR R BAR A IO, 040 Sep AT AR RR AR 10 h B O R A, Rk T FE
R 7 T 0 B T SR o R 2 S B 0 ) 2590 O 2 P A 2 3 v R
R HOR R AR B2 —. AR SRR REOREN, RES 30 £4MEEG
TEMR S EHEAER, AR T 7 T AR B 22 10 90% /5 45 (RS H 19 2T A TR E 45 2
VST, TR A VF R 1 BB, 3 2 MR % I 7R X B I O R 19 T 1T A
[OSE e Bt . DRI, S0 T 5 T 0% 15 ) L5 e 00 LA 9 5 2 e B 0 4 B A 19
BEO 2 RERE, b 0 A 0 U0 T3 M Uk AT T A7 1 B 458 SR A P e 4, A
HELCFTRE R R3S, 4RI RBP4 B 2

AT T Ml [X 3 B 3 R AR ST X, SRR I R 3R R R 4% 19 1 TR T
X . REFHEEREE K (KITHR T . TR ST = . i
JE RIS YT 11268 ) 132 FEE 100 1 4 A A9 5 0 T3 297 0 0 48 529 37 4 A 1 25
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KRAEATH PG =, BiiEs 20 24 E X AIX K] EAAF SEAEB 2B AR 528 (R ERMEZS)
feft 1 E B A EHE Rl (e R S AN RE R A e 3th), b IR AR £ 38 B AR IR IX
KB BT AE IS G S8 CBOR T B S R B Jm A 58— T BT a8, SCIFE RSN
RIEGERERAS . ATE R ERE SIEPE T 5t N AE IR E 2 18 TS KRG i MR E b
AN B 2 B AR ORI X, i & B B st FE IR IR T e 1 3 SR LB I, AE3kE
B B X B AR ORYT X ISR W ARIME . TR = [Tk B . REIE R RR I, Do
R EE . B Y T, SROESR B, I B H e sh M. RV X . A8 330
1 S0 0 2 el 5% B ) (e S iR A f it . BROE M . AR AR BT e, IZ M B E
M a3 22 N AL B8 e S8 BORSRAG P FE AR B 2L N AL, IR e sk LY . YD 45
Ja, BB i A B IX A 32 B R O A, R S ) e RS S R DL K B R AR IR I
RS X o MGETF R EEFE AT JORWORTE , BATII R AR R S 5 A0 R 15 D9 & O =5
RORAE ERIE A KM H 28, B LRI AN R SR ) 20 B R 08 2 PO i XAEA
KEFRN AL M, EEPREDYAFR, ZEE 2 EREREARSEE N, HXZ
) 7 B R BRI AT RE AP AESE MR 2R, . B, 8 BRI RBEARER, "TRES AN
BT AL HE REGE ), A BT RS TR AN B E KX, 320 R 5k
VERIALHE . 25 R B 3 LR S 2R3E i A2, BRATVKHR 70 FE AN B A2 5 AR AR,
NTE EEEAR T W, BEAN SR AR B AR B & B I SRS L il
FEJTIE A B2 I G T 0 A AT Bl X & S it A I, BRATT R 206 45 R AT 38 2 0k
ARG e LIRPIEE B R AE MR, SR EYIR, ) GPS GBER 17 A
S RTE EREERNAS, RO R AR S A B S8 TE A R A K

B Lkl 80 ALK, BEE NG DESCRIAR, B0 E 5k ES R INES
T 8 SE I E RLIB RN R T AE B B RS IR L AR S, AT ST B AR 2R
BATAES RS AN K GPS IBER R G 2 N T KB AN RS ES SR (A IEAEWT AT,
Fiff 5 % % P T 6 2 RTIE AE b A sl xR 0 2 DR SRS 2 0 B2, GPS IR Bk
fRIsR AT 2 S AR R R, A0 R TR EE 200 T DR FAEASSS . il DA ENHA,
AT DL RS P U W 1) AT BR 2, DA 8 DA L S AL A P [X sk 2 T R AR
ORI, BERBEASRE A EE BIEAE K S, AT S S AR AT PG == R, B R
P SRl A S oM pU AL s A B 4, R4 3 AP A, ENARARIEE €, &
Zerp ERTE B AL 2, AR5 9 A A TG R RRIR IR s B v =2 AR KT 7 24
Ko HEREMS SR, AR5 AESE B A G AL i BT NS, e BN BT R
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e B ER PV O RS S =4 RS 4ETh Y e U R i LBy A e A R O 2 ] T e
ek, Wb, KRICH X, —ER)M . mEmEE, BRaed e, EANEE
T OUMURII R PUPO R AL ARG, , AT IR, RE. R R AR
RHK MRS 4 AvAE 5 AR EILTT M, K9, 10 HEEREHE. HAT 5
RS KBS, FEEES. ZDMERS A1 SRR A BEAT SEIN E AL IB R, 3R1G TR E L
Pl 55 () SE BEIEAE R £, H PR TR E-WORANEAE K X oy SR g R AEAE, X T a
Brop Mo s R AT SR AL AT EVES 25 . K2 H0or BRI 00 81 £ I 1) 5 25 3t 1% S0 8 0 B
FHMAKRREMT G HANEMRDBEAN, xS a0, FEMAMR AT 7
W, 2021 4 4 AAERLRIERS . KIF T aE, BAr B2 7 ISESRE 2k
HI3NG6 &fk; 2021 4 4 I, ELMERSFRREAEIRIR A SR, A 50/R 2 Hrstits g 3= A
EE]T HIINO Bbk, RIREVIRISE LM BT IR IR . W ARG E A
KERFEARTESE N SE WP WX fonh EE X EhRCREY), 5
FRATIFR e B0 5 1 At DX el v BEAHARL,  PTA 8 FE k55 3 AE I) 20¢ T12 Sd 0, 365 0 6T 8 P 1 J b
ST EAL TR . IEAERR RS . JOREIRIES G fop 2 I 1) A1 75 i 7 45 SR I 18] 1) 2 18] 0 A 70
HOSEHF TR SR S UURAL R . 58 25 AR H AR AR 2R D 3 AT R ) R
W AERAF R T AT RE A AR 1 S SR B 2 B SRR A, D9 e i R IR AT 9 At B
RUTAR AR, 20 TN KU 1 Fh ] G 45 715 85 it RO B AL R IO W eIk, SE 4 A B
JEGHEAT S, SRR PR H B A B AR 1) XU o

2.4 INGG

1.2021 52 2023 I E ) TUE W NGERE A, AEFRE R 5 S W IXHSREE T 16 X
17 H 29 F} 134 F5 1642 58,803 4, 43 &5 tH LPAIV B bk 124 ¥k, LPAIV 7 BS54 0.21%,
2021 £E. 2022 £EA1 2023 FE 73 B R H104 0.22% 0.11%F1 0.52%, 5 E A [X E4H TS H
X« WM M X RN T X P 1) 93 B 5N 0.65% 0.39%A1 0.07%. LPAIV 2 B HREHE T 11
Ff HA EAY, 70 NA WA 22 PRI RL A4 . BEfk H1. H6. H7. H13 AN LPAIV IR
HWATR, H3. H8 SEFEHR 2 AT Gt/ R, ik sr B2 bkaE £ 3 9hs % B A
JEE, HAfKH P WR AN HS. H7. HI0. HI11. HI3. HI6 VR FHRIL 318k, JE
JEH A 468 HI. H2. H3. H6. H7. H8. HI10. HI1 WHRIFEFRIL 03 k. DL LR
RUT LPAIV WAL Z RV, 18 R4 T RITE I (7] R i3 A7 /E— 2 Z 7P, LPAIV (A
AT LAY 3 A CEAS [F) i & b B 2 TR AR AE 22 57
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2. MR L5 R RN, PR MR A EGE HB X O 1% % HI3, HI6. HI %R
SEVEFUAIIBHTEZE 2 2.28%. 1.65%. 0.34%, H1. H13 Fl HI16 7E05% % (¥R AT #E 4L
Jydi. 5 HI3. H16 Fl HI B2 BR8N 0.025%. 0.005%F1 0.141%, ‘EA1HI%
BRI RACT BUAFIYESR, Bk mT WL, LPAIV 7R S ORITEER . RO i A A 7% H
a4k, HI3 5 HI6 BATRER XTSRRI Y. HI13. H16. HI Al I&YLr
SRV RCKHORS . JRVRAS %0 L. MEHIHI ST EE A 1 40-1: 160 2
[]

3. T PRSI EMERER T, BATEERE) T OIY H AR QIR IERG . KT, B0,
RIS 2 WIS AN N RS (KT BB 2, L rh BERR MRS . A B A RS S 72 1l
TIEAEA . e T 2SRRI 8 MEEK CRE. WP, Sl %
LSRRI, His, whE. S DR AR EHIX.
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3 {REE LPATV 5 BB R R St Ax TR FL R R MR

3.0 M8 55%

3.1.1 SEI& R &Fk
% 3-1 LI RS B

Tab. 3-1 Experimental strain information

RN REMX

iy S R} (LS
Acquisition  Collection
Viruses Name Suptype Abbreviation
time location
Al/environment/Dalian/ZH1902/2020/HIN1 HINI1 ZH1902 2020.04.08 L
Alenvironment/Tumuji/TMJ2168/2022/HIN1 HIN1 TMJ2168 2022.1 NEF
Alenvironment/Tumuji/TMJ1994/2022/HIN1 HIN1 TMJ1994 2022.1 -3
Alenvironment/Tumuji/TMJ50/2023/HIN1 HIN1 TMIJ50 2023.04 L
Alenvironment/Tumuji/TMJ93/2023/HIN1 HIN1 TMIJ93 2023.04 L
Al/environment/Tumuji/TMJ493/2023/HIN]1 HIN1 TMJ493 2023.04 -3
Alenvironment/ Tumuji/TMJ679/2023/HIN1 HIN1 TMI679 2023.04 -3
A/environment/Tianjin/TJ141/2023/HIN1 HINI1 TJ141 2023.03.25 Kt
Al/environment/Inner Mongolia/TMJ1098/2018/H10N5 HIONS TMJ1098 2018.6.12 L
A/Mallard/Inner Mongolia/TMJ28/2019/H10N4 HI10N4 TMJ28 2019.07.22 RS
A/Anatidae/Inner Mongolia/TMJ2193/2020/H10N4 HION4  TMIJ2193 2020.10.14 Ed=)
Alenvironment/Qihai/QH82/2022/H10N7 HI0N7 QHS2 2022.07.24 Hilg
Alenvironment/Hebei/CZ1753/2023/H10N5 HI0NS CZ1753 2023.11.04 ik
A/mallard/Dalian/DZ-137/2013/H13N6 H13N6 DZ-137 2013.10.01 g
A/Eurasian curlew/Liaoning/ZH-385/2014/H13N8 H13N8 ZH-385 2014.10.18 LT
A/Eurasian curlew/Liaoning/ZH-186/2014/H13N6 HI13N6 ZH-186 2014.10.18 LT
Alenvironment/Dalian/ZH2943/2020/H13N8 HI13N8 ZH2943 2020.05.16 g
Alenvironment/Dalian/ZH987/2021/H13N6 H13N6 ZH987 2021.04 g
Alenvironment/Dalian/ZH5299/2022/H13N6 H13N6 ZH5299 2022.10.17 LT
A/environment/Cangzhou/CZ949/2023/H13N8 HI13N8 CZ949 2023.09.05 mrdk
A/environment/Hebei/CZ1503/2023/H13N8 HI13N8 CZ1503 2023.09.17 ik
Al/environment/Fujian/FJ124/2024/H13N6 HI3N6 Fl124 2024.01 G
A/Black-headed gull/Hebei/c701/2017/H13N6 HI13N6 C701Y 2017.08.01 k]
A/environment/Hebei/CZ1451/2020/H16N3 H16N3 CZ1451 2020.10.06 mrdk
A/environment/Hebei/CZ1481/2020/H16N3 H16N3 CZ1481 2020.10.06 ik
A/environment/Hebei/CZ1491/2023/H16N3 H16N3 CZ1491 2020.10.06 ik

3.1.2 BRBARERNIRGHA ST

AL ERUEEIEE (GISAID) [WEPIFLUMEME . NCBIEHE 2 ik £ 7] At - #r
41, A8 H Clustal WAE 75 3047 0t 500 75 15 HOAH SCIC I 2 B o B B IR 7 41 1) 2 P 51 L
XF, HHMEGASE AT R B A6 R AU, iTOL. FigTree% AL,
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3.1.3 MFLEh¥p R M SELe

TREEXG IR HUR G (EIDso) HOMIE : ¥ 7y B AL 35 FHPBSH#ES: 10 55 LLARE,
107510710 o FEARREVRE AN 9-10 HUSSPEXS IR, &FAFRE EHFD 3 MOGIE, 37 °CHEFRAH: 77
48 15 VSR IR PR B 0 5 e L BE kA, AR FEReed-Muench 77 7 5009 # [ EIDso.»

PABALB/c/INBRAVE NN AY s i /) B JaR G A S 30 PPt 73 85 49 3 (1) i 2 YRHINT A1
H13 3 HRAE FLAN ) K95 35 A2 S I DU FIUR GYRFAE . R 4-6 J&] ¢ K I BALB/cHEME /)
B (n=11/41), & RRBE RN, &8RSy 50 uL #5582 10°EIDso/S0uL
FIRFIE 2, XRRZH/NR (n=5/4H) DAARIRI 7 sUEMoH [F) 77 & R PBS, e 2R ML g8 nT i 4H K
LI R E R AEERE L 14 d, IRl . e KRG 3 dF 5 dJE IR S 4N R
(n=3/4), TWHFM NRE O FFIE. L. BB, IR S HAR T, S5
M 9-11 HE A RFEAT IR BRI €, AU B 75 & 2 23 IR S A1 100

3248
3.2.1 IE5iR HIN]1 BR BB EBRIREF I 2 thFnxt /)RR R4

3.2.1.1 43 BBk HINT 310 0 #r

NT T ARE SYFRHINTD RS R B A oL, AT 500 2 2515 205k B A9 B F1
JETE H B AE SR HINT AR B HR N ERR AT T RARE . RAKE HTERT,
BIRHINT IR (HA) RERA=A, 40N RE &R, T AR RGE AR /D %t
FdR, MANFEIER, 5 EERHARREZ T RAKT ERH 97.5-99.8%1AHLE,
ERGERENT, BEER X E, B TR R, 5A/duck/Bangladesh/CEIRS-
56497/2023/HIN7. A/mallard/Korea/KNU-25/2023/HIN1. A/bean goose/Korea/KNU-
14/2023/HIN1. A/spot billed duck/Korea/KNU-39/2022/HIN1 25 W B Ak A5 55 R . Af
KA (NA) EEEZER K EREA 97.4-99.8%K AH L%, TMI50. TMI93,
TMJ493. TMJ679. TMI1994. TMI2168. TI141 BHERELEFR —2 X, SEHEE. K2
FEMRIRAL G REUR

HERZHRKE L, - ERRHIND WA A # v BPB2. PB1. PA. NP. M. NS#
RIF SRR HEAE 83.1-99.9%. 94.7-99.9%. 92.3-100%  95.8-100%  98.4-99.9%. 70.8-
99.9% AR . HINT 7> BRI R A8 2 (PB2) BHTERGR &M 3 DA
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[F Ak 4y S2 TR AN AFE R4, TMIS0. TMJI93. TMI493. TMIJ679. TMI1994.
TMI2168. TI141 F kR ELEE —%, TMI50. TMI1994 4 5 % ' i # ¥k A/Common
Teal/Buryatia/89i/2019/HIN1. A/mallard/Russia Primorje/166T/2020/HIN1 4E7EF— /3,
T™J2168  FITI41 4 5 5 & Pk A/Goose/Korea/H277/2022/H5N3
A/Em/Korea/22WF191-23P/2022/H5N1 A/ —E, TMI93. TMJ493. TMJ679 54 [H
H A M I N EGEHIONS BMoR G R RBOE, & TR R, ZH1902 SR AL —
A3, 5 A/gull/South Korea/GNU54/2021/HI3N6 KA —4r 3, @ TIbEE R, o
HAFAED BB B 0R, U A RS R 5 0361 RIBAEAERE R AC i, HZH1902 5H13
H16 WA FRREE L, BWEARE 2 AT AR E T HFE A B sc#e. )\ RS S5
HINI &= BPBl RAELAR — 703, J&8 TR R, 5% PkA/teal/Russia
Primorje/390/2016/HIN1. A/Anser  albifrons/South ~ Korea/163-5/2022/HION7. A/Wild
duck/South Korea/KNU2020-29/2020/HIN1. A/common teal/ShanghaiJDS110215/2020/
HON2. A/Bean Goose(Anser fabalis)/South Korea/KNU2021-42/2021/HIN1. A/chicken/Laos/
M-FA01243/2022/H5N1 S X B MR BRAE [ — 70 3C b, SRERRBUR, [F—7r 3L NAF
FEZFEAY, HHIPBL JE0 v BORA B ZReE, AR AL 2 18] 47 18 5 2% B B IR A2 0
TR EGEPARF M RA K E AT, RIIL)\ AR RETER IS R K5,
H ATMI93, TMJ493, TMIJ679. TI141 RKEAEF — 4 L b, L 5 E & PRA/Spot-billed
duck(Anas poecilohyncha)/South Korea/KNU2021-51/2021/H8N4 E %< KL, TMIS0 Al
TMJ1994 5 A/mallard/Yakutia/47/2020/H7N7+ A/duck/Okayama/22D2T/2022/H5N1 .
A/duck/Mongolia/345/2018/H4AN6 45 V. Yl B #% 3R & /£ — 2, TMI2168 5 Bk ¥ 5 #%
A/duck/Moscow/5743/2019/HIN1. A/Anas platyrhynchos/Belgium/00358 0006/2023/HIN1 %
LA — 3, ZH1902 5 & [ & #kA/Mallard(Anas platyrhynchos)/South Korea/KNU2019-
54/2019/H5N3 ZRALAE[F]—f%. ZEEANP. dE45H B ANSERE RS K F M IR T A
3, BB TRRIE R, TMJI93. TMI493. TMI679 FINPEE [R5 3. [ 5 & M EF & th it AT
HUHO6NT. HIN1 &F#bk, LAK 2023 A G NHIONS SR pRFIHRE . 356 [ 55 [ 3
3 ME T AR IR AE ;. TMIS0. TMJ1994. TMIJ2168. TJ141 FI1ZH1902 FINPHE K %

$BALER— % E, 5P H X 5 ¥kA/Northern Pintail/Russia Primorje/298/2019/H3N8.

0
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A/chicken/Korea/H124/2022/H5N1. A/Bean goose/Korea/22WC059/2022/H5N1 &5 R 1E — it ;
TMJ50 F1TMI1994 FEfR NS E R S8 8 7E — 3, 5 FPkA/chicken/Kagawa/22A2T/2022/
H5N1. A/whooper swan/Shanxi/SX126/2020/H9N2. A/common teal/Shanghai/JDS110203/
2019/H12N8. A/duck/Mongolia/419/2019/H5N3. A/mallard/Yakutia/47/2020/H7N7 S5k [F)
PR R HAR S MANSERAE — 0 3 b, HERIEHINT, HON1 4537 M 3 MRk 4 M
R AME R RELAR — 03 b, FBIKILTER, TMI50. ZH1902. TJ141. TMI93,
TMJ493. TMJ679. TMJ1994. TMIJ2168 73 7l 5 % #kA/duck/Mongolia/314/2018/H3N6.
A/kentish  plover/Liaoning/DD646/2020/HION9. A/wild  duck/Korea/H296/2020/H7N9.
A/common teal/Shanghai/NH110923/2019/HIN1. A/Mallard (Anas platyrhynchos)/South
Korea/KNU2019-65/2019/HANG6 ZE4E— 7%, I XTHINT WK ARG KB M, £PB2 &
SR B POILER] TRERBORIZ R, P ZH1902 HIPB2 B 53R R R A —
i, 5HABRERIL D BCREARIEIE R P AR, 2B 5 20 SIEHIND WA SR EA
BRHAZHENE, FESAFRTVHEREANSR, WTaeadt—PindEH k.

B 3-1 21 HA SR (AR A o SR SNSRI BRRR, RIS IR, 5 67 SONBRIE
ko
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Fig.3-1 Phylogenetic tree of HA gene of H1 influenza virus. The green branch is American strain, the purple
branch is isolated strain, and the blue branch is Eurasian strain.

Tree scale: 0.1 ———
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Fig.3-3 Genetic phylogenetic tree based on PB2, PB1, PA, NP, M and NS genes.The green
branch is American strain, the red branch is isolated strain, and the black branch is Eurasian

strain.
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Tab.3-2 Molecular characteristics of H1 subtype avian influenza from migratory bird
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Fig.3-6 Phylogenetic tree of HA gene of H13 influenza virus.The green branch is American strain, the red
N6

branch is isolated strain, and the black branch is Eurasian strain.
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Fig.3-7 Phylogenetic tree of NA gene of N6. N8 influenza virus.The green branch is American

45



Ll ZR I R 2 A 2 A i 3

strain, the red branch is isolated strain, and the black branch is Eurasian strain.
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Fig.3-8 Phylogenetic tree of NA gene of PB2. PB1. PA. NP. M. NS influenza virus. The

green branch is American strain, the red branch is isolated strain, and the black branch is

Eurasian strain.
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Tab.3-3 Molecular characteristics of H13 subtype avian influenza from migratory bird

T BHERM
=] B ZH987 7H2943 ZH385 DZ137 ZH5299 ZH186 CZ949 2017C701 FJ124
/5
HAZLfEAE  "'PAISNR 4 ™'PAISNR {  “'PAISNR ¢ GL  “PAISNR | GL “PAISNR { GL “'PAISNR | GL "PAISNR | GL  ™PAISNR | G  ™'PAISNR | G
Ijj GLF332 GLFR.’%Z FR.’%Z F.’%RZ FSBZ FBSZ FBBZ LFBBZ LFBBZ
HA -
Q'L Q Q Q Q Q Q Q Q Q
G*'s S S S S S S S S S
Deletion
in the / / / / / / / / /
NA
stalk
H274Y Q G G Q R Q G N Q
E'™G E E E E E E E E E
T"'A T T T T
PB2 o
E*'K E E E E E E E E E
D™'N D D D D D D D D D
S*G G G G G G G G G G
PB1
VT v v v v i \ i i i
PA A T T T T T T T T T

48



L ZR A9 R 5 2 A S

H™"A H H H H H H H H
NP 't v v v v v v v v
N*D D D D D D D D D
. T°A A A A A A A A A
S“p S S S S S S S S
NS1 L*F M M M M M M M M
I''M D D D D D E D D

o = »n o= O 9= =

VE: /RREAR KA, - FIRE; HA Subtype Numbering Conversion (https://www.bv-brc.org); FHI520 1R 3-2.

49



RN 2 e DA

3.2.2.3 43 BFk H13 WEALG /I R e ge

i3z ] BALB/c /) BRI L W) G BERY, BF 70 13 970 28 30 ) H13 LAY B A0 IR
FLENPIB IR P RENE . SRIR LR AN 3-9 i, ZH5299 A1 CZ949 BIASRERGE /N B )
HEL M TR, EFME. WG GO E. HIE. iE 8 MRS E TR ER]. fEIESN 14 KW
SN, RGN RS B R IR RAEIR,  HLISAAE . G/ AR IR G Bk
ZH5299 A1 CZ949 R AR E M BLAEE T B, BEidEmo iR, Bl-ria. 49REY, &
UL 5r B B H13 WA B RAE ARG B O T AR FHIER AN, ARSI 750
Yyt ge

>
w

:E' ZH5299 :E' CZ949
I Es
a8 3d a 3d
g4 = 5d = 5d
by o
) )
=3 =3
g z
= =
£ £
= E
= 1 = 1
) =
z & 0 T T T
= =
B RO > R T L = P S ) & &

& & T & & &P PN o
- é‘" o *.‘\w \l,\‘ & ORI - é‘" & *.‘\y 2 (\o o & b

5 @ : &

S R
N &
= <«

Mouse tissue Mouse tissue

K] 3-9 /) BRUB AL 5 5 SV 75 B 15 L

Fig.3-9 Replication of tissue virus in mice infected with avian influenza virus
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Fig.3-10 Weight changes of mice post inoculation

3.2.3 IR BjF H16N3 &R BB EBIR R Azt /) A R4
3.2.3.1 /- B FRH16N3 B8 AL 34 43 T A1 43 T4 1IE

Mg 5 R EIR H16 WA SRR S RFSIEIR, AT B, (EAERE Bk
B, AT TR H16 WA R, ST R I HI6N3 80k 75T T — &

50



L 2RI Y8 R Sl L 24 A7 18 5T

TR R 0. REGERE M RY], HI6N3 R EE PRV T 00T 1% 2 A R b [X 43 B0 25
R, H16 WHAIEIE HA R PR, —H o vk, —42RROE sk 5103
BRRBEM RS, 2Bk CZ1451. CZ1481 Fil CZ1491 REA 2, S LHHRER
TEFR—9r > NA 2R 53K E 5> B Algreat black-headed gull/Ningxia/1/2018/H16N3.
A/gull/Shandong/W1359/2021/H16N3, LA K& BRI B 73 Bk R RAE —ild, B TEREHE &
PB2 MIRGKE R H CZ1491 53K E K A/gull/Shandong/W1359/2021/H16N3 . &%
Wi BBk Aleuropean herring gull/Leningrad region/RII-WD646S/2023/H13N2 A1 A/european
herring gull/Leningrad region/RII-WD561/2023/H13N6 FREELE[R—/037, 4rEtk CZ1451.
CZ1481 5 #F #& A/Chroicocephalus ridibundus/Belgium/13464/2020/H13N8. A/gull/South
Korea/GNU54/2021/H13N6, UK CZ1491 REMEME, FRAE R, BEXREIE.
PBl WRGKE I KL= B RS AE — B, SRR X /) B HI6N3. H13N6.
HI3N2 SERE R RAE —ifE. 70 BIPk PA R [K 57> B Pk HI3NS. H13N6. HI13N2. H5NI
WA B R R — S, SRR (AT T BRI ACHe . 7 B bk NS B 5 W 2023 4
A1 2022 4F HSN1 Bk, LA EEHE A/Chroicocephalus ridibundus/Belgium/13464/2020/H13N8
H1 A/gull/Shandong/W1359/2021/H16N3 K[ — 7 3. 7B Fk CZ1491 ) M A 5
A/european herring gull/Leningrad region/RII-WD561/2023/H13N6 il
A/gull/Shandong/W1359/2021/H16N3 i#t4% % R, CZ1451 A1 CZ1481 5 A/black-headed
gull/Netherlands/5/2014 H13N6 2732, 7 SHEHI NP 2K 53K E F ik A/great black-
headed  gull/Ningxia/1/2018/H16N3. A/Eurasian  curlew/Liaoning/ZH-186/2014/H13N6.
A/swan/East China/SD588/2015/H13N8 RAE(E—H, HAEITIEAER. MRS Bk
5800 B R R R s AR DU T H16 JATHR R AR E s R/~ mAT Hie WA
BEPRBI A EBIEE PB2 ZE[A. PB1 JEAl. NS (A, NP JERF. M (. PA ZEHI)5 H13 T
BUMEAE SRS, A1 Bk E TS R, (FNRG K FHEUME, BRIE5ILEE
R TAAFAERS 73 FE DRSS, PA JE R AN NS JEPR B A2 40 3 P Rk I HSNT AL B3k, ml e
FopitE HSN1 sk 2 1 IRE0w It H13 8L H16 WA # bk B .

ST BRI R IERR 750 0T R B, 3 B Rk HA B A RIBE M SRR AT s AR IR P 5125

PSIVER | GLF, S24R45E 01 SN 226Q 1 228S, 226 f7 N & I S ARSE A SURE, 1

51



L 2RI Y8 R Sl L 24 A7 18 5T

228 1 A FRAR R EA T BERT AR SZAR A AT 1F NA ZEEFIX S R R I E SR ik,
AR NA 5 H 5 W BT 250 AR 0 i 2 BRI R  BUAM TR, PB2
By 627 RN B, ARHIUE FIERMERA, AIAeSEEURTER 158 fisi. 701 A7 AR K
HRAE, CZ1481 B 271 i i A, T RENG SR B RNA 5R-& B, 3 o 25 1) B 1l 5 70 5
CZ1491 1 M1 HE 4B T 30D M1 215A AR RAE, FTREZ SR /)N R 350 1 5
PA. PB1. NS1 1 NP RAKIPTIRA] R4 MR B8 70 B RV F A M R AR . BB T
ME TR, B S H16 ATV 70 B RS TIREUR M &R, #4575k PB2 F M1 7 B A7
TERAR, ARG/ BB M1 98

Tree scale: 0.1 +————

K 3-11 37 HA SERI I HE A . BEE oS0 Rk, SREONBRIEREbR, SN0 E k.
Fig.3-11 Phylogenetic tree of HA gene of H16 influenza virus. Blue is American strain, green is Eurasian

strain, and purple is isolated strain.
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Fig.3-13 Phylogenetic tree of NA gene of PB2. PB1. PA. NP. M. NS influenza. The green
branch is American strain, the red branch is isolated strain, and the black branch is Eurasian strain.
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BSAH 6 F TMI1098 BT 75 4 32 B0 iL — 22, Hoof TMI2193 5 A& Y HIONS # fk
A/Zhejiang/ZJU01/2023/H10NS DL K7 i1 i [X R I B & Bk BERAE — B, HAth Bk 5 W
ML IX B 5 ) H10 Bk B ABOEHISRE K & TMI1098 F#k5 A/mallard/Korea/H276-
1/2018/HI0N1 BAELEE B i, HREFE M HI0 BHREELE -, X RPH Y
MFEZIATRERE TR IR . 73 00 0 AT FIHI N4, N5 N7 2 REET RGEK B WY

J
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#, NREMTEE L, TMI2193. TMI28 H#k%E TR &, 2055 3% H &k
Aleurasiancoot/Shandong/W4446/2020/H10N4 A1 & # P A/Mallard(Anas
platyrhynchos)/South Korea/KNU2021-52/2021/H8N4 it /% B B 453r, TMI28NA F:[K A] it >
JETE )8 HSN4, KA THFEM; TMI1098 5WHLX R E. B H6N5. HI2NS,
HIONS Z4 2, H o MEFHk A/mallard/Korea/H206/2018/H10NS i 4% P B9 % 3T ; 1M
CZ1753 ) NA FE PR 5 Hag 44 1 5 Bt /) A/Zhejiang/ZIU01/2023/H10NS B0k 3 [7] 58 SR AE RR
KRG B AR R, XS R EREF SYH HI12NS 5 HSNS 70 858k; QHS2 [ NA KN
ROV 2, A AE R IR T 5 [ B S84k HINT,

PB2 R ARG KEME /R, 20 &FF PB2 B T R, CZ1753 5
A/environment/Kagoshima/KU-J5/2022/H3N8 % 45 /& — £ , QH82 5 A/mallard/Omsk
Region/63/2019/A / H3N8 %4, TMI2193 15 A/duck/Bangladesh/41653/2019/H4N2 F£E,
TMJ1098 5 A/mallard/Korea/H276-1/2018/ HION1 %4E. PB1 MRS A B & MH,
ITERAE D N =A, HAATH 45, TMI1098 S5H2 i iy HIINO &bk, #iE %
& HSN2 #bk, DLAGREAREZK S HINA Ak EF 5 H5N3 B REEE . RGEKEF
MTRW, 43 BRI PA ZERALFH /N0 30, TMI2193. QH82. TMI28 7E[A—4 3, 437l
5 A/duck/Bangladesh/37525/2019/H8N4. A/bean  goose/Korea/KNU-16/2022/HINT1 .
A/Mallard(Anas platyrhynchos)/South Korea/KNU2021-23/2021/H8N4 52K—j2; CZ1753
TMJ1098 #bk, HEREEF S HONI. HIN7 #bk, REARME Y HINT. HI2NS &bk, &
NP7 E Z & HONT #bk, X & HION2 BRRELE . MEFPRAKE 2T 5N,
Fikk HI0 TR EPI D2 3, QHS82. TMI28. TMJ2193 F1 TMJ1098 RAELER —2r %,
Hrh TMJI2193 5 TMI1098 F1#E#k A/Wild Duck/South Korea/KNU2020-101/2020/HIN2.
A/Wild Bird/South Korea/KNU2020-77/2020/H3N8. A/spot-billed duck/South Korea/JB32-
105/2019/H4N2. A/duck/Bangladesh/43273/2020/H10N7 K7 —iE; QHS2 Sk % Witk
A/common teal/Sakhalin/110¢/2020/H3N8. H A & #k A/environment/Kagoshima/KU-
16/2021/H4N6 5 28 — 4r 3 ; TMI28 5 74 P4 {3 F WE M6 X % #&  A/mallard/Chany
Lake/18/2018/HIN3 Al A/teal/Novosibirsk region/824/2018/H3N8 HAELE b, CZ1753 552
i B Pk A/duck/Mongolia/575/2018/H3N1, UL K& % 2 #y 3 #& A/Common Teal/Amur
region/31b/2019/H3NG FKHKAER 4> h. NPRRE ARG A TN TE, B H10 F4k
DAL= F B, Hd TMI2193 5 QHS2 MUK KA —4 3, /il ik E &k

A/spot-billed duck/South Korea/JB15-4/2019/H4N3. Z¢ 15 & ¥k A/Duck/Mongolia/2021-
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MG02/2021/H3N8 A& —#d: HAR=#/70 85 A/mallard/Korea/H276-1/2018/H10N1
A/Eurasian wigeon/Kagoshima/KU-D45/2018/H6N2. A/environment/Kagoshima/KU-
E1/2018/HAN2 JEAE 2. WiEE NS ZEEIRRAEF —70 30, 55 E DL JRE R S i X
REUR M SRR AR A B RE K R . BEIE HI10 WAYKBUR &R F &
GRE TS RRYE, B\ A BN R, 5 W A X A7 7E X I
BERAZH, WA BOE T S5AF R stk RN A, BRAERMBE 2N, £5Y
HARGERE, BECHEZ MR EH, vIReIE s e kg,

3-16 3T HA FERI el AL o 2070 SONTRIM TR,  ZLOI ORI IR, BRE7 SONBRIE
Bk,
Fig.3-16 Phylogenetic tree of HA gene of H10 influenza virus. The green branch is American strain, the red

branch is isolated strain, and the black branch is Eurasian strain.
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P 3-15 2T NA ZER 2B LA . s SONERMBEI, 00 30N Bk, BEs)
SCHROE #Hk o
Fig.3-15 Phylogenetic tree of NA gene of N4. N5. N7 influenza virus. The green branch is

American strain, the red branch is isolated strain, and the black branch is Eurasian strain.

PB2 PBI PA

K 3-16 27 PB2. PB1. PA. NP. M. NS ZERZ:iFs B2ttt SRty SONFRMBERR, L)
SCNTERR, B SONITEEEE
Fig 3-16 Phylogenetic tree of NA gene of PB2. PB1. PA. NP. M. NS influenza virus.The green branch

is American strain, the red branch is isolated strain, and the black branch is Eurasian strain.

X H10 72443 BS MR I AR 7 41 0 AT B, 0 5 kk TMIJ28. TMIJ2193. QHS82.
CZ1753 HA & A PR RMR A7 f A = FE R 7 5128 PEVVQGR | GLF, 43 E5#k TMJ1098HA
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TR TR E R AL S AL S LR 7 51 PELMQGR § GLF, ANEE 2 ANES: (T 2 5L R
BIF5 & LPALV 170 THF1E. 1% HA YWAYREE 70 Bk HA B FE AR S5 A A S i 2 2
MRV 7R 79 226Q AT 228G(H3 Numbering), 4908 BRI EE G AL mUAFAIE, R A )
TEE N AR S TRAL . NA 1 H 223K AU 75 I BUR IR B, A T A
H10 WAL 53 BSHRTE NA 253 KA R VR R 2%, AR I NA B R L B i 24
P FRARNL T H274Y, AT REXT ARG YIAR =AM 21 o %43 B ok oA 35 5 DR 1 B A3 M7
FLRT R A AL s P B 1 28 R R R AR P AR AN BUR ML & B w B B AR, RINIEIE R &
2. AEZE MR 1 NST AL ER 11 NP 3R R AT I 1) R £ B MAD98 3547 B R A 0 25 R A 1 %
Ag; FEFUERE M1 SEH 1 30D, 215A BAERRA, BPEREEHE 1 &I 622G K3, AlRE
SR HSNRIEOR . BLEAFRMES TR B, B YR H1 ALV 45 B bR R TR SO0 1
B, AT 4SS &K, NA. PBl. M1 & A RAE T 685 /N BUEUW M A < 1 ks

IRAL FURAL o

N

=
5

hY

2 3-4 5 5YE H10 YRS &7 B IR 70 AR

Tab.3-4 Molecular characteristics of H10 subtype avian influenza from migratory bird
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Deletion ZEHR AR FEFR B I X} B,
in the / / / / / B PERE 5
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1R B0
T o 5 A WS PE AN R
DN D D D D D
otk
S62G G G G G G )
PB1 X B 1 4 5,
V7091 \Y Y4 Y4 \Y \Y
TIS7A T T T T T S B 1) 2 1 B
PA P 5 mRNA [15%
H510A H H H H H
X
{2 HER5E RNA AL,
NP 1097 I I I I I WEE ATV G 1 E0R
Va|
N3D D D D D D )
M1 X B0 T 4 i
T2I5A A A A A A
s42p S S S S S Hh o /N B B0 M
NS1 L9SF M M M M M )
Hh 5 /N B B0 M
[101M D D D D D

T /RREA R, -KREGHA Subtype Numbering Conversion (https://www.bv-bre.org)
3.2.4.2 4 ES#K H10Nx X /)N BRI i etk

T BALB/c /)N U LAY IR G Y, PPAl 143 25 21 194% I HON4(TMJI2193)F1
H10NS5(TMJ1098) V. 24 F5: 4% 07 0 FL A P B e KUK o S SR ] 3-19 Fros, 7 sk
TMJ2193 FEIR G2 /N R ARACE S, RS . BRAE. B, . O E.
B WIEHR TN HLGSE P ARAIHR LS 0Bk TMI1098 7E &L e, B,
OB AR, B7iE 6 NMARS EHRIURFEE W, BAEM T EHIACHEGE, AR B A
AE R ] RSN 14 REIAP, YL/ R HILH B IGE AR IR, 7Rk
TMI2193 JE RS I8 T F%, BE/EAESISIGIC, B-ria, B4 TMI1098 /) B
HARHIPIE TR, HWBCFRS. 45REW], B3I HIONS WA B MRAEA L& MK AL T
I DAERREG N, BAEZHZ TGS, AR BRI 1IE RN HION4 8k
YR CR S CYNVA PN =k 2 N W (E Ve s N R
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Fig.3-19 Replication of tissue virus in mice infected with avian influenza virus
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Fig.3-20 Weight changes of mice post inoculation
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{EBLRASRAEHT WA FIIE, (WEAEIRS . Jr BPRHINT 3R 4 AT DA ZE & B B 45 &
Ge/NGR,  ELAE /N BT Ao BE R, BRI AL SR i o, HLA A SV AN R RE R IR
PERTHIND 53 C4 R8T EM L3 TE L &I ae T, AT R 288 e AR & il
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AT T LA AAERCR B . H10 Rk CAFERE R AR T B NS, BHER
BIAAF R EA R, AZEERAT S EM . X SIEHL0 WA EE PR A A,
TMJ2193 [FTHAZEH 5CZ1753 FINAZ: R 5 2023 45 NERYLH10NS SR A BUL R4 K R,
FHIVEHIONS 7T B 87 S0t ik, 7 B ARk IR T RO &, AR B BONE A,
FIFE ARV, AR R S ARG R . BF 02 B DR ek e A AR B0 1R M B Mk 5 AL
BHON2 #HRA K, TMI2193 5TMI1098 [FIMEE R A] GE KI5 6 [ B S HON2 bk, (H4r 5
PRETR 5K EHON2 F=ACHE, 2R IX I8 R AN )RR e (M R IR B 2k, W] Re o o 7
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MG R NEY), AT AR R ML X kb 5G T H16 A 3R 0 B i TR R o o 3 L 2R
AHLIX > B PRHL. H10. H13 FIH16 WARIFERR I 70 A3, X e A 5k H A A AE JR 1 B
5y H T b 7 PR PR 8 I T R R

3.4 INGE
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