












Figure 3, A-H. Photomicrographs of histopathological lesions in red foxes naturally infected with 
highly pathogenic avian influenza. A – Throughout the brain there are multifocal regions of 
necrosis and hypercellularity. H&E stain. Bar = 200µm. B – Within the white matter there is 
prominent neuronal necrosis (arrow heads), satellitosis (arrow), and reactive astrocytes. A vessel 
is surrounded by lymphocytes and plasma cells. H&E stain. Bar = 20 µm. C – In areas of necrosis 
within the brain, there is often abundant, stippled, basophilic karyorrhectic debris.  H&E stain. 
Bar = 20 µm. D - Within the hippocampus, there are numerous shrunken, angular, and acidophilic 
(necrotic) neurons in a laminar pattern. H&E stain. Bar = 20 µm.   
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Figure 3, A-H continued. E – Within the lung, there is diffuse vascular congestion. Alveoli 
contain fibrin, hemorrhage, and edema fluid. H&E stain. Bar = 50 µm. F – Regions of 
cardiomyocyte necrosis in the heart are often mineralized. H&E stain. Bar = 20 µm. G – Within 
the brain, there is positive nuclear and cytoplasmic staining of neuron cell bodies and processes. 
Avian influenza virus monoclonal immunohistochemistry. Bar = 20 µm. H – There is scattered 
positive nuclear and cytoplasmic staining of bronchiolar epithelial cells and interstitial 
macrophages in the lung. Monoclonal immunohistochemistry to influenza A virus nucleoprotein. 
Bar = 20 µm.  
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Figure 4 A. Example of a subset of B1.2 vSNP analysis using whole genome data for H5N1 
clade 2.3.4.4b highly pathogenic avian influenza in mammals and wild birds. Data from three 
samples from one red fox and two samples from one Virginia opossum are highlighted in red and 
yellow, respectively. Each column represents the nucleotide position relative to the reference 
virus.  
 
 

Figure 4 B. Example of a subset of B3.2 vSNP analysis using whole genome data for H5N1 
clade 2.3.4.4b highly pathogenic avian influenza in mammals and wild birds. Data from four 
samples from four skunks and three samples from two red foxes are highlighted in blue and red, 
respectively. Each column represents the nucleotide position relative to the reference virus.  
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Figure 5 A. Genotype B3.2 vSNP phylogenetic tree for H5N1 clade 2.3.4.4b highly pathogenic 
avian influenza in mammals and wild birds. Data from red fox are shown in red, fisher in purple, 
bobcat in green, and skunk in blue. WB = wild bird. Tree is rooted to the reference sequence 
A/Fancy_Ck/NL/FAV33/2021.  
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Figure 5 B. Genotype B1.2 vSNP phylogenetic tree for H5N1 clade 2.3.4.4b highly pathogenic 
avian influenza in mammals and wild birds. Data from red fox are shown in red, raccoon in teal, 
coyote in orange, and Virginia opossum in gold. WB = wild bird. Tree is rooted to the reference 
sequence A/Fancy_Ck/NL/FAV33/2021.  
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Table 1. Nine different genotypes were identified from the whole genome sequence data of H5N1 clade 
2.3.4.4b highly pathogenic avian influenza from 48 individual animals across seven different species and 
10 states (AK, IA, ID, MI, MN, ND, NY, UT, WA, WI); (North American wild bird influenza A 
segments denoted by AM) 

Genotype  Red fox Skunk Raccoon Opossum Bobcat Coyote  Fisher  Total 

     A3 fully Eurasian 1       1 

B1.1 (AM PB2 PB1 NP) 7   2    7 

B1.2 (AM PB2 PB1 PA NP) 6  1   1  10 

B2 (AM PB2 NP) 8  1     9 

B3.1 (AM PB2 NP) 4       4 

B3.2 (AM PB2 PB1 NP NS) 6 4   1  1 12 

B4 (AM PB2 NP) 1       1 

Minor02 (AM PB2 NP) 2       2 

Minor15 (AM PB2 PB1 NP) 2       2 

Total  37 4 2 2 1 1 1 48 

 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 12, 2023. ; https://doi.org/10.1101/2023.03.10.532068doi: bioRxiv preprint 

https://doi.org/10.1101/2023.03.10.532068
http://creativecommons.org/licenses/by-nc-nd/4.0/

