
High-Pathogenicity Avian Influenza Outbreak 
among Vulnerable Crane Species in the Izumi Plain, 

Kagoshima, Japan

Kosuke Okuya, DVM, PhD

Transboundary Animal Disease Research Center,  

Faculty of Joint Veterinary Medicine, 

Kagoshima University 

East Asia Wildlife health networking meeting
June 16, 2023



Hemagglutinin (HA)

Subtypes : H1-H16

Neuraminidase (NA)

Subtypes: N1-N9

Avian influenza virus (AIV)

Genome: Eight segmented RNA    

Negative-stranded 

Natural reservoirs

Wild ducks



Global spread 

by migration of wild ducks

Part of H5 and H7 subtypes

High mortality in 

chickens (≧ 75% )

Relatively low mortality 

in wild ducks 

High Pathogenicity Avian Influenza Viruses (HPAIVs)

Wild ducks



Poultry farms: 84 cases

Wild birds: 242 cases

HPAI in Japan during the 2022/23 winter season

Ministry of Agriculture, Forestry and 

Fisheries

the Izumi plain



Known as a wintering ground for more than 12,000 endangered cranes

The Izumi plain, Kagoshima



Hooded crane

(Grus monacha)

White-naped crane

(Grus vipio)

Known as a wintering ground for more than 12,000 endangered cranes

Registered as a Ramsar Convention site in 2021

The Izumi plain, Kagoshima



Preparing roost 

Feeding

Monitoring

Crane conservation activities



Wild ducks also visit the Izumi plain. 

The Izumi plain, Kagoshima



The Izumi city, Kagoshima

Izumi city had the highest egg production in Japan in 2021.  

Izumi city  HP

Poultry farming is thriving in Izumi city.



Crane conservation sites

Crane roost

Poultry farm

The Izumi plain, Kagoshima



Poultry farm

Crane conservation sites

Crane roost

To protect “endangered crane species” and “poultry farming”,

AIV surveillance is essential in this area.

The Izumi plain, Kagoshima



Over 5,000 common cranes were dead

in December 2021.

H5 HPAIV caused mass death in Israel



Topics
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➢ H5 HPAIVs isolated from environment water 

➢ Genetic characterization of H5 HPAIVs in the Izumi plain
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AIV surveillance in cranes in the Izumi plain 

Monitoring

Debilitated and dead cranes 

✓ Eye swab

✓ Tracheal swab 

✓ Cloacal swab

Retrieving 

✓ AIV rapid test kit

Municipal employees of Izumi City

✓ AIV gene diagnosis

✓ Virus isolation

✓ Sequencing 

Kagoshima Univ.
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Number of cranes retrieved in the Izumi plain 

Dec. Jan. Feb. Mar. Apr.Nov.

Hooded crane

White-naped crane

1505 cranes were retrieved.
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Dec. Jan. Feb. Mar. Apr.Nov.

Cranes tested for AIV infection

307 cranes were tested.

Number of cranes retrieved in the Izumi plain 
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Dec. Jan. Feb. Mar. Apr.Nov.

AIV gene negative

AIV gene positive

Number of cranes tested for AIV gene

HPAIV circulated among cranes in early winter.

138 cranes were positive.
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Number of wild birds tested for AIV gene since 2012

Cranes 

The other birds 



Number of wild birds tested for AIV gene since 2012
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LPAIV

HPAIV

Positive rate in 2022/23 was the highest.
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AIV surveillance

Natural reservoirs

AIV replicates in intestine

environment water would be alternative methods for AIV surveillance.

Wild ducks

AIV surveillance using fecal samples is golden standard.

Collecting the fecal samples is time-consuming
→ it is not appropriate for weekly surveillance.



Conducting AIV isolation from crane roost water since 2012.

Crane

Wild duck

Crane roost water

AIV surveillance using crane roost water in the Izumi plain 



AIV isolation from crane roost water

Concentration

Crane roost water 

(14 samples/week)

embryonated chicken eggs

(4 eggs/sample)

Mixing with chicken red 

blood cells

Inoculation



AIVs from crane roost water during the 2022/23 winter season

HPAIV LPAIV Mixed Total 

24 14 15 53

H5N1 H3N8 and H10N6
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Isolates from crane roost during the 2022/23 winter season
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HPAIV LPAIV

Isolates from crane roost during the 2022/23 winter season
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Isolates from crane roost water since 2012
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Improvement of 

AIV isolation

The number of AIV isolates from the crane roost water 

during the 2022/23 winter season were not so high.

Viral shedding in feces in the 2022/23 winter season would 

be relatively low.
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HPAIVLPAIV

Isolates from crane roost water since 2012
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AIVs in the Izumi plain since 2012

Total isolates from both wild birds and crane roost water

Crane isolates possessed a large part of 

isolate number in the 2022/23 winter season.
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HPAIVLPAIV

Total isolates from both wild birds and crane roost water

AIVs in the Izumi plain since 2012
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Oxford Nanopore 

Technology

Amplification of 

each gene segment

Full genome sequencing by using nanopore sequencer 

cDNA PCR

product

vRNA

Ligation with different barcode sequences



Genetic characterization of H5 HA gene
A/white-fronted goose/Miyagi/0410D002/2022 (H5N1)

A/peregrine falcon/Niigata/1511C001/2022 (H5N1)

A/peregrine falcon/Hyogo/2811J002/2022 (H5N1)

488 HA

A/peregrine falcon/Hokkaido/4812Z001T/2022 (H5N1)

A/large-billed crow/Fukuoka/4001A004/2023 (H5N1)

A/jungle crow/Miyagi/0411G002/2022 (H5N1)

1024 HA

A/white-tail eagle/Hokkaido/20221123001/2022 (H5N1)

A/chicken/Ibaraki/22C2T/2023

A/chicken/Hokkaido/22A4T/2022

22 1200 HA

22 2340 HA

22 2339 HA

A/white-fronted goose/Miyagi/0410D001/2022 (H5N1)

A/slaty-backed gull/Hokkaido/011M114/2022 (H5N1) 21/22season

461 HA

A/Mute swan/Netherlands/21037283-002/2021 (H5N1)

A/chicken/Netherlands/21037233-001/2021 (H5N1)

A/Branta leucopsis/Belgium/14735 0001/2021 (H5N1)

A/Branta leucopsis/Belgium/14735 0001/2021 (H5N1)
A/common crane/Israel/670/2021 (H5N1)

A/duck/Saratov/29-11/2021 (H5N1)

A/European Herring Gull/Netherlands/4/2022 (H5N1)

A/swan/France/21P012384/2021 (H5N1)

A/goose/Tyumen/33-53/2021 (H5N1)

A/goose/Tyumen/33-52/2021 (H5N1)

A/chicken/Saitama/22A10T/2022

A/chicken/Fukushima/22A11T/2022

A/chicken/Ibaraki/22A2T/2022

2089 HA

22 1701 HA

22 1911 HA

A/emu/Shiga/22B1T/2023

22 1267 HA

D7 (H5N1) HA
G3-HA

A/hooded crane/Kagoshima/2T/2022 (H5N1) HA

22 201 HA
212 HA

22 B12 HA
1147 HA

A/chicken/Hiroshima/22A6T/2022

D2 HA
22 2329 HA

22 2206 HA

22 2330 HA

2102 HA

1882 HA

2091 HA

A/chicken/Okinawa/22A1T/2022

2085 HA

22 B7 HA
G1(H5N1) HA

B4(H5N1) HA
G5 HA

B3-HA
22 267 HA

22 J7 HA
22 J8 HA

A/chicken/Wakayama/22B3T/2022

375-HA

22 2213 HA

1057 HA

1909 HA

D6 HA
A/chicken/Yamagata/22A3T/2022

22 2215 HA

22 2209 HA

22 1716 HA

22 1327 HA

22 B11 HA
22 189 HA

1719 HA

22 1406 HA

140 HA

A/chicken/Fukuoka/22A5T/2022

B5 HA

A/mute swan/Slovakia/Pah6 21VIR1086-2/2021 (H5N5)

A/barnacle goose/Netherlands/21027016-002/2021 (H5N1)

A/Eurasian Wigeon/Netherlands/1/2020 (H5N1)

A/barnacle goose/Denmark/17572-1.01/2021 (H5N1)

A/chicken/Nigeria/VRD21-43 21VIR2288-4/2021 (H5N8)
A/Eurasian wigeon/Hokkaido/M184/2022 (H5N1)

A/Eurasian wigeon/Hokkaido/Q71/2022 (H5N1)

A/chicken/Kagoshima/21A6T/2021 (H5N1)

A/Meleagris gallopavo/Belgium/11293 001/2021 (H5N8)

A/chicken/Luxembourg/21168413/2021 (H5N8)

A/mallard/Italy/20VIR7139-73/2020 (H5N8)

A/chicken/Kazakhstan/220-B-2-H5N8-4/2020 (H5N8)

A/mute swan/Netherlands/20015931-001/2020 (H5N8)

A/barnacle goose/Germany-SH/AI02167/2020 (H5N8)

A/mallard/Georgia/DT-20222/2020 (H5N8)

A/goose/Romania/10205-t3 21VIR2593-7/2021 (H5N8)

A/knot wader/Ireland/472 21VIR2956-1/2021 (H5N3)

A/common kestrel/Denmark/16023-01/2021 (H5N3)

A/buzzard/Germany-MV/AI02166/2020 (H5N5)

A/goose/Russian Federation/Omsk/1680-6/2021 (H5N5)

A/yellow-legged gull/Switzerland/15-0039 21VIR3035/2021 (H5N4)

A/whooper swan/Inner Mongolia/w1-1/2020 (H5N8)

A/Chlidonias hybrida/Hubei/55/2020 (H5N8)

A/Cygnus columbianus/Hubei/116/2020 (H5N8)

A/brown-headed gull/Tibet/1-1/2021 (H5N8)

A/whooper swan/Shandong/SC176/2021 (H5N8)

A/crane/Kagoshima/KU-93/2021 (H5N8)

A/mallard/Kagoshima/KU-d89/2021 (H5N8)

A/graylag goose/Denmark/14535-1/2020 (H5N8)

A/spot-billed duck/Korea/WA1000/2020 (H5N8)

A/hooded crane/Kagoshima/KU-5T/2021 (H5N8)

A/environment/Kagoshima/KU-ngrB4/2021 (mixed)

G4 HA
D1 HA
H1 HA

22 1720 HA

22 D4 HA
22 B8 HA
22 195 HA
22 180 HA

A/hooded crane/Kagoshima/KU-40/2022
A/chicken/Okayama/22A1T/2022

A/chicken/Tottori/22A1T/2022

A/chicken/Niigata/22A13T/2022

B20 (H5N1)

A/chicken/England/030720/2020 (H5N8)

A/duck/Korea/H016/2021 (H5N8)

A/wild duck/Jiangsu/SD019/2021 (H5N8)

A/chicken/Kagoshima/B3T/2021 (H5N8)

H3 (H5N8)

D7 (H5N8)

5b (H5N8)

5c (H5N8)

3a (H5N8)

D8 (H5N8)

1a (H5N8)

5a (H5N8)

6a (H5N8)0.01

G2d: Northern Japan isolates in 2021-2023

G2e: European isolates  in 2022-2023 

G2c: Japan/South Korea isolates in 2022-2023

G2b: Northern and Southern Japan isolates in 2021-2022

G2a: Southern Japan isolates 2020-2021

Isolates from 

the Izumi plain
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G2d: Northern Japan isolates in 2021-2023

G2e: European isolates  in 2022-2023 

G2c: Japan/South Korea isolates in 2022-2023

G2b: Northern and Southern Japan isolates in 2021-2022

G2a: Southern Japan isolates 2020-2021

Isolates from 

the Izumi plain

Izumi isolates belong to G2b and G2c 



Genetic constellation of AIVs isolated from the Izumi plain

 B2-M

 1057 M

 B3-M

 375-M

 64-M

 22 1720 M

 1719 M

 1882 M

 2102 M

 A/crow/Fukuoka/TU48-37/2022 H5N1

 22 2213 M

 22 2330 M

 22 2206 M

 22 2329 M

 1909 M

 22 267 M

 22 2209 M

 22 2215 M

 22 1716 M

 22 1320 M

 22 1911 M

 22 1701 M

 2089 M

 2091 M

 2085 M

 G3-M

 212 M

 G2-M

 A/hooded crane/Kagoshima/2T/2022 (H5N1) M

 1147 M

 22 1267 M

 D7 (H5N1) M

 22 201 M

 D2 M1

 22 1406 M

 G5 M

 22 189 M

 D1 M

 22 195 M

 G4 M

 B5 M

 140 M

 H1 M

 D6 M

 B6 M

 B7 M

 22 B11 M

 22 180 M

 22 J7 M

 22 J8 M

 A/common crane/Israel/670/2021 | A / H5N1 | MP

 A/chicken/Netherlands/21037233-001/2021 | A / H5N1 | MP

 A/goose/Tyumen/33-52/2021 | A / H5N1 | MP

 A/swan/France/21P012384/2021 | A / H5N1 | MP

 461 M

 A/chicken/Hokkaido/I-1/2022 | A / H5N1 | MP

 1024(H5N1) M

 22 1200 M

 A/white-tailed eagle/Hokkaido/20220210001/2022 | A / H5N1 | MP

 488 M

 A/emu/Hokkaido/A-2/2022 | A / H5N1 | MP

 A/crow/Hokkaido/HU-1/2022 | A / H5N1 | MP

 22 2339 M

 22 2340 M

 A/chicken/Nigeria/VRD21-98 21VIR2288-6/2021 H5N1

 A/chicken/Luxembourg/21168413/2021 | A / H5N8 | MP

 A/goose/Russian Federation/Omsk/1680-6/2020(H5N5)

 chH5N1

 B20 (H5N1)

 A/chicken/England/030720/2020(H5N8)

 A/mute swan/Netherlands/20015931-001/2020(H5N8)

 A/buzzard/Germany-MV/AI02166/2020(H5N5)

 A/barnacle goose/Germany-SH/AI02167/2020(H5N8)

 A/mallard/Georgia/DT-20222/2020 | A / H5N8 | MP

 A/chicken/Nigeria/VRD21-43 21VIR2288-4/2021 H5N8

 A/domestic duck/Kazakhstan/1-274-20-B/2020(H5N8)

 A/Cygnus columbianus/Hubei/51/2020 H5N8

 A/environment sample/China/TZ001/2021 H5N8

 A/spot-billed duck/Korea/WA1000/2020 | A / H5N8 | MP

 A/Cygnus columbianus/Hubei/56/2020 H5N8

 A/Cygnus columbianus/Hubei/116/2020 H5N8

 A/wild duck/Jiangsu/SD019/2021 | A / H5N8 | MP

 A/duck/Korea/H016/2021 | A / H5N8 | MP

 A/brown-headed gull/Tibet/1-1/2021 | A / H5N8 | MP

 A/whooper swan/Inner Mongolia/w1-1/2020 | A / H5N8 | MP

 A/whooper swan/Shandong/SC176/2021 | A / H5N8 | MP

 crane5T-2

 D8 (H5N8)

 H3 (H5N8)

 chH5N8

 1a (H5N8)

 3a (H5N8)

 5a (H5N8)

 5b (H5N8)

 5c (H5N8)

 6a (H5N8)

 D7 (H5N8)

 A/grey-headed gull/Uganda/MUWRP-538/2017(H5N8)

 A/duck/India/10CA01/2016(H5N8)

 A/Fujian-Sanyuan/21099/2017(H5N6)

 A/Bar-headed Goose/Qinghai/a218/2017(H5N8)

 A/chicken/South Africa/499723/2018(H5N8)

 A/guinea fowl/Nigeria/OG-GF11T 19VIR8424-7/2019 H5N8(H5N8)

 A/turkey/Czech Republic/3071/2020(H5N8)

 A/white-fronted goose/Germany-BB/AI00018/2020(H5N8)

 A/layer hen/Slovakia/A-chicken-Slovakia-Pah 14-2020 H5N8 MP/2020(H5N8)

 A/hawk/Poland/003/2020(H5N8)

 A/chicken/Kagawa/11C/2020 | A / H5N8 | MP

 A/Mandarin duck/Korea/H242/2020(H5N8)

 A/white-tailed eagle/Hokkaido/20210127001/2021(H5N8)

 A/environment/Kagoshima/KU-ngr-J2/2020(H5N8)(H5N8)

 A/northern pintail/Hokkaido/M13/2020(H5N8)

 A/whooper swan/Fukushima/0701B002/2021 | A / H5N8 | MP

 A/great crested grebe/Uvs-Nuur Lake/341/2016(H5N8)

 A/duck/Nigeria/SK28T 19VIR8424-2/2019(H5N6)

 A/Great Black-backed Gull/Netherlands/1/2017 (H5N6)

 A/tufted duck/Shimane/3211TY001/2017(H5N6)

 A/wild duck/South Korea/1801/2018(H5N6)

 A/chicken/Tatarstan/7/2018(H5N8)

 A/Chicken/Egypt/AI20286/2019(H5N8)

 A/Chicken/Egypt/AR553/2018(H5N8)

 A/guinea fowl/Germany-NW/AI01184/2020 | A / H5N8 | LPAI

 A/wild bird/South Korea/WKU2019-4/2019 | A / H1N1

 A/Mallard/Netherlands/11/2021 | A / H5N2 | MP LPAI

 A/duck/Moscow/5743/2019 | A / H1N1

 A/duck/Mongolia/961/2019 | A / H3N8

 A/goose/Czech Republic/20689-28T/2021 | A / H5N1 | LPAI

 A/duck/Bangladesh/37630/2019 H10N4

 A/Mallard(Anas platyrhynchos)/South Korea/KNU2019-23/2019 | A / H1N1

 A/Common Teal/Dagestan/34d/2019 | A / H4N6

 A/mallard/Ukraine/AN-221-13-01/2020 | A / H7N2

 A/shelduck/Ukraine/KT-8-2-11/2016(H1N2)

 A/mallard/Italy/21VIR6957-6/2021 | A / H5N1 | MP LPAI

 22 J4 M(H3N8)

 131 M

 A/Anas poecilorhyncha/South Korea/JB32-81/2019 | A / H11N2

 A/Mallard/Russia Primorje/153/2019 | A / H4N6

 A/northern pintail/Japan/KU-d3C/2020 H2N9

 22 G7(H3N8) M

 22 C3(H3N8) M

 22 C4 M(H3N8)

 22 I1 M(H3N8)

 22 G8 M(H3N8)

 A/duck/Bangladesh/41439/2019 | A / H7N3

 A/mallard/Denmark/12947-12/2020-10-26(H7N5) | A / H7N5

 A/teal/Egypt/MB-D-487OP/2016 H7N3

 J3 (H3N8) M

 J5 (H3N8) M

 A/wild duck/Korea/H214/2021 | A / H7N3

 A/Duck/Dongting/D76-1/2016 | A / H5N7 | LPAI

 A/Common Teal/Buryatia/88i/2019 | A / H4N6

 A/duck/Mongolia/380/2019 | A / H4N6

 A/White-fronted goose(Anser albifrons)/South Korea/KNU2019-37/2019 | A / H1N1

 A/mallard/Korea/A44-5/2017 | A / H5N3 | MP LPAI

 A/duck/Bangladesh/36391/2018 | A / H4N6

 A/Mallard(Anas platyrhynchos)/South Korea/KNU2021-45/2021(H1N1)

 A/mallard/South Korea/JB21-22/2019 | A / H4N6

 22 H4(H10N6) M

 22 H5(H10N6) M

 22 G9 (H10N6) M

 22 B12 M

 22 C2 M(H10N6)

 22 H3 M(H10N6)

 22 B15 M(H10N6)

 A/chicken/Germany/AR1386-L01302/2015 | A / H7N7 | MPHPAI

 A/Swan/Netherlands/14000281/2014 | A / H5N2 | LPAI

 A/chicken/England/11416/2008 | A / H7N7 | MP LPAI

 A/Mallard (Anas platyrhynchos)/South Korea/KNU2019-47/2019 | A / H4N6

 A/Shoveler/Omsk Region/15/2019 | A / H4N6

 A/Mallard/Russia Primorje/129/2019 | A / H6N6

 A/Northern Pintail/Alaska/19TL00162/2019 | A / H3N8

 A/environment/South Carolina/UGAI17-2243/2017 | A / H5N2 | LPAI

 A/Mallard/Ohio/19OS0177/2019 | A / H1N1

 A/Mallard/Wisconsin/18OS3322/2018 | A / H4N6

 A/ruddy turnstone/New Jersey/UGAI17-2072/2017 | A / H5N2 | LPAI

 A/mallard/South Korea/34X-2/2021 | A / H7N7 | HPAI

 A/Mallard duck/Alberta/147/2019 | A / H3N8

 A/Mallard duck/Alberta/319/2019 | A / H3N8

 A/Mallard duck/Alberta/486/2019 | A / H1N1

 A/duck/Guangdong/H31/2020 | A / H3N8

 A/Mallard/Ohio/18OS4660/2018 | A / H4N6

 A/mallard/Sweden/101224/2009 | A / H5N9 | LPAI

 A/duck/Mongolia/520/2015 H1N1

 A/Mallard(Anas platyrhynchos)/South Korea/KNU2019-50/2019 | A / H3N8

 A/black swan/Akita/1/2016(H5N6)

 A/duck/Hyogo/1/2016(H5N6)

 A/duck/Guangdong/GD01/2014(H5N6)

 A/pigeon/Sichuan/NCXN29/2014(H5N1)

 A/muscovy duck/Vietnam/LBM631/2014(H5N1)

 A/Common pheasant/Hunan/11/2015(H5N6)

 A/duck/Vietnam/1151/2014(H5N6)

 A/Whooper swan/Mongolia/25/2020(H5N6)

 A/duck/Eastern China/S1109/2014(H5N8)

 A/mallard/Shanghai/SH-9/2013(H5N8)

 A/duck/Eastern China/008/2008(H5N5)

 A/goose/Guangdong/k0103/2010(H5N5)

 A/duck/Taiwan/A3400/2015(H5N8)

 A/crane/Kagoshima/KU41/2014(H5N8)(H5N8)

 A/crane/Kagoshima/KU1/2014(H5N8)

 A/Northern pintail/Washington/40964/2014(H5N2)

 A/tundra swan/Korea/H411/2014(H5N8)
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 B6 NA

 B7 NA

 D2 NA

 H1 NA

 B5 NA

 G4 NA

 22 189 NA

 D1 NA

 D6 NA

 22 B11 NA

 140 NA

 G5 NA

 22 180 NA

 22 195 NA

 212 NA

 1057 NA

 22 1716 NA

 22 2213 NA

 22 2330 NA

 1882 NA

 22 2206 NA

 22 2329 NA

 375-NA

 64-NA

 2102 NA

 22 1406 NA

 1909 NA

 22 1320 NA

 2085 NA

 1147 NA

 22 201 NA

 2091 NA

 22 B12 NA

 G2-NA

 G3-NA

 D7 (H5N1) NA

 B2-NA

 A/hooded crane/Kagoshima/2T/2022 (H5N1) NA

 B3-NA

 22 267 NA

 22 J7 NA

 22 J8 NA

 22 2209 NA

 22 2215 NA

 22 1267 NA

 22 1720 NA

 1719 NA

 2089 NA

 22 1701 NA

 22 1911 NA

 461 NA

 488 NA

 1024(H5N1) NA

 22 1200 NA

 22 2339 NA

 22 2340 NA

 A/goose/Tyumen/33-52/2021 | A / H5N1 | NA

 A/goose/Tyumen/33-53/2021 | A / H5N1 | NA

 A/swan/France/21P012384/2021 | A / H5N1 | NA

 A/common crane/Israel/670/2021 | A / H5N1 | NA

 A/duck/Saratov/29-11/2021 | A / H5N1 | NA

 A/Mute swan/Netherlands/21037283-002/2021 | A / H5N1 | NA

 A/Branta leucopsis/Belgium/14735 0001/2021 | A / H5N1 | NA

 A/chicken/Netherlands/21037233-001/2021 | A / H5N1 | NA

 A/chicken/Senegal/21VIR1084-5/2021 | A / H5N1 | NA

 A/chicken/Nigeria/VRD21-109 21VIR2370-425/2021 H5N1

 A/barnacle goose/Denmark/17572-1.01/2021-03-01 | A / H5N1 | NA

 A/barnacle goose/Netherlands/21027016-002/2021 | A / H5N1 | NA

 A/chicken/Kagoshima/21A6T/2021|A / H5N1|2021-11-12|NA

 A/duck/Mongolia/451/2018 | A / H4N1 | NA

 A/duck/Moscow/5744/2019 | A / H1N1 | NA

 A/mallard/Italy/21VIR6957-6/2021 | A / H5N1 | NA LPAI

 A/goose/Czech Republic/20689-28T/2021 | A / H5N1 | NA LPAI

 A/Anas platyrhynchos/Belgium/1837 H101620/2018 | A / H10N1 | NA

 A/Gallus gallus/Belgium/3497 0001/2019 | A / H3N1 | NA

 A/Gallus gallus/Belgium/6486/2019 | A / H3N1 | NA

 A/chicken/France/150169a/2015 | A / H5N1 | NA LPAI

 A/duck/Mongolia/837/2015 | A / H1N1 | NA

 A/duck/Ibaraki/109/2016 | A / H1N1 | NA

 A/Mallard(Anas platyrhynchos)/South Korea/KNU2019-35/2019 | A / H1N1 | NA

 A/Duck/Mongolia/2019-496/2019 | A / H1N1 | NA

 A/Muscovy duck/Vietnam/HN4929/2018

 A/Mallard(Anas platyrhynchos)/South Korea/KNU2019-20/2019 | A / H5N1 | NA

 A/mallard/Anhui/2-549/2019 | A / H6N1 | NA

 A/Duck/Egypt/AR526/2017 | A / H5N1 | NA

 A/duck/Bangladesh/41250/2019 | A / H5N1 | NA

 A/duck/Bangladesh/45724/2020 | A / H5N1 | NA

 A/crow/Bangladesh/NRL-AI-8471/2017 | A / H5N1 | NA

 A/chicken/Bangladesh/NRL-AI-8051/2017 | A / H5N1 | NA

 A/duck/Bangladesh/34751/2018 | A / H5N1 | NA

 A/chicken/Japan/AQ-HE79/2015 | A / H5N1 | NA

 A/Anser cygnoides/China/P126/2015 | A / H5N1 | NA

 A/chicken/Ghana/14/2015 | A / H5N1 | NA LPAI

 A/chicken/Nigeria/16VIR5840-14/2015 | A / H5N1 | NA

 A/chicken/Laos/NL-1621312/2016 | A / H5N1 | NA

 A/chicken/Myanmar/OP-12/2017 | A / H5N1 | NA

 A/duck/Hunan/03.07 YYGK1L3-OC/2018 | A / H5N1 | NA

 A/duck/Laos/Xiengkhouang03/2019 | A / H5N1 | NA

 A/chicken/Wuxi/WX-33/2013 | A / H5N1 | NA

 A/muscovy duck/Vietnam/LBM669/2014 | A / H5N1 | NA

 A/duck/Vietnam/HU5-1572/2016 | A / H5N1 | NA

 A/muscovy duck/Long An/87/2014 | A / H5N1 | NA

 A/chicken/Viet Nam/HU12-669/2019 | A / H5N1 | NA

 A/duck/Laos/NL-2072072/2020 | A / H5N1 | NA

 A/chicken/Missouri/18-008648-001/2018 | A / H7N1 | NA

 A/mallard/Pennsylvania/UGAI15-4737/2015 | A / H3N1 | NA

 A/long-tailed duck/Wisconsin/18OS2993/2018 | A / H3N1 | NA

 A/red knot/Delaware Bay/124/2013 | A / H10N1 | NA

 A/ruddy turnstone/New Jersey/AI13-2452/2013 | A / H10N1 | NA

 A/common goldeneye/Michigan/18OS3858/2018 | A / H2N1 | NA

 A/mallard/Ohio/18OS2787/2018 | A / H6N1 | NA

 A/ruddy turnstone/Delaware Bay/134/2018 | A / H12N1 | NA

 A/ruddy turnstone/Delaware Bay/47/2018 | A / H6N1 | NA
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 21 3a (H5N8)

 6a (H5N8) PB1

 21 6a (H5N8) PB1

 21 5c (H5N8) PB1

 H3 (H5N8) PB1

 21 5a (H5N8) PB1

 chH5N8

 21 1a (H5N8) PB1

 21 5b (H5N8) PB1

 crane5T

 D8 (H5N8) PB1

 A/environment sample/China/TZ001/2021

 A/wild duck/Jiangsu/SD019/2021 | A / H5N8 | PB1

 A/whooper swan/Shandong/SC176/2021 | A / H5N8 | PB1

 A/crane/Kagoshima/KU-93/2021 | PB1

 A/mallard/Kagoshima/KU-d89/2021 | PB1

 A/spot-billed duck/Korea/WA1000/2020 | A / H5N8 | PB1

 A/brown-headed gull/Tibet/1-1/2021 | A / H5N8 | PB1

 A/duck/Korea/H016/2021 | A / H5N8 | PB1

 A/whooper swan/Inner Mongolia/w1-1/2020 | A / H5N8 | PB1

 A/domestic duck/Kazakhstan/1-274-20-B/2020|PB1

 A/goose/Russian Federation/Omsk/1680-6/2020|PB1

 A/mallard/Georgia/DT-20222/2020 | A / H5N8 | PB1

 A/buzzard/Germany-MV/AI02166/2020|PB1

 A/chicken/England/030720/2020|PB1

 A/barnacle goose/Germany-SH/AI02167/2020|PB1

 A/mute swan/Netherlands/20015931-001/2020|PB1

 A/chicken/Luxembourg/21168413/2021 | A / H5N8 | PB1

 A/chicken/Tatarstan/7/2018|PB1

 A/Chicken/Egypt/AI20286/2019|PB1

 A/Chicken/Egypt/AR553/2018|PB1

 A/tufted duck/Shimane/3211TY001/2017|PB1

 A/wild duck/South Korea/1801/2018 (H5N6) HPAI

 A/duck/Nigeria/SK28T 19VIR8424-2/2019|PB1

 A/Great Black-backed Gull/Netherlands/1/2017|PB1

 A/chicken/South Africa/499723/2018|PB1

 A/guinea fowl/Nigeria/OG-GF11T 19VIR8424-7/2019 H5N8|PB1

 A/Bar-headed Goose/Qinghai/a218/2017|PB1

 A/great crested grebe/Uvs-Nuur Lake/341/2016|PB1

 A/Fujian-Sanyuan/21099/2017|PB1

 A/duck/India/10CA01/2016|PB1

 A/grey-headed gull/Uganda/MUWRP-538/2017|PB1

 A/Mallard(Anas platyrhynchos)/South Korea/KNU2019-23/2019 | A / H1N1

 A/mallard/Korea/A44-5/2017 | A / H5N3 | PB1 LPAI

 A/Duck/Dongting/D76-1/2016 | A / H5N7 | PB1 LPAI

 22 1327 PB1

 2102 PB1

 A/Mallard(Anas platyrhynchos)/South Korea/KNU2019-20/2019 (H5N1)

 A/duck/Eastern China/S1109/2014|PB1

 A/duck/Bangladesh/41481/2019 | A / H4N6

 A/Common Teal/Buryatia/88i/2019 | A / H4N6

 A/duck/Moscow/5743/2019 | A / H1N1

 A/mallard/Italy/21VIR6957-6/2021 | A / H5N1 | PB1 LPAI

 A/Mallard(Anas platyrhynchos)/South Korea/KNU2019-50/2019 | A / H3N8

 A/Mallard/Russia Primorje/129/2019 | A / H6N6

 A/duck/Mongolia/380/2019 | A / H4N6

 A/Mallard (Anas platyrhynchos)/South Korea/KNU2019-47/2019 | A / H4N6

 A/White-fronted goose(Anser albifrons)/South Korea/KNU2019-37/2019 | A / H1N1

 D3 (H4N6) PB1

 A/spot-billed duck/South Korea/JB31-86-90/2019 H6N2

 22 G9 (H10N6) PB1

 22 H4(H10N6) PB1

 22 H5(H10N6) PB1

 22 B12 PB1

 22 B15 PB1(H10N6)

 22 C2 PB1(H10N6)1

 22 H3 PB1(H10N6)

 A/duck/Guangdong/H31/2020 | A / H3N8

 A/duck/Taiwan/A3400/2015|PB1

 A/chicken/Germany/AR1386-L01302/2015 | A / H7N7 | PB1 HPAI

 A/mallard/Denmark/12947-12/2020-10-26(H7N5) | A / H7N5

 A/duck/Bangladesh/36391/2018 | A / H4N6

 A/guinea fowl/Germany-NW/AI01184/2020 | A / H5N8 | PB1 LPAI

 A/duck/Bangladesh/37528/2019 | A / H4N6

 chH5N1

 B20 (H5N1)

 A/Common Teal/Dagestan/34d/2019 | A / H4N6

 A/hawk/Poland/003/2020|PB1

 A/turkey/Czech Republic/3071/2020|PB1

 A/white-fronted goose/Germany-BB/AI00018/2020|PB1

 A/layer hen/Slovakia/A-chicken-Slovakia-Pah 14-2020 H5N8 PB1/2020(H5N8)

 A/whooper swan/Fukushima/0701B002/2021 | A / H5N8 | PB1

 A/white-tailed eagle/Hokkaido/20210127001/2021 (H5N8) HPAI

 A/whooper swan/Miyagi/0402B001/2021 | A / H5N8 | PB1

 A/chicken/Kagawa/11C/2020 | A / H5N8 | PB1

 A/Mandarin duck/Korea/H242/2020|PB1

 A/environment/Kagoshima/KU-ngr-J2/2020(H5N8)|PB1

 A/northern pintail/Hokkaido/M13/2020|PB1

 A/Swan/Netherlands/14000281/2014 | A / H5N2 | PB1 LPAI

 A/Mallard/Netherlands/11/2021 | A / H5N2 | PB1 LPAI

 A/goose/Czech Republic/20689-28T/2021 | A / H5N1 | PB1 LPAI

 A/chicken/England/11416/2008 | A / H7N7 | PB1 HPAI

 22 2209 PB1

 22 2215 PB1

 A/crow/Miyagi/TU69-55/2023(H5N1)

 22 1720 PB1

 1719 PB1

 1057 PB1

 22 1716 PB1

 22 2213 PB1

 2091 PB1

 2085 PB1

 22 1911 PB1

 22 1701 PB1

 2089 PB1

 1882 PB1

 22 2206 PB1

 22 2330 PB1

 22 2329 PB1

 22 267 PB1

 B2-PB1

 B3-PB1

 22 J8 PB1

 22 J7 PB1

 A/Mallard/Russia Primorje/153/2019 | A / H4N6

 A/mallard/South Korea/34X-2/2021 | A / H7N7 | PB1 HPAI

 1406 PB1

 A/Bean Goose(Anser fabalis)/South Korea/KNU2021-42/2021(H1N1)

 131 PB1

 A/Muscovy duck/Vietnam/HN5901/2019 H4N6

 1024 PB1

 A/crow/Fukuoka/TU54-47/2023 H5N1

 488 PB1

 A/white-tailed eagle/Hokkaido/20220210001/2022 | A / H5N1 | PB1

 A/emu/Hokkaido/A-2/2022 | A / H5N1 | PB1

 A/emu/Hokkaido/TU21-12/2022 H5N1

 A/crow/Hokkaido/HU-1/2022 | A / H5N1 | PB1

 461 PB1(2)

 A/chicken/Hokkaido/I-1/2022 | A / H5N1 | PB1

 A/common crane/Israel/670/2021 | A / H5N1 | PB1

 A/chicken/Netherlands/21037233-001/2021 | A / H5N1 | PB1

 A/goose/Tyumen/33-52/2021 | A / H5N1 | PB1

 A/swan/France/21P012384/2021 | A / H5N1 | PB1

 22 1200 PB1

 22 2340 PB1

 A/mallard/Ukraine/AN-221-13-01/2020 | A / H7N2

 A/Shoveler/Omsk Region/15/2019 | A / H4N6

 A/Anas poecilorhyncha/South Korea/JB32-81/2019 | A / H11N2

 A/wild bird/South Korea/WKU2019-4/2019 | A / H1N1

 A/duck/Mongolia/961/2019 | A / H3N8

 22 I1 PB1(H3N8)

 22 G8 PB1(H3N8)

 22 C3(H3N8) PB1

 22 G7(H3N8) PB1

 22 C4 PB1(H3N8)

 J3 (H3N8) PB1

 J5 (H3N8) PB1

 22 J4 PB2(H3N8)

 A/water/Tottori/NK1201-2/2021 H5N8

 4a (H4N6) PB1

 D4 (H4N6) PB1

 A/mallard/South Korea/JB21-22/2019 | A / H4N6

 A/wild duck/Korea/H214/2021 | A / H7N3

 A/Eurasian Curlew/China/CZ322(7)/2019 H3N8

 B5 (H3N1) PB1

 B6 (H3N1) PB1

 1909 PB1

 1417 PB1

 A/hooded crane/Kagoshima/2T/2022 (H5N1) PB1

 D7 (H5N1) PB1

 212 PB1

 22 201 PB1

 G2-PB1

 G3-PB1

 22 1267 PB1

 H1 PB1

 B6 PB1

 22 B11 PB1

 D2 PB1

 140 PB1

 22 189 PB1

 D6 PB1

 G5 PB1

 G4 PB1

 D1 PB1

 B5 PB1

 B7 PB1

 22 180 PB1

 22 195 PB1

 A/mallard/Shanghai/SH-9/2013|PB1

 A/goose/Guangdong/k0103/2010|PB1

 A/duck/Eastern China/008/2008|PB1

 A/crane/Kagoshima/KU41/2014(H5N8)|PB1

 A/crane/Kagoshima/KU1/2014|PB1

 A/tundra swan/Korea/H411/2014|PB1

 A/black swan/Akita/1/2016|PB1

 A/Mandarin duck/Korea/K16-187-3/2016|PB1

 A/duck/Hyogo/1/2016|PB1

 A/Greylag goose/Hunan/1/2017|PB1

 A/duck/Vietnam/1151/2014|PB1

 A/Whooper swan/Mongolia/25/2020|PB1

 A/pigeon/Sichuan/NCXN29/2014|PB1

 A/Common pheasant/Hunan/11/2015|PB1

 A/duck/Guangdong/GD01/2014|PB1

 A/environment/Maryland/1162/2006 | A / H5N1 | PB1 LPAI

 A/ruddy turnstone/New Jersey/UGAI17-2072/2017 | A / H5N2 | PB1 LPAI

 A/environment/South Carolina/UGAI17-2243/2017 | A / H5N2 | PB1 LPAI

 A/Mallard/Ohio/18OS4660/2018 | A / H4N6

 A/Mallard duck/Alberta/147/2019 | A / H3N8

 A/Mallard/Ohio/19OS0177/2019 | A / H1N1

 A/Mallard duck/Alberta/368/2019 | A / H1N1

 A/Northern Pintail/Alaska/19TL00162/2019 | A / H3N8

 A/Northern pintail/Washington/40964/2014|PB1

 A/Red Knot/Delaware Bay/382/2020 | A / H4N6

 A/turkey/North Carolina/20-007949-001/2020 | A / H7N399
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 21 5c (H5N8) PB2

 21 6a (H5N8)

 21 5b (H5N8)

 21 5a (H5N8) PB2

 21 1a (H5N8)

 21 3a (H5N8)

 crane/5T (H5N8)

 21 H3 (H5N8) PB2

 21 D7 (H5N8) PB2

 chicken/Kagoshima (H5N8)

 21 D8 (H5N8) PB2

 A/wild duck/Jiangsu/SD019/2021 | A / H5N8 | PB2

 A/environment sample/China/TZ001/2021

 A/mallard/Kagoshima/KU-d89/2021 | PB2

 A/spot-billed duck/Korea/WA1000/2020 | A / H5N8 | PB2

 A/crane/Kagoshima/KU-93/2021 | PB2

 A/whooper swan/Shandong/SC176/2021 | A / H5N8 | PB2

 A/whooper swan/Inner Mongolia/w1-1/2020 | A / H5N8 | PB2

 A/duck/Korea/H016/2021 | A / H5N8 | PB2

 A/Cygnus columbianus/Hubei/51/2020 (H5N8)

 A/Cygnus columbianus/Hubei/56/2020 (H5N8)

 A/Cygnus columbianus/Hubei/116/2020 (H5N8)

 A/brown-headed gull/Tibet/1-1/2021 | A / H5N8 | PB2

 A/domestic duck/Kazakhstan/1-274-20-B/2020|PB2

 A/goose/Russian Federation/Omsk/1680-6/2020|PB2

 A/mallard/Georgia/DT-20222/2020 | A / H5N8 | PB2

 A/chicken/England/030720/2020|PB2

 A/barnacle goose/Germany-SH/AI02167/2020|PB2

 A/mute swan/Netherlands/20015931-001/2020|PB2

 A/chicken/Luxembourg/21168413/2021 | A / H5N8 | PB2

 A/chicken/Nigeria/VRD21-43 21VIR2288-4/2021 (H5N8)

 A/buzzard/Germany-MV/AI02166/2020|PB2

 A/Chicken/Egypt/AI20286/2019|PB2

 A/Chicken/Egypt/AR553/2018|PB2

 A/chicken/Tatarstan/7/2018|PB2

 A/Great Black-backed Gull/Netherlands/1/2017|PB2

 A/tufted duck/Shimane/3211TY001/2017|PB2

 A/wild duck/South Korea/1801/2018(H5N6) HPAI

 1417 PB2

 1909 PB2

 22 1327 PB2

 2102 PB2

 1406 PB2

 375-PB2

 A/environment/Bangladesh/42635/2020 (H10N7)

 A/duck/Mongolia/826/2019 (H4N6)

 A/duck/Mongolia/961/2019 | A / H3N8

 A/common crane/Israel/670/2021 | A / H5N1 | PB2

 A/chicken/Netherlands/21037233-001/2021 | A / H5N1 | PB2

 A/Mallard/Netherlands/11/2021 (H5N2) LPAI

 A/goose/Czech Republic/20689-28T/2021 (H5N1) LPAI

 A/great crested grebe/Uvs-Nuur Lake/341/2016|PB2

 A/Bar-headed Goose/Qinghai/a218/2017|PB2

 A/duck/India/10CA01/2016|PB2

 A/Fujian-Sanyuan/21099/2017|PB2

 A/chicken/South Africa/499723/2018|PB2

 A/guinea fowl/Nigeria/OG-GF11T 19VIR8424-7/2019 H5N8|PB2

 A/turkey/Czech Republic/3071/2020|PB2

 A/white-fronted goose/Germany-BB/AI00018/2020|PB2

 A/hawk/Poland/003/2020|PB2

 A/layer hen/Slovakia/A-chicken-Slovakia-Pah 14-2020 H5N8 PB2/2020(H5N8)

 A/Mandarin duck/Korea/H242/2020|PB2

 A/chicken/Kagawa/11C/2020 | A / H5N8 | PB2

 A/environment/Kagoshima/KU-ngr-J2/2020(H5N8)|PB2

 A/northern pintail/Hokkaido/M13/2020|PB2

 A/whooper swan/Fukushima/0701B002/2021 | A / H5N8 | PB2

 A/duck/Mongolia/520/2015 (H1N1)

 A/duck/Mongolia/MN18-14/2018 (H3N8)

 22 1200 PB2

 22 2339 PB2

 D1 PB2

 B7 PB2

 B6 PB2

 140 PB2

 B5 PB2

 G4 PB2

 D6 PB2

 G5 PB2

 22 180 PB2

 22 195 PB2

 22 B11 PB2

 22 189 PB2

 D2 PB2

 H1 PB2

 22 1267 PB2

 A/hooded crane/Kagoshima/2T/2022 (H5N1) PB2

 D7 (H5N1) PB2

 G2-PB2

 G3-PB2

 212 PB2

 22 201 PB2

 131 PB2

 A/mallard/South Korea/34X-2/2021(H7N7) HPAI

 A/mallard/South Korea/JB21-22/2019 | A / H4N6

 22 G9 (H10N6) PB2

 22 H4(H10N6) PB2

 22 H5(H10N6) PB2

 22 B15 PB2(H10N6)

 22 B12 PB2

 22 C2 PB2(H10N6)

 22 H3 PB2(H10N6)

 A/Anser albifrons/South Korea/22MC-64/2022 (H6N1)

 A/mallard/Korea/A44-5/2017 (H5N3) LPAI

 A/Mallard/Russia Primorje/129/2019 | A / H6N6

 A/Mallard (Anas platyrhynchos)/South Korea/KNU2019-47/2019 | A / H4N6

 A/duck/Bangladesh/41439/2019 | A / H7N3

 A/Common Teal/Buryatia/88i/2019 | A / H4N6

 A/Mallard(Anas platyrhynchos)/South Korea/KNU2019-23/2019 | A / H1N1

 A/chicken/Kagoshima/21A6T/2021|A / H5N1|2021-11-12|PB2

 21 B20 (H5N1) PB2

 A/mallard/Novosibirsk region/1894k/2019 | A / H4N6

 A/duck/Bangladesh/37528/2019 | A / H4N6

 A/duck/Bangladesh/37630/2019 (H10N4)

 A/teal/Egypt/MB-D-487OP/2016 (H7N3)

 A/wild duck/Korea/H214/2021 | A / H7N3

 A/duck/Mongolia/380/2019 | A / H4N6

 A/Anas poecilorhyncha/South Korea/JB32-81/2019 | A / H11N2

 A/Mallard/Russia Primorje/153/2019 | A / H4N6

 A/mallard/South Korea/KNU2021-46/2021(H4N6)

 J3 (H3N8) PB2

 22 J4 PB1(H3N8) PB2

 J5 (H3N8) PB2

 22 G7(H3N8) PB2

 22 C3(H3N8) PB2

 22 C4 PB2(H3N8)

 22 G8 PB2(H3N8)

 A/mallard/Denmark/12947-12/2020-10-26(H7N5) | A / H7N5

 A/Swan/Netherlands/14000281/2014 (H5N2) LPAI

 A/chicken/England/11416/2008 (H7N7) HPAI

 A/White-fronted goose(Anser albifrons)/South Korea/KNU2019-37/2019 | A / H1N1

 22 2206 PB2

 22 2329 PB2

 1882 PB2

 22 2330 PB2

 22 267 PB2

 B2-PB2

 22 1716 PB2

 22 1701 PB2

 2089 PB2

 22 1911 PB2

 22 1720 PB2

 1719 PB2

 22 2209 PB2

 22 2215 PB2

 2091 PB2

 2085 PB2

 1057 PB2

 22 2213 PB2

 A/crow/Fukuoka/TU48-37/2022 (H5N1)

 B3-PB2

 22 J8 PB2

 22 J7 PB2

 A/mallard/Ukraine/AN-221-13-01/2020 | A / H7N2

 A/guinea fowl/Germany-NW/AI01184/2020 (H5N8) LPAI

 A/duck/Nigeria/SK28T 19VIR8424-2/2019|PB2

 A/chicken/Germany/AR1386-L01302/2015 (H7N7) HPAI

 A/duck/Eastern China/S1109/2014|PB2

 A/mallard/Shanghai/SH-9/2013|PB2

 A/wild bird/South Korea/WKU2019-4/2019 | A / H1N1

 A/duck/Guangdong/H31/2020 | A / H3N8

 A/duck/Hokkaido/W165/2015

 A/duck/Taiwan/A3400/2015|PB2

 A/Duck/Dongting/D76-1/2016 (H5N7) LPAI

 A/Shoveler/Omsk Region/15/2019 | A / H4N6

 A/mallard/Italy/21VIR6957-6/2021 (H5N1) LPAI

 A/Mallard(Anas platyrhynchos)/South Korea/KNU2019-50/2019 | A / H3N8

 A/Common Teal/Dagestan/34d/2019 | A / H4N6

 A/duck/Bangladesh/36391/2018 | A / H4N6

 A/duck/Moscow/5743/2019 | A / H1N1

 488 PB2

 A/chicken/Nigeria/VRD21-98 21VIR2288-6/2021 (H5N1)

 A/goose/Tyumen/33-52/2021 | A / H5N1 | PB2

 A/swan/France/21P012384/2021 | A / H5N1 | PB2

 1024 PB2

 461 PB2(2)

 A/white-tailed eagle/Hokkaido/20220210001/2022 | A / H5N1 | PB2

 A/chicken/Hokkaido/I-1/2022 | A / H5N1 | PB2

 A/emu/Hokkaido/A-2/2022 | A / H5N1 | PB2

 A/crow/Hokkaido/HU-1/2022 | A / H5N1 | PB2

 A/Northern Pintail/Russia Primorje/137/2019 | A / H6N6

 A/Whooper swan/Mongolia/25/2020|PB2

 A/black swan/Akita/1/2016|PB2

 A/duck/Hyogo/1/2016|PB2

 A/Common pheasant/Hunan/11/2015|PB2

 A/duck/Guangdong/GD01/2014|PB2

 A/pigeon/Sichuan/NCXN29/2014|PB2

 A/duck/Vietnam/1151/2014|PB2

 A/duck/Eastern China/008/2008|PB2

 A/goose/Guangdong/k0103/2010|PB2

 A/crane/Kagoshima/KU1/2014|PB2

 A/Northern pintail/Washington/40964/2014|PB2

 A/crane/Kagoshima/KU41/2014(H5N8)|PB2

 A/tundra swan/Korea/H411/2014|PB2

 A/environment/Maryland/1162/2006 (H5N1) LPAI

 A/Northern Pintail/Alaska/19TL00162/2019 | A / H3N8

 A/ruddy turnstone/New Jersey/UGAI17-2072/2017 (H5N2) LPAI

 A/Mallard/Ohio/18OS4660/2018 | A / H4N6

 A/Mallard duck/Alberta/147/2019 | A / H3N8

 A/Mallard/Ohio/19OS0177/2019 | A / H1N1

 A/environment/South Carolina/UGAI17-2243/2017 (H5N2) LPAI
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 461 NP

 A/chicken/Hokkaido/I-1/2022 | A / H5N1 | NP

 A/white-tailed eagle/Hokkaido/20220210001/2022 | A / H5N1 | NP

 488 NP

 A/chicken/Akita/TU22-31/2022 H5N1

 A/crow/Hokkaido/HU-1/2022 | A / H5N1 | NP

 A/emu/Hokkaido/A-2/2022 | A / H5N1 | NP

 22 1200 NP

 22 2339 NP

 22 2340 NP

 1024(H5N1) NP

 A/swan/France/21P012384/2021 | A / H5N1 | NP

 A/chicken/Nigeria/VRD21-98 21VIR2288-6/2021 H5N1

 A/Shoveler/Omsk Region/15/2019 | A / H4N6

 chH5N1

 B20 (H5N1)

 A/common crane/Israel/670/2021 | A / H5N1 | NP

 A/chicken/Netherlands/21037233-001/2021 | A / H5N1 | NP

 A/duck/Mongolia/961/2019 | A / H3N8

 A/wild duck/South Korea/KNU18-114/2018 H7N7

 375-NP

 A/layer hen/Slovakia/A-chicken-Slovakia-Pah 14-2020 H5N8 NP/2020(H5N8)

 A/white-fronted goose/Germany-BB/AI00018/2020|NP

 A/turkey/Czech Republic/3071/2020|NP

 A/chicken/Kagawa/11C/2020 | A / H5N8 | NP

 D7 (H5N8)

 A/Mandarin duck/Korea/H242/2020|NP

 A/northern pintail/Hokkaido/M13/2020|NP

 A/environment/Kagoshima/KU-ngr-J2/2020(H5N8)|NP

 A/wild duck/Korea/H214/2021 | A / H7N3

 A/mallard/South Korea/JB21-22/2019 | A / H4N6

 A/teal/Egypt/MB-D-487OP/2016 H7N3

 A/duck/Bangladesh/36391/2018 | A / H4N6

 A/duck/Guangdong/H31/2020 | A / H3N8

 MZ235335.1 Influenza A virus (A/white-tailed eagle/Hokkaido/20210127001/2021(H5N8)) segment 5 nucleocapsid protein (NP) gene complete cds

 A/whooper swan/Fukushima/0701B002/2021 | A / H5N8 | NP

 A/Falcated duck/South Korea/JB42-30/2020 H9N2

 J3 (H3N8) NP

 22 J4 NP(H3N8)

 J5 (H3N8) NP

 22 G8 NP(H3N8)

 22 G7(H3N8) NP

 22 C3(H3N8) NP

 22 C4 NP(H3N8)

 22 I1 NP(H3N8)

 A/mallard/Italy/21VIR6957-6/2021 | A / H5N1 | NP LPAI

 A/mallard/Ukraine/AN-221-13-01/2020 | A / H7N2

 A/goose/Tyumen/33-52/2021 | A / H5N1 | NP

 MN566054.1 Influenza A virus (A/wild duck/South Korea/1801/2018(H5N6)) segment 5 nucleocapsid protein (NP) gene complete cds

 A/tufted duck/Shimane/3211TY001/2017|NP

 A/Great Black-backed Gull/Netherlands/1/2017|NP

 A/duck/Nigeria/SK28T 19VIR8424-2/2019|NP

 A/Chicken/Egypt/AI20286/2019|NP

 A/chicken/Tatarstan/7/2018|NP

 A/Chicken/Egypt/AR553/2018|NP

 A/domestic duck/Kazakhstan/1-274-20-B/2020|NP

 A/goose/Russian Federation/Omsk/1680-6/2020|NP

 A/mute swan/Netherlands/20015931-001/2020|NP

 A/barnacle goose/Germany-SH/AI02167/2020|NP

 A/mallard/Georgia/DT-20222/2020 | A / H5N8 | NP

 A/chicken/England/030720/2020|NP

 A/chicken/Nigeria/VRD21-43 21VIR2288-4/2021 H5N8

 A/chicken/Luxembourg/21168413/2021 | A / H5N8 | NP

 A/buzzard/Germany-MV/AI02166/2020|NP

 A/whooper swan/Inner Mongolia/w1-1/2020 | A / H5N8 | NP

 A/duck/Korea/H016/2021 | A / H5N8 | NP

 A/Cygnus columbianus/Hubei/51/2020 H5N8

 A/brown-headed gull/Tibet/1-1/2021 | A / H5N8 | NP

 A/Cygnus columbianus/Hubei/56/2020 H5N8

 A/Cygnus columbianus/Hubei/116/2020 H5N8

 A/wild duck/Jiangsu/SD019/2021 | A / H5N8 | NP

 A/spot-billed duck/Korea/WA1000/2020 | A / H5N8 | NP

 A/whooper swan/Shandong/SC176/2021 | A / H5N8 | NP

 A/environment sample/China/TZ001/2021

 chH5N8

 H3 (H5N8)

 crane5T

 D8 (H5N8)

 6a (H5N8)

 5c (H5N8)

 5b (H5N8)

 5a (H5N8)

 3a (H5N8)

 1a (H5N8)

 A/duck/India/10CA01/2016|NP

 A/Common Teal/Dagestan/34d/2019 | A / H4N6

 A/chicken/Germany/AR1386-L01302/2015 | A / H7N7 | NP HPAI

 A/Swan/Netherlands/14000281/2014 | A / H5N2 | NP LPAI

 A/mallard/Sweden/101224/2009 | A / H5N9 | NP LPAI

 A/duck/Mongolia/520/2015 H1N1

 A/Common Teal/Buryatia/88i/2019 | A / H4N6

 A/Mallard/Netherlands/11/2021 | A / H5N2 | NP LPAI

 A/mallard/Denmark/12947-12/2020-10-26(H7N5) | A / H7N5

 A/guinea fowl/Germany-NW/AI01184/2020 | A / H5N8 | NP LPAI

 A/duck/Bangladesh/41439/2019 | A / H7N3

 A/duck/Bangladesh/37630/2019 H10N4

 131 NP

 A/Bar-headed Goose/Qinghai/a218/2017|NP

 A/duck/Moscow/5743/2019 | A / H1N1

 A/goose/Czech Republic/20689-28T/2021 | A / H5N1 | NP LPAI

 A/White-fronted goose(Anser albifrons)/South Korea/KNU2019-37/2019 | A / H1N1

 A/Mallard(Anas platyrhynchos)/South Korea/KNU2019-50/2019 | A / H3N8

 A/Mallard (Anas platyrhynchos)/South Korea/KNU2019-47/2019 | A / H4N6

 A/Mallard/Russia Primorje/153/2019 | A / H4N6

 A/Duck/Dongting/D76-1/2016 | A / H5N7 | NP LPAI

 A/great crested grebe/Uvs-Nuur Lake/341/2016|NP

 A/grey-headed gull/Uganda/MUWRP-538/2017|NP

 A/guinea fowl/Nigeria/OG-GF11T 19VIR8424-7/2019 H5N8|NP

 A/chicken/South Africa/499723/2018|NP

 A/duck/Taiwan/A3400/2015|NP

 A/environment/Bangladesh/42635/2020 H10N7

 A/Mallard(Anas platyrhynchos)/South Korea/KNU2019-23/2019 | A / H1N1

 A/wild bird/South Korea/WKU2019-4/2019 | A / H1N1

 A/mallard/Korea/A44-5/2017 | A / H5N3 | NP LPAI

 22 H5(H10N6) NP

 22 H4(H10N6) NP

 22 G9 (H10N6) NP

 22 B15 NP(H10N6)

 22 H3 NP(H10N6)

 22 C2 NP(H10N6)

 22 B12 NP

 A/White-fronted Goose(Anser albifrons)/South Korea/KNU2021-21/2021(H6N1)

 22 1327 NP

 2102 NP

 A/mallard/South Korea/34X-2/2021 | A / H7N7 | NP HPAI

 A/Northern Shoveler(Spatula clypeata)/South Korea/KNU2021-13/2021(H11N9)

 B7 NP

 B6 NP

 D2 NP

 H1 NP

 140 NP

 B5 NP

 D1 NP

 22 B11 NP

 G4 NP

 22 189 NP

 D6 NP

 22 180 NP

 22 195 NP

 1147 NP

 G5 NP

 1909 NP

 22 1267 NP

 D7 (H5N1) NP

 212 NP

 22 201 NP

 A/hooded crane/Kagoshima/2T/2022 (H5N1) NP

 G3-NP

 G2-NP

 22 1406 NP

 A/Spot-billed duck/South Korea/KNU2020-105/2020 H3N2

 2085 NP

 22 2330 NP

 22 1701 NP

 22 1911 NP

 2089 NP

 1882 NP

 22 2209 NP

 22 2215 NP

 A/crow/Miyagi/TU69-55/2023 H5N1

 22 2206 NP

 22 J8 NP

 22 J7 NP

 64-NP

 B2-NP

 B3-NP

 22 267 NP

 22 1720 NP2

 1719 NP

 22 1720 NP

 1057 NP

 22 1716 NP

 2091 NP

 22 2213 NP

 22 2329 NP

 A/crow/Fukuoka/TU48-37/2022 H5N1

 A/Whooper swan/Mongolia/25/2020|NP

 A/Fujian-Sanyuan/21099/2017|NP

 A/duck/Hyogo/1/2016|NP

 A/black swan/Akita/1/2016|NP

 A/Common pheasant/Hunan/11/2015|NP

 A/pigeon/Sichuan/NCXN29/2014|NP

 A/duck/Guangdong/GD01/2014|NP

 A/duck/Mongolia/380/2019 | A / H4N6

 A/goose/Guangdong/k0103/2010|NP

 A/duck/Eastern China/008/2008|NP

 A/mallard/Shanghai/SH-9/2013|NP

 A/duck/Eastern China/S1109/2014|NP

 A/breeder duck/Korea/Gochang1/2014|NP

 A/gyrfalcon/Washington/41088-6/2014|NP

 A/crane/Kagoshima/KU1/2014|NP

 A/tundra swan/Korea/H411/2014|NP

 A/crane/Kagoshima/KU41/2014(H5N8)|NP

 A/Chicken/Kumamoto/1-7/2014|NP

 A/Northern Pintail/Russia Primorje/137/2019 | A / H6N6

 A/Mallard/Russia Primorje/129/2019 | A / H6N6

 A/chicken/England/11416/2008 | A / H7N7 | NP HPAI

 A/Anas poecilorhyncha/South Korea/JB32-81/2019 | A / H11N2

 A/ruddy turnstone/New Jersey/UGAI17-2072/2017 | A / H5N2 | NP LPAI

 A/environment/South Carolina/UGAI17-2243/2017 | A / H5N2 | NP LPAI

 A/Northern pintail/Washington/40964/2014|NP

 A/environment/Maryland/1162/2006 | A / H5N1 | NP LPAI

 A/Northern Pintail/Alaska/19TL00162/2019 | A / H3N8

 A/Mallard duck/Alberta/147/2019 | A / H3N8

 A/Mallard/Ohio/19OS0177/2019 | A / H1N1

 A/Mallard/Ohio/18OS4660/2018 | A / H4N6100
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 A/Cygnus columbianus/Hubei/56/2020 (H5N8) HPAI

 A/duck/Korea/H016/2021 (H5N8) HPAI

 A/domestic duck/Kazakhstan/1-274-20-B/2020|PA

 A/whooper swan/Inner Mongolia/w1-1/2020 (H5N8) HPAI

 A/Cygnus columbianus/Hubei/116/2020 (H5N8) HPAI

 A/brown-headed gull/Tibet/1-1/2021 (H5N8) HPAI

 A/whooper swan/Shandong/SC176/2021 (H5N8) HPAI

 A/spot-billed duck/Korea/WA1000/2020 (H5N8) HPAI

 A/wild duck/Jiangsu/SD019/2021 (H5N8) HPAI

 A/Cygnus columbianus/Hubei/51/2020 (H5N8) HPAI

 A/goose/Russian Federation/Omsk/1680-6/2020|PA

 A/chicken/Kazakhstan/220-B-2-H5N8-4/2020 (H5N8) HPAI

 A/graylag goose/Denmark/14535-1/2020 (H5N8) HPAI

 A/mallard/Italy/20VIR7139-73/2020 (H5N8) HPAI

 A/chicken/Luxembourg/21168413/2021 (H5N8) HPAI

 A/Meleagris gallopavo/Belgium/11293 001/2021 (H5N8) HPAI

 A/goose/Romania/10205-t3 21VIR2593-7/2021 (H5N8) HPAI

 A/mallard/Georgia/DT-20222/2020 (H5N8) HPAI

 A/chicken/England/030720/2020|PA

 A/barnacle goose/Germany-SH/AI02167/2020 (H5N8) HPAI

 A/mute swan/Netherlands/20015931-001/2020|PA

 5a (H5N8)

 5b (H5N8)

 H3 (H5N8)

 D8 (H5N8)

 crane5T

 1a (H5N8)

 3a (H5N8)

 5c (H5N8)

 6a (H5N8)

 chH5N8

 D7 (H5N8)

 A/Great Black-backed Gull/Netherlands/1/2017|PA

 A/tufted duck/Shimane/3211TY001/2017|PA

 A/wild duck/South Korea/1801/2018 (H5N6) LPAI

 A/Chicken/Egypt/AR553/2018|PA

 A/Chicken/Egypt/AI20286/2019|PA

 A/chicken/Tatarstan/7/2018|PA

 A/Mallard(Anas platyrhynchos)/South Korea/KNU2019-23/2019 (H1N1)

 A/Bean Goose(Anser fabalis)/South Korea/KNU2021-26/2021(H6N2)

 G2-PA

 G3-PA

 212 PA

 22 201 PA

 22 1267 PA

 A/hooded crane/Kagoshima/2T/2022 (H5N1) PA

 D7 (H5N1) PA

 1909 PA

 1417 PA

 375-PA

 H1 PA

 22 189 PA

 B7 PA

 B6 PA

 B5 PA

 D1 PA

 D6 PA

 D2 PA

 140 PA

 G4 PA

 22 B11 PA

 G5 PA

 22 180 PA

 22 195 PA

 A/Mallard(Anas platyrhynchos)/South Korea/KNU2019-50/2019 (H3N8)

 A/Shoveler/Omsk Region/15/2019 (H4N6)

 22 C3(H3N8) PA

 22 I1 PA(H3N8)

 22 C4 PA(H3N8)

 22 G8 PA(H3N8)

 22 G7(H3N8) PA

 J5 (H3N8) PA

 J3 (H3N8) PA

 22 J4 PA(H3N8)

 A/duck/Bangladesh/37607/2019 H10N3

 A/Mallard/Russia Primorje/153/2019 (H4N6)

 22 1320 PA

 2102 PA

 A/duck/Bangladesh/55253/2022 H4N6

 A/Wild Duck/South Korea/KNU2020-101/2020

 2091 PA

 2085 PA

 22 J8 PA

 22 J7 PA

 B2-PA

 B3-PA

 22 267 PA

 1882 PA

 22 2329 PA

 22 2330 PA

 22 2206 PA

 22 1720 PA

 1719 PA

 22 1716 PA

 22 2213 PA

 1057 PA

 2089 PA

 22 1911 PA

 22 1701 PA

 A/crow/Miyagi/TU69-55/2023 H5N1

 22 2209 PA

 22 2215 PA

 1024(H5N1) PA

 488 PA

 A/crow/Fukuoka/TU54-47/2023 H5N1

 A/white-tailed eagle/Hokkaido/20220210001/2022 | A / H5N1 | PA

 461 PA(2)

 A/crow/Hokkaido/HU-1/2022 | A / H5N1 | PA

 A/emu/Hokkaido/TU21-12/2022 H5N1

 A/emu/Hokkaido/A-2/2022 | A / H5N1 | PA

 A/chicken/Hokkaido/I-1/2022 | A / H5N1 | PA

 A/goose/Tyumen/33-52/2021 (H5N1) HPAI

 A/goose/Tyumen/33-53/2021 (H5N1) HPAI

 A/swan/France/21P012384/2021 (H5N1) HPAI

 22 1406 PA

 461 PA

 A/chicken/Nigeria/VRD21-98 21VIR2288-6/2021 (H5N8) HPAI

 A/mute swan/Slovakia/Pah6 21VIR1086-2/2021 (H5N5) HPAI

 A/barnacle goose/Denmark/17572-1.01/2021 (H5N1) HPAI

 A/barnacle goose/Netherlands/21027016-002/2021 (H5N1) HPAI

 A/chicken/Kagoshima/21A6T/2021 (H5N1) HPAI

 B20 (H5N1)

 A/teal/Egypt/MB-D-487OP/2016 (H7N3) LPAI

 22 H3 PA(H10N6)

 22 C2 PA

 22 B12 PA

 22 B15 PA(H10N6)

 22 G9 (H10N6) PA

 A/duck/Guangdong/H31/2020 (H3N8)

 A/wild duck/Korea/H214/2021 (H7N3) LPAI

 A/wild bird/South Korea/WKU2019-4/2019 (H1N1)

 A/duck/Bangladesh/41439/2019 (H7N3)

 A/mallard/Korea/A44-5/2017 (H5N3) LPAI

 A/duck/Nigeria/SK28T 19VIR8424-2/2019|PA

 A/Common Teal/Dagestan/34d/2019 (H4N6)

 A/goose/Czech Republic/20689-28T/2021 (H5N1) HPAI

 A/duck/Mongolia/961/2019 (H3N8)

 A/duck/Moscow/5743/2019 (H1N1)

 A/Mallard/Netherlands/11/2021 (H5N2) LPAI

 A/mallard/Italy/21VIR6957-6/2021 (H5N1) LPAI

 A/mallard/Ukraine/AN-221-13-01/2020 (H7N2) LPAI

 A/knot wader/Ireland/472 21VIR2956-1/2021 (H5N3) HPAI

 131 PA

 A/mallard/Alaska/AK20-428/2020 H6N1

 A/buzzard/Germany-MV/AI02166/2020|PA

 A/yellow-legged gull/Switzerland/15-0039 21VIR3035/2021 (H5N4) HPAI

 A/common crane/Israel/670/2021 | A / H5N1 | PA

 A/duck/Saratov/29-11/2021 (H5N1) HPAI

 A/Branta leucopsis/Belgium/14735 0001/2021 (H5N1) HPAI

 A/chicken/Netherlands/21037233-001/2021 (H5N1) HPAI

 A/Mute swan/Netherlands/21037283-002/2021 (H5N1) HPAI

 A/guinea fowl/Germany-NW/AI01184/2020 (H5N8) LPAI

 A/duck/Eastern China/008/2008|PA

 A/Swan/Netherlands/14000281/2014 (H5N2) LPAI

 A/duck/Mongolia/380/2019 (H4N6)

 A/White-fronted goose(Anser albifrons)/South Korea/KNU2019-37/2019 (H1N1)

 A/duck/Bangladesh/36391/2018 (H4N6)

 A/duck/Bangladesh/37630/2019 (H10N4)

 A/crane/Kagoshima/KU1/2014|PA

 A/duck/Taiwan/A3400/2015|PA

 A/Northern pintail/Washington/40964/2014|PA

 A/crane/Kagoshima/KU41/2014 (H5N8) HPAI

 A/tundra swan/Korea/H411/2014|PA

 A/goose/Guangdong/k0103/2010|PA

 A/duck/Eastern China/S1109/2014|PA

 A/mallard/Shanghai/SH-9/2013|PA

 A/duck/Vietnam/1151/2014|PA

 A/pigeon/Sichuan/NCXN29/2014|PA

 A/duck/Guangdong/GD01/2014|PA

 A/Common pheasant/Hunan/11/2015|PA

 A/Whooper swan/Mongolia/25/2020|PA

 A/black swan/Akita/1/2016|PA

 A/duck/Hyogo/1/2016|PA

 A/chicken/England/11416/2008 (H7N7) HPAI

 22 2339 PA

 22 2340 PA

 22 1200 PA

 A/duck/Bangladesh/34191/2017 H3N1

 A/Duck/Dongting/D76-1/2016 (H5N7) LPAI

 A/duck/Mongolia/520/2015 (H1N1)

 A/Anas poecilorhyncha/South Korea/JB32-81/2019 | A / H11N2

 A/Common Teal/Buryatia/88i/2019 (H4N6)

 A/duck/India/10CA01/2016|PA

 A/great crested grebe/Uvs-Nuur Lake/341/2016|PA

 A/grey-headed gull/Uganda/MUWRP-538/2017|PA

 A/mallard/South Korea/34X-2/2021 (H7N7) LPAI

 A/environment/Bangladesh/42635/2020 (H10N7)

 A/mallard/South Korea/JB21-22/2019 (H4N6)

 A/chicken/Germany/AR1386-L01302/2015 (H7N7) HPAI

 A/mallard/Denmark/12947-12/2020-10-26 (H7N5) LPAI

 A/Bar-headed Goose/Qinghai/a218/2017

 A/chicken/South Africa/499723/2018 (H5N8) HPAI

 A/guinea fowl/Nigeria/OG-GF11T 19VIR8424-7/2019 (H5N8) HPAI

 A/turkey/Czech Republic/3071/2020|PA

 A/white-fronted goose/Germany-BB/AI00018/2020|PA

 A/hawk/Poland/003/2020|PA

 A/layer hen/Slovakia/A-chicken-Slovakia-Pah 14-2020 H5N8 PA/2020 (H5N8) HPAI

 A/whooper swan/Fukushima/0701B002/2021 (H5N8) HPAI

 A/white-tailed eagle/Hokkaido/20210127001/2021(H5N8) HPAI

 A/environment/Kagoshima/KU-ngr-J2/2020 (H5N8) HPAI

 A/chicken/Kagawa/11C/2020 (H5N8) HPAI

 A/Mandarin duck/Korea/H242/2020|PA

 A/northern pintail/Hokkaido/M13/2020|PA

 A/Mallard (Anas platyrhynchos)/South Korea/KNU2019-47/2019 (H4N6)

 A/Mallard/Russia Primorje/129/2019 (H6N6)

 A/Northern Pintail/Alaska/19TL00162/2019 (H3N8)

 A/environment/Maryland/1162/2006 (H5N1) LPAI

 A/Mallard/Ohio/19OS0177/2019 (H1N1)

 A/ruddy turnstone/New Jersey/UGAI17-2072/2017 (H5N2) LPAI

 A/environment/South Carolina/UGAI17-2243/2017 (H5N2) LPAI

 A/Mallard/Ohio/18OS4660/2018 (H4N6)

 A/Mallard duck/Alberta/147/2019 (H3N8)100
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 5b (H5N8)) NS

 6a (H5N8) NS

 chH5N8

 crane5T

 H3 (H5N8) NS

 A/environment sample/China/TZ001/2021

 A/wild duck/Jiangsu/SD019/2021 | A / H5N8 | NS

 A/mallard/Kagoshima/KU-d89/2021 | NS

 A/spot-billed duck/Korea/WA1000/2020 | A / H5N8 | NS

 A/whooper swan/Shandong/SC176/2021 | A / H5N8 | NS

 A/crane/Kagoshima/KU-93/2021 | NS

 A/brown-headed gull/Tibet/1-1/2021 | A / H5N8 | NS

 A/duck/Korea/H016/2021 | A / H5N8 | NS

 A/Cygnus columbianus/Hubei/51/2020 H5N8

 A/whooper swan/Inner Mongolia/w1-1/2020 | A / H5N8 | NS

 A/Cygnus columbianus/Hubei/116/2020 H5N8

 A/Cygnus columbianus/Hubei/56/2020 H5N8

 A/chicken/Nigeria/VRD21-43 21VIR2288-4/2021 H5N8

 A/chicken/England/030720/2020(H5N8)

 A/mallard/Georgia/DT-20222/2020 | A / H5N8 | NS

 A/domestic duck/Kazakhstan/1-274-20-B/2020(H5N8)

 A/barnacle goose/Germany-SH/AI02167/2020(H5N8)

 A/mute swan/Netherlands/20015931-001/2020(H5N8)

 A/goose/Russian Federation/Omsk/1680-6/2020(H5N5)

 A/buzzard/Germany-MV/AI02166/2020(H5N5)

 A/chicken/Luxembourg/21168413/2021 | A / H5N8 | NS

 A/Chicken/Egypt/AI20286/2019(H5N8)

 A/chicken/Tatarstan/7/2018(H5N8)

 A/Chicken/Egypt/AR553/2018(H5N8)

 A/tufted duck/Shimane/3211TY001/2017(H5N6)

 A/wild duck/South Korea/1801/2018(H5N6)

 A/duck/Nigeria/SK28T 19VIR8424-2/2019(H5N6)

 A/Great Black-backed Gull/Netherlands/1/2017 (H5N6)

 A/chicken/South Africa/499723/2018(H5N8)

 A/guinea fowl/Nigeria/OG-GF11T 19VIR8424-7/2019 H5N8(H5N8)

 A/turkey/Czech Republic/3071/2020(H5N8)

 A/white-fronted goose/Germany-BB/AI00018/2020(H5N8)

 A/hawk/Poland/003/2020(H5N8)

 A/layer hen/Slovakia/A-chicken-Slovakia-Pah 14-2020 H5N8 NS/2020(H5N8)

 A/chicken/Kagawa/11C/2020 | A / H5N8 | NS

 A/Mandarin duck/Korea/H242/2020(H5N8)

 A/whooper swan/Miyagi/0402B001/2021 | A / H5N8 | NS

 A/environment/Kagoshima/KU-ngr-J2/2020(H5N8)(H5N8)

 A/northern pintail/Hokkaido/M13/2020(H5N8)

 A/white-tailed eagle/Hokkaido/20210127001/2021(H5N8)

 A/whooper swan/Fukushima/0701B002/2021 | A / H5N8 | NS

 A/Bar-headed Goose/Qinghai/a218/2017(H5N8)

 A/great crested grebe/Uvs-Nuur Lake/341/2016(H5N8)

 A/duck/India/10CA01/2016(H5N8)

 A/Fujian-Sanyuan/21099/2017(H5N6)

 A/duck/Eastern China/S1109/2014(H5N8)

 A/mallard/Shanghai/SH-9/2013(H5N8)

 A/chicken/Netherlands/21037233-001/2021 | A / H5N1 | NS

 A/white-tailed eagle/Hokkaido/20220210001/2022 | A / H5N1 | NS

 A/crow/Hokkaido/HU-1/2022 | A / H5N1 | NS

 A/white-fronted goose/Iwate/TU16-74/2022 H5N1

 22 1200 NS

 22 2339 NS

 488 NS

 A/chicken/Hokkaido/I-1/2022 | A / H5N1 | NS

 A/goose/Tyumen/33-52/2021 | A / H5N1 | NS

 A/swan/France/21P012384/2021 | A / H5N1 | NS

 A/emu/Hokkaido/A-2/2022 | A / H5N1 | NS

 1147 NS

 A/chicken/Nigeria/VRD21-98 21VIR2288-6/2021 H5N1

 A/mallard/Ukraine/AN-221-13-01/2020 | A / H7N2

 J3 (H3N8) NS

 J5 (H3N8) NS

 22 J4 NS(H3N8)

 A/duck/Shantou/1223/2019 H3N8

 A/Anser brachyrhynchus/South Korea/19DC-42/2019 H6N1

 A/mallard/Denmark/12947-12/2020-10-26(H7N5) | A / H7N5

 22 H4(H10N6) Ns

 22 H5(H10N6) NS

 22 G9 (H10N6) NS

 A/duck/Bangladesh/36391/2018 | A / H4N6

 A/duck/Bangladesh/41481/2019 | A / H4N6

 A/duck/Mongolia/380/2019 | A / H4N6

 A/duck/Taiwan/A3400/2015(H5N8)

 A/duck/Mongolia/520/2015 H1N1

 A/teal/Egypt/MB-D-487OP/2016 H7N3

 A/duck/Bangladesh/37528/2019 | A / H4N6

 22 C2 NS(H10N6)

 22 B15 NS(H10N6)

 22 H3 NS(H10N6)

 A/Wild Duck/South Korea/KNU2020-28/2020 H11N2

 A/Falcated duck/South Korea/JB42-30/2020

 A/wild duck/Korea/H214/2021 | A / H7N3

 chH5N1

 A/chicken/Kagoshima/21A6T/2021|A / H5N1|2021-11-12|NS

 B20 (H5N1)

 22 1406 NS

 A/chicken/Hokkaido/TU25-3/2022 H5N1

 A/Anas poecilorhyncha/South Korea/JB32-81/2019 | A / H11N2

 A/duck/Mongolia/961/2019 | A / H3N8

 A/environment/Bangladesh/42635/2020 H10N7

 A/mallard/South Korea/JB21-22/2019 | A / H4N6

 A/Muscovy duck/Vietnam/HN5901/2019

 A/crane/Kagoshima/KU1/2014(H5N8)

 A/tundra swan/Korea/H411/2014(H5N8)

 A/gyrfalcon/Washington/41088-6/2014(H5N8)

 A/Northern pintail/Washington/40964/2014(H5N2)

 A/Chicken/Kumamoto/1-7/2014(H5N8)

 A/crane/Kagoshima/KU41/2014(H5N8)

 A/duck/Chiba/26-372-48/2014(H5N8)

 A/duck/Eastern China/008/2008(H5N5)

 A/goose/Guangdong/k0103/2010(H5N5)

 A/Whooper swan/Mongolia/25/2020(H5N6)

 A/muscovy duck/Vietnam/LBM631/2014(H5N1)

 A/pigeon/Sichuan/NCXN29/2014(H5N1)

 A/Common pheasant/Hunan/11/2015(H5N6)

 A/duck/Guangdong/GD01/2014(H5N6)

 A/Greylag goose/Hunan/1/2017(H5N6)

 A/duck/Hyogo/1/2016(H5N6)

 A/black swan/Akita/1/2016(H5N6)

 A/teal/Tottori/1/2016(H5N6)

 A/ruddy turnstone/Delaware Bay/291/2020 | A / H7N3

 A/turkey/North Carolina/20-007949-001/2020 | A / H7N3

 A/mallard/Amur region/81b/2019 | A / H6N6

 A/Mallard/Russia Primorje/129/2019 | A / H6N6

 22 267 NS

 22 2209 NS

 22 2215 NS

 2089 NS(2)

 22 1911 NS

 22 1701 NS

 2085 NS(2)

 2085 NS

 2091 NS(2)

 22 2213 NS

 22 2206 NS

 22 2329 NS

 22 1720 NS

 1719 NS(2)

 64-NS

 B3 NS F-1F F05

 1882 NS(2)

 22 2330 NS

 A/crow/Fukuoka/TU48-37/2022 H5N1

 1057 NS

 22 J7 NS

 22 1716 NS

 131 NS

 A/wild waterbird/Western Australia/AS15-1167-28/2015(mixed)

 461 NS

 A/Mallard(Anas platyrhynchos)/South Korea/KNU2019-50/2019 | A / H3N8

 A/Mallard (Anas platyrhynchos)/South Korea/KNU2019-47/2019 | A / H4N6

 A/Mallard duck/Alberta/147/2019 | A / H3N8

 A/Northern Pintail/Alaska/19TL00162/2019 | A / H3N8

 A/Mallard/Ohio/18OS4660/2018 | A / H4N6

 D8 (H5N8) NS

 22 I1 NS(H3N8)

 22 G8(H3N8) NS

 22 C3(H3N8) NS

 22 C4 NS(H3N8)

 22 G7(H3N8) NS

 A/duck/Bangladesh/39397/2019 H10N3

 A/Wild duck/South Korea/KNU2020-31/2020 H1N1

 B2-NS

 22 1320 NS

 2102 NS(2)

 2102 NS

 2091 NS

 2089 NS

 A/Common Teal/Buryatia/88i/2019 | A / H4N6

 A/Shoveler/Omsk Region/15/2019 | A / H4N6

 A/duck/Bangladesh/41439/2019 | A / H7N3

 A/Mallard/Russia Primorje/153/2019 | A / H4N6

 A/Common Teal/Dagestan/34d/2019 | A / H4N6

 A/mallard/Novosibirsk region/1894k/2019 | A / H4N6

 A/Mallard(Anas platyrhynchos)/South Korea/KNU2019-58/2019(H5N3)NS

 A/duck/Bangladesh/37630/2019 H10N4

 1909 NS

 1909 NS(2)

 1024(H5N1) NS

 D7 (H5N1) NS

 22 1267 NS

 A/hooded crane/Kagoshima/2T/2022 (H5N1) NS

 375-NS

 G2-NS

 G3-NS

 22 201 NS

 212 NS

 22 B11 NS

 140 NS

 22 189 NS

 D6 NS

 G5 NS

 22 180 NS

 22 195 NS

 B8 NS R-800R H04

 B5 NS

 D1 NS

 H1 NS

 D2 NS

 B6 NS

 B7 NS

 G4 NS

98

99

92

97

98

94

99

99

99

99

99

98

99

99

99

99

99

99

99

99

93

98

99

97

90

98

98

90

99

99

96

99

99

99



G2c

Three patterns of genetic constellation among G2c isolates

Genetic constellation of AIVs isolated from the Izumi plain



Summary

➢ The H5N1 HPAI outbreak occurred among endangered cranes in the 

Izumi plain.

➢ Number of AIVs isolated from crane roost water was relatively low.

➢ H5N1 HPAIVs might circulate among cranes via aerosol transmission.

➢ Multiple genotypes of H5 HPAIVs were invaded in the Izumi plain.
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