DISPATCHES

Genesis of Influenza A(H5N8) Viruses

Rabeh EI-Shesheny, Subrata Barman,
Mohammed M. Feeroz, M. Kamrul Hasan,
Lisa Jones-Engel, John Franks, Jasmine Turner,
Patrick Seiler, David Walker, Kimberly Friedman,
Lisa Kercher, Sajeda Begum, Sharmin Akhtar,
Ashis Kumar Datta, Scott Krauss, Ghazi Kayali,
Pamela McKenzie, Richard J. Webby,
Robert G. Webster

Highly pathogenic avian influenza A(H5N8) clade 2.3.4.4
virus emerged in 2016 and spread to Russia, Europe, and
Africa. Our analysis of viruses from domestic ducks at Tan-
guar haor, Bangladesh, showed genetic similarities with
other viruses from wild birds in central Asia, suggesting their
potential role in the genesis of A(H5N8).

ighly pathogenic avian influenza (HPAI) viruses of the

HS5 subtype remain a serious concern for poultry and
human health. The Gs/GD lineage of HPAI A(H5N1) virus-
es continues to circulate and spread, and the hemagglutinin
(HA) genes have diversified into multiple genetic clades.
HS5 clade 2.3.4.4 of the HSNS subtype was first detected in
domestic poultry in China in 2010; by 2014, this virus had
caused multiple outbreaks among domestic ducks, chickens,
geese, and wild birds in South Korea and subsequent out-
breaks in Japan, China, Europe, and North America (/,2).
During these outbreaks, 2 distinct clusters of HPAT A(HSNS)
viruses were identified: group A viruses were detected in
China in early 2014 and later in South Korea, Japan, Taiwan,
Canada, the United States, and Europe; group B viruses were
detected only in China in 2013 and South Korea in 2014
(3,4). Co-circulation of group A viruses with low pathoge-
nicity avian influenza (LPAI) viruses led to new reassortants,
including H5SN1, HSN2, and H5NS (3).
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In late May 2016, a novel reassortant group B HPAI
A(H5NS) clade 2.3.4.4 virus was detected in a wild bird in
UVs-Nuur Lake in the Republic of Tyva, Siberia (5). As
of March 2017, the virus had spread across most European
countries, the Middle East, and Africa (6). To better under-
stand the evolution and origin of the novel HPAT A(H5NS)
viruses, we sequenced and analyzed the full genomes of
LPAI viruses isolated from wild and free-ranging domes-
tic ducks in the Tanguar haor area of Bangladesh, located
in the central Asian flyway, and compared them with the
novel HPAT A(H5N®8) viruses.

The Study

Since 2008, we have conducted long-term, active surveil-
lance of influenza viruses in poultry in Bangladesh (7).
From February 2015 through February 2016, we collected
samples from wild birds and free-ranging domestic ducks
in the Tanguar haor area, a vast wetland in northeastern
Bangladesh, where =200 types of migratory birds overwin-
ter. Tanguar haor is located in the central Asian flyway and
is near the Eastern Asian—Australian and Black Sea—Medi-
terranean flyways (Figure 1). We collected cloacal swabs
from the birds and performed virus isolation and subtyping
via reverse transcription PCR (7).

During the surveillance period, we isolated 4 influenza
A(H3NG6), 4 influenza A(H7N1), 1 influenza A(H7NY), 3
influenza A(H7N9), and 2 influenza A(H15N9) viruses,
all from free-ranging domestic ducks except for a single
H7NS virus, which was isolated from a migratory black-
tailed godwit (online Technical Appendix Table, https://
wwwne.cde.gov/ElD/article/23/8/17-0143-Techapp1.pdf).
When analyzed individually, gene segments across viruses
of different subtypes seem to have evolved closely with vi-
ruses from Eurasia. To determine the genetic relatedness
between these viruses and the 2016 novel HPAT A(H5N&)
virus, we compared our isolates with available sequences
of A(H5NS) viruses in GenBank and the GISAID database
(http://platform.gisaid.org). We used MEGAG6 to generate
phylogenetic trees (9).

HA, neuraminidase (NA), and nonstructural protein
(NS) genes of novel HPAI A(H5NS) viruses were closely
related to those of the group B HPAI A(HS5NS) viruses
that circulated in China in 2013 and in South Korea in
2014 (5,10). In contrast, the polymerase basic (PB) 2,
PB1, polymerase acidic (PA), nucleoprotein (NP), and
matrix protein (M) genes of the novel HPAI A(H5NS)
viruses were most closely related to those of the LPAI
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Figure 1. Global movement of
wild birds (adapted from [8])
and geographic distribution of
novel HPAI A(H5N8) viruses,
2016. Influenza A viruses were
isolated from wild birds and
free-ranging domestic ducks

in the Tanguar haor region of
Bangladesh (yellow square)
during February 2015-February
2016. Dissemination of novel
HPAI A(H5N8) clade 2.3.4.4
viruses (red arrows). The solid
zone (circle) indicates the
location of group A viruses that
evolved during the breeding
season, and subsequently
spread along different

flyways. The dashed zone
(circle) indicates the location
of proposed reassortment
between HPAI A(H5N8) group
B viruses and low pathogenicity
avian influenza viruses
circulating along the Central
Asian flyway. HPAI, highly
pathogenic avian influenza.

East Asia
Australian
flyway

viruses isolated from the central Asia flyway (online
Technical Appendix Figure).

Sequence analysis of novel HPAI A(H5NS) viruses
revealed that sequence similarity of HA, NA, PB1, M, and
NS was 99.9%—-100%. Sequence homology of PB2, PA,
and NP gene segments led to classification of novel HPAI
A(HS5NS) viruses into 2 genotypes: genotype 1 viruses iso-
lated from Siberia and genotype 2 viruses isolated from
Europe (Figure 2).

To explore the possible genetic exchange between
LPAI viruses isolated from the Tanguar haor area and
novel HPAI A(H5NS) viruses, we analyzed the phylogeny
and nucleotide identity of the M gene and internal gene se-
quences (online Technical Appendix). The PB2 genes of
HPAI A(H5N8) genotype 1 viruses were closely related to
those of the influenza A(H4N6) virus strain from Mongolia
and shared identity homology with 3 influenza A(H7N1)
viruses; sequence identities ranged from 98.1% to 98.6%.
Genotype 2 viruses were related to influenza A(H3N6)
viruses; identities were 98.6%-98.9%. The PB1 genes of
HPAI A(H5NS8) genotype 1 and 2 viruses were related to
those of A/duck/Bangladesh/26918/2015(H3N6); identi-
ties were 97.3%-98.0% (Table). The PA genes of genotype
1 viruses were more closely related to those of the Mon-
golia strains of influenza A(H3NS8) and A(H4N6) viruses.
Genotype 2 viruses were more closely related to those of
A/duck/Bangladesh/26918/2015(H3N6); identities were
97.1%-97.3%. The NP genes of genotype 1 viruses were
more closely related to those of influenza A(H7N9) viruses;
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identities were 98.4%-98.6%. However, the NP genes of
genotype 2 viruses were more closely related to those of
influenza A(H3N6) and A(H7N1) viruses; identities were
97%-97.2%. The M genes of genotypes 1 and 2 viruses
were related to those of influenza A(HI5N9) viruses; iden-
tities were 98%—-98.5% (Table).

We next determined the presence of genetic markers
associated with pathogenicity and virulence in mammals or
adaptation to new hosts. On the basis of the amino acids at
positions 591, 627, and 701 in the PB2 protein, the viruses
are likely to exhibit low pathogenicity in mice. However,
NS residues P42S and V149A, associated with virulence
and pathogenicity in mammals, were in all Tanguar haor
isolates and HPAT A(H5NS) viruses (/1,12).

Conclusions

In 2016, anovel HPAI A(H5NS) virus clade 2.3.4.4 emerged
and spread to Russia, Europe, and Africa. We demonstrated
that several internal genes from viruses in ducks in Bangla-
desh have an equivalent or higher consensus identity to those
of other viruses of wild birds in central Asia, suggesting that
these viruses could be gene donors to the novel reassortant
A(H5NB) viruses, which were then disseminated by wild
birds. The novel HPAI A(H5NS) viruses diverged along 2
genotypes with independent origins of reassortment for sev-
eral gene segments. The HA, NA, and NS genes were related
to group B of H5NS clade 2.3.4.4 viruses that circulated in
China from 2013. Group B is still circulating in China, and
a previous study showed that these viruses had PB2 and NS
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Figure 2. lllustration of original
reassortment events of novel
highly pathogenic avian influenza
(HPAI) A(H5N8) viruses isolated
from Siberia and Europe in 2016.
The 8 gene segments (from

top to bottom) in each virus are
polymerase basic 2, polymerase
basic 1, polymerase acidic,
hemagglutinin, nucleoprotein,
neuraminidase, matrix, and
nonstructural. Each color indicates
a separate virus background.

In 2010, HPAI A(H5N1) clade
2.3.4 viruses reassorted with
subtype N8 viruses from
Eurasia and produced A/duck/
Jiangsu/k1203/2010(H5NS8).
Until late 2013, HPAI viruses
with H5N8 subtypes circulated
in eastern China and South
Korea. In 2014, HPAI A(H5N8)
viruses reassorted with A/
duck/Hunan/8-19/2009(H4N2)
and A/environment/
Jiangxi/28/2009(H11N9) to
generate group B viruses.

The subsequent reassortment
between HPAI A(H5N8) group

B viruses and low pathogenicity
(LPAI) viruses circulating along
the central Asian flyway led to
generation of the novel HPAI
A(H5N8) genotype 1 and

2 viruses.
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genes derived from domestic ducks in eastern China (/3),
indicating further reassortment events.

The route of spread of HPAI A(H5N1) viruses from
eastern Asia to Europe, Africa, and the Middle East in
2005 and 2006 most likely occurred by spillover infection
from wild birds. HPAI A(H5N1) viruses were detected
during an outbreak among migratory birds at Qinghai

Lake in China, which is located in the central Asian fly-
way (/4), suggesting that this flyway is a route for dis-
semination of HPAI A(H5N1) viruses. A recent study
suggested that only the PA and NP segments of 2016
A(H5NR) viruses isolated in Germany differed from those
of genotype 1 viruses isolated in Siberia, suggesting that
reassortment occurred with viruses circulating in central

Table. Nucleotide identity of novel HPAI A(H5N8) clade 2.3.4.4 virus and viruses isolated from Tanguar haor, Bangladesh*

Gene and genotype, novel HPAI

A(H5N8) clade 2.3.4.4, 2016 Viruses from Tanguar haor (Central Asian flyway)t % |dentity
PB2

Genotype 1% A/duck/Bangladesh/24705/2015(H7N1)§ 98.4-98.6

Genotype 2% Alduck/Bangladesh/26920/2015(H3N6) 98.7-98.9
PB1 Alduck/Bangladesh/26918/2015(H3N6) 97.3-98
PA

Genotype 1% A/duck/Bangladesh/24706/2015(H7N1) 95.3

Genotype 2% A/duck/Bangladesh/26918/2015(H3N6) 97.1-97.3
NP

Genotype 1% A/duck/Bangladesh/26992/2015(H7N9) 98.6

Genotype 2% A/duck/Bangladesh/24706/2015(H7N1) 97-97.1
M A/duck/Bangladesh/24704/2015(H15N9) 98-98.5

*HPAI, highly pathogenic avian influenza; NP, nucleoprotein; M, matrix; PA, polymerase acidic; PB, polymerase basic.
TAIll Eurasian low-pathogenicity avian influenza lineage.
FGenotype 1 viruses isolated from Siberia; genotype 2 viruses isolated from Europe.
§Selected 1 representative virus isolate from the Tanguar haor region of Bangladesh.
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Asia and northwestern Europe (/0). However, we show
that the PB2, PA, and NP genes of genotype 1 viruses
not only differed from those of genotype 2 viruses but
clustered with and were more closely related to those of
viruses from Bangladesh and central Asia. Active surveil-
lance of influenza viruses among migratory wild birds
and molecular studies need to be sustained to monitor the
spread of these viruses through wild birds.
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Technical Appendix Table. Summary of influenza viruses isolated from the Tanguar haor region of Bangladesh*

GenBank Accession Numbers

Isolates Subtype Host (Species) PB2 PB1 PA HA NP NA M NS
Al/duck/Bangladesh/24692/2015 H7N1 domestic duck KY635738 KY635673 KY635658 KY635574 KY635806 KY635787 KY635810 KY635768
Al/duck/Bangladesh/24694/2015 H7N1 do(QZZtsicsgl.J)ck KY635469 KY635519 KY635624 KY635530 KY635523 KY635813 KY635603 KY635444
Alduck/Bangladesh/24697/2015 H15N9 do(gggtsicsgﬂ)ck KY635497 KY635750 KY635663 KY635719 KY635528 KY635723 KY635819 KY635715
Al/duck/Bangladesh/24704/2015 H15N9 do(Qggtsicsgllj)ck KY635570 KY635825 KY635563 KY635680 KY635694 KY635500 KY635683 KY635679
Al/duck/Bangladesh/24705/2015 H7N1 do(QZZtsicsgl.J)ck KY635677 NDt KY635807 KY635675 KY635484 KY635654 KY635804 KY635493
Alduck/Bangladesh/24706/2015 H7N1 do(gggtsicsgﬂ)ck KY635502 KY635462 KY635447 KY635584  KY635698 KY635443 KY635562 KY635446
A/black-tailed H7NS blac(k/:\tri;iiiIstglc)JdWit KY635643 KY635517 KY635496 KY635587 KY635709 KY635758 KY635591 KY635798
godwit/Bangladesh/24734/2015 (Limosa limosa)

Alduck/Bangladesh/26918/2015 H3N6 domestic duck KY635524 KY635797 KY635609 KY635482 KY635636 KY635579 KY635602 KY635490
Alduck/Bangladesh/26920/2015 H3N6 do(rﬁggtsicsgt.}ck KY635499 KY635617 KY635731 KY635779 KY635705 KY635782 KY635634 KY635478
Al/duck/Bangladesh/26948/2015 H3N6 do(Qggtsicsgllj)ck KY635545 KY635604 KY635655 KY635661 KY635745 KY635653 KY635507 KY635792
A/duck/Bangladesh/26974/2015 H3N6 do(ﬁzztsicsgl}ck KY635593 KY635626 KY635597 KY635571 KY635639 KY635735 KY635720 KY635520
Alduck/Bangladesh/26980/2015 H7N9 do(rﬁggtsicsgt.}ck KY635459 KY635811 KY635690 KY635734 KY635442 KY635689 KY635666 KY635659
Al/duck/Bangladesh/26992/2015 H7N9 do(Qggtsicsgllj)ck KY635525 KY635621 KY635802 KY635780 KY635633 KY635541 KY635753 KY635550
Al/duck/Bangladesh/27042/2015 H7N9 doiazztsicsgl;ck KY635516  KY635641 KY635827 KY635561 KY635733 KY635739 KY635509 KY635772
nas sp.

*ND, not done.

Page 1 of 8


https://doi.org/10.3201/eid2308.170143

Technical Appendix Figure (following pages). Phylogenetic trees for the (A) polymerase basic-2
(PB2), (B) polymerase basic-1 (PB1), (C) polymerase acidic (PA), (D) nucleoprotein (NP), (E) matrix (M),
and (F) nonstructural (NS) genes of viruses isolated from the Tanguar haor area in Bangladesh (blue
font) and HPAI A(H5N8) clade 2.3.4.4, 2016 viruses (red font). Phylogenetic analysis was performed with
the neighbor-joining algorithm with the Kimura 2-parameter model. The reliability of the phylogenetic
inference at each branch node was estimated by the bootstrap method with 1,000 replications.
Evolutionary analyses were conducted with MEGAG software.
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A PB2

A/common teal/Korea/KU-12/2015 | A/ HSN8
A/chicken/Miyazaki/2-4/2014 | A/ HSNS
A/mallard/Korea/N15-99/2015 | A/ HSNS

o8 A/mallard duck/Kagoshima/KU70/2015(H5N8) | A/ H5N8

o2[ Avchicken/yamaguchizeé/2o014a | A7 HSNS

e7 |- A/Chicken/Saga/1-1/2015 | A/ HSN8

col AVmallard/Korea/kKUs-2/2015 | A/ H5NS
41| A/breeder duck/Korea/H158/2014 | A/ H5N8
Avbroiler duck/Korea/H48/2014 | A/ HSN8
A/Baikal teal/Korea/H96/2014 | A/ H5N8
A/mallard/Korea/H207/2014 | A/ HSN8
A/white-fronted goose/Korea/H231/2014 | A/ HS5NS
s¢l AVbean goose/Korea/H328/2014 | A/ H5N8
51| A/bean goose/Korea/HA40/2014 | A/ H5N8
- A/breeder chicken/Korea/H250/2014 | A/ HSNS
A/baikal teal/Korea/2417/2014 | A/ H5N8
— A/Chicken/Kumamoto/1-7/2014 | A/ HSN8
A/tundra swan/Korea/H411/2014 | A/ H5N8
- A/spot-billed duck/Korea/HA455-42/2014 | A/ HSN8
Avbroiler duck/Korea/Buan2/2014 | A/ HSNS

sgl A/waterfowl/Korea/S005/2014 | A/ HSN8
aa |l A/Korean na
A/mallard/Korea/W452/2014 | A/ HSNS
Avbroiler duck/Korea/H31/2014 | A/ H5N8
A/Baikal teal/Korea/H80/2014 | A/ HSNS
A/Coot/Korea/H81/2014 | A/ H5N8
Avtundra swan/Tottori/C6enk/2014 | A/ HSN8
A/American wigeon/BC/050-31/2015 | A/ HSNS8
A/peregrine falcon/Was

A/turkey/California/K1500169-1.2/2015 | A/ HSN8

o] AVOYrfalcon/Washington/41088-6/2014 | A/ HSN8

A/mallard/Idaho/AHO005955/2014 | A/ H5N8
A/mallard/Idaho/AHO005954/2014 | A/ H5NS
A/bald eagle/ldaho/15-002892-2/2015 | A/ H5N8
A/chicken/California/15-004912/2015 | A/ HSNS8
A/mallard/Nevada/AHOO06855/2015 | A/ HSNS8

A/mallard/Idaho/AHO008597/2015 | A/ H5N8
Aturkey/Germany/AR3390-L00939/2014 | A/ HSN8
A/duck/Chiba/26-372-61/2014 | A/ HSN8

A/Chicken/Netherlands/14015526/2014 | A/ H5NS
A/chicken/Netherlands/14015531/2014 | A/ HSN8

A/Chicken/Netherlands/14015824/2014 | A/ H5NS
A/duck/Netherlands/14015898/2014 | A/ HSN8
Avduck/England/36254/14 | A/ H5NS
A/duck/England/36038/14 | A/ HSN8
A/chicken/Netherlands/14016437/2014 | A/ HSNS
A/gull Germany-NIVRA45/2015 | A/ HSNS
A/domestic duck/Hungary/7341/2015 | A/ HSN8
seh - A/scarlet
A/stork/Germany-MV/R24/2015 | A/ H5NS

57
A/chicken/Netherlands/14015766/2014 | A/ HSN8

L A/goose/Eastern China/L1204/2012 | A/ H5NS8
A/mallard duck/Shanghai/SH-9/2013 | A/ HSNS
A/goose/Eastern China/CZ/2013 | A/ H5NS
A/breeder duck/Korea/Gochang1/2014 | A/ HSNS
A/duck/Zhejiang/6D18/2013 | A/ HSNS
A/duck/Eastern China/J¥y/2014 | A/ HSN8
A/goose/Shandong/WFSG1/2014 | A/ HSNS
A/goose/Yangzhou/0420/2014 | A/ HSNS
Astufted duck/Mongolia/1409/2010(H1NL)

A/common goldeneye/Mongolia/1238/2010(H1NL)
Avduck/Bangladesh/24694/2015(H7N1)
A/duck/Bangladesh/24035(H10N1)

A/common coot/Republic of Georgia/1/2010(HEN2)
A/black-headed gull/Republic of Georgia/1/2010(H11N1)
Avblack-headed gull/Republic of Georgia/2/2011(HON1)
25 A/mallard duck/Netherlands/2/2011(H10N7)

A/mallard duck/Netherlands/47/2010(H10N7)

A/tundra swan/Shimane/3211A001/2011(H5N2)
Avduck/Vietham/LBMAS/2011(H3N2)
A/duck/Taiwan/A3400/2015(HSN8)

100 | A/duck/Bangladesh/24697/2015(H15N9)
A/duck/Bangladesh/24704/2015(H15N9)
A/duck/Mongolia/675/2015(H3N8)
A/duck/IJiangxi/22537/2012(H11N9)
A/duck/Mongolia/518/2015(H10N3)
A/duck/Mongolia/996/2015(H3NS)
A/mallard/Mongolia/2377/2011(H3N6)

Avaquatic bird/Korea/CN5/2009(HENS)

asp A/duck/Bangladesh/26992/2015(H7N9)
A/duck/Bangladesh/27042/2015(H7N9)
A/duck/Bangladesh/26980/2015(H7N9)
A/duck/Mongolia/520/2015(H1N1)

7 A/duck/Mongolia/777/2015(H3N8)

A/duck/Bangladesh/24692/2015(H7N1)
A/duck/Bangladesh/24706/2015(H7N1)
A/duck/Bangladesh/24705/2015(H7N1)
Asblack-tailed godwit/Bangladesh/24734/2015(H7NS)

38

A/duck/Bangladesh/26920/2015(H3N6)
Asduck/Bangladesh/26948/2015(H3N6)
A/duck/Bangladesh/26918/2015(H3N6)
Asduck/Bangladesh/26974/2015(H3N6)

A/wild waterfowl/Hong Kong/MPP1311/2013(H2N9)
A/wild bird/Wuhan/CDHN15/2015(HE6N2)
A/duck/Mongolia/101/2015(HANG)
A/duck/Mongolia/30/2015(H3N8)
A/duck/Mongolia/742/2015(H10N7)
A/duck/Mongolia/655/2015(H2N3)
A/duck/Mongolia/521/2015(H3N8)
A/duck/Mongolia/118/2015(HANG)

A/great crested grebe/Uvs-Nuur Lake/341/2016 | A / H5NS

s2
Asgreat crested grebe/Tyva/34/2016 | A / HSNS

A/grey heron /Uvs-Nuur Lake/20/2016 | A / HSNS
Asblack-headed gull/ Tyva/41/2016 | A / H5NS
Alwild duck/Tyva/35/2016 | A / HSNS

A/common tern /Uvs-Nuur Lake/26/2016 | A / HSNS
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A/mandarin duck/Gifu/2112D001/2014 | A/ HSN8

e chicken/Korea/H257/2014 | A/ H5N8

sp | A/mandarin duck/Korea/K14-367-1/2014 | A/ HSNS
A/greater white-fronted goose/Korea/K14-374-1/2014

A/environment/Kagoshima/KU-ngr-H/2014 | A/ HSN8

Alturkey/Germany/AR2485-86-L.00899/2014 | A/ HSNS

A/MuteSwan/Sweden/SVA150313KU0141/SZ543/2015

gton/196426/2014 | A/ HSN8
A/Northern pintail/Washington/196271/2014 | A/ HSN8
A/American wigeon/Washington/195968/2014 | A/ HSN8

A/American wigeon/Utah/AHOOO7824/2015 | A/ HSNS

s/Germany/ARA44-1L01279/2015 | A/ HSNS8

I A/ H5NS8

A/American wigeon/Washington/195198/2014 | A/ HSN8

| A/ H5NS8

Group B Clade 2.3.4.4
H5N8 Subtype

A/Chicken/Sweden/SVA161122KUOA53/SZ0209318/2016 | A / HENS
A/Chicken/Sweden/SVAL61122KU0AS3/SZ0209321/2016 | A / HENS
A/Chicken/Sweden/SVA161122KU0A53/SZ0209317/2016 | A / HENS
A/Chicken/Sweden/SVAL61122KU0AS3/SZ0209316/2016 | A / HENS
A/wild duck/Poland/82A/2016 | A / HENS

A/Common Goldeneye/Sweden/SVAL61117KUO322/SZ0002165/2016 | A / HSNS

Genotype 2 H5N8
Subtype

Group A Clade 2.3.4.4 H5N8 Subtype

Genotype 1 H5N8
Subtype

Eurasian lineage



B PB1

Asturkey/California/iK 1500169-1.2/2015 | A / HSNS

23l A/peregrine falcon/wWashington/196426/2014 | A / H5NS
53 AszAmerican wigeon/Washington/195968/2014 | A / HSNS

ATy TalG ar/W s hington/ A1088-6/2014 | A / HSNE
a7 ] ArNiorthern pintailiwashinaton/196271/2014 1 A / HENS
Aehickon/Callfornia/ 15 00A812/2015 | A / HENS
cad| A/AmETican wigeon/Utah/ AHODO7824/2015 | A / HENS

A/mallara/dane) AHOOOBE07/2015 | A / HENS
o | [ Wenickan/oregon/aicia 22014 | A/ Hss
b Rlauinea fowl/Oregon/aie1a-1/2014 | A 7 HeNS
Armallara/Oregon/iossserz01a | A 1 HSNS

Ba [ A/white-fronted goose/iKorea/H231/2014 | A / HSNS
L Albean soose/koreaszarzoia | A / Asms
— A/tundra swan/Korea/HAa11/2014 | A / HSNS

¢ - A/brecder chickensikoreasHi122/2014 | A 7 HSNS

sl A/Broler ducik/iorea/Buana/201a | A/ HENS
A/common teal/lKorea/HAS5-30/2014 | A / HSNS

1] A/mallarasikoreasvwasz/zo14a | A / HSNS
Arwaterfowl/IKorea/S005/2014 | A / HSNS

Asbroiler duck/IKoreas/H29/2014 | A / HSNS

22| A/Baikal teal/iKorea/H66/2014 | A / HSNS

A/Baikal teal/lKorea/HS84/2014 | A / HSNS

Asbreeder duck/IKorea/H128/2014 | A / HSNS
Asbreeder duck/IKorea/H249/2014 | A / HSNS

7l Ascorean native chicken/iKorea/H257/2014 | A / HSNS
A/mallard/Korea/H297/2014 | A / HSNS

roo A/bean goose/iKorea/HAao/2014a | A / HSNS
I A/baikal teal/korea/2a17/2014 | A / HSNS
I A/manara/ikorea/Hz07/2014 | A / HSNS

Mmz/2014 | A/ HSNE

[
i

| Avpatkal toaicorea/ponat
A/Coot/Korea/HE1/2014 | A / HSENE
I A/Baikal tealKorea/Ho6/2014 | A /7 HSNS

L A/spot-billed duck/KKorea/HAS5-42/2014 | A / HSNS
75 [ A/goose/Shandong/WESG1/2014 | A / HENS
5= A/goose/Yangzhouw/04az20/2014 | A / HSNS

A/goosesdiangsuw/QDS/2014 | A / HENS
Arduck/Eastern ChinasJy/2014a | A / HSNS
A/mallard duck/Shanghai/SH-9/2013 | A / H5NS
Al/goose/Eastern China/CZ/2013 | A / HSNS
Asbreeder duck/IKorea/Gochangl/2014 | A / HSNS
A/goose/Eastern China/S0408/2014 | A / HSNS
Asduck/Eastern China/S0215/2014 | A / HSNS
Asduck/Eastern China/L1120/2012 | A / HSNS
—=s ox Ar China/L1204/2012 | A / HSNS
[ AYSusk/Eastorn China/loaza/2oal | A / HeNe
ss A/goose/Eastern China/L1214/2012 | A / HSNS

A/mallard duck/Netherlands/26/2010(HANG)

A duck/Nethe: s/6/2012(HINE)
A/mallard/Republic of Georgia/12/2011(H10NAa)
A/mallard duck/Netherlands/26/2011(H11N9)
< white- < Netherlands/2/2010(HSN2)
A/mallard/Sweden/S80261/2008(HANDS)
A/mallard duck/Netherlands/3/201507N7)
A/mallard duck/Netherlands/2/201507N7)
A/mallard/Novomy chalivika/2-23-12/2010(H15N7)
Astufted duck/Republic of Georgia/1/2012(H2N3)
Asduck/Mongolia/129/2015(H3NS3)
Asduck/Bangladesh/26948/20150H3N6)
Asduck/Bangladesh/26974/2015(H3NG)
Asduck/Bangladesh/26920/2015(H3NG)
Asduck/Bangladesh/24692/2015(H7N1L)
Asduck/Bangladesh/24706/2015(H7N1)

Group B

Asduck/Bangladesh/26992/2015(H7N9)
Asduck/Ba h/27042/20150H7N9)
Asduck/Bangladesh/26980/20150H7ND)
Asduck/Mongolia/211/20150H2NS)
Asduck/Mongolia/208/2015(HINS)
Asduck/Mongolia/167/20160H2NS)
Alduck/Mongolia/83/2015(H3NS)
Asduck/Mongolia/20/2015(HINS)
A/Chicken/Sweden/SVALE61122KUOAS3/SZ0209318/2016

glade

7 misNe

A/Chicken/Sweden/SVALG61122KUOAS3/SZO200321/2016 7 misNs

KUOAS3/SZ0200317/2016

A/Chicken/Sweden/SVALG6112.
A/Chicken/Sweden/SVAL61122KUOAS3/SZ0209316/2016
Arwild duck/Poland/S82A/2016 | A / HSNS

A/Common Goldeneye/Sweden/SVA161117KUO322/SZ0002165/2016
Asgreat crested grebe/Uvs-Nuur Lake/341/2016 | A / HSNS

Asgreat crested grebe/Tyva/34/2016 | A / HSNS
A/black-headed gull/Tyva/41/2016 | A / HSNS

A/common tern /Uvs-Nuur Lake/26/2016 | A / HSNS

N
N

A7 HsNS
A7 HisNS

>

/2016 | A / HSNS
- e r Lake/20/2016 | A / HSNS
Arduck/e. /1521/2009 | A / HANG

Asduck/Bangladesh/24694/2015(H7N1L)
. _{90 E A/dUCK/MONGOlia/996/2015 | A / HINE
oo Alduck/Mongolia/118/20156 | A / HANG

Alchicken/HUNaN/S1267/2010 | A / HANG

Alchicken/HuUNaN/S1248/2010 | A / HANG
Asduck/Bangladesh/26918/2015(H3NG)
Asduck/Mongolia/179/2015 | A / H3NS
A/goose/Zhejiang/112080/2014 | A / HSENG
A/AUCK/IIANg=I/15867/2013 | A / H1ONS
Asduck/Iiangxi/17142/2013 | A

Azauck/Mong 43/2015 | A / HANG
= { Asduck/Bangladesh/31687/2010 | A / H1INL

100 | Asduck/Bangladesh/1687/2010 | A / HINL

1 Asduck/Bangladesh/1728/2010 | A / H11NS3
Asduck/Bangladesh/1727/2010 | A / H11NS3
Asduck/Bangladesh/1729/2010 | A / H11NS
A/environment/Bangladesh/1002/2010 | A / H11N3
A/duck/YUNnNan/2908/2009 | A / H11N9
A/duck/Iiangxi/22960/2008 | A / H1ONS
Asruddy shelduck/Mongolia/921C2/2009 | A / H7N1

o

Argreyiag goose/lceland/O953/2011 | A / HENS

Argreyiag goose/lceland/0948/2011 | A / HENS

Argreyiag goose/iceland/1459/2011 | A / HENS

A/mallard/Sweden/101900/2009 | A / HANZ
Arduck/Mong: 173/2015 | A / HaN8

Asruddy shelduck/Mongolia/89av /2009 | A / HANS

A/northern shoveler/Mongolia/907\Vv/2009 | A / H1O0NS

A/velvet scoter/Mongolia/879V/2009 | A / H10NS

7ol A/surf scooter/Mongolia/878\v /2009 | A / H10NS
As/chicken/Jiangxi/10784/2014 | A / H7NT

=5 55| A/tearChany Lake/104 feather/2012 | A / HANG
Alteal/Chany Lake/104 cloaca/2Z012 | A / HANG
As/shoveller/Chany Lake/101/2012 | A / HANG
Asduck/Mongolia/S18/2015 | A / H1ONS

A/common shelduck/Mongolia/2106/2011 | A / H3NS
A/duck/Mongolia/200/2015 | A / H3NS
A/mallard/Republic of Georgia/15/2011 | A / H1ON7
h/2A4697/2015(H15N9)

Asduck/Banglad
Arduck/Bangladesh/24704/20150H15N9)
Asblack-tailed godwit/Bangladesh/24734/2015017N5)

A Auck/Ng /30/20140HANG)
A/mallard duck/Netherlands/7/2014HEN2)
Arduck/Vietnam/LEBMS33/2013(HING)

Arduck/Vietnam/LEBMS33/2013 | A / H3NG
A/duck/Eastern China/S1109/2014 | A / HSNS
A/chicken/Wuhan/W HIF/2Z01AMHSN2)

Arwild BIrd/Wuhan/CDHNLS/2Z015(HEN2)
Asmigratory duck/Jiangxi/30556/2013(H1O0NS)
As/migratory duck/Jiangxi/31531/2013(H10NS)
Asmigratory duck/Jiangxi/316577/2013(H10NS)
Asduck/Mongolia/777/2015(H3NS)
Asduck/Mongolia/30/2015(HINS)

77l Asauck/mongoliaziie/zoasians)
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A/American wigeon/Washington/195198/2014 | A / HSNS

Group A

[
z
o

Novel H5N8

Subtype

Clade 2.3.4.4 H5N8 Subtype

Eurasian lineage



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

s8] A/turkey/italy/1AVIR7898-10/2014 | A/ H5NS
A/chicken/Netherlands/14016437/2014 | A/ HSNS
Aturkey/Germany-NVR3372/2014 | A/ HSNS
Aturkey/Germany/AR3390-1.00939/2014 | A/ HSNS
AVduck/England/36254/14 | A/ HSNS
A/duck/England/36038/14 | A/ HSNS
A/MuteSwan/Sweden/SVAL50311KUO277/SZ502/2015 | A/ HSNS
A/scarlet ibis/Germany/ARA44-L01279/2015 | A/ H5NS
Aturkey/Germany-MV/R2472/2014 | A/ HSNS
Aturkey/Germany/AR2485-86-1L.00899/2014 | A/ HSNS
A/chicken/Netherlands/14015766/2014 | A/ HSNS
Avdomestic duck/Hungary/7341/2015 | A/ HSN8
A/chicken/Netherlands/14015531/2014 | A/ HSNS
A/chicken/Oregon/41613-2/2014 | A/ H5NS8
A/gyrfalcon/Washington/41088-6/2014 | A/ HSN8
Aturkey/California/K1500169-1.2/2015 | A/ H5NS
A/AMerican wigeon/BC/050-31/2015 | A/ HSNS8
A/crane/Kagoshima/kKui/2014 | A/ HSNS
A/mallard/Korea/\W452/2014 | A/ HSNS

Avbroiler duck/Korea/Buan2/2014 | A/ HSNS
A/chicken/Miyazaki/7/2014 | A/ HSNS
A/chicken/Miyazaki/2-4/2014 | A/ HSNS
A/chicken/Okayama/1-2/2015 | A/ HSNS
A/chicken/Saga/1-1/2015 | A/ HS5NS

63

CPA

Group A

A/chicken/Yamaguchi/6/2014 | A/ HSNS
A/breeder chicken/Korea/H250/2014 | A/ HSNS
Avbaikal teal/Korea/Donglim3/2014 | A/ HSNS

2s| Avmallard/Korea/H207/2014 | A/ HSNS

A/breeder chicken/Korea/H122/2014 | A/ HSNS
A/waterfowl/Korea/S005/2014 | A/ HSN8
A/breeder duck/Korea/H128/2014 | A/ HSNS
A/Korean native chicken/Korea/H257/2014 | A/ H5N8
A/breeder duck/Korea/H249/2014 | A/ HSNS
A/bean goose/Korea/H328/2014 | A/ HSNS
A/duck/Zhejiang/925019/2014 | A/ HSNS
sz A/duck/Zhejiang/925169/2014 | A/ HSNS
A/mallard duck/Shanghai/SH-9/2013 | A/ H5N8
A/duck/Zhejiang/W 24/2013 | A/ HSNS
A/goose/Zhejiang/925104/2014 | A/ HSNS
A/breeder duck/Korea/Gochang1/2014 | A/ HSNS
A/duck/Zhejiang/6D18/2013 | A/ HSNS
A/duck/Shandong/Q1/2013 | A/ HSNS
A/goose/Guangdong/s13124/2013 | A/ HSNS
A/duck/Guangdong/s14044/2014 | A/ HSNS
A/chicken/Jiangxi/10784/2014 | A/ H7N7

7= A/environment/Sichuan/315068/2015 | A / HENZ
A/muscovy duck/Vietnam/LBM687/2014 | A/ HANG
A/duck/Jiangxi/6535/2013 | A/ HLONS
A/AUCK/JIaNgxi/6634/2013 | A/ H1ONS
A/chicken/Wuhan/W HJIF/2014 | A/ HSNZ2
A/muscovy duck/Vietnam/LBM201/2012 | A/ H3N2
A/muscovy duck/Vietnam/LBM198/2012 | A/ HENZ2
A/muscovy duck/Vietnam/LBM189/2012 | A/ H3NZ2
A/common teal/Mongolia/1920/2011 | A/ HANG

A/wild goose/Dongting/C1037/2011 | A/ H12NS8
A/duck/Hokkaido/W 9/2015 | A/ HINL
A/duck/Zhejiang/a637/2013 | A/ H3NZ2
A/duck/Zhejiang/4625/2013 | A/ H3NZ2

Avduck/Hubei 114/2012 | A/ HANS
A/duck/Vietnam/LBMS53/2013 | A/ H3NS

————————— A/duck/Bangladesh/26918/2015(H3NG6)

sz

Group B

76

A/wild duck/Poland/82A/2016 | A / HSNS
A/Chicken/Sweden/SVA161122KUOA53/SZ0209316/2016
A/Chicken/Sweden/SVA161122KUOA53/SZ0209317/2016 | A / HENS

100 | A/Chicken/Sweden/SVA161122KU04A53/SZ0209318/2016 | A / HSNS
A/Chicken/Sweden/SVA161122KUOAS3/SZ0209321/2016 | A / H5NS

A/Common Goldeneye/Sweden/SVA161117KUO322/SZ0002165/2016 | A / HSNS

L A/duck/Mongolia/179/2015 | A/ H3NS

A/duck/Bangladesh/26992/2015(H7ND)

A/duck/Bangladesh/27042/2015(H7ND)

A/duck/Bangladesh/26980/2015(H7N9)

AvenvironmentKamchatka/24/2016 | A/ H13N8

A/mallard/Republic of Georgia/13/2011 | A/ HENZ2

A/duck/HUNaN/S11893/2012 | A/ HANG

Asduck/Bangladesh/24694/2015(H7N1L)

Asduck/Bangladesh/24705/2015(H7N1)

A 7 HSNS

c Banc h/24734/2015(H7NS)
o1 Avduck/Bangladesh/24035(H10N1)
Asduck/Bangladesh/24697/2015(H1SN9)
A/duck/Bangladesh/24704/2015(H1SN9)

Subtype

Arduck/Bangladesh/26920/2015(H3NG)
A/duck/Bangladesh/26948/2015(H3NG)
Asduck/Bangladesh/26974/2015(H3N6)
A/duck/Mongolia/518/2015 | A/ H1ON3
A/duck/Mongolia/211/2015 | A/ H3N8
A/duck/Mongolia/83/2015 | A/ H3N8
A/duck/Mongolia/30/2015 | A/ H3NS
Avduck/Mongolia/777/2015 | A/ H3N8
A/duck/Mongolia/742/2015 | A/ H1ON7
A/duck/Mongolia/655/2015 | A/ H2N3
L AvteaVChany/a44/2009 | A/ H8NS

A/greylag goose/iceland/O976/2011 | A/ HENS
A/pink-footed goose/iceland/0987/2011 | A/ HENS
A/greylag goose/iceland/0961/2011 | A/ HENS
A/greylag goose/iceland/0980/2011 | A/ HENS
A/greylag goose/iceland/1474/2011 | A/ HENS
A/garganey/Alai/1213/2007 | A/ HSN2

A/mallard/Republic of Georgia/1/2012 | A/ H1N1L
A/mallard/Republic of Georgia/14/2011 | A/ H1ON7
A/mallar N/52405/2006 | A

100 | A/duck/Bangladesh/24692/2015(H7N1)

Genotype 2 H5N8

Too

A/duck/Bangladesh/24706/2015(H7N1)

A/duck/Guangxi/1157/2006 | A / HENZ

A/duck/Guangxi/1248/2006 | A/ HENZ

A/duck/Guangxi/1074/2006 | A / HENZ2

A/wild duck/Korea/SH6E60/2004 | A/ H1INL

A/wild duck/Korea/C SM38/2004 | A/ H1NL

Avaquatic bird/Korea/w74/2005 | A/ HSNZ2

A/duck/Iiang Xi/2374/2005 | A/ H3NG

A/wild waterfowl/Dongting/C2383/2012 | A/ H1NZ

A/duck/Sichuan/S4202/2011 | A/ HANZ

A/mallard/Czech Republic/13438-29K/2010 | A/ H11N9

A/environment/Chongqing/02412/2012 | A/ HSN1

Avtufted duck/Republic of Georgia/1/2012 | A/ H2N3

A/northern shoveler/Georgia/1/2010 | A/ H2N3

A/common coot/Republic of Georgia/1/2010 | A/ HENZ

A/mallard/Republic of Georgia/1/2010 | A/ H10N7
A/mallard/Republic of Georgia/2/2012 | A/ H2N3

T Noarganey/imepubiic of Georgia/1/2011 | A/ HANZ

A/grey heron /Uvs-Nuur Lake/20/2016 | A / HENS

A/common tern /Uvs-Nuur Lake/26/2016 | A / HSNS
A/wild duck/Tyva/36/2016 | A / HENS

== A/great crested grebe/Tyva/34/2016 | A / HSNS

Asblack-headed gull/Tyva/41/2016 | A / HSNS
27 Algreat crested grebe/Uvs-Nuur Lake/341/2016 | A / HSNS
A/duck/Mongolia/996/2015 | A/ H3NS
A/duck/Mongolia/118/2015 | A/ HANG

A/muscovy duck/Vietnam/LBMS29/2013 | A/ H3N8
Avduck/Mongolia/769/2015 | A / HANG

A/duck/Mongolia/20/2015 | A/ H3N8

100 | A/duck/Mongolia/101/2015 | A/ HANG
Avduck/Mongolia/127/2015 | A/ HANG
A/duck/Mongolia/66/2015 | A/ H1ONZ
A/duck/Mongolia/326/2015 | A/ H1ONS
A/duck/Mongolia/S20/2015 | A/ H1INL
A/chicken/Korea/HN1/2016(HSNG) | A / H5NG
A/duck/Korea/ES2/2016(HSNG) | A / HSNG

A/mandarin duck/Korea/W B246/2016(HSN6) | A/ HSNG
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Subtype

Genotype 1 H5N8

a6

Clade 2.3.4.4 H5N8 Subtype

Eurasian lineage




D NP

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

s8] AVturkey/italy/14VIR7898-10/2014 | A/ HSNS
A/chicken/Netherlands/14016437/2014 | A/ HSNS
Aturkey/Germany-NVR3372/2014 | A/ HSNS
Avturkey/Germany/AR3390-L00939/2014 | A/ HSN8
A/duck/England/36254/14 | A/ HSNS
A/duck/England/36038/14 | A/ HSNS

aa

14

A/MuUteSwan/Sweden/SVA150311KU0277/SZ502/2015
A/scarlet ibis/Germany/AR44-L01279/2015 | A/ HSNS
Avturkey/Germany-MV/R2472/2014 | A/ HSNS
Aturkey/Germany/AR 2485-86-1.00899/2014 | A/ H5NS
A/chicken/Netherlands/14015766/2014 | A/ HSNS
Avdomestic duck/Hungary/7341/2015 | A/ HSN8
A/chicken/Netherlands/14015531/2014 | A/ HSNS|
A/chicken/Oregon/a41613-2/2014 | A/ HSNS
Avgyrfalcon/Washington/41088-6/2014 | A/ HSN8
Avturkey/California/K1500169-1.2/2015 | A/ HSN8
A/American wigeon/BC/050-31/2015 | A/ HSNS
A/crane/Kagoshima/Ku1/2014 | A/ HSNS
A/mallard/Korea/W 452/2014 | A/ HSN8

Avbroiler duck/Korea/Buan2/2014 | A/ HSNS
A/chicken/Miyazaki/7/2014 | A/ HSNS
A/chicken/Miyazaki/2-4/2014 | A/ H5N8
A/chicken/Okayama/1-2/2015 | A/ HSN8
A/chicken/Saga/1-1/2015 | A/ HSNS
A/chicken/Yamaguchi/6/2014 | A/ HSN8

A/breeder chicken/Korea/H250/2014 | A/ HSN8
Avbaikal teal/Korea/Donglim3/2014 | A/ HSN8

25| A/mallard/Korea/H207/2014 | A/ HSNS

A/breeder chicken/Korea/H122/2014 | A/ HSN8
A/waterfowl/Korea/S005/2014 | A/ HSN8

Avbreeder duck/Korea/H128/2014 | A/ HSN8
A/Korean native chicken/Korea/H257/2014 | A/ H5N8
duck/Kor 014 | A/ HSNS

A/bean goose/Korea/H328/2014 | A/ HSNS

100 | A/duck/Zhejiang/925019/2014 | A/ HSN8
A/duck/Zhejiang/925169/2014 | A/ HSNS
A/mallard duck/Shanghai/SH-9/2013 | A/ H5N8
Avduck/Zhejiang/W 24/2013 | A/ HSNS
A/goose/Zhejiang/925104/2014 | A/ HSNS
A/breeder duck/Korea/Gochang1/2014 | A/ HSNS
Avduck/Zhejiang/6D18/2013 | A/ HSNS
Avduck/Shandong/Q1/2013 | A/ HSNS
A/goose/Guangdong/s13124/2013 | A/ HSNS

1001 Avduck/Guangdong/s14044/2014 | A/ HSNS
Av/chicken/Jiangxi/10784/2014 | A/ H7N7
A/environment/Sichuan/315068/2015 | A / HENZ
A/muscovy duck/Vietham/LBME87/2014 | A / HANG
A/dUCK/Jiangxi/6535/2013 | A/ H1ONS
A/duck/Jiangxi/6634/2013 | A/ H1ONS

A/chicken/Wuhan/W HIF/2014 | A / HSNZ2

A/muscovy duck/Vietnam/LBM201/2012 | A/ H3NZ2

A/muscovy duck/Vietnam/LBM198/2012 | A/ HENZ2

A/muscovy duck/Vietnam/LBM189/2012 | A/ H3NZ

A/common teal/Mongolia/1920/2011 | A/ HANG

A/wild goose/Dongting/C1037/2011 | A/ H12N8
Avduck/Hokkaido/W9/2015 | A/ HINL
A/duck/Zhejiang/4637/2013 | A/ H3NZ

A/duck/Zhejiang/4625/2013 | A/ H3N2

A/duck/HUbe/S2114/2012 | A/ HANS
Avduck/Vietnam/LBMS53/2013 | A/ H3NS

2al

Arduck/B /26918/2015(H3N6)
A/wild duck/Poland/S82A/2016 | A / HENS
AsC

icken/Sweden/SVA161122KU0A5S

/SZ70209316/2016 | A
A/Chicken/Sweden/SVA161122KU0453/SZ0209317/2016 | A
A/Chicken/Sweden/SVA161122KU0453/SZ0209318/2016 | A
A/Chicken/Sweden/SVA161122KU0453/SZ0209321/2016 | A

Avduck/Mongolia/179/2015 | A/ H3N8
A/duck/Bangladesh/26992/2015(H7N9)
A/duck/Bangladesh/27042/2015(H7N9)
A/duck/Bangladesh/26980/2015(H7N9)
A/environment/Kamchatka/24/2016 | A/ H13N8
A/mallard/Republic of Georgia/13/2011 | A/ HEN2
A/duck/HUNaN/S11893/2012 | A/ HANG

100 | A/duck/Bangladesh/24694/2015(H7N1)
Asduck/Bangladesh/24705/2015(H7N1)

godwivB. A734/2015(H7NS)
Avduck/Bangladesh/24035(H10N1)

54 | A/duck/Bangladesh/24697/2015(H15N9)

A/duck/Bangladesh/24704/2015(H15N9)
A/duck/Bangladesh/26920/2015(H3NG)
A/duck/Bangladesh/26948/2015(H3N6)
A/duck/Bangladesh/26974/2015(H3N6)
Avduck/Mongolia/518/2015 | A/ H1ON3
Avduck/Mongolia/211/2015 | A/ H3N8
A/duck/Mongolia/83/2015 | A/ H3N8
Avduck/Mongolia/30/2015 | A/ H3NS
Avduck/Mongolia/777/2015 | A/ H3N8
A/duck/Mongolia/742/2015 | A/ H1ON7
A/duck/Mongolia/655/2015 | A/ H2N3

Er

L Atearchany/a44/2009 | A/ H8NS8

Avgreylag goose/iceland/0976/2011 | A/ HENS
A/pink-footed goose/iceland/0987/2011 | A/ HENS
A/greylag goose/iceland/0961/2011 | A/ HENS
Avgreylag goose/iceland/0980/2011 | A/ HENS
A/greylag goose/iceland/1474/2011 | A/ HENS

A/garganey/Altai/1213/2007 | A/ HSNZ2
A/mallard/Republic of Georgia/1/2012 | A/ H1NL
A/mallard/Republic of Georgia/14/2011 | A/ H1ON7

A/mallard/Sweden/52405/2006 | A
100 | A/duck/Bangladesh/24692/2015(H7N1)

6o

| Asduck/Bangladesh/24706/2015(H7N1)

A/duck/Guangxi/1157/2006 | A/ HENZ
A/duck/Guangxi/1248/2006 | A / HENZ
A/dUcK/Guangxi/1074/2006 | A / HENZ2

A/wild duck/Korea/SH60/2004 | A/ H1NL

A/wild duck/Korea/CSM38/2004 | A/ HINL

Avaquatic bird/Korea/w74/2005 | A/ HSN2
Avduck/Jiang Xi/2374/2005 | A/ H3NG

A/wild waterfowl/Dongting/C2383/2012 | A/ H1NZ2
Avduck/Sichuan/S4202/2011 | A/ HANZ

A/mallard/Czech Republic/13438-29K/2010 | A/ H11N9
Avenvironment/Chongding/02412/2012 | A/ HSN1
Avtufted duck/Republic of Georgia/1/2012 | A/ H2N3
A/northern shoveler/Georgia/1/2010 | A/ H2N3
A/common iblic of Georgia/1/2010 | A/ HENZ2

A/mallard/Republic of Georgia/1/2010 | A/ H1ON7
se A/mallard/Republic of Georgia/2/2012 | A/ H2N3

L Aaarsaney/republic of Georgia/1/2011 | A/ HANZ

A/common tern /Uvs-Nuur Lake/26/2016 | A /
Alwild duck/Tyva/35/2016 | A / HSNS

R
Asbla

~headed gull/ Tyva/41/2016 | A / HENS
A/great crested grebe/Uvs-Nuur Lake/341/2016
Avduck/Mongolia/996/2015 | A/ H3NS
Avduck/Mongolia/118/2015 | A/ HANG

A/muscovy duck/Vietnam/LBMS29/2013 | A/ H3N8
A/duck/Mongolia/769/2015 | A/ HANG
Avduck/Mongolia/20/2015 | A/ H3N8

100 | AV/duck/Mongolia/101/2015 | A/ HANG
Avduck/Mongolia/127/2015 | A/ HANG
A/duck/Mongolia/66/2015 | A/ H1ONZ
Avduck/Mongolia/326/2015 | A/ H1ON3
Avduck/Mongolia/520/2015 | A/ HINL
A/chicken/Korea/HN1/2016(HSN6) | A / HSNG
A/duck/Korea/ES2/2016(HSNSG) | A/ HENG

A/mandarin duck/Kore: B246/: 16 (| )
ageb of g

Algrey heron /Uvs-Nuur Lake/20/2016 | A / HENS

HSNS

Algreat crested grebe/Tyva/34/2016 | A / HENS

| A/ HENS

| A/ HSNG

| A/ HBENE

’
’
’
’

Genotype 2 H5N8

Group B

H5NE
H5NB
H5NB
H5NS

Subtype

Group A

A/Common Goldeneye/Sweden/SVA161117KUO322/SZ0002165/2016

Genotype 1 H5N8 Subtype

Clade 2.3.4.4 H5N8 Subtype

Eurasian lineage



EM

s6

=0

24

1a
85

A/American wigeon/Washington/195198/2014 | A / H5NS

A/peregrine falcon/Washington/196426/2014 | A / HSN8

A/chicken/California/15-004912/2015 | A / HSN8

az | | A/American wigeon/Utah/AHOOO7824/2015 | A / H5N8
A/gyrfalcon/Washington/41088-6/2014 | A / HSN8
A/Northern pintail/Washington/196271/2014 | A / HSN8
A/American wigeon/Washington/195968/2014 | A / H5NS

— A/goose/Taiwan/01019/2015 | A / HENS

A/baikal teal/Korea/Donglim3/2014 | A / HSNS

A/mallard/Korea/Wwasz/2014 | A / HSNS

A/waterfowl/Korea/S005/2014 | A / HENS

a2 | A/broiler duck/Korea/H29/2014 | A / H5N8

A/Baikal teal/Korea/H84/2014 | A / HSNS

A/white-fronted goose/Korea/H231/2014 | A / HSN8

A/mallard/Korea/H297/2014 | A / H5NS

A/common teal/Korea/HAS5-30/2014 | A / HSNS

A/spot-billed duck/Korea/HA55-42/2014 | A / HENS

Asturkey/California/iK1500169-1.2/2015 | A / HSN8
A/Korean native chicken/Korea/H257/2014 | A / HSNS

2| A/common teal/Korea/KU-12/2015 | A / HSNS
°l— A/American wigeon/BC/050-31/2015 | A / H5NS
A/mallard/Korea/KKU3-2/2015 | A / H5NS

- A/cCanada goose/Oregon/AHO012452/2015 | A / HSNS
slea | A/dUuck/England/36254/14 | A / HSNS
A/duck/England/36226/14 | A / HENS
A/Chicken/Netherlands/14015526/2014 | A / HENS
Alturkey/Germany/AR2485-86-L00899/2014 | A / H5EN8
Asturkey/Germany-NI/R3372/2014 | A / HSNS8
A/domestic duck/Hungary/7341/2015 | A / H5N8
Alturkey/Germany/AR3390-L00939/2014 | A / HSNS
A/gull Germany-NI/RA45/2015 | A / HSNS
A/stork/Germany-MV/R24/2015 | A / HSNS

a3

27|

A/Chicken/Netherlands/14015824/2014 | A / HSNS
86 | A/duck/Netherlands/14015898/2014 | A / HSNS8
8] A/duck/Eastern China/JYy/2014 | A / HSN8
14 A/goose/Eastern China/Cz/2013 | A / HSNS8

Asbreeder duck/Korea/Gochangl/2014 | A / HSNS
Al/goose/Zhejiang/926104/2014 | A / HENS
A/duck/Eastern China/S0215/2014 | A / HENS
A/goose/Yangzhouw/0420/2014 | A/ HS5NS
A/duck/Eastern China/S1210/2013 | A / H5NS
A/mallard duck/Shanghai/SH-9/2013 | A / H5NS8
A/Environment/Guangdong/GZ55/2013(HSNS) | A / HSNS
A/duck/Eastern China/S1109/2014 | A / H5NS
Asduck/Eastern China/LO722/2012 | A / HSNS
Alduck/Shandong/Q1/2013 | A / HENS
A/duck/Eastern China/L1120/2012 | A / HSNS
A/duck/Mongolia/179/2015(H3NS8)
— Asduck/Mongolias173/2015(H3NS)
32 A/duck/Mongolia/l79/2015 | A / H3N8
Alduck/Vietnam/LBM798/2014 | A / H3NG
A/wild bird/Wuhan/CDHN15/2015 | A / HENZ
A/wild bird/W uhan/CDHNOS/2015(HEN2)
A/wild bird/W uhan/CDHN15/2016(H6N2)
A/duck/Mongolia/709/2015 | A / H1ONT
A/duck/Mongolia/626/2015(H1ON7)
A/duck/Mongolia/709/2015(H10ON7)
A/duck/Mongolia/499/2015(H10N7)
A/Chicken/Sweden/SVA161122KU0A53/SZ0209318/2016
21/2016

=21

ER)

&

cken/Sweden/SVA161122KUOA53/SZ0209%
cken/Sweden/SVA161122KUOA53/SZ0209317/2016
cken/Sweden/SVA161122KUOA53/SZ0209316/2016
A/wild duck/Poland/S2A/2016 | A / HENS

A/mute swan/Croatia/70/2016 | A / HSNS
Asgreat crested grebe/Uvs-Nuur Lake/341/2016 | A / H5NS
Algreat crested grebe/Tyva/34/2016 | A / HSNS

Arwild duck/Tyva/35/2016 | A / HSNS

A/common tern /Uvs-Nuur Lake/26/2016 | A / HSNS
Asblack-headed gull/Tyva/41/2016 | A / HSNS

Asgrey heron /Uvs-Nuur Lake/20/2016 | A / H5ENS

s2

A/duck/Bangladesh/24697/2015(H15N9)
o9 | Asduck/Bangladesh/24704/2015(H15N9)
A/chicken/Netherlands/16007311-037041/2016 | A / H7NS
_{57 A/mallard duck/Netherlands/2/2015(H7N7)

86 | A/mallard duck/Netherlands/3/2015(H7N7)
A/duck/Bangladesh/26980/2015(H7N9)
Asduck/Bangladesh/26992/2015(H7N9)
A/duck/Bangladesh/27042/2015(H7N9)
A/duck/Chongqing/S2086/2012 | A / HANS
A/duck/Bangladesh/24705/2015(H7N1)

A/black-tailed godwit/Bangladesh/24734/2015(H7N5)
o5 | A/duck/Quang NIinh/90c112/2013 | A / H3NZ2
A/duck/Quang Ninh/90c112/2013(H3N2)
A/muscow duck/Quang Ninh/131/2013(H3N8)
s A/duck/Bangladesh/24035(H10N1)
A/duck/HUNaN/S11090/2012 | A / HANG
A/duck/HuNan/S11090/2012(HANG)
A/emvironment/sichuan/322074/2015 | A / HANG
A/duck/Mongolia/543/2015 | A / HANG
A/duck/Mongolia/543/2015(HANG)
A/duck/Hokkaido/Wo/2015 | A / HINL
A/chicken/Jilin/SDO01/2014 | A / HONZ
A/duck/Iiangxi/3B665/2013 | A / HLONS
A/wild bird/Wuhan/CDHNL173/2015 | A / H11NS
o A/duck/Mongolia/996/2015 | A / H3NS8
duck/Mongolia/996/2015(H3N8)
A/duck/Mongolia/996/2015(H3N8)

A/duck/Mong 127/2015 | A / HANG

za

67

Asgreater wi

A/European teal/Chany/63/2011 | A / H3NS

86 | A/European teal/Chany/63/2011(H3N8)
A/dUck/Wuhan/WHY FO5/2014 | A / HONZ
A/duck/Wuhan/W HY FO5/2014(HONZ2)
A/swan/Slovenia/53/2009(H7N7)

A/gadwall duck/Netherlands/1/2011(HE6N2)
A/mallard duck/Netherlands/26/2011(H11N9)

A/mallard duck/Netherlands/47/2010(H10N7)
A/mallard duck/Netherlands/2/2011(H10N7)

A/mallard/Chany /425/2009(HANG)
A/chicken/France/150169a/2015(HSNL)
A/duck/Bangladesh/24692/2015(H7N1)
A/duck/Bangladesh/24694/2015(H7N1)
a2l A/duck/Bangladesh/24706/2015(H7N1)
e-fronted goose/Netherlands/1/2007(H1N1)

A7

swan/N /6/2006(H1N1)

A/duck/Jiangxi/5581/2013(mixed)

A/duck/Zhejiang/4613/2013(H3N2)
A/mallard/PT/28006/2007 (HSN3)

A/mallard duck/Netherlands/3/2008(HEN2)
Alteal/Chany/3147/2010(HANG)
A/duck/Bangladesh/26918/2015(H3NE)
A/duck/Bangladesh/26920/2015(H3N6)
A/duck/Bangladesh/26948/2015(H3N6)
Alteal/Novosibirsk/948/2010

2ol Asduck/Bangladesh/26974/2015(H3NG)
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Group A

2
sp | asgreater white-fronted goose/Korea/K14-367-4/2014 | A / H5N8

A/MuteSwan/Sweden/SVA150311KUO277/SZ502/2015 | A / HSNS

Group B

1A/
1A/
1A/
1Az

HsNB
HSNS
H5NE
H5NE

A/Common Goldeneye/Sweden/SVA161117KUO322/SZ0002165/2016

Clade 2.3.4.4 H5N8 Subtype

1A/

I

Novel H5N8 Subt

ype

[]

Eurasian lineage



F NS

A/American wigeon/Washington/195205/2014 | A/ HSN8

A/mallard/ldaho/AHO005955/2014 | A/ HSNS

A/gyrfalcon/Washington/41088-6/2014 | A/ HSN8

A/breeder duck/Korea/H128/2014 | A/ H5N8

Av/broiler duck/Korea/Buan2/2014 | A/ HSN8

A/Coot/Korea/H81/2014 | A/ HSNS

A/guinea fowl/Oregon/41613-1/2014 | A/ HSN8

—— Avbroiler duck/Korea/H65/2014 | A/ HSN8

A/American wigeon/Washington/195968/2014 | A/ HSNS

A/waterfowl/Korea/S005/2014 | A/ HSN8

A/spot-billed duck/Korea/HA455-42/2014 | A/ H5NS

A/American wigeon/Utah/AHO007824/2015 | A/ HSNS

A/Northern pintail/Washington/196271/2014 | A/ HSN8
A/crane/Kagoshima/kKu1/2014 | A/ H5N8
A/turkey/California/K1500169-1.2/2015 | A/ HSN8

= A/Canada goose/Oregon/AHO012452/2015 | A/ HSNS

a1| asl AvAmerican wigeon/Oregon/AHO012525/2015 | A/ HSNS

—— A/Chicken/Kumamoto/1-7/2014 | A/ HSN8

A/chicken/California/15-004912/2015 | A/ H5N8

A/baikal teal/lKorea/2417/2014 | A/ HSN8

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

A/baikal teal/Korea/Donglim3/2014 | A/ HSN8

A/American wigeon/BC/050-31/2015 | A/ HSN8

—— Avperegrine falcon/Washington/196426/2014 | A/ HSN8

A/common teal/Korea/H455-30/2014 | A/ HSN8

21 | | A¥manara/korearwasz/2o14 | A7 HENS

[[] | Avbreeder duck/Korea/H249/2014 | A/ HSNS

A/baikal teal/Korea/2416/2014 | A/ HSN8

F—— A/mallard/Nevada/AHO006855/2015 | A/ H5N8

A/bald eagle/Idaho/15-002892-2/2015 | A/ H5N8

A/Baikal teal/Korea/HA41/2014 | A/ HSNS

A/chicken/Oregon/41613-2/2014 | A/ H5NS

A/mallard/Idaho/AHO008597/2015 | A/ HSN8

a3 | || a/mallard/Oregon/195536/2014 | A/ HSNS

A/tundra swan/Tottori/C6nk/2014 | A/ HSN8

L— Aswvhite-fronted goose/Korea/H231/2014 | A/ HSNS
A/chicken/Okayama/1-2/2015 | A/ HSNS

Alcrane/Kagoshima/KU53/2015(HSN8) | A/ HSNS

A/mallard duck/Kagoshima/KU116/2015(HSN8) | A/ H5N8

—— Avchicken/Miyazaki/7/2014 | A/ HSN8

S

100 65 | A/mandarin duck/Korea/K14-367-1/2014 | A/ HSN8
A/greater white-fronted goose/Korea/K14-374-1/2014 | A/ HSN8
A/chicken/Saga/1-1/2015 | A/ H5N8
A/chicken/Yamaguchi/6/2014 | A/ HSN8
A/chicken/Miyazaki/2-4/2014 | A/ H5N8
" A/common teal/lKorea/KU-12/2015 | A/ HSN8
A/mandarin duck/Gifu/2112D001/2014 | A/ H5N8
L— A/mallard/Korea/KU3-2/2015 | A/ HSN8
A/Chicken/Sweden/SVA161122KU0453/SZ0209318/2016
A/Chicken/Sweden/SVA161122KU0453/SZ0209321/2016
A/Chi

37

ken/Sweden/SVA161122KU0453/SZ0209317/2016
VA161122KU0453/SZ0209316/2016
Alwild duck/Poland/82A/2016 | A / HSNS

A/Chic

en/Sweden/s

A/mute swan/Croatia/70/2016 | A / HSNS
A/great cr

ted grebe/Uvs-Nuur Lake/341/2016 | A / HSN8

Asgreat crested grebe/Tyva/34/2016 | A / HSNS
A/wild duck/Tyva/35/2016 | A / HENS
Asblack-headed gull/Tyva/41/2016 | A / HSNS
A/grey heron /Uvs-Nuur Lake/20/2016 | A / HSN8
A/common tern /Uvs-Nuur Lake/26/2016 | A / H5NS
A/duck/Zhejiang/W 24/2013 | A/ H5N8
A/goose/Zhejiang/925104/2014 | A/ HSN8
A/goose/Jiangsu/QD5/2014 | A/ HSNS

A/mallard duck/Shanghai/SH-9/2013 | A/ HSNS
A/Environment/Guangdong/GZ55/2013(HS5N8) | A/ HSNS
A/goose/Shandong/WFSG1/2014 | A/ H5N8

o8

o005

A/mallard/Sweden/8/2003(H8N4)
A/mallard/Sweden/2834/2003(H8N4)
A/mallard/Sweden/4514/2004(HANG)

A/mallard duck/Netherlands/36/2006(H5N3)

A/goo tern China/Cz/2013 | A/ H5N8
A/goose/Yangzhou/0420/2014 | A/ HSN8
ca Avduck/Eastern China/J¥y/2014 | A/ HSN8

A/goose/Eastern China/S0408/2014 | A/ H5N8
A/duck/Zhejiang/6D18/2013 | A/ HSN8
A/goose/diangsu/WX202/2014 | A/ HSNS
Av/breeder duck/Korea/Gochang1/2014 | A/ H5N8
s6 | A/duck/Bangladesh/24692/2015(H7N1)
a9 A/duck/Bangladesh/24706/2015(H7N1)
20) A/duck/Bangladesh/24035(H10N1)
A/duck/Mongolia/742/2015(H10N7)
A/duck/Mongolia/769/2015(HANG)

o2

A/duck/Mongolia/326/2015(H10N3)

A/wild bird/Wuhan/CDHN173/2015(H11N9)
A/duck/Mongolia/154/2015(H1N2)
A/duck/Mongolia/245/2015(H10N3)

A/wild bird/Wuhan/CDHN22/2015(H11N9)
A/wild bird/Wuhan/CDHNO1/2015(H11N9)
A/duck/Bangladesh/24697/2015(H15N9)
A/duck/Bangladesh/24704/2015(H15N9)
A/mallard/Sweden/105/2002(H7N7)

A goa lesh/24734/2015(H7NS)
22 A/duck/Bangladesh/26974/2015(H3N6G)
21'— A/duck/Mongolia/520/2015(H1N1)
22 | Asduck/Bar /26948/2015(H3N6)

A/duck/Bangladesh/26920/2015(H3NG)
A/mallard/Republic of Georgia/12/2011(H10N4)

o A/duck/Bangladesh/26992/2015(H7N9)

27 A/duck/Bar h/27042/2015(H7N9)

| A/duck/Bangladesh/26980/2015(H7N9)

A/duck/Bangladesh/26918/2015(H3NGE)
A/duck/Bangladesh/24694/2015(H7N1)
36| armallard duck/Netherlands/2/2009(H7N7)
A/duck/Bangladesh/24705/2015(H7N1)

Eurasian lineage

A/mallard duck/Netherlands/3/2008(HEN2)
A/canvasback/Mongolia/2-69/2007(H1ONG)

A/wild bird/Mongolia/2066/201 1 (H5N3)
A/mallard duck/Netherlands/19/2009(H5N3)
A/Eurasian wigeon/Netherlands/1/2010(H5N2)
A/bewicks swan/Netherlands/4/2006(HON2)
AVEurasian teal/Netherlands/3/2008(HEN1)
A/mallard duck/Netherlands/8/2008(H6N1)
A/Eurasian wigeon/Netherlands/1/2008(H6N1)
A/mallard duck/Netherlands/34/2006(H3N8)
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Group A Clade 2.3.4.4 H5N8 Subtype

| A 7 HSNE
| A/ HSNS
| A 7 HSNE
| A7 HBNE

A/Common Goldeneye/Sweden/SVA161117KUO0322/SZ0002165/2016 | A / H

Novel H5N8 Subtype

Group B Clade 2.3.4.4 H5N8

Subtype



