
Since its arrival in North America during De-
cember 2021, the Eurasian highly pathogenic 

avian influenza (HPAI) virus subtype H5N1, clade 
2.3.4.4b, has been associated with a high mortality 
rate for wild birds all over the continent (1). Af-
fected bird species include mainly waterfowl and 
colonial nesting marine birds, as well as scavenger 
birds, such as gulls, eagles, vultures, and corvids 
(2,3). As with several other subtypes, HPAI H5N1 
can potentially infect persons, although clinical 
cases in humans have been limited (4). However, 
this virus has been shown to be pathogenic for dif-
ferent species of wild mammals, including red fox, 
striped skunk, mink, raccoon, and seals (5–7). In-
fections with influenza A(H1N1) viruses have been 

described in captive sloth bears (8). We report and 
describe infections by HPAI H5N1 virus in 2 black 
bears (Ursus americanus) found in Quebec, Canada, 
during the summer of 2022.

The Study
Two young-of-the-year black bear cubs (likely born 
in January–February) were observed wandering on 
a road within the Forillon National Park in Gaspé, 
Quebec, Canada (48°51′39′′N, 64°13′26′′W), on June 
14, 2022. The cubs, which were active and quite vo-
cal, were not attended by their dam. Shortly after-
ward, an adult female bear with unusual behavior 
was reported ≈200 m from the cubs. This female 
was wandering between vehicles, fell into a river, 
and began circling. Upon the arrival of park of-
ficials, the animal was in lateral recumbency and 
convulsing in a ditch.

Because of the severity of the neurologic signs 
present and concern for public safety, the bear was 
anesthetized and then euthanized. The 2 cubs, pre-
sumed to be orphaned, were also euthanized. The 
carcasses of the adult female and 1 of the cubs were 
subsequently frozen. The adult female was thawed 
a few days later and examined on site. Different 
organs were sampled, refrozen and shipped, along 
with the originally frozen cub, to the Canadian 
Wildlife Health Cooperative Quebec regional cen-
ter for further macroscopic examination, which was 
performed on July 7, 2022.

Macroscopic examination of viscera of the adult 
female show no notable findings, other than extensive 
postmortem changes. The cub (a 5.1-kg female) was 
thin and had limited fat stores. A mild mesenteric 
lymphadenomegaly was present, and the cerebrum 
appeared to be diffusely congested.
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Wholly Eurasian highly pathogenic avian influenza 
H5N1 clade 2.3.4.4b virus was isolated from 2 free-
ranging black bears with meningoencephalitis in Que-
bec, Canada. We found that isolates from both animals 
had the D701N mutation in the polymerase basic 2 
gene, previously known to promote adaptation of H5N1 
viruses to mammal hosts. 



DISPATCHES

Histopathologic examination of tissues sampled 
from the adult female showed multifocal infiltra-
tion of the meninges by numerous lymphoplasma-
cytic cells, which extended into the Virchow–Robin 
spaces, forming perivascular cuffing. Neuronal ne-
crosis associated with satellitosis and glial nodules 
was commonly observed. Aggregates of polymor-
phonuclear cells in the cerebral substance and areas 
of neuropile vacuolization with axonal degeneration 
were also present. The cub had similar, but of lower 
intensity and predominantly neutrophilic in nature, 
cerebral inflammatory and degenerative lesions, in 
addition to fibrinoid neutrophilic vasculitis. Small 
necrotic foci surrounded by granulocytes and mono-
nuclear cells were also occasionally seen in the liver 
of the cub.

Influenza A virus (IAV) antigen was detected 
by using immunohistochemical staining (Appendix, 
https://wwwnc.cdc.gov/EID/article/29/10/23-
0548-App1.pdf) in brain and liver cells; liver cells 
were observed only in the bear cub (Figure 1). Brain 
tissues from both animals were negative for rabies vi-
rus by the direct rapid immunohistochemical test (9).

We extracted RNAs from brain tissues and tra-
cheo-rectal swab specimens from both animals and 

found that they were positive for IAV genomic ma-
terial by using matrix and H5 gene specific real-time 
reverse transcription PCRs (10,11). We isolated H5N1 
viruses from brain samples collected from both bears 
in 9-day-old embryonated specific pathogen-free 
chicken eggs. We amplified all 8 genome segments of 
the virus directly from clinical samples and isolates 
and were sequenced by using the Oxford Nanopore 
platform as described (12), and the Rapid Barcoding 
Kit 96 (https://www.nanoporetech.com). We base-
called raw Nanopore signal data and demultiplexed 
with Guppy v5.1.12 (https://timkahlke.github.
io) using the super-accurate basecalling model. We 
then analyzed and assembled the basecalled reads 
by using the CFIA-NCFAD/nf-flu v3.1.0 (https://
zenodo.org/record/7011213#.ZBs5cXbMIuU) next-
flow workflow.

 The hemagglutinin (HA) gene of the virus be-
longed to Eurasian goose/Guangdong (Gs/GD) lin-
eage HPAI H5N1 clade 2.3.4.4b and had the cleav-
age site motif of PLREKRRKR/GLF, compatible with 
HPAI viruses (Figure 2). All 8 genome segments of the 
viruses from both bears contained wholly Eurasian 
IAVs similar to the Newfoundland-like H5N1 viruses, 
which came from Europe to Canada by the Atlantic 
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Figure 1. Detection of influenza A virus antigen in black bears by immunohistochemical analysis, Quebec, Canada. A) Brain tissue, 
showing abundant viral antigen detected multifocally throughout the section and observed primarily in gray matter areas. Scale bar 
indicates 5 mm. B) Brain immunostaining within neurons and surrounding neuropil. Scale bar indicates 100 µm. C) Liver tissue, showing 
viral antigen within individual cells. Scale bar indicates 200 µm. D) Liver tissue, showing that cells have the morphologic appearance of 
Kuppfer cells. Scale bar indicates 50 µm. Monoclonal antibody and diaminobenzidine stained, Gill’s hematoxylin counterstained.
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Flyway in 2021 (1). Both bears had mammalian adap-
tive mutations (D701N) in the polymerase basic pro-
tein 2 subunit of the RNA polymerase complex.

We conducted a Bayesian phylogenetic analysis 
to identify phylogenetic relatedness of the H5 HA 
gene between black bears and Eurasian-origin H5N1 
HPAIVs, as well as representative subgroups of clade 
2.3.4.4. (Appendix). The maximum clade credibility 
tree of the H5 HA gene showed that the HA genes of 
black bear samples were grouped with the current out-
break 2.3.4.4b subgroup (Figure 2). The HA genes were 

most closely related to those of early H5N1 HPAIVs 
isolated from eastern Canada provinces, as well as 
strains circulating in northwestern Europe during win-
ter 2021. Those genes were also more similar to those 
the fully Eurasian lineages observed in red foxes than 
to those observed in striped skunks and mink (5) and 
were not closely related to the New England–specific 
lineages documented in New England seals (7). Full ge-
nome sequences of both isolates were deposited in the 
GISAID database (https://www.gisaid.org) under ac-
cession nos. EPI_ISL_1747865 and EPI_ISL_17478584.
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Figure 2. Maximum-clade credibility tree for influenza A virus antigen in black bears by immunohistochemical analysis, Quebec, 
Canada, inferred by using Bayesian and Markov Chain Monte Carlo analyses for the H5 hemagglutinin gene. Shown are relationships 
among black bear strains from this investigation (red), European 2021 H5 clade 2.3.4.4b HPAI strains (blue), and early Canada wild bird 
and poultry strains (purple). Colors and labels indicate the other H5 clade 2.3.4.4 subgroups.



DISPATCHES

Conclusions
The described black bears were within the Atlan-
tic Americas avian flyway, where Eurasian lineage 
H5N1 viruses were detected in 2021 (1). The glob-
al epizootic of the HPAI H5N1 virus belonging to 
clade 2.3.4.4b has led to an exceptional number of 
animal deaths, particularly in domestic poultry and 
wild birds (12).

As opportunistic omnivores, black bears might 
be found scavenging on carcasses of dead animals, 
including birds. Within 5 km and in the 3 weeks pre-
ceding the euthanasia of both bears, several dead 
wild birds tested positive for the Eurasian lineage 
of HPAI H5N1, including common murre (Uria aal-
ge), American crow (Corvus brachyrhynchos), north-
ern gannet (Morus bassanus), and razorbill (Alca 
torda) (Canadian Wildlife Health Cooperative in-
ternal database, https://www.cwhc-rcsf.ca). Sus-
pected deaths of seals caused by HPAI H5N1 had 
occurred around the same time that the bears were 
found; however, those seal carcasses were >300 km 
away, and no suspected or confirmed seal deaths 
caused by HPAI H5N1 have been reported in seal 
populations in the Gaspé Peninsula (13). Therefore, 
it is suspected that the adult female black bear in 
this study was infected through spillover directly 
from infected bird carcasses because black bears 
in the Gaspé Peninsula share habitat with marine 
birds for which there have been confirmed deaths 
caused by HPAI H5N1 (13; Canadian Wildlife 
Health Cooperative internal database) during the  
same period.

Although H5N1 virus transmission has been 
documented in mink and ferrets, transmission of the 
virus between mammals is generally inefficient (14). 
Therefore, the possibility that the virus that affected 
these black bears was transmitted from 1 bear to an-
other, or from another mammal species, is much less 
probable than transmission from birds. Although 
HPAI virus infections in mammals might occur sec-
ondary to other infections, no other infectious agents 
were identified in either of the black bears.
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Influenza A(H5N1) Virus Infections in 2 Free-
Ranging Black Bears (Ursus americanus), 

Quebec, Canada 
Appendix 

Materials and Methods 

Phylogenetic Analysis 

The H5 HA genes of two black bear samples were aligned with HA genes of Eurasian origin 

H5N1 HPAIVs as well as representative subgroups of clade 2.3.4.4 by using MUSCLE (1), and 

alignments were trimmed to contain coding regions. A Bayesian phylogenetic analysis was conducted to 

show  phylogenetic relatedness by using a Bayesian Markov Chain Monte Carlo (BMCMC) method (2) 

as  implemented in the BEAST 2 program version 2.7.4 (3). The GTR + G nucleotide substitution model 

was applied to the dataset for Bayesian analysis. The age of the viruses was defined as the date of 

sample collection from the dataset. The coalescent Bayesian skyline was used for tree prior and an 

uncorrelated log-normal relaxed clock model was used to reflect the complex population dynamics of 

AIVs. For the dataset, at least two independent BEAST analysis runs were conducted for 30 million 

generations, sampling every 3000 generations. Convergences and effective sample sizes (ESS) of the 

estimates were checked by using Tracer v1.7.2 (http://tree.bio.ed.ac.uk/software/tracer). All parameter 

estimates for each run showed ESS values >200. A maximum clade credibility (MCC) phylogenetic tree 

was generated to summarize all 10,000 trees after a 10% burn-in by using TreeAnnotator in BEAST 2 

(4). The time-stamped phylogenetic tree was visualized and annotated by using FigTree v1.4.4 

(http://tree.bio.ed.ac.uk/software/figtree). 

Immunohistochemistry 

For immunohistochemistry, paraffin tissue sections were quenched for 10 minutes in aqueous 

3% hydrogen peroxide. Epitopes were then identified by using proteinase K for 15 minutes, then rinsed. 

https://doi.org/10.3201/eid2910.230548
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The primary antibody applied to the sections was a mouse monoclonal antibody specific for influenza A 

nucleoprotein (NP) (F26NP9, produced in-house) and was used at a dilution of 1:5,000 for 30 minutes. 

They were then visualized by using a horse radish peroxidase‒labeled polymer, EnVision+ System (anti-

mouse) (Dako, USA) and reacted with the chromogen diaminobenzidine (DAB). The sections were then 

counter stained with Gill’s hematoxylin. 
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Appendix Figure 1. M (nt = 982) nucleotides from maximum clade credibility (MCC) tree inferred using Bayesian 

Markov Chain Monte Carlo (BMCMC) analysis for additional genomic segments from 29 strains described in 

2.3.4.4b clade of Figure 2. Relationships among the European 2021 H5 2.3.4.4b HPAI strains (blue), the early 

Canadian wild birds and poultry strains (blue), and black bear strains (red). 
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Appendix Figure 2. NA (nt = 1410) nucleotides from maximum clade credibility (MCC) tree inferred using 

Bayesian Markov Chain Monte Carlo (BMCMC) analysis for additional genomic segments from 29 strains 

described in 2.3.4.4b clade of Figure 2. Relationships among the European 2021 H5 2.3.4.4b HPAI strains (blue), 

the early Canadian wild birds and poultry strains (blue), and black bear strains (red). 
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Appendix Figure 3. NP (nt = 1497) nucleotides from maximum clade credibility (MCC) tree inferred using 

Bayesian Markov Chain Monte Carlo (BMCMC) analysis for additional genomic segments from 29 strains 

described in 2.3.4.4b clade of Figure 2. Relationships among the European 2021 H5 2.3.4.4b HPAI strains (blue), 

the early Canadian wild birds and poultry strains (blue), and black bear strains (red). 
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Appendix Figure 4. NS (nt = 838) nucleotides from maximum clade credibility (MCC) tree inferred using  

Bayesian Markov Chain Monte Carlo (BMCMC) analysis for additional genomic segments from 29 strains 

described in 2.3.4.4b clade of Figure 2. Relationships among the European 2021 H5 2.3.4.4b HPAI strains (blue), 

the early Canadian wild birds and poultry strains (blue), and black bear strains (red). 
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Appendix Figure 5. PA (nt = 2151) nucleotides from maximum clade credibility (MCC) tree inferred using 

Bayesian Markov Chain Monte Carlo (BMCMC) analysis for additional genomic segments from 29 strains 

described in 2.3.4.4b clade of Figure 2. Relationships among the European 2021 H5 2.3.4.4b HPAI strains (blue), 

the early Canadian wild birds and poultry strains (blue), and black bear strains (red). 

 



 

Page 8 of 9 

 

Appendix Figure 6. PB1 (nt = 2274) nucleotides from maximum clade credibility (MCC) tree inferred using 

Bayesian Markov Chain Monte Carlo (BMCMC) analysis for additional genomic segments from 29 strains 

described in 2.3.4.4b clade of Figure 2. Relationships among the European 2021 H5 2.3.4.4b HPAI strains (blue), 

the early Canadian wild birds and poultry strains (blue), and black bear strains (red). 
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Appendix Figure 7. PB2 (nt = 2280) nucleotides from maximum clade credibility (MCC) tree inferred using 

Bayesian Markov Chain Monte Carlo (BMCMC) analysis for additional genomic segments from 29 strains 

described in 2.3.4.4b clade of Figure 2. Relationships among the European 2021 H5 2.3.4.4b HPAI strains (blue), 

the early Canadian wild birds and poultry strains (blue), and black bear strains (red). 


