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Detection of Highly Pathogenic Avian
Influenza A(H5N1) Virus in Cat and Rats
during Outbreak in Backyard Poultry, United
States, 2025

Appendix

Materials and Methods

Initial influenza A virus (IAV) RT-qPCR screening and reporting of lung tissue of the cat
and the rat were performed according to NAHLN protocol using standard operating procedures.
After initial screening, we performed RT-qPCR on fresh tissues with modified extraction and
amplification protocols to determine where virus was present throughout the tissues. Appendix

Table displays the RT-qPCR results for the 12 cat and 15 rat tissues that were tested.

Tissue homogenization was performed using 10% tissue to PBS ratio in bead beater
tubes. Fecal samples were processed in a 10% feces to PBS ratio, and vortexed for three minutes.
After processing, samples were centrifuged for 3 minutes at 6,000 X g, and 200 puL of sample

supernatant was used for extraction.

RNA extraction was performed using the MagMax Pathogen RNA/DNA kit (Applied
Biosystems, Foster City, California, USA). For each extraction well, the following kit
components were added: 20ul mixture of 10 pL lysis enhancer and 10 pL of magnetic beads, 200
uL sample, 400 pL lysis mixture of 200 pL lysis/binding solution, 2 puL carrier RNA, and 200 L.

isopropanol.

The RT-qPCR protocol, per reaction is: 1 pL probe, 1 pL reverse primerl, 1 pL reverse
primer2, 1 pL forward primer, 1 pL Xeno internal amplification control, 1 L LIZ for Xeno,

6.25 uL TaqPath 1-Step Multiplex Master Mix (cat. A28523, Applied Biosystems), 4.75 uL
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molecular grade water, 8 puL extracted RNA, for a total reaction volume of 25 pL. A positive
(matrix) and negative control (nuclease free water) were used for each run in place of RNA
extract. The thermocycler protocol is as follows: Reverse transcription at 50°C for 15 minutes,
polymerase activation at 95°C for two minutes, and 45 cycles of 95°C for 15 seconds and 60°C
for 60 seconds. We ran the RT-qPCR on a BioRad thermocycler, and analyzed the data with the
CFX Maestro (version 1.0) software and considered reactions with cycle threshold (Ct) <40.0 to

be positive.

Whole-genome sequencing

WGS was performed on —80°C stored RNA that were extracted as described above. A
pre-enrichment protocol targeting each influenza segment was performed before sequencing
from previously published primers, as described by Storms et. al (/). The SuperScript III One-
Step RT-PCR System with Platinum Taq High Fidelity DNA Polymerase (Invitrogen, Waltham,
MA, USA) was used according to the manufacturer's instructions. Briefly, 25 pL of the 2x
reaction mix, 1 pL of the primer mix, 1 pL of the Superscript III RT/Taq enzyme, and 3 pL of
RNase/DNase free water were used in each reaction and loaded into MicroAmp (Applied
Biosystems, Waltham, MA, USA) tube strips. Twenty pL of freshly extracted RNA was added to

each reaction tube.

The thermocycler program was as follows: reverse transcription at 42°C for one hour,
followed by RT inactivation/initial denaturation at 94°C for two minutes. The first PCR cycle,
amplifying the HA, NP, NA, and M segments, was as follows: 94°C for 30 seconds, 45°C for 30
seconds, 68°C for 7 minutes, for 20 cycles. The second PCR step, amplifying the PB2, PBI1, PA,
and NS genes, was as follows: 94°C for 30 seconds, 57°C for 30 seconds, and 68°C for 7
minutes for 20 cycles. The final elongation was at 68°C for 5 minutes, followed by a hold step at
4°C until the tubes were removed from the thermocycler. DNA purification was performed using

the QIAquick PCR purification (Qiagen, Venlo, Netherlands) according to the kit instructions.

A Qubit dsDNA Quantification Assay kit (ThermoFisher Scientific, Waltham, MA,
USA) was used to quantify DNA and dilute samples to the correct concentration for the library
preparation. The library preparation was performed using the Nextera XT DNA Library
Preparation Kit per [llumina's Nextera XT DNA library prep reference guide. A total amount of 1

ng of purified PCR product was used for the next-generation sequencing. Library preparation and
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NGS on the Illumina MiSeq platform were conducted by the University of Illinois Veterinary

Diagnostic Laboratory.

Consensus sequence assembly

FASTQ data obtained from the MiSeq instrument were processed on the EU Galaxy
server (usegalaxy.eu), following the Avian influenza viral strain analysis from the gene segment
sequencing data training material (2,3). Paired end FASTQ files from each sample were
processed by fastp for initial pre-processing with sequences lengths <30 discarded (4). Reads
with a mean quality below 30 were cut from the 5" and the 3’ reads. Next, the processed FASTQ
files were run with VAPOR, a tool for influenza classification for short read data, which
identifies references to be used for mapping and assembly from a customizable database of 50
references (5). The Kmer filtering threshold was set to 0.1, and the minimum Kmer proportion
was set to 0.0. The top scoring matches for each segment were used for mapping using BWA-
MEM for each gene segment, using default settings (6). Samtools view was used to filter mapped
reads to keep only those with quality scores above 20, and were paired reads with proper pairs
(7). Mapping statistics were generated using QualiMap BamQC (8,9). Next the BAM files were
split by the references selected earlier, using BamTools (/0). The consensus sequence was
generated per segment using the iVar consensus tool (/7). The minimum quality score threshold
to count base was set at 20, the minimum frequency threshold at 0.7, the minimum indel
frequency threshold at 0.8, and the minimum depth to call consensus was set at 10 for the first
pass. For sequences that had ambiguous bases, the frequency threshold was decreased to 0.5,
with a minimum depth to call consensus set at 2. The complete workflow can be found at:
https://training.galaxyproject.org/training-material/topics/variant-analysis/tutorials/aiv-

analysis/tutorial.html.

Assembled gene segments of each strain were deposited into GenBank and their
accessions can be found in the Appendix Table. In Appendix Table 2 are displayed the closest

related strains by sequence identity per segment.

Sequence analysis

Following consensus sequence generation, the sequences of each segment were aligned

using MAFFT (/2). Aligned sequences were translated into amino acids in MEGA (version 11)
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(13). and non-synonymous mutations were looked for and recorded. The N2 numbering system

was used to standardize the numbering of substitutions (/4).

Over 4,000 sequences for each gene segment were obtained from BV-BRC.org using the
following parameters: Orthomyxoviridae, complete genome, segment, collection year (2017—
2025), isolation country (USA), host group (Avian, nonhuman mammal, sea mammal). Gene
segments were aligned using MAFFT via the Galaxy Europe server, followed by tree
construction with MEGA (version 7.0.26). Tree files were then down sampled using PARNAS to
preserve genetic diversity, but facilitate visualization (/5). The assembled segments from the cat,
rat, and GenBank sequence data of the chicken strain 25-009367-001 were then added to the
downsampled data, and MEGA was used to produce a bootstrap consensus tree (1000 iterations).
Phylogenetic trees were visualized and annotated by clade, subtype, and internal gene cassette

using MEGA (version 7.0.26), and displayed in Figure 2 in the dispatch.

In addition, NCBI virus HSN* database was used to create phylogenetic trees for each
segment. A randomized subset of all records was used, with 20 or fewer sequences stratified by
host. This resulted in 1807 randomized sequences for each segment. Segments were aligned
using MAFFT, followed by downsampling using PARNAS for visualization, as described above.
The cat, rat, and chicken sequences were then added to the trees, and assembled and visualized
as stated above. A total of 8 trees, demonstrating diversity of HSN* from year 1959 onward are
displayed in Appendix Figures 1-8.

Immunohistochemistry

Tissues from both the cat and rat were collected, fixed in neutral buffered formalin,
trimmed, embedded in paraffin. The processed formalin-fixed tissues were then stained with
hematoxylin/eosin for histologic evaluation. For immunohistochemistry (IHC), slides were
treated with 37°C 0.1% Protease solution heated in a 40°C oven for 20 minutes (Millipore
Sigma, cat.no. P5147). After the pre-treatment, slides were blocked with Peroxidazed 1 for five
minutes, followed by a secondary block with Background Punisher for ten minutes (Biocare
Medical, Pacheco, CA, cat.nos. PX968, BP974). Slides were then incubated with the primary
monoclonal antibody to influenza A virus at a 1:50 for 2 hours (Meridian Bioscience, Cincinnati,
OH, cat. no. C65331M). Slides were then incubated with a secondary ani-mouse antibody for 30

minutes, followed by intelliPATH FLX DAB chromogen for five minutes and counterstained
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with CAT Hematoxylin for five minutes (Biocare Medical, cat.nos. [IPK5010, CATHE). All

tissues were prepared by the University of Illinois Veterinary Diagnostic Laboratory.
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Appendix Table. GenBank accession information for the complete gene segments from the cat and the rat

Sequence ID Segment GenBank accession no.

Rat
IL25_0319_b.PA PA PX687012
IL25 0319_b.PB1 PB1 PX687013
IL25 0319 _b.NP NP PX687014
IL25_0319_b.MP MP PX687015
IL25 0319 _b.NA NA PX687016
IL25 0319 _b.PB2 PB2 PX687017
IL25_0319_b.HA HA PX687018
IL25 0319 b.NS NS PX687019

Cat
IL25_0314_b.PB1 PB1 PX687020
IL25 0314_b.HA HA PX687021
IL25 0314_b.NP NP PX687022
IL25_0314_b.NS NS PX687023
IL25 0314_b.PB2 PB2 PX687024
IL25 0314_b.MP MP PX687025
IL25_0314_b.PA PA PX687026
IL25 0314 b.NA NA PX687027
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¥ PX687024 | A/cat/Illinois/0790314/2025(H5N1)

" PV616546 | Alchicken/IL/25-009367-001-original/2025(HSN1)
¥ PX687017 | A/Norway rat/Illinois/0790319/2025(H5N1)
PQ885514 | A/Washington/254/2024(H5N1)

MHS546928 | A/northern shoveler/California/15-039075-4/2015(HSN3)

PQ706182 | A/Blue-winged teal/MN/23-013078-002-original/2022(H5N1)
MH546224 | A/American wigeon/Colorado/15-038180-1/2015(H5N2)
MHO068486 | A/ruddy turnstone/New Jersey/UGAI17-2746/2017(HSN2)

PV213420 | A/goose/PA/23-005398-004-original/2023(H5N1)

CY 093749 | A/northern shoveler/California/8855/2008(H5N2)

MH546280 | A/Muscovy duck/New Jersey/16-021457-2/2016(H5N2)
PV309205 | A/Domestic bird/AB/FAV-0502-2022/2022(H5N1)
MHO068462 | A/ruddy turnstone/New Jersey/UGAI17-2667/2017(HSN2)
[ MHS597219| A/ruddy turnstone/Delaware/1016418/2003(HSN2)

[ MHS546472 | A/glaucous-winged gull/Alaska/16-041335-19/2016(HS5N2)
KY130661 | A/glaucous-winged gull/Alaska/392/2011(H5N2)
EUS557410 | A/northern pintail/Alaska/44184-144/2006(H5N9)
0Q366643 | A/Ruddy Turnstone/DE/495/2022(H5N2)
0Q095754 | A/mallard/Minnesota/MN20-220E T1/2020(H5N2)
0Q963697 | A/Royal Tern/Florida/22-005590-002/2022(H5N1)
CY094444 | A/cinnamon teal/California/HKWF1111C/2007(H5N7)
GU049911 | A/avian/New Y ork/448534/2006(HSN2)
] MH546288 | A/Muscovy duck/New York/08-000560-002/2008(FH5N2)
MHS597542 | A/ruddy turnstone/Delaware/828239/2001(H5N7)
GU050074 | A/Northern shoveler/Washington/467923/2006(H5N2)

MHS546520 | A/lesser snow goose/Arkansas/16-005566-3/2016(H5N2)

MHS546440 | A/emperor goose/Alaska/16-041335-20/2016(H5N2)
MG280170 | A/black duck/Tennessee/170S0306/2017(HSN1)
MHS579251 | A/shorebird/Delaware Bay/101/2004(H5N7)
JX080842.2 Influenza A virus (A/tundra swan/Alaska/44049-168/2006(HSN2)
MW132179 | A/mallard/California/SLO6B72H5/2018(H5N2)
GQ923388 | A/waterfowl/Colorado/476466-3/2007(H5N2)
MF359844 | A/shorebird/Delaware Bay/318/2011(H5N2)
KX351722 | A/American wigeon/California/COL041/2014(H5N2)

GU049887 | A/duck/New York/440409/2006(H5N2)
GU050089 | A/Northern shoveler/Mississipp1/469987-3/2006(HSN2)
MH546504 | A/guinea fowl/New York/08-000170-003/2008(H5N2)
MF359875 | A/laughing gull/Delaware Bay/341/2011(H5N3)

MZ565369 | A/chicken/Queretaro/CPA-04673-1/2019(HSN2)
MZ565313 | A/chicken/Queretaro/CPA-02177-17/2017(H5N2)

PX488685 | A/Gallus gallus/Coahuila de Zaragoza/CPA-10422-22/2022(H5N2)
CY'178069 | A/mallard/Wisconsin/994/1982(H5N2)
EU743085 | A/turkey/CO/118899/1972(H5N2)
GU053504 | A/mallard’Maryland/789/2002(H5N2)
GUI186453 | A/ruddy turnstone/DE/85/2003 (H5N2)
CY'178093 | A/widgeon/Wisconsin/493/1983(H5N2)
EU743113 | A/thea/TX/39923/1993(H5N2)
GQ923172 | A/tundra swan/Alaska/462958/2006(H5N2)
KR271012 | A/thick-billed murre/Greenland/9045-2K/2014(H5N1)
OK205560 | A/chicken/Guatemala/22066/1998(H5N2)

KM455878 | A/chicken/Veracruz/1433-1/2006(H5N2)

KU141369 | A/swine/Mexico/GtoDMZC02/2014(H5N2)
GU050166 | Al/yellow-headed Amazon/California/500658/2007(H5N2)
PX493369 | A/Aves/Queretaro/CPA-15957-22/2022(H5N2)

MNO037412 | A/coopers hawk/Washington/2551/2015(H5N2)
KF435069 | A/fincl/England/2051/1991(H5N2)
EU743142 | A/emw/NY/12716/1994(H5N9)
PV553975.2 Influenza A virus (A/gadwall duck/Ohio/230S50217/2023(H5N2)
PP802443 | A/gadwall/USA/1722 0889/2022(H5N1)
MH546808 | A/mallard/Washington/16-028147-4/2016(H5N2)
PQ702542 | A/Bald eagle/AK/22-015682-001-original/2022(H5N1)

0.02

Appendix Figure 1. Phylogenetic trees of a randomized subset of HSN* PB2 genes, stratified by host,
2025. Cat, rat, and chicken strains reported in this study labeled by solid squares.
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MW875342 | A/Red knot/Delaware Bay/404/2020(H5N3)
OM965817 | A/Sanderling/Delaware/518/2021(H5N2)
PV303070 | A/American Crow/SK/FAV-0575-21-2022/2022(H5N1)
MW873508 | A/lemperor goose/Alaska/AK18-112/2018(H5N2)
PV554026.2 Influenza A virus (A/gadwall duck/Ohio/23080266/2023(H5N2)
OR421014 | A/green-winged teal/Minnesota/UGAI22-4011/2022(H5N1)
01422860 | A/mallard/New York/AHO0179244/2021(H5N4)
0Q966802 | A/Vulture/Florida/22-012327-004/2022(H5N1)
0OP221348 | A/American pelican/Kansas/W22-200/2022(H5N1)
MW132182 | A/mallard/California/SLO6B72HS/2018(H5N2)
KP101002 | A/quail/California/K1400794/2014(H5N8)
MHS546153 | A/American green-winged teal/Alaska/16-039026-3/2016(H5N2)
MK326739 | A/blue-winged teal/Guatemala/CIP049-H116-10/2013(H5N3)
PQ719623 | A/Wood Duck/MI/22-033009-010-original/2022(H5N1)
KC790059 | A/goose/MB/428/2006(H5N2)
MK237814 | A/mallard/Ohio/17083812/2017(H5N2)
CY094443 | A/cinnamon teal/California/HKWF1111C/2007(H5N7)
CY093748 | A/northern shoveler/California/8855/2008(HSN2)
MH546273 | A/Muscovy duck/New Jersey/16-021456-4/2016(H5N2)
MK995872 | A/Ring-necked Duck/Arizona/D1715902/2017(H5N2)
MF613881 | A/ruddy turnstone/Delaware Bay/317/2016(HSN1)
MF359884 | A/ruddy turnstone/Delaware Bay/117/2011(H5N9)
PV615479 | A/Gallus gallus/Durango/CPA-00806-22/2022(HSN2)
MZ565114 | A/chicken/Jalisco/CPA-07715-19/2019(H5N2)
MHO068429 | A/ruddy turnstone/New Jersey/UGAI17-2072/2017(H5N2)
CY213590 | A/sandpiper/Southcentral Alaska/16MB01259/2016(HSN2)
MH546353 | A/common murre/Alaska/16-000949-1/2016(H5N9)
MHS546457 | A/emperor goose/Alaska/17-004479-2/2016(H5N2)
EU743112 | A/thea/TX/39923/1993(HSN2)
GQ117151 | A/duck/New York/465571/2006(H5N2)
KU141370 | A/swine/Mexico/GtoDMZC02/2014(H5N2)
KM455919 | A/chicken/Durango/1433-9/2006(H5N2)
PX493378 | A/Aves/Queretaro/CPA-18682-22/2022(H5N2)
MHS598131 | A/ruddy turnstone/New Jersey/828227/2001 (HSNS8)
MH578930 | A/laughing gull/Delaware Bay/156/2004(H5NS)
MHS546481 | A/guinea fowl/New Jersey/07-002030-001/2007(HSN2)
GU186523.2 Influenza A virus (A/ruddy turnstone/DE/509531/2007(H5N1)
GU051986 | A/northern pintail/Illinois/464067-4/2006(H5N9)
GUO050073 | A/Northern shoveler/Washington/467923/2006(H5N2)
‘{7 CY178092 | A/widgeon/Wisconsin/493/1983(H5N2)
MH546289 | A/Muscovy duck/New York/08-000560-002/2008(H5N2)
FJ357097 | A/guinea fowl/OH/22911-20/1986(H5N2)
EU743141 | A/emu/NY/12716/1994(H5N9)
KF435068 | A/finch/England/2051/1991(H5N2)
KP739411 | A/guinea fowl/Oregon/41613-1/2014(HSN8)
PP801988 | A/American wigeon/USA/IZ22 0890/2022(H5N 1)
PX508206 | A/Washington/2148/2025(H5NS)
OP377572 | A/Rosss goose/North Dakota/N22-08/2022(H5N1)
¥ PX687020 | A/cat/Illinois/0790314/2025(H5N 1)
“' PX687013 | A/Norway rat/Illinois/0790319/2025(H5N1)
" PV616547 | A/chicken/IL/25-009367-001-original/2025(H5N1)

—
0.01

Appendix Figure 2. Phylogenetic trees of a randomized subset of HSN* PB1 genes, stratified by host,

2025. Cat, rat, and chicken strains reported in this study labeled by solid squares.
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MHS597217 | A/ruddy turnstone/Delaware/1016418/2003(H5N2)
GQ923250 | A/mallard/Michigan/466547-5/2006(H5N2)
GQ923138 | A/Guinea fowl/Oregon/459674-5/2006(HSN2)
GU050722 | A/ruddy turnstone/Delaware/499/2003(H5N2)
MW132177 | A/mallard/California/SLO6B72H5/2018(H5N2)
KY828698 | A/northern shoveler/California/LDC188/2014(H5N2)
MF359827 | A/shorebird/Delaware Bay/318/2011(HSN2)
MK326740 | A/blue-winged teal/Guatemala/CIP049-H116-10/2013(HSN3)
CY 178099 | A/blue-winged teal/Wisconsin/568/1983(H5N2)
KR271014 | A/thick-billed murre/Greenland/9045-2K/2014(H5N1)
MHO068460 | A/ruddy turnstone/New Jersey/UGAI17-2667/2017(H5N2)
MG280493 | A/green-winged teal/Mississippi/16085996/2016(H5N2)
PV978860 | A/common goldeneye/Wisconsin/24081381/2024(H5NG)
GQ923570 | A/mallard/Montana/458329-2/2006(H5N3)
PV303527 | A/Atlantic White-Sided Dolphin/QC/FAV-1089-1-2022/2022(H5N1)
MG279954 | A/black duck/Tennessee/17050306/2017(H5N1)
— MW875200 | A/ruddy turnstone/Delaware Bay/374/2020(H5N9)
FI357096 | A/guinea fowl/OH/22911-20/1986(H5N2)
EU743140 | A/emwNY/12716/1994(H5N9)
KF435070 | A/fincl/England/2051/1991(H5N2)
MG964807 | A/red-tailed hawk/Washington/15-002551-2/2015(HSN2)
PP802533 | A/green-winged teal/USA/1Z22 0887/2022(H5N1)
PV313759 | A/Harriss Hawk/BC/FAV-0802-59-2022/2022(H5N1)
PX508205 | A/Washington/2148/2025(H5NS)
MHS546178 | A/American green-winged teal/Idaho/16-028809-5/2016(H5N9)
MHS546354 | A/common murre/Alaska/16-000949-1/2016(H5N9)
MH546458 | A/emperor goose/Alaska/17-004479-2/2016(H5N2)
CY004322 | A/mallard duck/ALB/57/1976(H5N2)
MHS579177 | A/laughing gull/Delaware Bay/156/2004(H5N8)
KP739420 | A/American green-winged teal/Washington/195750/2014(H5N1)
MHS546474 | A/glaucous-winged gull/Alaska/16-041335-19/2016(H5N2)
MH598130 | A/ruddy turnstone/New Jersey/828227/2001(HS5NS)
" PX687012 | A/Norway rat/Illinois/0790319/2025(H5N1)
" PV616548 | A/chicken/IL/25-009367-001-original/2025(HS5N1)
¥ PX687026 | A/cat/Illinois/0790314/2025(H5N 1)
PV337883 | A/Turkey Vulture/VA/25-003128-003-original/2025(H5N1)
MH546226 | A/American wigeon/Colorado/15-038180-1/2015(HS5N2)
PV302191 | A/American Crow/ON/FAV-0076-10-2024/2024(H5N1)
GQI923506 | A/green winged teal/Delaware/458672-5/2006(HSN2)
CY 094442 | A/cinnamon teal/California/HKWF1111C/2007(H5SN7)
MHS546218 | A/American wigeon/California/15-039075-7/2015(H5N2)
MHS546514 | A/guinea fowl/New York/08-000238-001/2008(H5N2)
GQ923202 | A/American wigeon/Iowa/463998/2006(H5N2)
MHS546290 | A/Muscovy duck/New York/08-000560-002/2008(H5N2)
MHS546482 | A/guinea fowl/New Jersey/07-002030-001/2007(H5N2)
GU186451 | A/ruddy turnstone/DE/85/2003(H5N2)
KY284428 | A/gadwall/Arkansas/15087729/2015(H5N2)
KP101003 | A/quail/California/K1400794/2014(H5NS)
MH546522 | A/lesser snow goose/Arkansas/16-005566-3/2016(H5N2)
MF359889 | A/laughing gull/Delaware Bay/341/2011(HSN3)
.| CY014854 | A/mallard duck/New York/189/1982(H5N2)
EU743111 | A/rhea/TX/39923/1993(H5N2)
[ KUI41371 | A/swine/Mexico/GtoDMZC02/2014(H5N2)
| [ GUO050164 | Alyellow-headed Amazon/California/500658/2007(H5N2)
PQ208115 | A/chicken/Jalisco/3-8-08/2022(HS5N2)
— PX459244 | A/Aves/Estado de Mexico/CPA-04114-22/2022(H5N2)
0.01 MZ565483 | A/chicken/Veracruz/CPA-21377-17/2017(H5N2)
MZ565291 | A/chicken/Puebla/CPA-03924-19/2019(H5N2)
PX460192 | A/Gallus gallus/Durango/CPA-05110-22/2022(H5N2)

Appendix Figure 3. Phylogenetic trees of a randomized subset of HS5N* PA genes, stratified by host,

2025. Cat, rat, and chicken strains reported in this study labeled by solid squares.
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MWE875330 | A/ruddy turnstone/Delaware Bay/386/2020(HSN9)
MW875339 | A/Red knot/Delaware Bay/404/2020(HSN3)
PV978865 | Al I Wisconsin/24081381/2024(H5NG)
MEK928156| A/Green-Winged Teal/Nevada/D1612806/2016(H5N2)
0Q366651 | A/Ruddy Turnstone/DE/464/2022(HSN2)
MH546331 | A/blue-winged teal/ Texas/16-031241-1/2016(FH5N1)
PVO0IS871 | A/Ruddy Turnstone/DE/944/2024(HSN1)
ON366874 | A/Sanderling/Delaware/518/2021(H5N2)
CY213576 | A/sandpiper/Southeentral Alaska/16MB01220/2016(HISN2)
KX351587 | A/American wigeon/California/L8257/2014(H5N2)
MK326648 | A/blue-winged teal/Guatemala/CIP049-H116-96/2013(H5N2)
KP101004 | A/quail/California/K 1400794/2014(HSNS)
CY096672 | A/blu ged teal/Guatemala/CIP049-122010(HSN4)
KY130664 | A/glaucous-winged gull/Alaska/392/2011(H5N2)
MW132374 | A/mallard/California/UCD102396mdek/2016(H5N2)
CY093742 | A/northern shoveler/California/8855/2008(H5N2)
KX365067 | A/bl ged teal/Gi la/CIPO49H( 2/2010(H5N3)
MHS546931 | A/northern shoveler/California/1 5-039075-4/2015(HSN3)
GQ923397 | A/white front goose/Alaska/477003/2007(H5N2)
r I: GU051949 | A/mallard/Montana/456423/2006(HSN3)
GQ923301 | A/northern pintail/California/469993/2006(H5N2)
EU871921 | Afruddy wrnstone/NJ/327/2004(HSNT)
GQY23181 | Algreen winged teal/lowa/463990-3/2006(HSN2)
GQI23549 | A/quail New York/501360/2007(F15N2)
MHS546483 | A/guinca fowl/New Jersey/07-002030-001/2007(H5N2)
GU049888 | A/duck/New York/440410/2006(H5N2)
KC464590 | A/American black duck/New foundland/1 181/2009(HSN4)
GUO50717 | A/ruddy turnstone/Delaware/499/2003(H5N2)
MHS546251 | A/Muscovy duck/New Jersey/07-002376-001/2007(H15N2)
MG280368 | A/American wigeon/Ohio/ 16083736/2016(H5N2)
MII546523 | Allesser snow goose/Arkansas/16-005566-3/2016(15N2)
MFEG13724 | A/ruddy turnstone/Delaware Bay/317/2016(HSN1)
KR271015 | A/thick-billed murre/Greenland/9045-2K/2014(HISN 1y
MHO068399 | A/ruddy turnstone/New Jersey/UGAILT-1991/2017(HSN2)
MIF359878 | A/raddy turnstone/Delaware Bay/117/2011(H5N9)
MH546275 | A/Muscovy duck/New Jersey/16-021456-4/2016(HISN2)
CY094437 | A/cinnamon teal/California/ HKWF 1 111C/2007(H5N7)
MIHS598125 | A/ruddy turnstone/New Jersey/828227/200 1(HSNS)
MH546299 | A/Muscovy duck/New York/09-002670-002/2009(H5N2)
U743106 | A/rhea/TX/39923/1993(HSN2)
KUI41372 | A/swine/Mexico/GtoDMZC02/2014(H5N2)
GU052651 | A/chicken/Guanajuato/28159-546/1995(H5N2)
CY014849 | A/mallard duck/New York/189/1982(H5N2)
CY179779 | A/mallard/ Wisconsin/d2/197S(H5N2)
FI357091 | A/guinea fowl/OH/22911-20/1986(HSN2)
MZ565252 | Alchicken “PA-49737-16/201 6(HSN2)
GU050159.2 Influenza A virus (A/yellow-headed Amazon/California/S00658/2007(HSN2)
PV615505 | A/Gallus gallus/Jalisco/CPA-00727-22/2022(115N2)
PQ208110 | A/chicken/Jalisco/3-8-08/2022(FH5N2)
EU743135 | A/emwNY/12716/1994(H5N9)
KF435066 | A/finch/England/2051/1991(HSN2)
MNO37415 | A/coopers hawk/Washington/255 1/2015(1H5N2)
PQ710681 | A/Great black-backed Gull/MA/23-004612-027-original/2023(H5N1)
PQT10097 | A/Gadwall/AK/23-003641-002-0riginal/2022(H5N 1)
0QY66828 | A/Vulre/Montana/22-012936- 0[)9'202"(”5\“)
PQ717257 | A/Sandhill crane/W1/22-041777-001-ori al/2022(H5N1)
PP802494 | A/glaucous gull/USA/22-025499-001/2022(H3N1)
B PX687021 | Alca/lllinois/0790314/2025(H5N1
B PX687018 | A/Norway rav/[Hinois/0790319/2025(HSN 1)
= PV616549 | Alchicken/[1/25-009367-001-original/ 2025(H5N1)

———
0.02

[ PVOISS71 | A/Ruddy Tumstone/DE/944/2024(HSNT)
ON366874 | A/Sanderling/Delaware/518/2021(HSN2)
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e

2N
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MW132374 | A/mallard/Californ; D102396mdek/2016(H5N2)
GQ923397 | A/white front goose/Alaska/d77003/2007(HSN2)
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SNy
MHS98125 | A/ mddy tumstone/New Jerscy/$28227 712001 (1H5N8)
MII546299 | A/Muscony duck/New York/09-002670-002/2009(HSN2)
LU743106 | A/rhea/ TX/39923/1993(115N2)
KUII372| Alswing GtoDMZC02/2014(H5N2)
GUOS2631 | Alchicken Guangjuato28139-546/ 1')95(EI5N’)

MZ563252 | -49737-1
3U050159.2 Influcnza A \|ms(’\’)cl!m\~hﬂ&l»d Amazon/
PV61S505 | AGallus gailus/alisco/CPA-0072
PQ2O81 10| Adehicken/Jalisco/3-8- 1SN2;
CY014849 | A'mallard duck/New York/189/1982(HSN2)) seg

CY179779 | A/mallard/Wisconsin/42/1975(H3N2)
FI357091 | A/guinea fowV/OH/2291 1-20/1986(HSN2)
EU743135 | A/emwNY/12716/1994(HSNOY
066 | Afineh/England/2051/1991(HSN2)

MN037415 | Aeoopers hawk/Washington/2551/201 S(HSN:
PQTI0681 | A/Great black-backed Gull/MA/23-004612-027-ori
PV267488 | A/bobeat/Kansas/W24-1062/2024(HSN1)

al/ 2024(HSN1)
al/ 2024(ISN1)
kansas 2/2024(HSN1)
-009367-001 -original 2025(HSN1)
inois 07903 19/2025(HIN1)

lingis/0790314/2025(H5N1)

PP§02494 | Alglacous gull USA/22-025499-001
X dwall/AK/23-003641-0

6/2016(H3N2)
aliformia/S00658/2007(HSN2)
022(H5N2)

nent 4 complete sequence

W2023(H5N1T)

022(HSNI1)
2

ose/Crech Republic/18520-2
p/GeorgiaW22-145C
xas/24-009499-0022024(115N1)
Texas/24-009308-001 2024(HSN1)
e cat/New Mexico/24- nnon(»mn.znu(usw)
W/CA/24-031663-00 1-original/ 2024(HSN1
-041777-001 -ori ginal 2022(HSN 1)
OP499861 | A/Le: up/MD/-LC SC-024/2022(H5N1)
OP470781 | Allesser scaup/Georgia W22-145E (HSNI)
OP221343 | A/American pelican/Kansas/W. 00/ 2(HSN1)
OP470789 | A/snow goose/Kentucky/W22-092/2022(HSN1)
OP221358 | Alsnow goose/Kansas/W22-199B/2022(HSN1)
OP221285 | Asnow goose/Kansas/W22- 199D/ 2022(HSN1 )
OP499G6 | Adr-taled hawl Kansas W23+ 198 2022(HISN1)
OP221293 | Afsnow goose/Kansas 99F/2022(H5N1)
3. 22(HSNT)

OP221374 | Asnow goosc/Kansas 2(HSN1)
OP698128 | A/bottlenose dolphin/Florida/Ul 203/2022(H5N1)
OP221350 | A/snow goose/Kansas/W ID‘D;\V?DU(IISVI)
OP470765 | A/l
OPAT0757 | Allesser s
OPAT0773 | Aflesser scaup W2
OP470812 | Aflesser scaup/Florida/ W2
OP470749 | Allesser seaup/Georgia/W.
0966828 | A/Vulture/Montana/22- oL3p36 0002

OL638145 | A’
0P470716 | A/
4 PP755797 | Acattle

PP755917 | Alcaitle:

PP735853 | A/dom:

[L PQB27741 | A
PQ717257 | AVS

ndhill erane/WI/2.

2(HSN1)

Appendix Figure 4. Phylogenetic HA gene tree analysis of HPAIV strains including cat, rat, and chicken
strains reported in this study, 2025. Phylogenetic trees of a randomized subset of HSN* genes, stratified
by host are displayed in the left tree. The right tree displays sequences included in main Figure 2 and all
sequences in the left tree. Cat, rat, and chicken strains reported in this study labeled by solid squares
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¥ PX687014 | A/Norway rat/Illinois/0790319/2025(H5N1)
H PV616550 | Alchicken/11./25-009367-001-original/2025(H5N1)
B PX687022 | A/cat/Illinois/0790314/2025(HS5N1)
OM965814 | A/Sanderling/Delaware/518/2021(H5N2)
PV321873 | A/Western Grebe/AB/FAV-0833-78-2022/2022(H5N1)
MW875201 | A/ruddy turnstone/Delaware Bay/374/2020(H5N9)
MG279853 | A/black duck/Tennessee/17050306/2017(1I5N1)
MK326665 | A/blue-winged teal/Guatemala/CIP049-H117-42/2013(H5N3)
PV317857 | A/Snow Goose/ON/FAV-0458-4-2023/2023(H5N1)
MK326730 | A/blue-winged teal/Guatemala/CIP049-H116-07/2013(H5N3)
KY0644362 | A/blue-winged teal/Guatemala/CIP049H105-05/2011(HS5N3)
MHS546532 | A/lesser snow goose/Oregon/16-0006224-1/2016(H5N3)
PV313513 | A/Greater White-Fronted Goose/AB/FAV-0321-1-2023/2023(H5N1)
GQ923400 | A/white front goose/Alaska/477003/2007(H5N2)
OL583762 | A/mallard/New Hampshire/AH0191205/2021(HSN3)
i MH546300 | A/Muscovy duck/New York/09-002670-002/2009(H5N2)
E GU186520 | A/ruddy turnstone/DE/S09531/2007(H5N1)
GU050070 | A/Northern shoveler/Washington/467923/2006(H5N2)
MHS546516 | A/guinea fowl/New York/08-000238-001/2008(H5N2)
F MH546964 | A/quail/New York/07-501360-001/2007(HSN2)
GQ923136 | A/Guinea fowl/Oregon/459674-5/2006(H5N2)
KC790062 | A/goose/MB/428/2006(I115N2)
PV018869 | A/Ruddy Turnstone/DE/944/2024(HS5N1)
MG280556 | A/green-winged teal/Mississipp1/160S5996/2016(H5N2)
CY 094440 | A/cinnamon teal/California/HKWEF1111C/2007(H5N7)
KP101005 | A/quail/California/K1400794/2014(II5N8)
PQ706186 | A/Blue-winged teal/MN/23-013078-002-original/2022(H5N1)
KT338413 | A/American green-winged teal/Alaska/472/2014(H5N2)
CY014875 | A/black duck/New York/184/1988(TT5N2)
MH598128 | A/ruddy turnstone/New Jersey/828227/2001(HSN8)
KU141373 | A/swine/Mexico/GloDMZC02/2014(H15N2)

47 GU050162 | Alyellow-headed Amazon/California/500658/2007(H5N2)
PX459254 | A/Aves/Guanajuato/CPA-03093-22/2022(H5N2)

r MZ565133 | A/chicken/Jalisco/CPA-07737-19/2019(15N2)
MZ565237 | A/chicken/Michoacan/CPA-48911-16/2016(IT5N2)
MZ565077 | A/chicken/Jalisco/CPA-06811-19/2019(H5N2)

I: CY180383 | A/blue-winged teal/Wisconsin/231/1976(H5N2)
CY015076 | A/chicken/Pennsylvania/1/1983(H5N2)

MF046298 2 Influenza A virus (A/ruddy turnstone/Delaware Bay/317/2016(H5N1)
MIH3546484 | A/guinea fowl/New Jersey/07-002030-001/2007(HS5N2)
EU871924 | A/ruddy turnstone/NJ/327/2004(H5SN7)
IX081057 | A/tundra swan/Alaska/44056-144/2006(H5N2)
MHS546284 | A/Muscovy duck/New Jersey/16-021457-2/2016(H5N2)
GQ923280 | A/mallard/Ohio/468159-4/2006(HSN2)
MF359867 | A/ruddy turnstone/Delaware Bay/117/2011(H5N9)
MF359886 | A/shorebird/Delaware Bay/318/2011(H5N2)
EU743109 | A/rhea/TX/39923/1993(H5N2)

MH579208 | A/laughing gull/Delaware Bay/156/2004(H5N8)
EU743138 | A/emw/NY/12716/1994(H5N9)
| KP739414 | A/guinea fowl/Oregon/41613-1/2014(1ISN8)
- MH546972 | A/ring-necked duck/California/16-004032-1/2016(H5N2)

KF435065 | A/finch/England/2051/1991(H5N2)
OR267219 | A/American Wigeon/USA/IZ22 0890 swab/2022(H5N1)
PP691948 | A/wood duck/Georgia/W24-017/2023(H5N1)

Appendix Figure 5. Phylogenetic trees of a randomized subset of HSN* NP genes, stratified by host,

2025. Cat, rat, and chicken strains reported in this study labeled by solid squares.
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GQ923559 | A/duck/New York/504371/2007(H5N2)
MI359858 | A/shorebird/Delaware Bay/318/201 1(HSN2)
GQY23183 | A/green winged teal/Towa/463990-3/2006(HSN2)
MH546485 | A/guinea fowl/New Jersey/07-002030-001/2007 (H5N2)
GU049988 | A/duck/Oregon/459674-3/2006(H5N2)
MHS546277 | A/Muscovy duck/New Jersey/16-021456-4/2016(HS5N2)
EU743108 | A/thea/TX/39923/1993(H5N2)
KU141374 | A/swine/Mexico/GtoDMZC02/2014(H5N2)
KM657869 | Alchicken/Coahuila/TA05/2009(HSN2)
GU050161 | A/yellow-headed Amazon/California/500658/2007(H5N2)
PX459247 | A/Aves/Estado de Mexico/CPA-04114-22/2022(H5N2)
PV615483 | A/Gallus gallus/Durango/CPA-00806-22/2022(H5N2)
MZ565038 | A/chicken/Jalisco/CPA-06116-17/2017(H5N2)
CY178088 | A/widgeon/Wisconsin/493/1983(H5N2)
FJ357093 | A/guinea fowl/OH/22911-20/1986(H5N2)
CYO015075 | A/chicken/Pennsylvania/1/1983(H5N2)
— EU743295 | A/mallard/W1/42/1975(H5N2)
[ KF435064 | A/finch/England/2051/1991(HSN2)
GU050138 | A/tundra swan/Alaska//480410/2007(H5N2)
JXO081175 | A/tundra swan/Alaska/44049-168/2006(H5N2)
GQ923143 | A/waterfowl/Minnesota/459675/2006(H5N2)
MIH546973 | A/ring-necked duck/California/16-004032-1/2016(H5N2)
0Q366653 | A/Ruddy Turnstone/DE/464/2022(HS5N2)
CY213606 | Alleast sandpiper/Southcentral Alaska/16MB01323/2016(H5N2)
CY093744 | A/northern shoveler/California/8855/2008(HSN2)
M MHO068401 | A/ruddy turnstone/New Jersey/UGAI17-1991/2017(H5N2)
MHS546525 | Allesser snow goose/Arkansas/16-005566-3/2016(H5N2)
KY130666 | A/glaucous-winged gull/Alaska/392/2011(H5N2)
MHS546461 | A/emperor goose/Alaska/17-004479-2/2016(H5N2)
PV978894 | A/mallard duck/Ohio/240S0838/2024(H5N2)
PV553970 | A/gadwall duck/Ohio/230S0217/2023(H5N2)
EU743137 | A/emu/NY/12716/1994(H5N9)
] —‘ MW875329 | A/ruddy turnstone/Delaware Bay/386/2020(H5N9)
PV978863 | A/common goldeneye/Wisconsin/240S1381/2024(H5NG6)
MHS597537 | A/ruddy turnstone/Delaware/828239/2001(HSN7)
MHS578737 | A/ruddy turnstone/Delaware Bay/75/2004(HSN7)
MG891862 | A/ruddy turnstone/Delaware Bay/285/2017(H5N7)
CY094439 | A/cinnamon teal/California/HKWF1111C/2007(H5N7)
MH068641 | A/ruddy turnstone/New Jersey/UGAIL7-2975/2017(H5N7)
[ MHS546533 | A/lesser snow goose/Oregon/16-006224-1/2016(HS5N3)
4‘__[[ MK326743 | A/blue-winged teal/Guatemala/CIP049-H116-10/2013(H5N3)

MW875340 | A/Red knot/Delaware Bay/404/2020(H5N3)
KY575206 | A/northern shoveler/Mexico-Sonora/797/2008(H5N3)
MEFE359836 | A/laughing gull/Delaware Bay/341/2011(H5N3)

KP101006 | A/quail/California/K1400794/2014(H5N8)
MHS579074 | A/laughing gull/Delaware Bay/156/2004(HSN8)
MH598127 | A/ruddy turnstone/New Jersey/828227/2001(HSNS)

KP307986 | A/gyrfalcon/Washington/41088-6/2014(H5N8)
PX508208 | A/Washington/2148/2025(H5N5)
PQ716995 | A/Ring-necked pheasant/NY/22-013873-001-original/2022(H5N 1)
PP802176 | A/bald eagle/USA/22-035250-001/2022(H5N1)
PV309058 | A/Coopers Hawk/ON/FAV-1675-5-2022/2022(H5N1)
PP802440 | A/gadwall/USA/IZ22 0885/2022(H5N1)
GU186519.2 Influenza A virus (A/ruddy turnstone/DE/509531/2007(H5N1)
KR271017 | A/thick-billed murre/Greenland/9045-2K/2014(H5N1)
MG279888 | A/black duck/Tennessee/17080306/2017(H5NT1)
MF613766 | A/ruddy turnstone/Delaware Bay/317/2016(H5N1)
'T‘ PV338430 | A/Western Gull/CA/25-002655-001-original/2024(H5N1)
’ " pV616551 | A/chicken/IL/25-009367-001-original/2025(HS5N1)
" PX687027 | A/cat/Illinois/0790314/2025(H5N 1)
" PX687016 | A/Norway rat/Illinois/0790319/2025(H5N1)

Appendix Figure 6. Phylogenetic trees of a randomized subset of HS5N* NA genes, stratified by host,
2025. Cat, rat, and chicken strains reported in this study labeled by solid squares. This tree contains a
diversity of neuraminidase genes, including N1, N2, N3, N5, N6, N7, N8, and N9, demonstrating the
diversity of the NA gene in HPAIV.
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PV979229 | A/mallard duck/Ohio/24080669/2024(H5N1)
PV018874 | A/Ruddy Turnstone/DE/944/2024(H5SN1)
PV978866 | A/common goldeneye/Wisconsin/240S1381/2024(HSNG)
PV553971 | A/gadwall duck/Ohio/230S0217/2023(HSN2)
MW875328 | A/ruddy turnstone/Delaware Bay/386/2020(H5N9)
: MHS546974 | A/ring-necked duck/California/16-004032-1/2016(H5N2)
MH546526 | A/lesser snow goose/Arkansas/16-005566-3/2016(HSN2)
r_MH546478 | A/glaucous-winged gull/Alaska/16-041335-19/2016(HSN2)
MH546926 | A/northern shoveler/Alaska/17-004479-3/2016(H5N2)
—Ij MHO068656 | A/ruddy turnstone/New Jersey/UGAI17-2989/2017(H5N7)

0Q366638 | A/Ruddy Turnstone/DE/495/2022(H5N2)
CY213613 | A/least sandpiper/Southcentral Alaska/16MB01324/2016(H5N2)

_LOM%SS 12 | A/Sanderling/Delaware/518/2021(H5N2)
KT338415 | A/American green-winged teal/Alaska/472/2014(HSN2)

— MH546670 | A/mallard/Minnesota/16-041335-4/2016(H5NS5)

C CY093743 | A/northern shoveler/California/8855/2008 (HSN2)
MW873553 | A/lemperor goose/Alaska/AK19-293/2019(H5N2)

KY 828699 | A/northern shoveler/California/LDC188/2014(H5N2)

t MK326744 | A/blue-winged teal/Guatemala/CIP049-H116-10/2013(H5N3)

MF359863 | A/shorebird/Delaware Bay/318/2011(H5N2)
| IX081210 | A/tundra swan/Alaska/44049-099/2006(H5N2)
— GQ923294 | A/northern pintail/Utah/469648/2006(H5N2)

— GQ923454 | A/mallard/Nevada/450206-4/2006(H5N2)

MH546950 | A/pheasant/Idaho/08-002590-63/2008(FHISNS)

MHS546278 | A/Muscovy duck/New Jersey/16-021456-4/2016(H5N2)

MHS501466 | A/ruddy turnstone/New Jersey/AI10-579/2010(H5N2)

KC464593 | A/American black duck/Newfoundland/1181/2009(H5N4)

KY130667 | A/glaucous-winged gull/Alaska/392/2011(H5N2)

MHS597213 | A/ruddy tumstone/Delaware/1016418/2003(H5N2)

GQ923502 | A/green winged teal/Delaware/458672-5/2006(HS5N2)

MG280063 | A/green-winged teal/Mississippi/160S5996/2016(H5N2)

GU049905 | Afavian/New York/448534/2006(H5N2)

GQ923526 | A/wild bird/Minnesota/460613/2006(H5N2)

MH546382 | A/duck/New York/08-000759-001/2008(H5N2)

MW132181 | A/mallard/California/SLO6B72H5/2018(HS5N2)

GU051981 | A/northern pintail/Illinois/464067-4/2006(HSN9)

— MHS579054 | A/ruddy turnstone/Delaware Bay/105/2007(HSN1)
FJ357092.2 Influenza A virus (A/guinea fowl/OH/22911-20/1986(H5N2)

_|__KU141375 | A/swine/Mexico/GtoDMZC02/2014(H5N2)

OK205822 | A/chicken/Queretaro/14588-19/1995(H5N2)
MZ564751 | A/chicken/Colima/CPA-04929-17/2017(H5N2)

|: GU050160 | A/yellow-headed Amazon/California/500658/2007(H5N2)

1 GQ923134 | A/Guinea fowl/Oregon/459674-5/2006(H5N2)
MHS579268 | A/laughing gull/Delaware Bay/156/2004(H5N8)
KY983164 | A/northern shoveler/California/HS225/2015(HSN3)

CY178087 | A/widgeon/Wisconsin/493/1983(H5N2)
EU743136 | A/emu/NY/12716/1994(H5N9)

KF435067 | A/finch/England/2051/1991(HSN2)
KU201651 | A/wood duck/Oregon/AH0007257/2015(H5N2)

PQ710108 | A/Gadwall/AK/23-003641-004-original/2022(H5N 1)
PQ715356 | A/Peregrine falcon/WA/22-037174-001-original/2022(H5N1)
PV317355 | A/Rough-Legged Hawk/QC/FAV-0308-3-2022/2022(H5N1)
PP770444 | A/crow/Kansas/W23-968A/2023(H5N1)
PV336343 | A/Black-crowned Night-Heron/CA/25-003270-001-original/2025(HS5N1)
— B PX687025 | Alcat/Ilinois/0790314/2025(HSN 1)
0.01 ¥ pX687015 | A/Norway rat/Illinois/0790319/2025(H5N1)
" PV616552 | Alchicken/IL/25-009367-001-original/2025(H5N 1)

Appendix Figure 7. Phylogenetic trees of a randomized subset of HSN* M genes, stratified by host,

2025. Cat, rat, and chicken strains reported in this study labeled by solid squares.

Page 13 of 14



CY094441 | Afcinnamon teal/California/ HKWF [ 111C/2007(H5N7)
KT338416 | A/American green-winged teal/Alaska/472/2014(H5N2)
MW873762 | A/northern pintail/Alaska/AK18-475/2018(H5N2)
PQ701597 | A/American crow/W1/22-014369-001-original/2022(FH5N1)
0Q734952 | A/great-tailed grackle/Kansas/W22-1223B/2022(H5N1)
MEF359838 | Afruddy turnstone/Delaware Bay/431/201 1(H5N2)
MK326794 | A/blue-winged teal/Guatemala/CIP049-H116-51/2013(H5N3)
00Q962872 | A/Red-tailed Hawk/Indiana/22-011949-001/2022(H5N1)
MG280016 | A/American wigeon/Ohio/16083736/2016(H5N2)
— MH597539 | A/ruddy turnstone/Delaware/828239/2001(H5N7)
AF MIH546487 | A/guinea fowl/New Jersey/07-002030-001/2007(H5N2)
GUI186521 | A/ruddy turnstone/DE/509531/2007(H5N1)
MHS578707 | A/laughing gull/Delaware Bay/156/2004(H5N8)
MII546535 | A/lesser snow goose/Oregon/16-006224-1/2016(115N3)
JX081024 | A/greater white-fronted goose/Alaska/44065-031/2006(H5N2)
KP101008 | A/quail/California/K1400794/2014(H5N8)
EJYFO‘)SM(] | A/morthern shoveler/California/8855/2008(H5N2)

MH546287 | A/Muscovy duck/New Jersey/16-021457-2/2016(H5N2)
MF359846 | A/ruddy turnstone/Delaware Bay/117/2011(H5N9)
MH579320 | A/shorebird/Delaware Bay/101/2004(H5N7)
MH3598129 | A/ruddy turnstone/New Jersey/828227/2001(H5SN8)
EU743110 | A/rhea/TX/39923/1993(HSN2))
EU743139 | A/emwNY/12716/1994(115N9))

FJ357095 | A/guinea fowl/OI1/22911-20/1986(115N2)
KU201684 | A/Northemn shoveler/Oregon/AH0007339/2015(H5N2)
MH546887 | A/morthern pintail/Alaska/16-041335-5/2016(H5N2)
PP802874 | A/northern shoveler/USA/1Z22 0892/2022(HS5N1)
PV315220| A/Northern Gannet/PE/FAV-0652-1-2022/2022(H5N1)
PV267724 | A/wood duck/Florida/W24-974B/2024(H5N1)

" PX687023 | Alcat/Tllinois/0790314/2025(H5N1)

" PX687019 | A/Norway rat/Tllinois/0790319/2025(HSN1)

" PV616553 | A/chicken/TL/25-009367-001-original/2025(H5N1)
KY130863 | A/northern pintail/Alaska/622/2012(115N2)

KI435003 | A/finch/England/2051/1991(115N2)

MZ565112 | A/chicken/Talisco/CPA-07541-19/2019(H5N2)

PX493431 | A/Aves/Durango/CPA-19904-22/2022(H5N2)

GU050163 | A/yellow-headed Amazon/California/500658/2007(H5N2)
PX493455 | A/Gallus gallus/Guanajuato/CPA-21823-22/2022(H5N2)
KU141376 | A/swine/Mexico/GtoDMZC02/2014(H5N2)

CY179407 | A/mallard/Wisconsin/411/1981(H5N2)

CY178090 | Afwidgeon/Wisconsin/493/1983(H5N2)

MK995862 | A/Northern Shoveler/Utah/D1715326/2017(H5N2)

PV159371 | A/Bottlenose Dolphin/FL/24-038155-001-original/2023(H5N1)
MH546311 | A/Muscovy duck/New Y ork/09-005059-002/2009(H5N2)
PV978862 | A/common goldeneye/Wisconsin/240S1381/2024(H5N6)
GQ923137 | A/Guinea fowl/Oregon/459674-5/2006(H5N2)

KR271019 | A/thick-billed murre/Greenland/9045-2K/2014(H5N1)
CY213588 | A/sandpiper/Southcentral Alaska/16MB01259/2016(HSN2)
JX080992 | A/tundra swan/Alaska/44056-144/2006(H5N2)

MW132180 | A/mallard/California/SLO6B72H5/2018(H5N2)

Appendix Figure 8. Phylogenetic trees of a randomized subset of HSN* NS genes, stratified by host,

2025. Cat, rat, and chicken strains reported in this study labeled by solid squares.
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