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Highly Pathogenic Avian Influenza A(H7ZN9)
Virus, Tennessee, USA, March 2017

Dong-Hun Lee, Mia K. Torchetti, Mary Lea Killian,
Yohannes Berhane, David E. Swayne

In March 2017, highly pathogenic avian influenza A(H7N9)
was detected at 2 poultry farms in Tennessee, USA. Sur-
veillance data and genetic analyses indicated multiple in-
troductions of low pathogenicity avian influenza virus before
mutation to high pathogenicity and interfarm transmission.
Poultry surveillance should continue because low pathoge-
nicity viruses circulate and spill over into commercial poultry.

In early March 2017, concurrent outbreaks of highly patho-
genic avian influenza (HPAI) and low pathogenicity avian
influenza (LPAI) A(H7N9) were occurring at poultry farms
in Tennessee, USA. The first report of high loss due to death
was received from a commercial broiler breeder facility in
Lincoln County, Tennessee. The facility contained 74,000
chickens in 6 houses, but only 1 house was affected. Signs
of disease included respiratory distress and increased death.
Two days after disease onset, the number of dead birds in-
creased from 50 to 500 within 24 hours, and oropharyngeal
swab samples tested positive by real-time reverse transcrip-
tion PCR (rRT-PCR) for the matrix and H7 genes at the C. E.
Kord Animal Health Diagnostic Laboratory (Nashville, Ten-
nessee). Samples were forwarded to the National Veterinary
Services Laboratories of the US Department of Agriculture
(Ames, Iowa, USA) for confirmation, and depopulation of
the flock was initiated. The next day, the virus was confirmed
as H7N9 HPALI virus by sequencing. A second HPAI-positive
broiler breeder flock of 55,000 birds was identified in the
control zone <10 days after identification of the first site; this
site also had only 1 house affected. During the time between
the 2 HPAI virus detections, H7N9 LPAI was confirmed in
a different broiler breeder flock in Giles, a neighboring Ten-
nessee county (online Technical Appendix Figure 1, https://
wwwne.cdc.gov/ElD/article/23/11/17-1013-Techapp1.pdf).
Subsequently, additional commercial and backyard flocks
in Alabama, Kentucky, and Georgia were identified to have
H7NO9 LPAI through zone and routine surveillance. To trace
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the origin and understand their genetic relationship, we per-
formed whole-genome sequencing and comparative phylo-
genetic analysis of the available H7N9 viruses identified in
Tennessee and Alabama.

The Study

We sequenced the complete genomes of 12 HPAI vi-
ruses (7 from the first and 5 from the second site), 3
LPAI viruses from Giles County, and 7 LPAI viruses
from Alabama by next-generation sequencing (online
Technical Appendix Table). We generated maximum-
likelihood phylogenies by using RAXML (/) and Bayes-
ian relaxed clock phylogenies by using BEAST version
1.8.3 (2). After removing the insertion sequences at the
hemagglutinin (HA) cleavage sites from HPAI viruses,
we concatenated all available whole-genome sequences
and analyzed them by using the median-joining method
implemented by NETWORK version 5.0 (online Techni-
cal Appendix) (3).

H7N9 HPAI and LPAI viruses from North America
were genetically distinct from those from China, which
have been infecting poultry and humans since 2013 (on-
line Technical Appendix Figure 2). All H7N9 viruses
shared high levels of nucleotide identity (>99.2%—-99.7%)
across all 8 gene segments except for the insertion at
the HA cleavage site. Insertion sequences, thought to be
critical for the HPAI phenotype, elongate the proteolytic
cleavage site, making HA more susceptible to cleavage
by ubiquitous proteases. The insertion sequence at the
HA cleavage site (PENPKTDRKSRHRRIR/G, insertion
sequence is underlined) in H7 viruses had 100% sequence
homology to chicken 28S rRNA (GenBank accession no.
AC147447.3), suggesting the mutation occurred during
virus replication in chickens. Similar events of chicken
rRNA insertion have been reported in the North America
H7N3 virus lineage in poultry (4). All previously reported
H7 HPAI viruses had insertions near the HA cleavage site
ranging from 6 to 54 nt (9).

An H7N9 LPAI closely related to the Tennessee and
Alabama H7N9 viruses was previously detected on Sep-
tember 7, 2016, in a Wildlife Services wild bird surveillance
pooled oropharyngeal and cloacal swab sample collected
from a blue-winged teal in Goshen County, Wyoming, geo-
graphically located within the North American Central Mi-
gratory Flyway. The LPAI A/blue-winged teal/Wyoming/
AHO0099021/2016(H7N9) virus (BWT/WY/2016) shared
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Figure 1. Genome constellation of
influenza A(H7N9) viruses. Viruses are
represented by ovals containing horizontal
bars that represent the 8 influenza gene
segments (from top to bottom: polymerase
basic 2, polymerase basic 1, polymerase
acidic, hemagglutinin, nucleoprotein,
neuraminidase, matrix, and nonstructural).
A genome reassortment event between
the H7N9 virus from Saskatchewan,
Canada (blue segments) and viruses
from wild birds of the US Central and
Mississippi Migratory Flyways (yellow
segments) led to the genome assortment
present in the Wyoming LPAI virus (BWT/
WY/2016). The genome constellation

of BWT/WY/2016 is the same as those

of the Tennessee H7N9 viruses. A red

bar in the hemagglutinin gene of the

HPAI virus indicates the insertion at the
hemagglutinin cleavage site. HPAI, highly
pathogenic avian influenza; LPAI, low
pathogenicity avian influenza.
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a high level of nucleotide identity (>99.1%-99.8%) with
the H7N9 outbreak strain across all 8 gene segments and
appeared to be a precursor of the H7N9 HPALI virus that
caused the outbreak among poultry (Figure 1; online Tech-
nical Appendix Figures 3, 4). Surveillance in Canada led
to the identification of a similar virus, A/blue-winged teal/
Saskatchewan/109-701/2016(H7N9)  (BWT/SK/2016),
on August 12, 2016. In phylogenetic analyses, 5 genes
(polymerase basic 2, polymerase acidic, HA, neuramini-
dase, nonstructural) from BWT/WY/2016, BWT/SK/2016,
and the H7N9 outbreak isolates clustered together (online
Technical Appendix Figure 2, panels A-C, E, H). The
polymerase basic 1, nucleoprotein, and matrix genes of
BWT/WY/2016 and H7NO outbreak isolates were derived
from a variety of different North America lineage LPAI vi-
ruses circulating in the Central and Mississippi Migratory
Flyways during 2016 (online Technical Appendix Figure
2, panels D, F, G).

A previous report suggests that the genomes of North
America wild bird lineage influenza A viruses are evolving
through a remarkably high rate of genome reassortment,
forming transient genome constellations that rapidly change

with no apparent pattern of gene segment association (6).
In contrast, a high level of nucleotide identity among all
segments of the BWT/WY/2016 and H7N9 outbreak iso-
lates (online Technical Appendix Figure 4) suggests that
this genome constellation might have been maintained in
the wild bird population since its emergence in 2016, with
subsequent dissemination to poultry in the southeastern
states in 2017.

The median-joining phylogenetic network analysis
suggests separate introductions occurred from a com-
mon source into Tennessee and Alabama (Figure 2). The
estimated time to most recent common ancestor of the
HA genes was October 5, 2016 (95% Bayesian credible
interval August 8, 2016-December 10, 2016) (Table),
corresponding with the waterfowl fall migration season
and time of BWT/WY/2016 sample collection. The LPAI
viruses identified at Alabama broiler breeder farms were
probably introduced separately. The network analysis
also suggested that the HPAI and LPAI viruses identified
at chicken farms in Tennessee probably originated from
a common LPAI virus, and a single mutational event led
to the HPAI virus that was detected at the first farm and

Table. Times to most recent common ancestors of H7N9 viruses, Tennessee and Alabama, USA, March 2017*

Virus clusters (no. taxa)t tMRCAL BCI 95% Posterior probability
Tennessee and Alabama LPAI and HPAI viruses (22) 2016 Oct 5 2016 Aug 8—-2016 Dec 10 1.00
Tennessee LPAI and HPAI viruses (15) 2016 Dec 21 2016 Nov 7-2017 Feb 3 1.00
Tennessee LPAI virus (3) 2017 Jan 23 2016 Dec 3-2017 Feb 25 0.98
Tennessee HPAI virus (12) 2017 Jan 30 2017 Jan 1-2017 Feb 25 1.00
Alabama LPAI virus from backyard guinea fowl (3) 2017 Jan 8 2016 Nov 18-2017 Feb 21 1.00
Alabama LPAI virus from commercial chicken (3) 2017 Jan 26 2016 Dec 10-2017 Mar 8 1.00

*BCI, Bayesian credible interval; HPAI, highly pathogenic avian influenza; LPAI, low pathogenicity avian influenza; tMRCA, time to most recent common

ancestor.

tSee online Technical Appendix Table (https://wwwnc.cdc.gov/ElID/article/23/11/17-1013-Techapp1.pdf) for specific virus strains used in analysis.

tTimes to most recent common ancestors of hemagglutinin segment.
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Figure 2. Median-joining phylogenetic network of influenza A(H7N9) viruses, United States, 2017. The median-joining network was
constructed from concatenated H7N9 virus genomes containing all 8 segments. This network includes all the most parsimonious
trees linking the sequences. Each unique sequence is represented by a circle sized relative to its frequency in the dataset. Isolates
are colored according to the sample: red inner circle represents HPAI in poultry, yellow inner circle represents LPAI in poultry, green
inner circle represents LPAI in a wild bird, purple outer circle represents isolates from Wyoming, black outer circle represents isolates
from Alabama, and sky-blue outer circle represents isolates from Tennessee. Bold lines indicate farm-to-farm transmission verified by
epidemiologic investigations. Red numbers indicate number of nucleotide changes between isolates. Black numbers are abbreviated
isolate names. HPAI, highly pathogenic avian influenza; LPAI, low pathogenicity avian influenza.

subsequently spread to the second (Figure 2). An epide-
miologic investigation revealed that delayed carcass dis-
posal at the first site with HPAI virus might have facili-
tated transmission to the second and that the purchase of
an infected guinea fowl caused transmission of an LPAI
virus between 2 sites in Alabama. The 8-gene network
analysis suggested the potential for >3 separate virus in-
troductions: 1) LPAI in Alabama commercial poultry,
2) LPAI in backyard Alabama poultry, and 3) LPAI and
HPALI in Tennessee commercial poultry. Bayesian phy-
logenetic analyses indicated high posterior probabili-
ties (>0.98) for each of the clusters of viruses in these
introductions; the time to most recent common ancestor
of each of these 3 clusters was December 2016-Janu-
ary 2017, corresponding to the wintering season for wild
birds in this area (Table). The distribution of cases across
4 states and discovery of antibody-positive flocks with
low or no viral RNA identified during routine and zone
surveillance during March 2017 together with the phylo-
genetic analysis indicating a theoretical poultry precursor
and variability in viruses from the same farm suggest that
the H7N9 virus circulated in the area undetected in poul-
try before the initial HPAI virus detection.

1862

Conclusions

Whole-genome sequencing and comparative genetic analy-
ses of all available sequences of the North America wild
bird H7N9 lineage suggest that the virus in the Wyoming
blue-winged teal represents a precursor to the poultry vi-
ruses in the southeastern United States and that the mu-
tation from an LPAI virus to an HPAI virus occurred in
poultry. Our data suggest that the virus circulated in the
region undetected in poultry before the initial HPAI virus
detection and that >3 separate virus introductions occurred.
These findings highlight the need for routine and frequent
testing of poultry for avian influenza virus because report-
able LPAI viruses might circulate without causing any
clinical signs.

Dr. Lee is a postdoctoral researcher at the Southeast Poultry
Research Laboratory in Athens, Georgia, USA. His research
interests include molecular epidemiology and host—pathogen
interactions of avian influenza viruses.
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Highly Pathogenic Avian Influenza A(H7N9)
Virus, Tennessee, USA, March 2017

Technical Appendix

Methods for Genome Sequencing and Phylogenetic Analysis

Nucleotide Sequencing

Complete genomes of 12 highly pathogenic and 10 low pathogenicity avian influenza
viruses were sequenced in this study. We extracted viral RNA from samples using the MagMAX
Viral RNA Isolation Kit (Ambion, Austin, TX, USA) and synthesized complementary DNA by
performing reverse transcription with SuperScript 111 (Invitrogen, Carlsbad, CA, USA). We
amplified all 8 segments of the isolates by PCR and conducted complete genome sequencing
using the Miseq system (lllumina, San Diego, CA, USA) and lon Torrent Personal Genome
Machine (PGM) (Thermo Fisher Scientific, Waltham, MA, USA). For the Illumina Miseq
system, the Nextera XT DNA Sample Preparation Kit (Illumina) was used according to the
manufacturer’s instructions to generate multiplexed paired-end sequencing libraries. The dsSDNA
was fragmented and tagged with adapters by Nextera XT transposase and 12-cycle PCR
amplification. We purified fragments on Agencourt AMpure XP beads (Beckman Coulter,
Fullerton, CA, USA) and analyzed them with a High Sensitivity DNA Chip and Bioanalyzer
(Agilent Technologies, Santa Clara, CA, USA). The barcoded multiplexed library sequencing
was performed by using the 300 cycle MiSeq Reagent Kit v2 (Illumina). For lon Torrent PGM,
we purified the PCR product and prepared the DNA libraries with the lonXpress Plus Fragment
Library Kit with lon Xpress barcode adapters. Prepared libraries were quantitated using the
Bioanalyzer DNA 1000 (Agilent Technologies). We diluted the quantitated libraries and pooled
them for library amplification using the lon One Touch 2 System and Enrichment System.
Following enrichment, DNA was loaded onto an lon 314 or lon 316 chip and sequenced using
the lon PGM 200 v2 Sequencing Kit. De novo and directed assembly of genome sequences were

carried out using the SegqMan NGen v4 program (http://www.dnastar.com/t-nextgen-segman-
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ngen.aspx). Nucleotide sequences were deposited in GenBank (accession nos. KY818808-
KY818839 and MF357713-MF357856).

Phylogenetic Analysis

We generated maximum-likelihood phylogenies of each gene segment using RAXML and
the general time-reversible nucleotide substitution model, with among-site rate variation
modeled by using a discrete gamma distribution (1). We generated bootstrap support values
using 1,000 rapid bootstrap replicates. We performed Bayesian relaxed clock phylogenetic
analysis of the hemagglutinin (HA) gene using BEAST v1.8.3 (2). We applied an uncorrelated
log-normal distribution relaxed clock method, the Hasegawa—Kishino—Yano nucleotide
substitution model, and the Bayesian skyline coalescent prior. A Markov Chain Monte Carlo
method to sample trees and evolutionary parameters was run for 50 million generations. At least
3 independent chains were combined to ensure adequate sampling of the posterior distribution of
trees. BEAST output was analyzed with TRACER v1.4 (https://beast.bio.ed.ac.uk/tracer) with
5% burn-in. A maximum clade credibility tree was generated for each data set by using
TreeAnnotator in BEAST. We used FigTree v1.4.2 (https://tree.bio.ed.ac.uk/) to visualize trees.
To better visualize the genetic relatedness of viruses, all available full genome sequences were
concatenated, with the highly pathogenic avian influenza virus modified to remove the
nucleotide insertion at the HA cleavage site, and analyzed using the median-joining method
implemented by NETWORK v5.0 (3).

Serology

Any antibody detection by National Poultry Improvement Program—authorized
laboratories using influenza A serologic testing (ELISA or agar gel immunodiffusion test) was
forwarded to the National Veterinary Services Laboratories (Ames, lowa, USA) for confirmation
testing by HA (H1-H16) and neuraminidase (N1-N9) inhibition testing.
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Technical Appendix Table. Avian influenza viruses used in study, Tennessee and Alabama, United States, March 2017

Site Date collected Virus strain designation County Pathotype

A 2017 Mar 3 Alchicken/Tennessee/17-007147-1/2017(H7N9), Lincoln HPAI
Alchicken/Tennessee/17-007147-2/2017(H7N9),
Alchicken/Tennessee/17-007147-3/2017(H7N9),
Alchicken/Tennessee/17-007147-4/2017(H7N9),
Alchicken/Tennessee/17-007147-5/2017(H7N9),
Alchicken/Tennessee/17-007147-6/2017(H7N9),
Alchicken/Tennessee/17-007147-7/2017(H7N9)

B 2017 Mar 13 Alchicken/Tennessee/17-008152-1/2017(H7N9) Lincoln HPAI

B 2017 Mar 14 Alchicken/Tennessee/17-008279-2/2017(H7N9), Lincoln HPAI
Alchicken/Tennessee/17-008279-4/2017(H7N9),
Alchicken/Tennessee/17-008279-5/2017(H7N9),
Alchicken/Tennessee/17-008279-6/2017(H7N9)

Cc 2017 Mar 6 Alchicken/Tennessee/17-007429-3/2017(H7N9), Giles LPAI
Alchicken/Tennessee/17-007429-7/2017(H7N9)

C 2017 Mar 6 Alchicken/Tennessee/17-007431-3/2017(H7N9) Giles LPAI

D 2017 Mar 12 Alguinea_fowl/Alabama/17-008272-2/2017(H7N9) Jackson LPAI

E 2017 Mar 15 Alduck/Alabama/17-008643-2/2017(H7N9) Madison LPAI

F 2017 Mar 14 Alguinea_fowl/Alabama/17-008645-2/2017(H7N9) Jackson LPAI

G 2017 Mar 14 Alguinea_fowl/Alabama/17-008646-1/2017(H7N9) DeKalb LPAI

H 2017 Mar 19 Alchicken/Alabama/17-008899-10/2017(H7N9), Cullman LPAI
Alchicken/Alabama/17-008899-11/2017(H7N9)

H 2017 Mar 17 Alchicken/Alabama/17-008901-1/2017(H7N9) Cullman LPAI

*HPAI, highly pathogenic avian influenza; LPAI, low pathogenicity avian influenza. Six additional premises in Alabama, Tennessee, Kentucky, and

Georgia were identified as H7N9 LPAI affected, but insufficient viral RNA prevented virus sequencing and analysis.

Page 3 of 14


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10331250&dopt=Abstract
http://dx.doi.org/10.1093/oxfordjournals.molbev.a026036

-

~h . Vo

Technical Appendix Figure 1. Outbreak map of H7N9 low pathogenicity (yellow) and highly pathogenic
(red) avian influenza.

Technical Appendix Figure 2 (following pages). Maximum-likelihood phylogeny of H7N9 virus genes
A) hemagglutinin, B) neuraminidase, C) polymerase basic 2, D) polymerase basic 1, E) polymerase
acidic, F) nucleoprotein, G) matrix, and H) nonstructural. Numbers along branches indicate bootstrap
values >70%. Brackets indicate the genetic subgroups. Scale bar indicates nucleotide substitutions per
site. The following 4 symbols were used to indicate avian influenza H7N9 viruses: black circle for highly
pathogenic H7N9, open circle for low pathogenicity H7N9, black triangle for A/blue-winged
teal/Wyoming/AH0099021/2016, and open triangle for A/blue-winged teal/Saskatchewan/109-701/2016.
HA, hemagglutinin; M, matrix; NA, neuraminidase; NP, nucleoprotein; NS, nonstructural; PA, polymerase

acidic; PB1, polymerase basic 1; PB2, polymerase basic 2.
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§ 1 AAmerican_groen-winged_teal Texas/AH0058651/2016(HTNZ)

10| AiAmerican, X
A/Amernican. it
| AlducksPennsyivania/15-030188-1/2015(HTNT)
of AlAmerican, tealilinois/

Aimaliard_duck/Ohio/ 1 SOS76752015(HTNT)
A/malard/Utah/AH0020452/2015(HTN4)

Almallard/idaho/AHO01152212015(HTNT)
AlmalardUtah/AH0020535/2015(HTN2)
- Almallard/Minnesota/AH0065348/2015(H7N3)
L Anorther_shoveleriCalfonia/AH00767 18120 16(HTN3)
AAmerican_green-winged_teal/Mississippi/AH0076465/2016(H7N3)
Alnorthern_shoveler/Tennessee/AH0039609/2016(HTNA)
Almallard/Kentucky/AHO0T28354/2016(HTN3)
& " )
Afmallard/Kansas/AHO044134/2016(H7N3)
AAmerk y
Amorthorn_shovelar/Mississippi150S8011/2015(HTN3)
Amallard/Kentucky/AHO089753/2016(HTNT)
| Alnorthern_shoveler(Texas/AHO0S6518/2016(HTN3)
A'Shanghail01/2014(HTNS)

Besng/

100 Ajchicken/Longquan/LQ78/2016(HTNS)
28] AGuangdong/HPOO1/2017(H7NG)
100 A/Qingyuan/GIRDO1/2017(H7NS)

North American lineage

H7N9/China
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(B) NA

@ Alchicken/Tennessee/17-007147-5/2017(HTNS)
Y

| @ Alchicken/Tennessee/17-007147-6/2017(HTNG)
| @ AlchickenTennessee17.007147-2/2017(H7NS)
58| @ Alchicken/Tennessee/17-007147-1/2017(H7NS)
Y 47.

@ Alchickan/Tennessee/17-008279-672017(H7NS)
@ Alchicken/Tennessee/17-008152-1/2017(H7NS)
|| @ Alchicken/Tonnessae!17-008278-212017(HTNS)
@ Alchicken/Tennessee/17.008278-52017(H7NS)
@ Alchicken/Tennesses!17-008279-4/2017(H7NS)
-I{O Achickon/Alabama/17-008899-10/2017(HTN9)

jt3

{7[LO Avchicken/Alabama/17-008901-1/2017(HTN9)
(e} 11

O Alduck/Alabamal17-008643-212017(HTNS)

O AlchickenTennessee/17-007431-3201T(HTNS)

| Mo

O Aehi 293 ¢

O Alguinea_fow/Alabamal17-008272-2/2017(HTNS)
"‘|

O Alguinea_fowl/Alabamay17-008646-1/2017(H7NS)
'O Alguines_fowl/Alsbama/17-008645.2/2017(HTNE)

La 4
T A Abiue-winged_teal/SK/109_70172016(H7NS)
100

L Amallard_duck/Wisconsin/150S7136/2015(H11N9)

72, _[_— Alcinnamon_teal/Calfornia/AH0093650/2016(H7NS)
100 L A/mallard_duck/Ohiof150S58452015(H11N9)

L1 Abluo-winged_tealToxas/Al12-3737/2012(H11N9)

Abiue-winged_teallinois/1 10S4176/2011(H11N9)
Anorthern_shovelerMississippi/120S346/2012(H11N9)
Anorthem_shovelerlinois/110S5680/2011(H11NS)
Alblue_winged-teal Wisconsin/120S3068/2012(H11N9)
Afmallard/Maryland/12053662/2013(H1 1N9)
Almalard/Wisconsin/1 30528001201 3(H11N9)

A black ¢

AavianMaryland/130S292272013(H11NS)
o8 Alblack-necked_stitiChile/2/2013(H11N8)

100] Alblack-necked_sti/Chile/1/2013(H11N9)
Ablue-winged_teal/TXIAI13-33072013(H11N9)

o Amallardinterior_Alaska/118M034362011(H2NS)
(— Almallard/Wisconsin'100S2667/2010(H11N)
{— AvAmerican X 1N9)

f— A/mallard/Missouri10MOO333/2010(H11N8)

nged. 1N9)

il Alnorthern_shovelerflinois/100S3618/2010(H11N9)

- Aimallard/Arkansas/1208061/2012(H1NS)

I Anorthorn_shoverlMississippil1108145/2011(HTNS)

 Atamerican_g nged_t 105902011(H11N9)

Aturkoy/Minnesota/32710/2011(HTNS)

=1 - Alguinea,_fow!Nebraskal17096-112011(HTN)

o5 | Algoose/Nebraskal 17087-412011(H7NS)

81 Alguinea_fowNebraska/17086/2011(HTNg)

[~ Afmaliard/Missouril10MOOB4/2010(HSNS)
Almaiiard/Wisconsin/100S41932010(H1 1N9)

E Amallardinterior_Alaska/12MLO00SG/2012(H2NS)

—— Almallardlinois!120S4468/2012(H11N8)

2] 100, X 1
02 Alcinnamon_teal/Caiffornia/AH0079011/2016(H7NS)

L 1N9)
99 AimaliardiSouthcentral_Alaska/12MLO1885/2014(H11N8)
Ahorthern_shoveler/Calfornia/AH0055278/2015(H7NS)

Anorthem_shoveler/CalifomialL DC381/2015_(H11N2)

- Amallard/Caifomia/UCDTO4/2015_(H11N8)

Amallard/CalifornialUCDB56/2015(H11N9)

100| L AtmallardiCalfornia/UCD1154/2015(H1 1N9)

 Aimallard/California/S7881/20 15(H11N)

Aimallard/CalfornialUCD80572015(H11NS)

Amallard/CalfonialST820/2015(H11N9)

Amallard/CakfornialST811/2015(H11N9)

| Amallard/Caifomia/3261072015(H11N9)

Almallard/Calfornia/ST888/2015(H11NS)

[— Anorthem_shovelerMississiopi110S5812/2011(H11NS)

| iN9)
= Alhorthem_shoveler/Calfomia/AHOOTG75572016(HTNG)
8L Algreen-winged_teal/Casfomia/51472013(H11N)
Aleinnamon_tesiCalforniar22512011(H11N9)
5] AmallrdCalifomiar2584P12011(H4NG)
1091 Almatard/Calfomia2585P/2011(H11N9)
L AmallardiAlbarta/1552008(H19)
100 AturkeyNinnesola/316762009(HTNG)
__{mmwmmmmmwmoo(mm)
|— AmsitardMinnesota/AI0S-377012008(HTNG)
AlAmerican_green-winged_tealTexas/AI0S-4396/2008(HINGS)
Almallard/Minnesota/Sg-00830/2008(H1 1NS)
561 Almallard/MN/AIO8-3267/2008(H11N9)

Amallard/Alberta287/2007(H2NS)
Almailard/Missouri/350/2009(H11NS)
Amallard/CalfornialB517/2008(H11N9)
AAmerican, 14 1Ng)
ifomiai44221-761/2006(HSNS)
Amallard/interior_Alaska/SMPOSOS/2006(H10NS)
Afnorthern_pintai/Alaskald4 184-144/2006(HSN9)

Almallard/Albertal177/2004(HTNS)

ABeiling/11201(HNG)

= Alchicken/Longquan/LQ78/2016(H7NS)
% AfGuangdong/HPOO1/2017(HTNS)
1001 A/Qingyuan/GIRDO1/2017(H7NS)

7] — Aorthem_pintaillAlaska/85572011(H2N)
A/American {_teal/interior_/ (H2N9)
109 L AAmerican, toalinterior_ 1(H2N9)
o] (_Aaskalt
U i 1(H2N8)
(H2N8)

North American lineage

H7N9/China
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(C)PB2

@ Alchicken/Tennessee!17-007147-52017(H7NS)
@ Alchicken(Tennessoe!17-007147-4/2017(HTN9)
@ Alchicken/Tennessee/17-007147-/2017(HTNS)
@ Alchicken/Tennesses!17-007147-62017(HTN9)
@ Alchicken/Tennesses/17-007147-32017(HTN9)
PR

@ Avchicken Tennessee/17-008278-472017(H7Ng)
@ Alchicken Tennessee/17-008152-172017(H7N9)
@ AvchickenTennessea/17-006279-212017(HINS)
74| @ AjchickenTennessea/17-006279-52017(HTNS)
| @ Aichicken/Tennessee/17-008279-6/2017(HTNS)
@ Alchicken Tennesseal17.007147.212017(HTNS)
o

o o] <
100| - O AchickenTonnossea!17-007431-32017(H7NS)

O Alduck/Alabamaf17-008843-2/2017(H7NS)

O Alguinea_fowl/Alabamal17-008645-212017(HTNS)
O Alguinea_fowl/Alabama/17-008272-2/2017(H7NS)
100410 Aguinea_towt/Alabama/17-008646-1/2017(HTNS)
O Alchicken/Alabama/17-008901-1/2017(H7NS)

o 1,
o)

'O Achicken/Alabamal17-008899-1012017(H7NG)
sila

— A Alblue-winged_teal/SK/109_T012016(H7NS)

|— A/American_gr

70}~ Alblue_winged_tesiWisconsini140S2258/2014(HIN2)
| Amatara/Pennsylvania/AH003692972015(HTNT)
Algrean-winged_teallOnio/150S5438/2015(HIN2)
Amallard_duck/Ohio/150S5361/2015(H11N8)
Aleommon_black_duck/Ohio/150S5780/2015(H11N9)

e [Mmmmmmmnnm
| Ablue-winged_teal/Ohiol 120622262012(HING)
- AlAmerican_green-winged_tealWisconsin'1 2084538/2012(N6)

L Alue-winged_tealiOhio/130S2037/2013(HTN1)
A/American_black_duck/Ohio/140S0557/2014(H4NS)

100 Afmallard/Ohiol 140S0568/2014(HéNg)

I+ Alorthem_pintailinois!1 10S4766/201 1(HSN3)

X (HIN3)

X (HINZ)
AMwood_duckWisconsin/1 1062912/2011(HING)
Algreon-wingod_tealTexas/Al11-3781/2011(HING)
Afmallardilinois/1 1054420201 1(H2N3)
Anorthem_shovelerWisconsin/1 1083013/2011(H4N8)
72 [871— Alblue-winged_tesi/TexasiAl13-4085/2013(H4NS)

i toal/Califomia/AH0093650/201
erL 6(HTNS)

Alnodthem_pintaiAlberta/3/2008(mixed)

} Aamerican_green-winged_tealMinois/3053/2009(mixed)
| AimallardiMinnesota/Al09-251872009(H3NE)
- Alblue-winged_teallTexas/Sg-00081/2007(HANS)

-I- Almallard/\Wisconsin/1 10S3407/2011(H4NS)
| — Afblue-winged_teal/Ohio/12052108:2012(H4N6)
98] || - Abuffeheadilinois/140S36082014(H4NE)

g5 Aflesser_scaup/Kentucky/AHO01283572015(H7NS)

Aturkeylindiana/16-001573-22016(HTNG)

96 Aurkey/indianal16-001574-712016(HTNE)
Aturkeylindana/16-001403-172016(HTNS)

L Anarther_shoveleriCaiifomiaHKWF 137072007 (H10N3)

Almaliard/South_Dakota/AH003806 172016(H7NT)

Albus-winged_tealSK/109_1451/2016(HTNS)
| AAmerican_gresn-winged_teslUIah/AHOOTED18201B(H4TNS)
| A/maltard/Utah/AH0075852/2016(H7N3)
AAmcican_gresn-winged|
100] AmalardIUISNAHOOTE0302016(HTNG)
AmalardUsh/AHOO7S8622016(HTNS)
Amaliard/Utah/AH0075857/2016(H7N3)
Aerthern_pintsilAlaskal81972014(H7NG)

100/ o buehead/Alaska/S042014(HTNG)

&| | Amorthem_pintailAlaskaid7172014(H7N4)
Almallard Calforia/S78202015(H11N9)
AmallardiCalifomia/UCD704/2015_(H11N6)
AlmallardCalfomialUCDB0S2015(H11NG)
|— Ajcinnamon_teal/California/AHDO79011/2016(H7NS)

- Alnorthem_pintailAlaska/856/2013(H10NT7)

L AlNorthern_shoveler/Alaska/NDOODGO34/201(H1ONT)

(— Ablus-winged_toal/SK/109_1585/2016(H7NG)
o Ainorthern_shoveler/Mississippi/140S3733/2015(HTNS)

i AAmerican,

AAmerican,
Amorther_shoveler/Caiformia/AHO0070182014(H7NS)

7 wamarican_grean-winged sesiaHooosTs1Z01S(HTNY)

Anorthem_pintail'Calfornia/AHO011848/2015(HTNT)

Alurkey/Calfomia/81992015(HTNG)

[ -y ;

7] Alnarthem_shoveler/Calfomial.OC368/2015(HTNS)
A/Shanghail01/2014(HTNS)

Alchicken/Longquan/LQ78/2016(HTNS)
AGuangdong/HPOO12017(H7NS)
1 ARQingyuan/GIRDO172017(HTNS)

North American lineage

H7N9/China

Page 7 of 14



(D) PB1

@ Alchicken/Tennessee/17-007147-12017(H7N9)
@ Alchicken Tennesseel17.007147-312017(HTNS)
@ Alchicken/Tennessee/17-007147-7/2017(HTNS)
@ Achicken/Tennessea/17-007147-2/2017(HTNS)
° Q07147-

@ AlchickenTennessee/17-007 147-4/2017(HTNG)
@ AchickenTennessee/17-007 147-6/2017(HTNG)
@ Alchicken/Tennessee/17-008152-1/2017(H7N9)

[»O Alchicken/Tennessee/17-007431-32017(H7NS)

{e] A
o X
O Aiguinea_fowl/Alabamal17-008645-2:2017(HTNS)
O Aduck/Alabama/17-008643-2/2017(HTN9)

{o Achicken/Alabamal17-008899-10/2017(H7N9)

o] ¢

O Alchicken/Alsbama/17-008901-172017(H7NS)

O Aguinea_fowl/Alabama/17-008272-2/2017(HTNS)
O Alguinea_fowl/Alabama/17-008646-1/2017(HTNS)

A nged._ |
Afnorthern_shoveler/Louisiana/AHO036366/2016(H7N3)
l ot

g Afnorther_shoveler/Louisiana/AHO036364720 16(H7N3)

 Alblue-winged_toaliOhiol150S4880/2015(H4N)
L Alblue-winged_teal/Ohio!15085135/2015(HINS)
l— Almaitard_duck/Ohio/150S5289/2015(HSN2)

Affeces/Minnesota/AHO017578/72015(HTN3)
Aimallard/Minnesota/AHODBS348/2015(HTN3)
- Aimallard/Ohiol130S5188/2013(H10N8)
Amatard/Ohio/13085191/2013(H10N8)

Almatlard_duckiOhio/150S7675/2015(HTNT)
Afmallardiidsho/AHO0011522/2015(H7N7)

411 10 Alduck/Pennsylvanial15-030188-172015(H7NT)
ol |— AmallardMaryland/130S3035/2014(H10NT)

| Ablue-winged_teal/LA/AN3-23872013(HTNT)
94

Alblue-winged_tealLA/AI3-1782013H7NT)
g || Alblue-winged_tealL A/AI13-14202013(H7N7)
g5 ABO-HiNgOd_IoalLAAIT-1402013(HTNT)

| Alblu-winged_toallA/AI13-1338/2013(H7NT)
- Awood_duck/Wisconsin/1 10534437201 1(H11N9)

__[— AMexicoinDRET218/2012(HTNS)
b L AvchickentJalisco/CPA1/2012(H7N3)

= inged_t 2012_(H11N3)
— r Afblue-inged_teal/Guatemala/CIPO49H101-24/2011(HING)
8) L Amorthem_shoveler/Guatemala/CIPO49103-05/2011(H1N3)
A/malisrd/UtalVAH0020890/2015(H7N3)
A Ablue-winged_teal'SK/109_701/2016(H7N9)

nged_tealMB/111_

100L— Alcinnamon_teal/California/AH0079011/2016(H7NS)
Alturkeyfindiana/16-001403-1/2016(HTN)
Alurkeyndiana/16-001574.7720 16(HTNG)

- 0L Aturkeyindiana/16.001573.2/2016(HTNG)

5|* AMlesser_scaup/Kentucky/AH0012835/2015(H7NB)

|- A/American_wigeon/CalforniallDC111/2014(HaNg)

L Abufiehead/linois/ 14083567120 14(H4N8)
Albutfiehead/lllinois/120S4798/2012(N8)

"L Alsnow_goose/Delaware/120S3766/2012(H1IN1)

Amaard Missour350/2009(H11NS)
Anorthem_pintaliAlaskalUGAI15-7567/2015(HEN2)
A/mallard/Kentucky/AH005181172016(HTN3)
Almalard/Kentucky/ AHO051806/2016(H7N3)
Almaliard/Kentucky/AHO051797/2016(H7N3)
Acinnamon_teal/California/AHO093650:2016(H7NS)
.qNWWW._B!MIW)
Arod_knotDolawars_Bay221/2015(HTNS)
(~ Alshorebird/Delaware_Bay/344/2015(H7N3)

 Alshorebird/Delaware_Bay/49272015(H7N3)
1001 Arruddy_tumstone/New_dersey/UGAI15-393372015(H7N3)
Aruddy_tumstoneiNew_Jersey/UGAI15-4215/2015(HTNS)
Ashorebird Delaware_Bay/58212015(HTN3)

94 Alruddy_tumstoneiNew_Jersey/UGAI5-423772015(HTN3)
Afshorebird/Delaware_Bay/62/2015(HTN3)
Aldunin/Delaware_Bay/281/2015(HTN3)
Alsandering/Delaware_Bay/28012015(HTN3)
Afruddy_tumstone/Now_Jersey/UGAI1S-2958/2015(H7N3)
88— Achickon/Texas/9636-372014(HBN5)

n Ablus-winged_teal/SK/109_15952016(HTNE)

1L AnmatardMarytand/110S906/2011(H12NS)
o

i_tealNorth_{
L Ablue-winged_tealiAertal387/2007(HING)

o

94| — Amaitard/Alberta/S902010(HTNE)

) X
Aimallard/Caifornia/296
5 uzo? 1(H2N3)

o 3
8] Anorthern_pintaiVNevada/AH0033473/2015(HINS)
5]~ Alcinnamon_tealUtsh/AHO06T 154/2015(HTNT)
9L Anorther_shoveler/Caifomia/AHO0S5278/2015(HTNS)

A/Shanghaii1/2014(H7NS)

£
1 ABeijing/1/2013(HTN9)

North American Lineage

H7NS/China
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(E) PA

@ Alchicken/Tennessoa/17-007147-1/2017(HTNS)

'Y 7147.
° 00827
@ Achicken/Tennessoa/17-007147-472017(H7NG)
'Y 7

74 @ Alchicken/Tennessos/17-008279-5/2017(HTNS)
°
° 007147-
@ AlchickenTennessoa/17-007147-672017(HTNS)
'Y 007"

@ Alchicken/Tennessea/17-007147-5/2017(HTNS)
@ Alchicken/Tennessee/17-008152-1/2017(H7NS)
o] )

O Alchi 007429-7._org

O Alchicken/Tennessee/17-007431-372017(H7N9)
'O Arduck/Alabamal17-008643-212017(HTNS)

1003 O Aschicken/Alabama/17-008899-10/2017(H7NS)
O Alchicken/Alabamal1 7-008901-172017(H7NS)

'O Alchic 008899-11_ori

11O Aguinea_fowlAlabamal17-008645-212017(HTNS)
L O Alguinea_fowlhlabamal17-008646-1/2017(HTNS)
SN0 aiguines_fowlAlabama/17-008272-272017(HTNS)
wi-A

| A Alblue-winged_teal/SK/108_70172016(H7NS)
Albluo-wingod_toal/inois/150861522015(H3N1)
[-Nm_mvcmmmmmnnm

I A/American_wigeon/Utah/AH0087123/2015(H7N7)
- Afmallard/Ohio/160S0620/2016(H10N7)

3% WAmerican_green-winged_toal Texas/AHO040242/2016(HTN3)

AlAmerican

AlAmerican_green-winged_tealToxas/AHO0S7366/2016(HTNZ)

Alnorthern_shoveler/Louisiana/AH0036366/2016(H7N3)

1958 | Alorthom_shovelerLouisiana/AH003636472016(HTN3)
AlAmerican 1
| Amatard_duckWisconsin150S7136/2015(H11N9)
AAmerican, inged 3 : nN3)

Alblue-winged_tealllowal130S2345/2013(HINS)
L Almallard/Ohiol140S0881/2014(H10N7)

|- AlAmerican_green-winged_teslOhio/13052097/2013(HEN8)
Ablue-winged_teallowa/130S2337/2013(HANS)
 AlAmerican_green-winged_teallOhiol13052090/2013(HEN2)
1] Alus-winged_tealllowa/13052368/72013(HéN8)

A/mallard/Ohio/140S3363/2014(H2N3)
Aimailardidaho/AHO01152272015(HTNT)
88| | Amatara_auekioniortsosTe7s2015HINT)

PO — Ainothom_shovoleriCaliformia/AHO07937 1/2018(H7NS)

Aduck/Pennsyivanial15-030188-172015(H7NT)

95 | Acinnamon_teal/Utah/AHO08T 15412015(H7NT)

'“‘i Aeinnamon_teaiCalfornial/AH0079011/2016(H7N9)
Amallard/Utah/AHO020452/2015(HTN4)

Asnow_goose/Delawarel12083778/2012(H2N3)

r.m..umumsosmmm»

Ablue-winged_tealOhio/1205212372012(HIN2)

Abluewinged_tealOhio/1205224472012(HANE)

[~ Almalard/Maryland/14081306/2014{H10N3)
S

[ Anorem 1_pintai_duckiOhio/150S5737/2015(HANS)

{_tealiSK/109_t

b | Almallard/Ohio/14083201/2014(H4N6)
Amllard/Wisconsin/14052282/2014(HANS)
AAmerican_black_duckiOhio/1405266172014(HIN2)
I- AlmattardiMaryland/120362972013(H7N3)

I

Almallard/Wisconsin/110S4362/2011(H11N3)
Almallard/Ohio/1 1082239/2011(HSN2)
Awood_duck/Wisconsin/110§2912/2011(H3NG)
Almallard/Winois/1 10841217201 1(HEN2)

teall

X 10-36/2012_(H11N3)
Anorthem_shoveler/Calfornial3887/2012(H11N8)
Ablue-winged_teallGuatemala/CIPO4GH1 13-532013(HSN3)

00 [~ A/northem_shoveler/California/AHO055278/2015(H7NS)

ANorthem_shoveler/Utah/AHO007941/2014(HTN3)
Alblue-winged_tealLA/AI13-14122013(H7N7)

100] Abluc-winged_teallLAVAI13-143572013(H7N7)

{

372011_(HN3)

g0 Amallard_duckiOhiol1508430912015(H3N8)
00 | Aimaliard_duck/Ohiol/15054285/2015(H3N8)
s AlmallardiOhio/15054012/2015(H1N1)

AAmerican,

Amallard Tonnessoa/AHO039T13/2016(H7N1)
Allesser_scaup/Kentucky/AH0012938/720 15(HTN8)
Aturkeyfindiana/16-001573-2/2016(H7N8)

100 | AMturkey/Indiana/16-001403-1/2016(H7N8)
Afurkey/indiana/16-001574-7/2016(HTN8)

1(H12NS)

Almallard/Wisconsin/1 10S3468/2011(H2N3)

Anorthem_pintailWisconsin/110S4111/2011(HEN2)

1N9)

| 'lunumwamtconsmIRM)

90| [~ Ablue-winged_tealMB/111_78372016(H7N3)

Amallard/Arkansas/150S7607/2016(HTN3)

| Aimallard/Arkansas/150S7607/2015(HN3)

,— AlGuangdongHPOO2017(H7NS)

" AShanghal01/2014(H7NG)
AQingyusn/GIRDO1/2017(HTNG)
9 L Alchicken/LongquanL Q78/2016(H7Ng)

—
001

North American lineage

H7N9/China

Page 9 of 14



@ Alchicken/Tennessee/17-008152-1/2017(H7N9)

(F) NP . =k
° 79
@ Alchicken/Tennessee/17-007147-6/2017(HTNS)
@ Alchi 008279
o 17-007147-
e 17-007147-
® 17-00714;
° 17-007147.
°
2
@ Alchicken/Tennessee/17-007147-4/2017(HTNG)
@ Alchicken/Tennessee/17-007147-572017(HTNS)

O Al o

O Alehicken/Tennessee/17-007429-3_origi2017(HTNS)

O Alchicken/Tennessee/17-007431-32017(H7NS)

L O Alduck/Alabamal17-008643-2/2017(HTN9)

99| O Alguinea_fowl/Alabama/17-008645-2/2017(H7N9)

tIO Alguinea_fowl/Alabama/17-008272-2/2017(H7NS)

91O Alguinea_fowl/Alabama/17-008646-1/2017(H7NS)

S84 | O Avchi 008899-11,

"{O Alchicken/Alabama/17-008899-1012017(H7NS)
O Alchicken/Alabama/17-008901-1/2017(HTNS)
A Abiue-winged_tealWyoming/AH0099021/2016(H7NS)
Aturkeylindliana/16-001573.212016(H7NS)
5] Aurkeyindianal16.001403-1/2016(HTNE)
Aturkeylindianal16-001574-712016(HTNS)
Aforthern_pintaillOhio/140S2209/2014(HSNS)
1001 Arnortherm_pintailOhio/14052210/2014(HSN8)
Abuffiehead/linois/4016/2009(HANE)
73| Atblue-winged_tealLouisiana/Al10-3543/2010(H4NS)
o— Ablue-winged_tealiOhio1 3052104/2013(H2N3)
Aorthern_shovelerMissouri/120S5755/2012(H10N3)
AAmerican_green-winged_tealMississippi/1105257/2011(H11N8)
|— AAmerican_green-winged_teallOhia/12082137/2012(HANE)
% _lmmvmpa_mvra-wnmmmm)
1991 Ablue-winged_tealTexas/AI11-3764/2011(H3N8)
AAmerican_green_winged_teal/MississippA0630203/2009(H7NE)
AAmerican, 1N9)
Afmallard/Calfornia/6957/2008(H10N7)
8L Agreen-winged_teallCalfornia/10197/2008(H1ONT)
L Aigreen-winged_tealTexas/Al11-4019/2011(H3NG)
Afmallard/Calfornia/1 1032/2008(N6)
AAmerican_gn X
981 Amallard/Albertal152/2006(H1N3)
Afmallard/Alberta/190/2008{mixed)
Alnorther_pintail/Wisconsin/4 198/2009(H11N9)
Avcinnamon_teallCalifornia/AH0079011/2016(H7N9)
Afblue-winged_teaVSK/109_1451/2016(H7N3)
Abiue-winged_teallMBI111_783/2016(H7N3)
Alcinnamon_teallCalfornia/AH009365072016(H7NS)
Ablue-winged_teal/SK/109_1595/2016(H7NG)
Afhorthern_pintailMinnesota/Al08-325412009(HEN2)

100

100

— Aldomestic_duck/West_Virginia/AO0140813/2008(H7N3)
Anorthem_shoveler/Guatemala/CIPO49H103-05/2011(HIN3)
[Nm_meuewmmmoswmmmm;
- Almallard/Ohio/1 1082238/2011(HSN2)
Afmallard/Maryland/110S3603/2011(HSN2)
 AJmallard/Ohio/ 1105199172011 (HIN1)
L Arbiue-winged_tealiWisconsin/11052657/2011(H4NG)
Afmallard/Wisconsin/110S3408/2011(H3N2)

- Aforthem_shovelor/Guatemala/CIPO49H104-69/2011(H11N3)
00| Afmallard/Ohio/11082232/2011(H1N1)

[ Ablue-winged_teal/Wisconsin/110S302022011(H1N1)
bl - Alblue-wingod_tealGuatomala/CIP049H103-2012011(H3N2)

E[ AlAmerican_green-winged_teal/Wisconsin/11053499/2011(H10N7)

Almallard/Wisconsin/110S3578/2011(H1ON7)
- Alblue-winged_tealTexas/Al12-3737/2012(H11N8)
83 Alcinnamon_teal/Utah/AH006715472015(H7NT)

3

75/ A/American, §_tealC:
Almallard/Utah/AHO075862/20 16(H7N3)

A Alblue-winged_tesiSK/108_T01/2016(HTNS)

Algreen-winged_teal/Missouri/13086332/2013(H10N3)

Afmallard/Calformia/57871/2015_(HANG)

Amallard/Califoria/UCD975/2015(HANG)

Amaliard/Calformia/UCDE86/2015(H4NE)

[ Anorther_shoveler/Nevada/AH0009328/2015(H7NS)

% (— A/American_green-winged_teal/Utah/AH0021680/2015(H7N3)

ANorthern_shoveler/UtahVAH0007941/2014(H7N3)

 Alturkey/California/8 19912015(HTN3)

Ainorthem_shoveler/California/AHO007018/2014(H7N3)

Alcinnamon_teal/New_Mexico/AHO013653/2015(H7N3)

A/American_green-winged_tealAH0003731/2015(H7N3)

AAmerican, d_t

8 - Alnorthern_pintail/California/AH0011848/2015(H7NT)
|| Alnorthern_shoveler/Calfornia/l DC366/2015(H7N3)

o | AMwhite_front_goose/Alaska//445210/2006(H5N2)
751 Argreater_white-fronted_goose/Alaska/d4049-046/2006(HSN2)
L Aimallard/Alberta/240/2005(H1N1)

Alest

Lmaq_mmw«mmm(nsm)

ABeiing/1/2013(H7NS)
Alchicken/Longquan/LQ78/2016(HTNS)
72 A/Guangdong/HPOO01/2017(HTNS)

North American lineage

H7N9/China
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(G)M

8] Aruddy_tumsioneiNew_Jersey/UGAI1S-3933/2015(HTN3)

Alsandering/Delaware_Bayi2252015(HTN3)

|— AlmatardiCalfornia2961/2011{H2N3)

I
L Algreter_scaup/Wisconsin/11085760/2011(H10N2)

Alnorthern_pintailAlaska/UGAI15-6995/2015(HANG)
rum_wwmw«s-m1mmmmy

Gl

Ly AAmerican toalfinterior_
]

I-Nwwmumw‘s-mﬁ(nw)

| Alnorthern_pintaillinterior_Alaska/BBM3606/2008(H3NS)
Alglsucous-winged_gullAlsska'54072011(H4NG)
Almailard/Alaska/NDO0DS301/2013(HING)
A/American_groen-winged_teal/Alaska/478/2014(H3N1)

| WAmerican tealfinterior_

i Amallard/Alberta/15/2015(HIN8)

— Almallardicsho/NDODO2648/72013(HANS)
[~ Alcackling_goosel/AlaskalUGAI15-3075/2015(HIN2)

-3

Amallard Californiar2951/2012(H10N7)

Alduck/Pennsyivania/15-030188-1/2015(HTNT)
- Alcinnamon_toal/Cafomia/AHO07801172016(H7NS)

Lwhmﬂ!wmiwmn
Adcinnamon_tealCaiformia/AH008365012016(H7NS)

| A/American_green-winged_tealAlaska/44493-588/2009(H3N8)

Aarloquin_duck/Alaska/48/2014(HIN1)
Ainorthern,_pintaillAlaska/UGAI15-6978/2015(HBN1)

Amallard/Alaskaid68/2014(HANG)

A/American_wigeon/Utah/AHODB7123/2015(HTNT)

Amorther_pintail/Alaska/86172014({HING)

Alblue-winged_tealMB/111_7832016(HTN3)
Afnorthem_pintad/Alaska/523/2014(HINS)

91 AlAmerican_green-wingad_teal/Alaskal524/2014(HING)
Aemperor_gooselAlaska/UGAI1S-6734/2015(HING)

Amallard\Ohio/15084242/2015(HIN8)
Aimallard/North_Dakota/AH005003072015(H3N8)

|- Almallard/Maryland/13052846/2013(HSN2)

L Aimallard/Wisconsin/13062767/2013(H3N8)
Amalard/Ohio/1206187/2012(H11)

I Ainorthem_shovelerMissouri/10MO0204/2010(H11N9)
Anorthem_shovelerWisconsin/11084110/2011(HANG)

Alblue-vinged_teal/Texas/AIDS-4463,200%(HANS)

Afnorthem_shovelerMississippi/236:2010(H10NT)

Almallardlinois/4 1787200%(H11NS)
Albluewinged_teal/Gustemala/CIPO4SH102-28/2011(H3N2)
AlgadwaliMissour 10084731120 10(HTN3)

Anorthem_pntal/Alaska267/2013(H4NG)
| Algreen-winged_teallAlaska238/201H3NG)

Afnorthern_shovelerWisconsin/110S3008/2011(H3N8)

|

A

AlmallardWashinglon/dS6277-7/2006(HSN2)

Ablue-winged_teal/SK/108_1451/2016(H7N3)
A Afbhue-winged_tesliSK/108_70172018(HTNS)
Anorthern_pintalCalfomia/B495/2008(HEN1)
(— AlmslardCalfomia/3588/2010(HIN3)
Aturkey/indiana/16-001403-1/2018(HTN8)
190] Apurkeylindiana/16-001573.2/2016(HTNG)

Aurkeyfindiana/18-001574-712016(HTNS)

765| Abuffeheadillinois/120S4788/2012(N8)
Albutfichoad/lllnois/ 140S3S67/2014(H4N8)
Abuffichoadlllincis/140S3609/2014(H4NS)
A/maliard/Maryland/14082911/2015(HTN3)

| Amallard/Kentucky/AH00728344/2016(H7N2)
L— Amallard/Minnesota/AHO059608/2015(HINS)

ro
Lo s
O Alguinea_fow/Alabama/17-008645-2,2017(HTNS)
| @ Alchicken/Tennessea/17-007147-62017(HTNS)
O Alguinea_fowAlabamal17-008646-172017(HTNS)
O Alguinea_fowdAlabama/17-008272-2/2017(HTNS)
O Achicken/Tennessea/17-007431-372017(HTNS)
@ Achicken/Tennessea/17-007147-7/2017(HTNS)
| @ Alchicken/Tennesseal17-007147-2/2017(H7NS)
@ Achicken/Tennessea/17-007147-52017(HTNS)

o
O 7.c

@ Achicken/Tennessea/17-007147-1/2017(HTNS)
@ Alchic 17-007147-

O Alchicken/Atabama/17-008901-1/2017(H7NS)
'O Alchicken/Alabamal17-008899-10/2017(HTNS)
|— O AlduckiAlabamal17-008643-272017(HTNS)

@ AlchickenTennessee/17-00827-6/2017(HTNS)
@ Alchicken Tennessee/17-008279-5/2017(H7NG)
@ Alchicken Tennessee/17-008279-4/2017(HTNS)
| @ AlchickenTennessee/17-008152-1/2017(HTNG)
'@ Alchicken Tennessea/17-008279-2/2017(HTNS)

AlAmerican_green-winged_feal/Texas/AHO058646/2016(HTN3)

Ffw_mm»mmmwms:

qm_mcmmvmuwnm
| Alblue-winged_tealTexas/UGAI15-6890/2015(H14NT)

ABeiing!172013(HTNS)
—

100

09| [~ Alchicken’Longquan/LQT&/2016(HTNS)
— AlGuangdong/HPO012017(HTNG)
99 AQingyuan/GIRD01/2017(H7NS)

North American lineage

H7N9/China
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(H) NS

Alduck/Zhejiang/3/2002(HON2)

Ablue-winged_teal/SK/108_1451/2016(H7N3)
98 L Alnorthern_shov

A/mallard/Ohio/15085691/2015(H4NG)
78] Algreen-winged_teallOhio/150S5695/2015(H4NG)
Anorthern_pintail_duck/Ohio/150S5702/2015(H4N6)
Ahmallard/Ohio/150S5718/2015(H4N2)
Ahmallard_duck/Wisconsin/150S7136/2015(H11N9)
Algreen-winged_teal/Ohio/150S5438/2015(H3N2)
Afmallard/Ohio/150S4288/2015(H3NG)
Alruddy_t ,_JerseylUGAI14 )
Afruddy_ ,_JerseylUGAI14-1 )
Algreen-Winged_teal/Ohio/150S4704/2015(HANG)
A/American_green-winged_teal/Ohio/130S1769/2013(H7N2)
Almallard/Ohio/11052232/2011(HIN1)
Alblue_winged_teal/Texas/UGAI15-4927/2015(H7N3)
Ablue-winged_teal/MB/111_783/2016(H7N3)

150!

Adblue-winged_teal/Ohio/13052104/2013(H2N3)
-rNAnwwin _green-winged_teal/Ohio/130S1840/2013(HEN8)
Aimallard/idaho/AH0011423/2015(HIN8)
36| Aimallard/California/UCD840/2015(HIN8)
Almallard/California/UCD736/2015(H3N8)
Almallard/California/UCD1154/2015(H11N9)

_green-winged_teal/Louisi 6(H7N3)
Alnorthem_shoveler/Lou 6(HTN3)
(HTN3)
\_green-winged_t 056591/2015(H11N9)

\_green-winged_t is/15085977/2015(HBN2)
Alblue-winged_teal/lllinois/150S6152/2015(H3N1)

I AlgadwallCalifornia/COL039/2014(HBN1)

{~ Alblue-winged_teal/Missouri/150S4769/2015(H3N2)

11083577/2011(HENS)
Aimallard/Utah/AH0075849/2016(H7N3)
Alblue-winged_teal/lowa/13082349/2013(H4N8)

— )
[—— Ainorthern_shoveler/California/LDC351/2015_(H7N4)
16(H7N3)

L 1t iforni: (! )
B{M' ,_Jersey/UGAIS. )
Alruddy_t ,_Jersey/UGAIS.

—i:mm_pimaivcammmscamwm 11N2)

\_green-winged_t ior_J 10N7)
Afmallard/interior_Alaska/11GS00015/2011(H4NE)

A/American_green-winged_tealfliinois/150S6133/2015(H7N6)

A/mallard/idaho/AH0011522/2015(H7N7)

r L\ )
{- Alblue-winged_teal/Texas/UGAI15-6890/2015(H14NT7)
- 15-030188- IS5(HTN7)

)
7' ican_green-winged_ ippil 3)
A Ablue-winged_tealWyoming/AH0099021/2016(H7NS)
A Afblue-winged_teal/SK/109_701/2016(H7NS)
51O Alguinea_fowl/Alabama/17-008646-1/2017(H7NS)
_ﬁo Alguinea_fowl/Alabama/17-008272-2/2017(H7NS)
O Alguinea_fowl/Alabama/17-008645-2/2017(H7NG)
- O Alduck/Alabama/17-008643-2/2017(H7NS)
O Alchicken/Tennessee/17-007429-3_orig/2017(H7NS)
O Alchicken/Tennessee/17-007429-7_orig/2017(H7NS)
[— O Alchicken/Tennessee/17-007431-3/2017(H7NS)
_‘-.O Alchicken/Alabama/17-008899-11_orig/2017(H7Ng)

O Alchicken/Alabama/17-008899-1072017(H7NS)
O Alchicken/Alabama/17-008901-172017(H7NS)
@ Alchicken/Tennessee/17-008279-6/2017(H7NS)
@ Alchicken/Tennessee/17-008279-4/2017(H7NS)
@ Alchicken/Tennessee/17-007147-6/2017(H7NS)
@ Alchicken/Tennessee/17-008279-5/2017(H7N9)
@ Alchicken/Tennessee/17-008152-1/2017(H7NS)
@ Alchicken/Tennessee/17-007147-2/2017(H7NS)
87| @ Alchicken/Tennessee/17-007147-5/2017(HTNS)
@ Alchicken/Tennessee/17-007147-1/2017(H7NS)
@ Alchicken/Tennessee/17-007147-7/2017(H7TNS)
@ Alchicken/Tennessee/17-007147-3/2017(H7TN9)
@ Alchicken/Tennessee/17-007147-4/2017(H7NS)
@ Alchicken/Tennessee/17-008279-2/2017(H7NS)
Ablue-winged_t 1PO4SH110. )
Alblue-winged_teallLouisiana/UGAI14-252/2014(H1ONT)
Almallard/Ohio/140S0999/2014(H3N2)
77| Almallard/Ohio/ 140S0986/2014(H3N2)

(¢ )

\_wigeon/California/HKWF 1 (HBN1)

L A/mallard/Interior_Alaska/2/2007(H3N8)

——— A/Guangdong/HP001/2017(H7N9)
|———— A/Qingyuan/GIRDO1/2017(H7NS)

9| — A/Beijing/1/2013(H7NS)
-ENwickonlLomuanlLinZOIe(mNQ)

AiShanghail01/2014(H7NS)
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Alchicken/Tennessee/17-008279-5/2017(H7N8)|03/14/2017
Alchicken/Tennessee/17-008279-4/2017(H7N9)|03/14/2017
Alchicken/Tennessee/17-008279-2/2017(H7N9)|03/14/2017
Alchicken/Tennessee/17-008279-6/2017(H7N9)|03/14/2017
Alchicken/Tennessee/17-008152-1/2017(H7N9)[03/13/2017
Alchicken/Tennessee/17-007147-6/2017(H7N9)|03/03/2017
Alchicken/Tennessee/17-007147-2/2017(H7N9)[03/03/2017
Alchicken/Tennessee/17-007147-3/2017(H7N9)|03/03/2017
Alchicken/Tennessee/17-007147-5/2017(H7N9)|03/03/2017
Alchicken/Tennessee/17-007147-7/2017(H7N9)|03/03/2017
Alchicken/Tennessee/17-007147-1/2017(H7N9)|03/03/2017
Alchicken/Tennessee/17-007147- 4/2017(H7N9)\03/03/20|7
Tennessee/17 0

Tennessee/17-0074
Alchicken/Tennessee/17 007131 3/ ")'THM\

\/Wyoming. AH0098021/2016(H7N9)[09/07
Alblue-winged_teal/SK/109_701/2016(H7N9)|08/12/2016

[— muS7607IZO18|A J_H7N3|02/15/2016
A eal/C 16(H7N9)|12/07/2016
Alnormem shovelet!ca!I'omla/AH0055278120|5(H7NB)I1212612015
_teal/C: 9011/2016(H7N9)|01/23/2016

Alturkey/Indiana/16-001403- 1120|0|A /_H7N8|01/14/2016
Alturkey/Indiana/16-001574-7/2016|A_/_H7N8|01/15/2016
i 16-001573-2/2016]A_/_H7N8|01/15/2016
|—Allnsnr scauleenluckylAHom2935/2015(H7Ne)||112812015
ippi/150S8011/2015]A_/_H7N3|12/22/2015

I —
l T A/bli ged_teal/Loui 14- -523/2014|A_/_H7N3|04/04/2014
A 14|A_/_H7N3|08/19/2014

L
Alblue-winged_| teal/Louisiana/UGAI14- 810/2014[A /_H7N3|04/12/2014
Alblue-winged_teal/Ohio/130S2037/2013|A_/_H7N1|09/16/2013
AIAmem::n _black, ducklomol|GOSOGSB/201G[A /_H7N3|03/18/2016
150S6133/2016|A_/_H7N6|04/11/2016

Alblue-winged_teal/Louisiana/UGAI14-842/2014|A_I_H7N3|04/12/2014
Alblue-winged_teal/lowal130S2316/2013|A_/_H7N3|09/21/2013
A/mallard/Maryland/130S3019/2014|A|01/11/2014
pfs Alchicken/Jaliscol12283/2012]A_( H7N3|06/22/2012
CPA1/2012|A_/_H7N3|06/13/2012
— AlMexu:o/InDRE72 18/2012|A_/_H7N3|07/09/2012
Algoose/Nebraska/17097/2011|A_/_H7N9|04/12/2011
Alguinea_fowl/Nebraska/17096/2011|A_/_H7N9|04/10/2011
Alturkey/Minnesota/32710/2011|A_]_H7N9|07/12/2011
Alnorthern_shoveler/Missouri/100S4750/2010|A_/_H7N3|12/12/2010
Alnorthern_shoverl/Mississippi/110S145/2011|A_i_H7N9|01/08/2011
A/mallard/Missouri/10MO0551/2010(A_/_H7N7|12/29/2010

and/14052911/2015|A_/_H7N3|01/03/2015
————— Ablue-winged_! le:llTexaslUGAlH -1210TX/2014|A_/_H7N7|03/09/2014
[ is/120S4951/2012|A_/_H7N3|12/01/2012
1008 10|A_/_H7N8|11/18/2010
11C 11|A|01/12/2011
A/Ameﬂcan_green-wlnged leallllllnolsH00840!4/20|0|A /_H7N3|11/27/2010
1208397/2012|A_/_H7N7|01/18/2012
Alnorthern, pmlax|lM|ss|ss|pp|/1205420/2012|A|0111812012
Alnorthern_shoveler/Arkansas/120S158/2012|A_/_H7N1|01/15/2012
Alblue-winged_teal/Louisiana/Al11-2911/2011|A_/_H7N3]09/10/2011
_dAlblue-winged AL 'Ohio/130S1773/2013|A_/_H7N3|09/14/2013
o inged_teal/Ohio/130S1769/2013|A_/_H7N2|09/13/2013

Alblue- wmged teal/Ohio/130S1770/2013|A_/_H7N3|09/07/2013

A/nollhe!n shoveler/Arkansas“108!7112011|A|01I13/2011
11C 11|A_/_H7N7|01/15/2011

h i 11100 10|A_/_H7N7|12/12/2010
i ippi/11C 11]A_/ l _H7N7|01/14/2011

i i inois/1 O|A_/_H7N7[10/30/2010

A i ississil ||OS247/20|1|A|D|l15/20||

L—'Alblua wlnqed teal/Texas/Al12-909/2012|A_/_H7N1|03/07/2012

Afnorthern_shoveler/Missouri/100S4700/2010|A|12/12/2010
ﬁAlgadwalllMlssourIH003473‘/2010|A /_H7N3|12/12/2010

AlAmerican_wigeon/Missouri/10MO0530/2010|A[12/29/2010
11|A_/_H7N3|11/13/2011

Alnorthern_: 1"
Alblue_winged_ leauMlnnesota/Aom:nso/zooslA /_HTN3|07/27/2009
10]A_/_H7N8|08/14/2010

A 2/2010]A_/I_H7N7|
——E EAIgreen wlnqed teal/New. Brunswlck100392(20|0|A /. H7N7|05/09/2010
Albluev inged_’ & _/_H7N3|09/04/2009
09557/2vv 1A_/ H7N3|11IZBIZDOB
Alblue_winged_! 7727 H7N7
Alnormern shoveleflLouls|anaIA0055732112009[A /. H7N3|D1/24/2009
_/_H7N7]01/15/2009
Allurk!ylMlnn.!ol.li4135 2/2009|A_/_H7N9|08/07/2009
Alturkey/Minnesota/15591/2009|A_/_H7N9|08/18/2009
Alturkey/Minnesota/14659/2009|A_/_H7N9|08/12/2009
081145 A_/_H7N3]|07/31/2009
A 10]A_/_H7N3|02/17/2010
201
A/mallard/New. Je(sey/A0012245712008IA I H7N8]|II22/2008
|A_/_H7N1|07/26/2009
Almallard/lowa/A00558620/2008|A_/, H7N3l10/18/200
Alblue_winged_teal/T A_/_H7N3|0

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Technical Appendix Figure 3. Relaxed clock phylogenetic tree of H7N9 virus hemagglutinin gene. The
phylogenetic relationships and temporal evolutionary history have been estimated by molecular clock
analysis. Highly pathogenic avian influenza isolates (red), low pathogenicity avian influenza virus isolates
(orange), and A/blue-winged teal/Wyoming/AH0099021/2016 (green) are indicated.
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Technical Appendix Figure 4. Nucleotide sequence alignment of complete genome sequences of H7N9
viruses, United States, 2017. Alignment of the complete genome sequences was performed using
MAFFT (http://mafft.cbrc.jp/alignment/software/). The complete genome sequence of low pathogenicity
avian influenza virus A/blue-winged teal/WWyoming/AH0099021/2016(H7N9) was placed on top of the
alignment and served as the reference. Vertical lines indicate nucleotide differences from the reference
sequence. HA, hemagglutinin; M, matrix; NA, neuraminidase; NP, nucleoprotein; NS, nonstructural; PA,
polymerase acidic; PB1, polymerase basic 1; PB2, polymerase basic 2.
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