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Novel Eurasian lineage avian influenza A(H5N8) virus has
spread rapidly and globally since January 2014. In Decem-
ber 2014, H5N8 and reassortant HSN2 viruses were detect-
ed in wild birds in Washington, USA, and subsequently in
backyard birds. When they infect commercial poultry, these
highly pathogenic viruses pose substantial trade issues.

he novel Eurasian lineage clade 2.3.4.4 highly patho-

genic avian influenza (HPAI) A(H5NS) virus (http://
www.who.int/influenza/gisrs_laboratory/h5 nomencla-
ture clade2344/en/) spread rapidly and globally during
2014, substantially affecting poultry populations. The first
outbreaks were reported during January 2014 in chickens
and domestic ducks in South Korea and subsequently in
China and Japan (/—4), reaching Germany, the Nether-
lands, and the United Kingdom by November 2014 and
Italy in early December 2014 (5). Also in November 2014,
a novel HPAI H5N2 virus was reported in outbreaks on
chicken and turkey farms in Fraser Valley, British Colum-
bia, Canada (5). This HSN2 influenza virus is a reassortant
that contains the Eurasian clade 2.3.4.4 H5 plus 4 other
Eurasian genes (polymerase acidic protein subunit, matrix
protein, polymerase basic protein subunit [PB] 2, nonstruc-
tural protein) and 3 North American wild bird lineage genes
(neuraminidase [NA], nucleoprotein, PB1) (5). Taiwan has
recently reported novel reassortants of the H5 clade 2.3.4.4
with other Eurasian viruses (HSN2, H5N3).
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The appearance of highly similar Eurasian HSN§ vi-
ruses in Asia, Europe, and now the United States suggests
that this novel reassortant may be well adapted to certain
waterfowl species, enabling it to survive long migrations
(6). These appearances also represent a major change in
Eurasian HS virus circulation. After the reported spread of
HPAI H5N1 virus in Asia, a large, interagency avian in-
fluenza virus (AIV) surveillance effort was implemented
throughout the United States during April 2006-March
2011 (7). Of nearly 500,000 wild bird samples tested, none
harbored Eurasian subtype H5 AIV. The overall prevalence
of AIV was ~11%, and most viruses (86%) were detected
in dabbling ducks (family Anatidae) (§). Although HSNS
subtype viruses have been detected previously in the Unit-
ed States, all have been low pathogenicity AIV of North
American wild bird lineage.

Case Reports
After the November 2014 report of HSN2 HPAI outbreaks
among poultry in British Columbia, the US Departments
of Agriculture and Interior, together with state agency
personnel, increased surveillance of poultry flocks, hunt-
er-harvested wild birds, and wild bird die-offs along the
US—Canada border. A wild bird die-off was reported on
December 1, 2014, at Wiser Lake (48.9039N, 122.4799W)
in Whatcom County, Washington, USA. The lake, which
has a history of waterfowl deaths caused by lead poisoning
and aspergillosis, is located ~32 km from the location of the
index cases in Fraser Valley. Up to 10,000 waterfow] were
on the lake when the deaths began. The dead birds con-
sisted primarily of mallards (4nas platyrhynchos), Ameri-
can wigeon (4. americana), and northern pintail (4. acuta),
along with smaller numbers of other waterfowl species.
Nine carcasses were submitted to the National Wild-
life Health Center (Table 1); 6 were examined in detail.
Aspergillus fumigatus was isolated from 5 birds with char-
acteristic lesions of airsacculitis (Table 1). In addition,
cloacal and/or oral swab samples from 5 birds had molec-
ular assay results positive for influenza A and H5 (Table
1). A Eurasian lineage HS clade 2.3.4.4 AIV, A/northern
pintail/Washington/40964/2014 (H5N2) (GenBank taxon
no. 1589662), was isolated from a lung specimen. Whole-
genome sequencing indicated the virus was highly similar
to the HSN2 reassortant virus from Canada. Both viruses
have 3 RNA segments of North American wild bird lineage
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Table 1. Summary of influenza test results for samples from 10 birds from Washington, USA, 2014*

Sample ID no. Species, common name Necropsy AlV status Diagnostic finding
26080-001 Northern shoveler Yes PCR negative, isolation negative Aspergillosis
26080-002 Northern pintail Yes Subtype H5N2 Aspergillosis, HPAI
26080-003 American wigeon Yes PCR positive, isolation negative Aspergillosis
26080-004 American wigeon No PCR negative, isolation negative ND
26080-005 American wigeon No PCR negative, isolation negative ND
26080-006t Mallard Yes PCR positive, isolation negative Aspergillosis
26080-0071 Mallard Yes PCR positive, isolation negative Aspergillosis
26080-00871 Mallard No PCR positive, isolation negative ND
26080-009 Trumpeter swan Yes PCR negative, isolation negative Emaciation
RW099878 Gyrfalcon Yes Subtype H5N8 HPAI

*AlV, avian influenza virus; HPAI, highly pathogenic avian influenza; ID, identification, ND, not determined.

tSpecimens tested by the Washington Animal Disease Diagnostic Laboratory.

(PB1, nucleoprotein, and NA) and 5 RNA segments (PB2,
polymerase acidic, HA, matrix protein, and nonstructural
protein) that showed >99% similarity to 2014 Eurasian
clade 2.3.4.4 H5NS viruses (Table 2). According to World
Organisation for Animal Health guidelines (9), the virus
was consistent with HPAT on the basis of the amino acid
sequence at the hemagglutinin cleavage site and in vivo as-
say results (intravenous pathogenicity index 2.57).

In a related event, on December 6, 2014, an American
wigeon was captured and partially consumed by a captive-
reared gyrfalcon (Falco rusticolus) in Whatcom County,
~8 km from Wiser Lake. The wigeon remains were also
fed to 3 other gyrfalcon and gyrfalcon—peregrine hybrids
at a farm with another 25 raptors and 40 pigeons. The first
falcon (RW099878) died on December 8 and was submit-
ted to the National Wildlife Health Center. The second fal-
con (RX085847) also died on December 8 and the third
(RX093091) on December 11; the fourth (RX084955) was
euthanized on December 11. Carcasses of these last 3 fal-
cons were submitted to the Washington Animal Disease
Diagnostic Laboratory. No further deaths or illnesses have
been reported among other raptors at the facility. Histologic

and pathologic findings for the 3 raptors were consistent
with those described in previous reports of HSNS infections
(1,6), and the severity of the lesions corresponded to virus
concentrations detected in the tissues by molecular assays;
results will be further detailed in a subsequent publication.
Molecular assay results for oral and cloacal swab
samples and major organ and brain samples from falcon
RWO099878 were positive for influenza A and HS viruses.
For falcons RW099878 and RX085847, partial HA and
NA genes were directly sequenced from brain and oral
swab samples. A Eurasian lineage HS clade 2.3.4.4 AIV,
A/gyrfalcon/Washington/41088-6/2014 (HSN8) (GenBank
taxon no. 1589663), was isolated from the brain of falcon
RWO099878. All 8 RNA segments for the strain were >99%
similar to those for 2014 Group A H5N8 strains from South
Korea (3) (Table 2); the amino acid sequence at the hemag-
glutinin cleavage site and in vivo assay results (intravenous
pathogenicity index 2.65) were consistent with HPAI.
Phylogenetic analysis of the H5 clade 2.3.4.4 viruses
detected in the United States resulted in 3 major findings
(Figures 1, 2; online Technical Appendix, http://wwwnc.
cdc.gov/ElD/article/21/5/14-2020-Techapp1.pdf). First, the

Table 2. Nucleotide identity between the influenza A(H5N2) and A(H5N8) viruses from Washington, USA, and their nearest

homologues in GenBank as of January 8, 2015*

Virus from Washington State Nearest homologue % ldentity

A/Northern pintail/Washington/40964/2014 (H5N2)
PB2 A/bean goose/Korea/H40/2014 99.5
PB1 A/bufflehead/California/3118/2011 99.0
PA Al/common teal/Korea/H455-30/2014 99.5
HA Alcrane/Kagoshima/KU1/2014 99.3
NP A/American green-winged teal/Ohio/130S2084/2013 99.1
NA A/bufflehead/California/4935/2012 99.0
MP A/Baikal teal/Korea/S005/2014 100.0
NS A/Baikal teal/Korea/Donglim3/2014 99.9

Al/gyrfalcon/Washington/40188-6/2014 (H5N8)
PB2 A/bean goose/Korea/H40/2014 99.6
PB1 A/Baikal teal/Korea/H41/2014 99.4
PA A/Baikal teal/Korea/Donglim3/2014 99.3
HA Alcrane/Kagoshima/KU1/2014 99.2
NP A/Baikal teal/Korea/H41/2014 99.5
NA A/Coot/Korea/H81/2014 99.4
MP A/Baikal teal/Korea/Donglim3/2014 99.9
NS A/Baikal teal/Korea/Donglim3/2014 100.0

*HA, hemagglutinin; MP, matrix protein; NA, neuraminidase; NP, nucleoprotein; NS, nonstructural, PA, polymerase acidic; PB1 and 2, polymerase basic 1

and 2.
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86 | A/chicken/Netherlands/14015526/2014 (H5N8)
Alchicken/Netherlands/14015531/2014 (H5N8)
Alturkey/Germany-MV/R2472/2014 (H5N8)
A/duck/England/36254/2014 (H5N8) 547673

68| Asturkey/ltaly/14VIR7898-10/2014 (H5N8) 553144

g6 || |A/duck/Chiba/26-372-48/2014 (H5N8) 548485
P1 | A/duck/Chiba/26-372-61/2014 (H5N8) 548493
5g| - A/wigeon/Sakha/1/2014 (H5N8) 553349
Alwaterfowl/Korea/S005/2014 (H5N8) KJ511812
24 I[ A/Baikal teal/Korea/Donglim3/2014 (H5N8) KJ413850
711 A/coot/Korea/H81/2014 (H5N8) KJ509020
A/Baikal teal/Korea/H41/2014 (H5N8) KJ508932
55% - A/bean goose/Korea/H40/2014 (H5N8) KJ508924

- A/chicken/Kumamoto/1-7/2014 (H5N8) 517161
A/Baikal teal/Korea/H96/2014 (H5N8) KJ509036 Eurasian H5 clade 2.3.4.4
WV Alcrane/Kagoshima/KU1/2014 (H5N8) 553208
99 [ J A/gyrfalcon/Washington/41088-6/2014 (H5N8)
98 | @ A/northern pintail/Washington/40964/2014 (H5N2)
1001 | 751 O Avturkey/British Columbia/FAV10/2014 (H5N2)
L A/chicken/Miyazaki/7/2014 (H5N8) 553343
AJduck/Beijing/CT01/2014 (H5N8) 543010

89

100

100

100[

69 L— A/duck/Beijing/FS01/2014 (H5N8) 543002
A/duck/Jiangsu/k1203/2010 (H5N8) JQ973694
A/duck/Shandong/Q1/2013 (H5N8) KM504101
98 - A/duck/Zhejiang/W24/2013 (H5N8) KJ476669
A/mallard duck/Shanghai/SH-9/2013 (H5N8) 507673
A/duck/Zhejiang/6D18/2013 (H5N8) KJ476670

57| A/Baikal teal/Korea/H52/2014 (H5N8) KJ508961
80 | A/breeder duck/Korea/Gochang1/2014 (H5N8) KJ413834
Al/duck/Thailand/CU-12205C/2012 (H5N8) KJ161951

88

49

Alwild duck/Korea/PSC18-15/2010 (H5N8) KJ413855 Eurasian non-goose/Guangdong

Alwild duck/Korea/PSC18-20/2010 (H5N8) KJ413856
AJduck/Ireland/113/1983 (H5N8) GU052853

oo |_ Alturkey/Ireland/?/1983 (H5N8) GU052860
100 Alturkey/Ireland/1378/1983 (H5N8) CY015089
Alturkey/Ireland/UNKN/1983 (H5N8) EP1240237
'duck/NY/191255-59/2002 (H5N8) AY296086

™
Alruddy turnstone/New Jersey/828227/2001 (HSN8) CY 144236

—
0.02

100 AJavian/Colorado/456648/2006 (HSN8) GQ923573 North American
AJquail/California/K1400794/2014 (H5N8) KP101004
97 A/mallard/California/2559P/2011 (H5N8) CY 134101

Figure 1. Phylogenetic comparison of the complete hemagglutinin genes of highly pathogenic avian influenza A(H5N2) and A(H5N8)
strains from the United States with strains from Asia, Europe, and Canada. Solid circles indicate HSN2 and H5N8 strains from the United
States; open circle indicates H5N2 strain from Canada; black triangle indicates H5N8 strain from a crane in Japan. Sequences were
aligned by using MUSCLE, and phylogenetic and molecular evolutionary analyses were conducted by using MEGA version 5, using the
neighbor-joining tree-building method, with 1,000 bootstrap replicates (70). Analysis was done with viruses that were phylogenetically
representative of appropriate lineages (Influenza Virus Resource Database, http://www.ncbi.nlm.nih.gov/genomes/FLU/FLU.html).Scale
bar indicates nucleotide substitutions per site.
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CY177031 A/northern shoveler/California/3769/2012 (H6N2)
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O Alturkey/British Columbia/FAV10/2014 (H5N2)

100 L. @ A/Northern pintail/Washington/40964/2014 (H5N2)

70

GU050153 A n pintail/California/491335/2007 (H5N2)
GU361257 A/aquati 17/2007 (HSN2)
AJ574906 Altur 3740/1965 (HEN2)

AB295602 Alturkey/Wisconsin/1/1966 (HON2)

GQY23375 A 6466-2/2007 (H5N2)

CY146507 A/mallard/New Jersey/Al09-5405/2009 (HEN2)

100

o7 KM244048 A/Muscovy duck/Pennsylvania/4484-2/2013 (N2)

100 - KJO13299 A/bean goose/Korea/220/2011 (HON2)
E KF972007 A/wild waterfowl/Donting/C4296/2012 (HON2)

North American N2

88 L KJ568283 A/American green-winged teal/Ohio/130S1867/2013 (H3N2)

FJ464624 Alturkey

ﬁ KF042146 A/chicken/Zhejiang/C497/2013 (HON2)

00/2007 (HON2)

0.02

KM113159 Alct Jiangsu/C3226/2012 (HON2)
KF150636 A/chicken/. 1001/2013 (H5N2)

100
95
100 KJ174939 A/chicken/Henan/Q7/2013 (H5N2)

KJ509094 A/mallard/Korea/H207/2014 (H5N8)

KJ509102 A/white-fronted goose/Korea/H231/2014 (HSN8)
KJ509142 A/bean goose/Korea/H328/2014 (HSN8)
38| KJ508934 A/Baikal teal/Korea/H41/2014 (HSN8)
KJ509166 A/spot-billed duck/Korea/H455-42/2014 (HSN8)
37- KJ511814 A/waterfowl/Korea/S005/2014 (H5N8)
KJ509150 A/tundra swan/Korea/H411/2014 (HS5N8)
KJ509022 A/coot/Korea/H81/2014 (HSN8)
321 517163 Alchicken/Kumamoto/1-7/2014 (H5N8)
167140 Al/turkey/Germany-MV/R2472/2014 (HSN8)
168075 A/chicken/Netherlands/14015531/2014 (HSN8)
4; 167905 A 14015526/2014 (H5N8)
L 553350 A/wigeon/Sakha/1/2014 (HSN8)

167904 A/duck/England/36254/14 (HSN8)
168746 A/Eurasian wigeon/Netherlands/emc-1/2014 (H5N8)

100

100

L 553345 A/chicken/Miyazaki/7/2014 (HSN8)
-I_— A 553210 Alcrane/Kagoshima/KU1/2014 (H5N8)
61 L @ A/gyrfalcon/Washington/41088-6/2014 (H5N8)

5884 Alturkey 1d/1378/1983 (H5N8)

CY076167 A/American coot/Oregon/2059-007/2007 (N8)

99 CY063931 A/blue-winged teal/Minnesota/Sg-00037/2007 (N8)
78 E CY032894 A/bufflehead/California/HKWF205/2007 (N8)
KP101006 A/quail/California/K1400794/2014 (HSN8)

100

CY157569 A/mallard/California/2924/2012 (N8)
%8 CY132919 A/American green-winged teal/lllinois/100S1598/2010 (N8)
71 CY141059 A/American green-winged teal/Texas/Al09-6046/2009 (N8)
69 L— CY132734 A/blue-winged teal/Wisconsin/100S3108/2010 (N8)

Asian N2

Eurasian N8

North American N8

Figure 2. Phylogenetic comparison of the complete neuraminidase genes of highly pathogenic avian influenza A(H5N2) (panel A)
and A(H5N8) (panel B) strains from the United States with strains from Asia, Europe, and Canada. Solid circles indicate H5N2 and

H5N8 strains from the United States; black triangle indicates H5N8 strain from a crane in Japan. Sequences were aligned by using

MUSCLE, and phylogenetic and molecular evolutionary analyses were conducted by

using MEGA version 5, using the neighbor-joining

tree-building method, with 1,000 bootstrap replicates (70). Analysis was done with viruses that were phylogenetically representative of
appropriate lineages (Influenza Virus Resource Database, http://www.ncbi.nim.nih.gov/genomes/FLU/FLU.html).Scale bar indicates

nucleotide substitutions per site.
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Eurasian lineage avian HSNS clade 2.3.4.4 virus survived
introduction into North America in its entirety. Second, in-
troduction of Eurasian HSNS8 virus into North America ap-
pears to be independent from introductions of the virus into
Europe. Third, the duration of circulation of HSN8 virus
in the Pacific flyway (California, Idaho, Nevada, Oregon,
Utah, and Washington, USA) is unknown, but it was suffi-
cient for reassortment with low pathogenicity North Ameri-
can lineage wild bird AIV (Figure 1).

Conclusions
The ongoing circulation of these Eurasian HPAI HS virus-
es in wild birds considerably alters the potential risks and
subsequent consequences for US poultry and wildlife re-
habilitation centers. Detection of HPAI H5NS virus in ap-
parently healthy common teal (4. crecca), Eurasian wigeon
(4. penelope), mallard, spot-billed duck (4. poecilorhyn-
cha), and tundra swans (C. columbianus) (3,5) suggests that
wild birds may contribute to further spread of this HPAI
HS5 lineage in North America. However, culling and oth-
erwise disturbing wild birds or their habitats has not been
shown to be beneficial in the control of avian influenza (/7).
The scientifically supported management action (//) is to
enhance biosecurity to minimize contacts between poul-
try, wild birds, and their fomites (/7). In addition, hunters
should be cognizant of risks from handling potentially in-
fected carcasses (http://www.aphis.usda.gov/animal health/
birdbiosecurity/downloads/USDA_HntrCd Hi.pdf).
Examination of wild bird surveillance samples col-
lected before December 2014 may provide further insight
into the timing and route of introduction of the Eurasian
clade 2.3.4.4 H5NS virus into North America. In addition,
enhanced and ongoing influenza surveillance in wild birds
and poultry will contribute to a better understanding of the
geographic distribution and species involved in the spread
of these HPAI H5 viruses. Together, these data may enable
waterfowl managers and poultry producers to better as-
sess and manage disease risks. Human infections have not
been associated with either virus; however, H5 clade 2.3.4
HS5N1 virus has caused human death, so caution is warrant-
ed. During preparation of this article, HSN8 was reported
in wild birds and poultry along the Pacific flyway; novel
HSN2 virus was detected in Idaho, Oregon, and Washing-
ton; and another novel reassortant H5SN1 was detected in
Washington and British Columbia (5). These detections
have had major effects on US poultry trade (/2).

Acknowledgments

We acknowledge the dedicated staff at our respective institu-
tions, who ensured timely field support, rapid response, and
prompt and accurate laboratory testing; in particular, Renee
Long, Katy Griffin, Jeffery Messer, Karin McMullen, Amber
Itle, and Thomas Gilliom.

890

Dr. Ip is the section head of the Diagnostic Virology Laboratory,
Wildlife Disease Diagnostic Laboratories Branch, US Geologic
Survey—National Wildlife Health Center. His research interests
include emerging diseases of wildlife, disease transmission and
persistence in natural populations, and laboratory diagnostics de-
velopment.

References
1. Kim Y-L, Pascua PNQ, Kwon H-I, Lim G-J, Kim E-H, Yoon S-W,
et al. Pathobiological features of a novel, highly pathogenic avian
influenza A(H5N8) virus. Emerging Microbes and Infections.
2014;3:e75. http://dx.doi.org/10.1038/emi.2014.75
2. LeeYJ, Kang HM, Lee EK, Song BM, Jeong J, Kwon YK, et al.
Novel reassortant influenza A(HSNS) viruses, South Korea, 2014.
Emerg Infect Dis. 2014;20:1087-9. http://dx.doi.org/10.3201/
¢id2006.140233
3. JeongJ, Kang HM, Lee EK, Song BM, KwonYK, Kim HR, et al.
Highly pathogenic avian influenza virus (H5SN8) in domestic
poultry and its relationship with migratory birds in South Korea
during 2014. Vet Microbiol. 2014;173:249-57. http://dx.doi.
org/10.1016/j.vetmic.2014.08.002
4. Zhao K, GuM, Zhong L, Duan Z, Zhang Y, Zhu Y, et al.
Characterization of 3 HSNS and one HSN8 highly pathogenic
avian influenza viruses in China. Vet Microbiol. 2013;163:351-7.
http://dx.doi.org/10.1016/j.vetmic.2012.12.025
5. World Organisation for Animal Health. Summary of immediate
notifications and follow-ups—2014. Highly pathogenic avian
influenza [cited 2014 Dec 14]. http://www.oie.int/wahis_2/public/
wahid.php/Diseaseinformation/Immsummary
6. Kang H-M, Lee E-K, Song B-M, Jeong J, Choi J-G, Jeong J, et al.
Novel reassortant influenza A(HSN8) viruses among domestic and
wild ducks, South Korea, 2014. Emerg Infect Dis. 2015;21:298—
304. http://dx.doi.org/10.3201/eid2102.141268
7. Olsen B, Munster VJ, Wallensten A, Waldenstrom J,
Osterhaus AD, Fouchier RA. Global patterns of influenza a virus
in wild birds. Science. 2006;312:384-8. http://dx.doi.org/10.1126/
science.1122438
8. Bevins SN, Pedersen K, Lutman MW, Baroch JA, Schmit BS,
Kohler D, et al. Large-scale avian influenza surveillance in wild
birds throughout the United States. PLoS ONE. 2014;9:e104360.
http://dx.doi.org/10.1371/journal.pone.0104360
9. World Organisation for Animal Health (OIE). Avian influenza.
Chapter 2.3.4. In: Manual of diagnostic tests and vaccines for
terrestrial animals. Paris: The Organisation; 2014.
10. Tamura K, Peterson D, Peterson N, Stecher G, Nei M,
Kumar S. MEGAS: Molecular Evolutionary Genetics Analysis
using maximum likelihood, evolutionary distance, and maximum
parsimony methods. Mol Biol Evol. 2011;28:2731-9. http://dx.doi.
org/10.1093/molbev/msr121
11.  The Scientific Task Force on Avian Influenza and Wild Birds.
Statement on H5NS highly pathogenic avian influenza (HPAI) in
poultry and wild birds [cited 2014 Dec 14]. http://www.ramsar.org/
news/statement-on-h5n8-highly-pathogenic-avian-influenza-hpai-
in-poultry-and-wild-birds
12.  United States Department of Agriculture, Food Safety
Inspection Service. Recently revised export requirements [cited
2015 Jan 13]. http://www.fsis.usda.gov/wps/portal/fsis/topics/
international-affairs/exporting-products/export-library-
requirements-by-country

Address for correspondence: Mia Kim Torchetti, USDA APHIS VS
National Services Veterinary Laboratories, 1920 Dayton Ave, Ames, IA
50010, USA; email: Mia.Kim.Torchetti@aphis.usda.gov

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 21, No. 5, May 2015



Article DOI: http://dx.doi.org/10.3201/eid2105.142020

Novel Eurasian Highly Pathogenic Influenza
A(H5) Viruses in Wild Birds, Washington
State, USA, 2014

Technical Appendix

A

65| A/Coot/Korea/H81/2014 (HSNS)_KJS09017

Asbaikal teal/Korea/Donglim3/2014 (H5N8) KJ413847

Adwaterfowl/Korea/S005/2014 (H5N8)_KJ511809
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og | A/duck/Chiba/26-372-48/2014 (H5N8)_548482

Alduck/Chiba/26-372-61/2014 (HON8)_548490
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9 |- Alturkey/Germany /R2474-L00899/2014 (H5NB)_552743
AlChicken/Netherlands/14015526/2014 (H5N8)_547679

7 L A/chicken/Netherlands/14015531/2014 (HSN8)_548620

- AlBaikal teal/Korea/H41/2014 (H5SN8)_KJ508929 Biraar s

AJBaikal teal/Korea/H96/2014 (H5N8)_KJ509033

54| A/bean goose/Korea/H40/2014 (H5N8)_KJ508921

37

w
L

99 |l A/Baikal teal/Korea/H68/2014 (H5NS)_KJ509001
L Alchicken/Miyazaki/7/2014 (HSNB)_553340
A Alcrane/Kagoshima/KU1/2014 (H5NB)_553205
81 45| @ Algyrialoon/Washingtor/41088-6/2014(H5N8)

a9 O Afturkey/British Golumbia/FAV10/2014{HEN2)_PB2
8ol @ A/Northem pintail/Washington/40964/2014(H5N2)
A/duck/Shandong/Q1/2013 (H5N8)_KM504098
Adturkey/lIreland/1378/1983 (HSN8)_CY 015096
79 r A/Baikal teal/Korea/H52/2014 (HON8)_KJ508963
& Albreeder duck/Korea/Gochang1/2014 (H5N8)_KJ413831

99| — Alduck/Zhejiang/W24/2013 (H5N8)_KJ476663

87 L A/mallard/Shanghai/SH-8/2013 (H5N8)_KJ476654

99 | A/American widgeor/Oregon/d467919/2006 (H5N2)_GUO050066

9 [ A/Guinea fowl/Oregon/459674-5/2008 (HSN2) GQ923140
A/mallard/Washington/454202-15/2006 (H5N2) GU051948
- % I: Albufilehead/Califomnia/4935/2012 (H11N2)_CY 177060

A/Northem shoveler/Washington/44249-645/2006 (HON2)_CY Q76260
AlAmerican green-winged teal/Ohio/13052084/2013 (HEN8)_KJ568110 North American PB2

A/American widgeon/Washington/466769/2006 (H5N2) _GU050051

Alquail/California/K 1400794/2014 (H5N8)_KP101001

A/northem shoveler/Califomnia/3769/2012 (HEN2)_CY 177036

85 Afbufilehead/California/3118/2011 (H4N6)_CY 134342
8 A/mallard/California/2559P/2011 (HSN8)_CY 134108

98

99
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631 A/Coot/Korea/HB1/2014 (H5NB)_KJ509018
Albaikal teal/Korea/Donglim3/2014 (H5N8)_KJ413848
A/Baikal teal/Korea/H68/2014 (H5N8)_KJ509002
Alcommon teal/Korea/H455-30/2014 (HSN8)_KJ509154
55| A/Baikal teal/Korea/H41/2014 (H5N8)_KJ508930
Alwaterfowl/Korea/S005/2014 (H5N8)_KJ511810
A/Baikal teal/Korea/H96/2014 (H5N8)_KJ509034
37} Albean goose/Korea/H40/2014 (HSN8)_KJ508922
A/duck/Beijing/FS01/2014 (HON8)_543000
E‘L Alduck/Beijing/CT01/2014 (H5N8)_543008
67*—A/Chickem‘Kumamotoﬁ-TfZOM (H5NB)_517159
—— A/chicken/Miyazaki/7/2014 (HSN8)_553341
Alduck/England/36254/14 (HSN8B)_547671
40| Alduck/Chiba/26-372-48/2014 (H5N8)_548483 Eurasian PBL
100 Alduck/Chiba/26-372-61/2014 (H5N8)_548491

AlduckNiangsu/k1203/2010 (HON8)_JQO73692

=]

100

98| - A/duck/Zhejiang/W24/2013 (HON8)_KJ476665

Adturkey/Ireland/1378/1983 (H5N8)_CY015095 i
100 - A/American widgeon/Oregon/467919/2006 (H5N2)_GU050065

Pe Alturkey/Germany/R2474-L00899/2014 (H5N8)_552744
A/Chicken/Netherlands/14015526/2014 (H5N8)_547680

89 Afchicken/Netherlands/14015531/2014 (HSN8)_548621
A Alcrane/Kagoshima/KU1/2014 (H5N8)_553206

79 L— @ A/gyrfalcon/Washington/41088-6/2014(H5N8)

Afduck/Shandong/Q1/2013 (H5N8)_KM504099
g | A/Baikal teal/Korea/H52/2014 (HSNB)_KJ508964
Albreeder duck/Korea/Gochang1/2014 (HGN8)_KJ413832

95 - A/mallard/Shanghai/SH-8/2013 (HSN8)_KJ476655

A/Guinea fowl/Oregon/459674-5/2006 (H5N2) GQ923139
A/Narthemn shoveler/\Washington/44249-645/2006 (H5N2)_CY 076259
AJA i widgeon/V! 1/466769/2006 (H5N2)_GU050050

AiAmerican green-winged teal/Ohio/130S52084/2013 (H6N8)_KJ568111

0.01

A/mallard/Washington/454202-15/2006 (H5N2)_GU051947
Alquail/California/K 1400794/2014 (H5N8)_KP101002
AJnorthern shoveler/California/3769/2012 (H6N2)_CY 177035
A/bufflehead/California’4935/2012 (H11N2)_CY 177059
Almallard/California/2559P/2011 (HON8)_CY 134107
A/buffiehead/Califomia/3118/2011(H4N8)_CY 134341

O Afturkey/British Columbia/FAV 10/2014(H5N2)

100 L @ A/Northern pintail/Washington/40964/2014(H5N2)
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61

19

o6 - O Alturkey/British Columbia/FAV10/2014(HSN2) PA
95 || @ A/Northem pintail/Washington/40964/2014(H5N2)
99| L @ Algyrfalcon/Washington/41088-6/2014(H5N8)
82 ¥ Alcrane/Kagoshima/KU1/2014 (H5N8) 553207
Alduck/Beijing/FS$01/2014 (H5N8) 543001
{ Alduck/Beijing/CT01/2014 (HSN8) 543009
+ Alwaterfowl/Korea/S005/2014 (HSN8) KJ511811
Al/Baikal teal/Korea/H68/2014 (H5N8) KJ509003
i Albaikal teal/Korea/Donglim3/2014 (HSN8) KJ413849
A/bean goose/Korea/H40/2014 (H5N8) KJ508923
— Alchicken/Miyazaki/7/2014 (H5N8) 553342
- A/Coot/Korea/H81/2014 (H5N8) KJ509019
7] A/duck/Chiba/26-372-48/2014 (H5N8) 548484
4 A/duck/Chiba/26-372-61/2014 (H5SN8) 548492
be Alduck/England/36254/14 (H5N8) 547672
Alturkey/Germany/R2474-L00899/2014 (H5N8) 552745
84 |%% A/Chicken/Netherlands/14015526/2014 (HEN8) 547681
67L A/chicken/Netherlands/14015531/2014 (H5N8) 548622
99| [ Alcommon teal/Korea/H455-30/2014 (HSN8) KJ509155
A/Baikal teal/Korea/H41/2014 (H5N8) KJ508931
lAIBaikaI teal/Korea/H96/2014 (HSN8) KJ509035

)

99

A/Chicken/Kumamoto/1-7/2014 (H5N8) 517160
Alduck/Shandong/Q1/2013 (H5N8) KM504100
Alduck/Zhejiang/W24/2013 (HSN8) KJ476667
A/mallard/Shanghai/SH-9/2013 (H5N8) KJ476656
A/Baikal teal/Korea/H52/2014 (H5N8) KJ508965
99 | A/breeder duck/Korea/Gochang1/2014 (H5N8) KJ413833

Alturkey/lreland/1378/1983 (HSN8) CY 015094

29

99

Albufiiehead/California/3118/2011 (H4N8) CY 134340

i'j Afquail/Califomnia/K1400794/2014 (H5N8) KP101003
A/mallard/California/2559P/2011 (H5N8) CY 134106

A/American widgeon/Washington/466769/2006 (HSN2) GU050049

A/Northemn shoveler'WWashington/44249-645/2006 (HSN2) CY076258
94 ’_— Afbufflehead/Califomia/4935/2012 (H11N2) CY 177058

Eurasian PA

North American PA

99 AfAmerican green-winged teal/Ohio/13052084/2013 (HENS) KJ568112

0.005

98 L A/Guinea fowl/Oregon/459674-5/2006 (H5N2) GQ923138
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A/mallard/Washington/454202-15/2006 (HSN2) GU051946

99 {AIAmerican widgeon/Oregon/467919/2006 (HSN2) GU050064
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Alduck/Chiba/26-372-48/2014 (H5NB)_548486

Alduck/Chiba/26-372-61/2014 (H5N8)_548494

Alduck/England/36254/14 (H5N8)_547674

93 | Alturkey/Germany/R2474-L00899/2014 (HSN8)_552747

AJ/Chicken/Netherlands/14015526/2014 (H5N8)_547682

93! Ajchicken/Netherlands/14015531/2014 (H5N8)_548624

AfCoot/Korea/H81/2014 (H5N8)_KJ508021

Afbaikal teal/Korea/Donglim3/2014 (H5N8)_KJ413851

41t A/waterfowl/Korea/S005/2014 (HEN8)_KJ511813

Alfcommon teal/Korea/H455-30/2014 (H5N8)_KJ509157

A/Baikal teal/Korea/HE68/2014 (HON8)_KJ509005

A/Baikal teal/Korea/H41/2014 (H5N8)_KJ508933

36} A/Baikal teal/Korea/HO6/2014 (H5NB)_KJ509037

& Eurasian NP

AJ/bean goose/Korea/H40/2014 (H5N8)_KJ508925

- A/Chicken/Kumamoto/1-7/2014 (H5N8)_517162

Alduck/Beijing/FS01/2014 (HSN8)_543003

ﬁl‘— A/duck/Beijing/CTO1/2014 (HSN8)_543011

- W Alcrane/Kagoshima/KU1/2014 (HEN8)_553209

EEA/‘gyrfalcun'WashingtomM088—5/2014(H5N8)

2 — A/chicken/Miyazaki/7/2014 (H5N8)_553344

81

A/duck/Shandong/Q1/2013 (HSN8)_KM504102
2 | A/Baikal teal/Korea/H52/2014 (H5N8)_KJ508966
Albreeder duck/Korea/Gochang1/2014 (HSN8)_KJ413835
Alduck/Zhejiang/\W24/2013 (H5N8)_KJ4T6671

85 — A/mallard/Shanghai/SH-9/2013 (HSN8)_KJ476658
Alturkey/Ireland/1378/1983 (H5N8)_CY015092 i

Almallard/Washington/454202-15/2006 (H5N2)_GU051944

Afquail/California/K 1400794/2014 (H5N8)_KP101005
Almallard/California/2559P/2011 (H5N8)_CY 134104
g9 1 O Alturkey/British Columbia/FAV10/2014(H5N2)
@ A/Northern pintail/Was hington/40964/2014(H5N2)
AJAmerican green-winged teal/Ohio/13052084/2013 (HEN8)_KJ568114
A/buffiehead/Califomnia/3118/2011 (H4N8)_CY 134338
Afnorthern shoveler/Califomnia/3768/2012 (HEN2)_CY 177032
Albuffiehead/California/4935/2012 (H11N2)_CY 177056
A/Northern shoveler/\Washington/44249-645/2006 (HSN2)_CY 076256

& i widgeon/Washington/466768/2006 (H5N2)_GU050047
A/American widgeon/Oregon/467919/2008 (HSN2)_GU050062
99 L A/Guinea fowl/Oregon/459674-5/2006 (H5N2) GQ923136
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Adwaterfowl/Korea/S005/2014 (H5N8)_KJ511815

— Alchicken/Miyazaki/7/2014 (H5N8)_553346

A/Baikal teal/Korea/H96/2014 (HSN8)_KJ509039

O Alturkey/British Columbia/FAV 10/2014(H5N2)

A/Coot/Korea/H81/2014 (H5N8)_KJ509023

Aflcommon teal/Korea/H455-30/2014 (H5N8)_KJ509159

@ A/gyrfalcon/Washingtor/41088-6/2014(H5N8)

A/Baikal teal/Korea/H41/2014 (H5N8)_KJ508935

A/baikal teal/Korea/Donglim3/2014 (H5N8)_KJ413853

A/Chicken/Kumamoto/1-7/2014 (H5N8)_517164

¥ Alcrane/Kagoshima/KU1/2014 (H5N8)_553211

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

|- A/Baikal teal/Korea/H68/2014 (H5N8)_KJ509007
Alduck/England/36254/14 (HSN8)_547676

A/Chicken/Netherlands/14015526/2014 (H5N8)_547684

Alchicken/Netherlands/14015531/2014 (H5N8)_548627

Alturkey/Germany/R2474-1.00899/2014 (H5N8)_552749

73 Alduck/Chiba/26-372-48/2014 (H5NB)_548488

8 | Afduck/Chiba/26-372-61/2014 (H5NB)_548496

991 L Asbean goose/Korea/H40/2014 (H5N8)_KJ508927

A/duck/Beijing/CT01/2014 (H5N8)_543013
99 A/duck/Beijing/FS01/2014 (H5N8)_543005

39

Eurasian Matrix

@

g8 | A/duck/Jiangsw/k 1203/2010 (H5N8)_JQO73697
A/duck/Shandong/Q1/2013 (H5N8)_KM504104
Alduck/Zhejiang/W24/2013 (HEN8)_KJ476675
A/mallard/Shanghai/SH-9/2013 (HGN8)_KJ476660
A/Baikal teal/Korea/H52/2014 (HSN8)_KJ508967

68 | A/breeder duck/Korea/Gochang1/2014 (H5N8)_KJ413837
Alturkey/Ireland/1378/1983 (H5N8)_CY015090

A/Guinea fowl/Oregon/459674-5/2006 (H5N2)_GQ923134

A/American green-winged teal/Ohio/13052084/2013 (HENS)_KJ568116
A/Northern shoveler/Washington/44249-645/2006 (H5N2)_CY 076254

0.005

A/American widgeon/Washington/466769/2006 (H5N2)_GU050046
A/bufflehead/California/3118/2011 (H4N8)_CY 134336
Alnorthern shoveler/California/3769/2012 (H6N2)_CY 177030
A/buffiehead/California/4935/2012 (H11N2)_CY177054
Alquail/California/K1400794/2014 (H5N8)_KP101007
Afmallard/California/2559P/2011 (H5N8)_CY 134102
A/mallard/Washington/454202-15/2006 (H5N2)_GU051942
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A/Baikal teal/Korea/H41/2014 (H5N8)_KJ508936
¥ Alcrane/Kagoshima/KU1/2014 (H5NB)_553212
A/bean goose/Korea/H40/2014 (H5N8)_KJ508928
A/Coot/Korea/H81/2014 (H5N8)_KJ509024
A/Baikal teal/Korea/H68/2014 (HSN8)_KJ509008
A/Baikal teal/Korea/H96/2014 (H5N8)_KJ509040
O Afturkey/British Columbia/FAV 10/2014(H5N2)
A/commoen teal/Korea/H455-30/2014 (H5N8)_KJ509160
A/baikal teal/Korea/Donglim3/2014 (H5N8)_KJ413854
@ A/Northern pintail/\Washington/40964/2014(H5N2)
40| @ A/gyrialcon/Washington/41088-6/2014(H5N8)
|- A/chicken/Miyazaki/7/2014 (H5N8)_553347
- A/Chicken/Kumamoto/1-7/2014 (H5N8)_517165
Adchicken/Netherlands/14015531/2014 (H5N8)_548628
20 A/turkey/Germany/R2474-L00899/2014 (H5N8)_552750
. Alwigeon/Sakha/1/2014 (HIN8)_553471 Eurasian NS
A/duck/England/36254/14 (HON8)_547677
AlChicken/Netherlands/14015526/2014 (H5N8)_547685
A/duck/Chiba/26-372-48/2014 (HSN8)_548489
78]l Atduck/Chiba/26-372-61/2014 (H5N8)_548497
Alwaterfowl/Korea/S005/2014 (H5N8)_KJ511816
A/duck/Beijing/FS01/2014 (H5N8)_543006
GG[A/duckaeu‘inngT01/2014 (H3N8)_543014
AJ/mallard/Califonia/2559P/2011 (HSN8)_CY 134105
A/mallard/Shanghai/SH-9/2013 (H5SN8)_KJ476661
% Afduck/Zhejiang/\W24/2013 (HONB)_KJ476677
43| |A/Baikal teal/Korea/H52/2014 (H5N8)_KJ508968
40 97 | A/breeder duck/Korea/Gochang1/2014 (H5N8)_KJ413838
Alduck/Jiangsu/k1203/2010 (H5N8)_JQ9T73698
499[Afduc k/Shandong/Q1/2013 (H5NB)_KM504105
Afturkey/Ireland/1378/1983 (HSN8)_CY015093
AJbuffiehead/California/4935/2012 (H11N2)_CY177057
A/mallard/Washington/454202-15/2006 (HSN2)_GU051945
A/American green-winged teal/Ohio/13052084/2013 (HENB)_KJ568117
A/quail/California/K1400794/2014 (HSN8)_KP 101008
Albuffiehead/California/3118/2011 (H4N8)_CY 134339
78 r AJAmerican widgeon/Oregon/467919/2006 (H5N2)_GU050063
A/Guinea fowl/Oregon/459674-5/2006 (H5N2)_GQ923137
North American NS
73 A/Northem shoveler/Washington/44249-645/2006 (H5N2)_CY 076257
a0 | r A/northem shoveler/California/3769/2012 (HEN2)_CY 177033
78 L AJAmerican widgeon/Washington/466769/2006 (H5SN2)_GU050048

31

6554

100

0.05

Technical Appendix Figure, panels A—F. Phylogenetic analysis of the 6 internal genes of the influenza
A(H5N2) and (H5N8) viruses: A, polymerase basic (PB) 2; B, PB1; C, polymerase acidic (PA); D,
nucleoprotein (NP); E, matrix (M); and F, nonstructural (NS). Red circles indicate highly pathogenic avian
influenza (HPAI) subtype H5N2 and H5NS8 strains from the United States; open red circle indicates HPAI
subtype H5N2 virus from Canada; black triangle represents HPAI subtype H5N8 derived from
Alcrane/Kagoshima/KU1/2014(H5N8) in Japan. Sequences were aligned by using MUSCLE, and
phylogenetic and molecular evolutionary analyses were conducted by using MEGA version 5, using the
neighbor-joining tree-building method, with 1,000 bootstrap replicates (1). Analysis was done with viruses
that were phylogenetically representative of appropriate lineages (Influenza Virus Resource database,
http://www.ncbi.nlm.nih.gov/genomes/FLU/FLU.html).
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