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Highly Pathogenic Avian Influenza A(H5N1) 
Clade 2.3.4.4b Virus Infection in Poultry 
Farm Workers, Washington, USA, 2024 

Appendix 

Methods 

Influenza A Confirmation and Sequencing of the Clinical Specimens 

Washington State Public Health Laboratory performed the initial real-time RT-PCR 

testing of the clinical specimens collected from symptomatic poultry farm workers with exposure 

to A(H5N1) virus-infected poultry. The median days between symptoms onset and sample 

collection were 2 days (range, 0 to 4 days). Conjunctival or nasopharyngeal specimens were then 

shipped to the Centers for Disease Control and Prevention (CDC, Atlanta, GA, United States) for 

confirmatory testing. To isolate nucleic acids for confirmatory testing, viral subtyping, and 

sequencing, RNA was extracted from 120 µL of clinical specimen using an EZ1 DSP Virus Kit 

(QIAGEN, Hilden, Germany) following the manufacturer’s instruction. The purified RNA was 

tested for the detection of universal influenza A matrix gene and A(H5) HA gene targets using a 

TaqMan real-time RT-PCR assay (1). Influenza A viral genome was amplified from the 

extracted RNA using multi-segment RT-PCR with universal influenza A primers (2). The 

resulting amplicons were subjected to library preparation using the DNA Prep library preparation 

kit (Illumina) and sequenced on the Illumina MiSeq platform using the MiSeq v2 300 cycle kit 

(Illumina) following the manufacturer’s protocol. The output reads were analyzed using the 

iterative refinement meta-assembler (IRMA) pipeline (3). Assembled Influenza A viral genome 

segments that met quality thresholds (100X minimum average coverage and 25X minimum 

coverage at each nucleotide except for the 5% region at the 5′ and 3′ ends) were submitted to 
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both the GISAID (https://gisaid.org) and GenBank (https://www.ncbi.nlm.nih.gov/genbank) 

databases (Appendix Table 1). 

Virus Isolation 

For all clinical specimens that were confirmed A(H5)-positive by the CDC, virus 

isolation was attempted in embryonated chicken eggs. For select A(H5)-positive specimens with 

enough volume, virus isolation was also attempted in Madin Darby Canine Kidney (MDCK) cell 

lines. Inoculated eggs and cells were incubated at 37°C for 24–48 hours. Afterward, egg allantoic 

fluid or cell culture supernatant was harvested, and hemagglutination titer was determined using 

turkey red blood cells (RBCs, Lampire Biologic Laboratories, Pipersville, PA, USA). Stocks of 

successfully isolated viruses were sequenced as previously described and stored in a −80°C 

freezer. 

Antigenic Characterization 

Hemagglutination inhibition (HI) tests were conducted following standard protocols (4). 

Briefly, test ferret antisera were pre-treated with receptor-destroying enzyme (RDE, Denka 

Seiken, Tokyo, Japan) and adsorbed with turkey RBCs. Then, ferret antisera were pipetted into a 

96-well V-bottom plate followed by 2-fold serial dilutions. Each antisera dilution (25 µL) was 

subsequently mixed with 25 µL of test antigen virus standardized to 8 hemagglutination units 

(HAU)/50 µL in phosphate-buffered saline (PBS). Following a 30-minute incubation at room 

temperature, 50 µL turkey RBCs in PBS (4.0 ± 0.4 × 107 cells/mL) were added and incubated for 

another 30 minutes to allow the RBCs to settle. The HI titer was determined as the reciprocal of 

the highest dilution of ferret antisera that inhibited hemagglutination. 

Phylogenetic Analysis 

A phylogenetic tree was built for each available gene segment (codon complete or near 

complete) of D1.1 human cases after alignment with closely related virus sequences obtained 

from GISAID (https://platform.gisaid.org) and the Short Read Archive/NCBI. Sequences for 

each virus strain were aligned using BioEdit v7.0 and the MUSCLE algorithm (5). Neighbor-

joining phylogenetic trees were built using MEGA7.0 software with 1,000 bootstraps and the 

Juke-Cantor Model of evolution with uniform rates (https://www.megasoftware.net). 
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Glycan Microarray Analysis 

Glycan microarray slides used in this study were produced under contract for the Centers 

for Disease Control and Prevention by James Paulson at The Scripps Research Institute (La Jolla, 

CA). Glycans present on the array are listed in Appendix Table 2). β-Propiolactone (BPL)-

inactivated D1.1 viruses were diluted in PBS with 2% bovine serum albumin to a 

hemagglutination titer of 128. The diluted virus suspension was applied to and incubated on the 

glycan microarrays on ice for 1.5 hours with gentle rotation, after which slides were washed with 

PBS containing 0.05% Tween 20 (PBS-T) followed by PBS only. This wash process followed 

each incubation step. As primary antibody, ferret antiserum raised against IDCDC-RG80A 

(A/chicken/Ghana/AVL-763_21VIR7050–39/2021) pre-diluted at 1:500 in PBS, was incubated 

on the arrays for 30 minutes. Slides were washed, then followed by another 30-minute incubation 

with a secondary biotin-labeled mouse anti-ferret IgG antibody (Rockland Inc.) using a 1:200 

dilution in PBS. After washing, a final 30-minute incubation step with Streptavidin Alexa Fluor 

488 Conjugated diluted in PBS at 1:2000 dilution (Thermo Fisher Scientific, MA, USA) was 

performed. Slides were washed sequentially with PBS-T, PBS and H2O, air dried, and then 

scanned for fluorescence using an Innoscan 1100AL fluorescence scanner (Innopsys, Carbonne, 

France) using the 488 nm laser. Spot intensities were quantified and analyzed using the system’s 

Mapix data acquisition and analysis software. 
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Appendix Table 1. GISAID and NCBI submission numbers for Washington D1.1 A(H5N1) viruses. 

Strain name Passage Information GISAID EPI ISL NCBI HA 
A/Washington/239/2024 Original EPI_ISL_19512045 PQ525413 
A/Washington/239/2024 C1 EPI_ISL_19531298 PQ573554 
A/Washington/240/2024 Original EPI_ISL_19512046 PQ525416 
A/Washington/240/2024 E1 EPI_ISL_19531299 PQ573562 
A/Washington/247/2024 Original EPI_ISL_19512047 PQ525420 
A/Washington/254/2024 Original EPI_ISL_19531303 PQ615328 
A/Washington/254/2024 E1 EPI_ISL_19666173 PQ885521 
A/Washington/255/2024 Original EPI_ISL_19552697 PQ615366 

 
 
Appendix Table 2. Glycan structures presented on the microarray slide 
Chart no. Structure Description 
1 α-Neu5Ac-Sp8 α-Neu5Ac 
2 α-Neu5Ac-Sp11 α-Neu5Ac 
3 β-Neu5Ac-Sp8 β-Neu5Ac 
Glycans that contain α-2,3 sialic acid  
 4 Neu5Acα2-3(6-O-Su)Galβ1-4(Fucα1-3)GlcNAcβ-Sp8 α2-3 so4 
 5 Neu5Acα2-3Galβ1-3(6OSO3)GalNAcα-Sp8 α2-3 so4 
 6 Neu5Acα2-3Galβ1-4(6OSO3)GlcNAcβ-Sp8 α2-3 so4 
 7 Neu5Acα2-3Galβ1-4(Fucα1-3)(6OSO3)GlcNAcβ-Sp8 α2-3 so4 
 8 Neu5Acα2-3Galβ1-3(6OSO3)GlcNAc-Sp8 α2-3 so4 
 9 Neu5Acα2-3Galβ1-3(Neu5Acα2-3Galβ1-4)GlcNAcβ-Sp8 di-sialoside 
 10 Neu5Acα2-3Galβ1-3(Neu5Acα2-3Galβ1-4GlcNAcβ1-6)GalNAc-Sp14 di-sialoside 
 11 Neu5Acα2-3Galβ1-4GlcNAcβ1-2Manα1-3(Neu5Acα2-3Galβ1-4GlcNAcβ12Manα1-

6)Manβ1-4GlcNAcβ1-4GlcNAcβ-Sp12 
α2-3 biantennary 

 12 Neu5Acα2-3Galβ-Sp8 α2-3 
 13 Neu5Acα2-3GalNAcα-Sp8 α2-3 
 14 Neu5Acα2-3Galβ1-3GalNAcα-Sp8 α2-3 
 15 Neu5Acα2-3Galβ1-3GlcNAcβ-Sp0 α2-3 
 16 Neu5Acα2-3Galβ1-3GlcNAcβ-Sp8 α2-3 
 17 Neu5Acα2-3Galβ1-4Glcβ-Sp0 α2-3 
 18 Neu5Acα2-3Galβ1-4Glcβ-Sp8 α2-3 
 19 Neu5Acα2-3Galβ1-4GlcNAcβ-Sp0 α2-3 
 20 Neu5Acα2-3Galβ1-4GlcNAcβ-Sp8 α2-3 
 21 Neu5Acα2-3GalNAcβ1-4GlcNAcβ-Sp0 α2-3 
 22 Neu5Acα2-3Galβ1-4GlcNAcβ1-3Galβ1-4GlcNAcβ-Sp0 α2-3 
 23 Neu5Acα2-3Galβ1-3GlcNAcβ1-3Galβ1-3GlcNAcβ-Sp0 α2-3 
 24 Neu5Acα2-3Galβ1-4GlcNAcβ1-3Galβ1-4GlcNAcβ1-3Galβ1-4GlcNAcβ- Sp0 α2-3 
 25 Neu5Acα2-3Galβ1-4GlcNAcβ1-3Galβ1-3GlcNAcβ-Sp0 α2-3 
 26 Neu5Acα2-3Galβ1-3GalNAc-Sp14 α2-3 
 27 Neu5Acα2-3Galβ1-4(Fucα1-3)GlcNAcβ1-6(Galβ1-3)GalNAc-Sp14 α2-3 fucosylated 
 28 Neu5Acα2-3Galβ1-3(Fucα1-4)GlcNAcβ-Sp8 α2-3 fucosylated 
 29 Neu5Acα2-3Galβ1-4(Fucα1-3)GlcNAcβ-Sp0 α2-3 fucosylated 
 30 Neu5Acα2-3Galβ1-4(Fucα1-3)GlcNAcβ-Sp8 α2-3 fucosylated 
 31 Neu5Acα2-3Galβ1-4(Fucα1-3)GlcNAcβ1-3Galβ-Sp8 α2-3 fucosylated 
 32 Neu5Acα2-3-galβ1-3(Fucα1-4)GlcNAcβ1-3Galβ1-4(Fucα1-3)GlcNAcβ-Sp0 α2-3 fucosylated 
 33 Neu5Acα2-3Galβ1-4(Fucα1-3)GlcNAcβ1-3Galβ1-4(Fuca1-3)GlcNAcβ-Sp0 α2-3 fucosylated 
 34 Neu5Aca2-3Galβ1-4(Fuca1-3)GlcNAcβ1-3Galβ1-4(Fuca1-3)GlcNAcβ1-3Galβ1-

4(Fuca1-3)GlcNAcβ-Sp0 
α2-3 fucosylated 

 35 Neu5Acα2-3(GalNAcβ1-4)Galβ1-4GlcNAcβ-Sp0 α2-3 internal 
 36 Neu5Acα2-3(GalNAcβ1-4)Galβ1-4GlcNAcβ-Sp8 α2-3 internal 
 37 Neu5Acα2-3(GalNAcβ1-4)Galβ1-4Glcβ-Sp0 α2-3 internal 
 38 Neu5Acα2-3(Galβ1-3GalNAcβ1-4)Galβ1-4Glcβ-Sp0 α2-3 internal 

https://pubmed.ncbi.nlm.nih.gov/15034147
https://doi.org/10.1093/nar/gkh340
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Chart no. Structure Description 
 39 Neu5Acα2-3(Fucα1-2Galβ1-3GalNAcβ1-4)Galβ1-4Glcβ-Sp0 α2-3 internal 
 40 Neu5Acα2-3(Fucα1-2Galβ1-3GalNAcβ1-4)Galβ1-4Glcβ-Sp9 α2-3 internal 
Glycans that contain α-2,6 sialic acid  
 41 Neu5Acα2-6Galβ1-4[6OSO3]GlcNAcβ-Sp8 α2-6 so4 
 42 Neu5Acα2-6Galβ1-4GlcNAcβ1-2Manα16(Galβ1-4GlcNAcβ1-2Manα1-3)Manβ1-

4GlcNAcβ1-4GlcNAcβ-Sp12 
α2–6 branched 

 43 Neu5Acα2-6Galβ1-4GlcNAcβ1-2Manα1-3(Neu5Acα2-6Galβ1-4GlcNAcβ1-2Manα1-
6)Manβ1-4GlcNAcβ1-4GlcNAcβ-Sp12 

α2-6 biantenary 

 44 NeuAcα(2-6)-Galβ(1-4)-GlcNAcβ(1-3)-Galβ(1-4)-GlcNAcβ(1-2)-Manα(1-3)-[NeuAcα(2-
6)-Galβ(1-4)-GlcNAcβ(1-3)-Galβ(1-4)-GlcNAcβ(1-2)-Manα(1-6)]-Manβ(1-4)-
GlcNAcβ(1-4)-GlcNAcβ-Sp12 

α2-6 biantenary 

 45 Neu5Acα2-6Galβ1-4GlcNAcβ1-3Galβ1-4GlcNAcβ1-3Galβ1-4GlcNAcβ1-2Manα1-
3(Neu5Acα2-6Galβ1-4GlcNAcβ1-3Galβ1-4GlcNAcβ1-3Galβ1-4GlcNAcβ1-2Manα1-
6)Manβ1-4GlcNAcβ1-4GlcNAcβ-Sp12 

α2-6 biantenary 

 46 Neu5Acα2-6Galβ1-4GlcNAcβ1-3Galβ1-4GlcNAcβ(1-3)(Neu5Acα2-6Galβ1-
4GlcNAcβ1-3Galβ1-4GlcNAcβ1-6)GalNAca-Sp14 

α2-6 biantenary 

 47 Neu5Acα2-6Galβ1-4GlcNAcβ1-2Manα1-3(Neu5Acα2-6Galβ1-4GlcNAcβ12Manα1-
6)Manβ1-4GlcNAcβ1-4GlcNAcβ-Sp8 

α2-6 biantenary 

 48 Neu5Acα2-6Galβ1-4GlcNAcβ1-2Manα1-3(Neu5Acα2-6Galβ1-4GlcNAcβ12Manα1-
6)Manβ1-4GlcNAcβ1-4GlcNAcβ-Sp12 

α2-6 biantenary 

 49 Neu5Acα2-6Galβ1-4GlcNAcβ1-2Manα1-3(Galβ1-4GlcNAcβ1-2Manα16)Manβ1-
4GlcNAcβ1-4GlcNAcβ-Sp12 

α2-6 biantenary 

 50 Neu5Acα2-6GalNAcα-Sp8 α2-6 
 51 Neu5Acα2-6Galβ-Sp8 α2-6 
 52 Neu5Acα2-6Galβ1-4Glcβ-Sp8 α2-6 
 53 Neu5Acα2-6Galβ1-4GlcNAcβ-Sp0 α2-6 
 54 Neu5Acα2-6Galβ1-4GlcNAcβ-Sp8 α2-6 
 55 Neu5Acα2-6GalNAcβ1-4GlcNAcβ-Sp0 α2-6 
 56 Neu5Acα2-6Galβ1-4GlcNAcβ1-3Galβ1-4GlcNAcβ-Sp0 α2-6 
 57 Neu5Acα2-6Galβ1-4GlcNAcβ1-3Galβ1-4GlcNAcβ1-3GalNAca-Sp14 α2-6 
 58 Neu5Aca2-6Galβ1-4GlcNAcβ1-3Galβ1-4GlcNAcβ1-3Galβ1-4GlcNAcβ-Sp0 α2-6 
 59 Neu5Acα2-6Galβ1-4GlcNAcβ1-3Galβ1-4(Fucα1-3)GlcNAcβ1-3Galβ1-4(Fucα1-

3)GlcNAcβ-Sp0 
α2-6 fucosylated 

 60 Neu5Acα2-6(Galβ1-3)GlcNAcβ1-4Galβ1-4Glcβ-Sp10 α2-6 internal 
 61 Neu5Acα2-6(Galβ1-3)GalNAca-Sp14 α2-6 internal 
 62 Neu5Acα2-6Galβ1-4GlcNAcβ1-6(Galβ1-3)GalNAca-Sp14 α2-6 internal 
 63 NeuAcα2-6Galβ1-4GlcNAcβ1-3Galβ1-4GlcNAcβ1-6(Galβ(1-3)GalNAca-Sp14 α2-6 internal 
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Appendix Table 3. Washington D1.1 A(H5N1) HA amino acid changes relative to 2.3.4.4b A(H5) CVVs. The Washington D1.1 A(H5N1) viruses are shown in green and the pre-
pandemic CVVs in red. 

Mature H5 
numbering 

A/Ezo red 
fox/Hokkaido/

1/2022 

A/American 
Wigeon/South 
Carolina/22-

000345-001/2021 

A/Astrakhan/
3212/2020_ 

H5N8 
A/Washington/

239/2024 
A/Washington/

240/2024 
A/Washington/

247/2024 
A/Washington/

254/2024 
A/Washington/

255/2024 Annotation 
36 T 

  
A A A A A 

 

104 L M 
       

140 A 
       

Antigenic site A 
186 E 

       
Antigenic site B 

210 V A 
      

Antigenic site D 
222 Q 

       
Antigenic site D 

325 R K K 
      

476 N 
  

D D D D D 
 

511 I V 
       

No. amino acid 
changes 

 4 1 2 2 2 2 2 vs. A/Ezo red 
fox/Hokkaido/1/2022 

   3 6 6 6 6 6 vs. A/American Wigeon/South 
Carolina/22-000345-001/2021 

    3 3 3 3 3 vs. A/Astrakhan/3212/2020_ 
H5N8 
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Appendix Figure 1. Neighbor-joining phylogenetic trees of the PB2 gene segment. The Washington D1.1 

A(H5N1) viruses are shown in green and the pre-pandemic CVVs in red. Bootstrap values >50 

(generated from 1,000 replicates) are labeled on branch nodes. Genetic groups are labeled on the tree. 

Scale bar indicates nucleotide substitutions per site. 
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Appendix Figure 2. Neighbor-joining phylogenetic trees of the PB1 gene segment. The Washington D1.1 

A(H5N1) viruses are shown in green and the pre-pandemic CVVs in red. Bootstrap values >50 

(generated from 1,000 replicates) are labeled on branch nodes. Genetic groups are labeled on the tree. 

Scale bar indicates nucleotide substitutions per site. 
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Appendix Figure 3. Neighbor-joining phylogenetic trees of the PA gene segment. The Washington D1.1 

A(H5N1) viruses are shown in green and the pre-pandemic CVVs in red. Bootstrap values >50 

(generated from 1,000 replicates) are labeled on branch nodes. Genetic groups are labeled on the tree. 

Scale bar indicates nucleotide substitutions per site. 
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Appendix Figure 4. Neighbor-joining phylogenetic trees of the NP gene segment. The Washington D1.1 

A(H5N1) viruses are shown in green and the pre-pandemic CVVs in red. Bootstrap values >50 

(generated from 1,000 replicates) are labeled on branch nodes. Genetic groups are labeled on the tree. 

Scale bar indicates nucleotide substitutions per site. 
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Appendix Figure 5. Neighbor-joining phylogenetic trees of the M gene segment. The Washington D1.1 

A(H5N1) viruses are shown in green and the pre-pandemic CVVs in red. Bootstrap values >50 

(generated from 1,000 replicates) are labeled on branch nodes. Genetic groups are labeled on the tree. 

Scale bar indicates nucleotide substitutions per site. 
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Appendix Figure 6. Neighbor-joining phylogenetic trees of the NS gene segment. The Washington D1.1 

A(H5N1) viruses are shown in green and the pre-pandemic CVVs in red. Bootstrap values >50 

(generated from 1,000 replicates) are labeled on branch nodes. Genetic groups are labeled on the tree. 

Scale bar indicates nucleotide substitutions per site.  
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