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Since its emergence in Europe during October 
2020, highly pathogenic avian influenza (HPAI) 

A(H5N1) clade 2.3.4.4b virus has frequently spilled 
over into diverse mammal hosts globally. In North 
America, natural H5N1 infections have occurred in 
several bear species, including American black bears 
(Ursus americanus), Asiatic black bears (U. thibetanus), 
grizzly bears (U. arctos horribilis), and Kodiak brown 
bears (U. a. middendorffi) (1). Infections with influ-
enza A(H1N1) viruses have been reported in captive 
sloth bears (Melursus ursinus) and Asiatic black bears 
(2,3) and in giant pandas (Ailuropoda melanoleuca) (4). 
Detection of hemagglutination inhibition antibodies 
against H3 and H6 subtype influenza viruses also 
suggested previous natural exposure to influenza vi-
ruses of avian origin (4). Seroconversion after natural 
exposure to bird influenza viruses has been docu-
mented in the Barent Sea polar bear subpopulation 
(2010–2011) (5) and brown bears in Alaska (2013–
2016) (6) but not in the southern Beaufort Sea polar 

bear subpopulation (2013–2016) (7). Polar bears are 
a threatened species under the US Endangered Spe-
cies Act. We report and describe an infection by HPAI 
H5N1 virus in a free-ranging polar bear found dead 
in Alaska, USA, during 2023. 

The Study
The North Slope Borough Department of Wildlife 
Management (NSB DWM) in Alaska conducts wild-
life health research and maintains community-based 
harvest monitoring programs for marine mammals, 
including polar bears. The Alaska Office of the State 
Veterinarian conducts surveillance for notifiable in-
fectious diseases in wildlife. After detecting HPAI 
H5N1 in birds of prey and a red fox (Vulpes vulpes) in 
April 2022, the Office of the State Veterinarian initiat-
ed collaborative surveillance testing with NSB DWM 
for avian influenza in birds and other wildlife. In Au-
gust 2023, community members reported a dead polar 
bear without obvious external injuries near Point Bar-
row, Alaska (71°23′N, 156°28′W). At the NSB DWM 
laboratory in Utqiagvik, Alaska, we conducted a post-
mortem examination of the bear. The bear was young 
and male, 120 cm in body length, and in moderate to 
advanced decomposition. Body condition was fair 
to poor, with no back or visceral fat. Gross findings 
were multiple 1–3-cm ulcerative skin lesions around 
the left eye and oral commissure, liver and lung con-
gestion, moderate sanguinal pericardial and cavitary 
effusion, cerebral swelling and congestion, and emp-
ty stomach. We collected postmortem tissue samples 
of the heart, lung, trachea, spleen, liver, kidney, ad-
renal gland, skin, skeletal muscle, mesenteric lymph 
node, pancreas, tongue, esophagus, stomach, small 
intestines, and brain (cerebrum) and fixed them in 
10% neutral buffered formalin for 2 weeks. Histology  
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We report a natural infection with a Eurasian highly 
pathogenic avian influenza A(H5N1) clade 2.3.4.4b vi-
rus in a free-ranging juvenile polar bear (Ursus mariti-
mus) found dead in North Slope Borough, Alaska, USA. 
Continued community and hunter-based participation in 
wildlife health surveillance is key to detecting emerging 
pathogens in the Arctic.
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Consultation Services (https://histocs.com) pro-
cessed the tissue for routine histopathologic examina-
tion by staining with hematoxylin and eosin. We also 
collected oral, nasal, rectal, and brain swab samples 
and placed them in 2-mL cryovials, which we stored 
for 2 weeks at −50°C and shipped to the Alaska Envi-
ronmental Health Laboratory in Anchorage, Alaska. 
Their personnel placed pooled swab specimens into 
brain–heart infusion broth. The primary histopatho-
logic finding was a granulocytic and mononuclear 
meningoencephalitis with microgliosis, neuronal ne-
crosis, neuronophagia, vasculitis, and parenchymal 
rarefaction (Figure, panel A). Other findings were 
pulmonary edema, focal lipid pneumonia, and mul-
tifocal ulcerative dermatitis. 

Pooled swab specimens tested negative for the in-
fluenza virus matrix gene by PCR at the Washington 
Animal Disease Diagnostic Laboratory (Pullmans, 
WA, USA), which is a National Animal Health Labora-
tory Network facility. The root cause of negative PCR 
results is unclear because subsequent sequence analy-
sis did not indicate assay failure. However, because of 
the cerebral lesions, we sent scrolls of formalin-fixed 
paraffin-embedded cerebral tissue to the Athens Dis-
ease Diagnostic Laboratory, University of Georgia 
(Athens, GA, USA), for immunohistochemistry to de-
tect influenza A by using an influenza A virus poly-
clonal antibody (Abcam, https://www.abcam.com). 
Influenza A virus antigen was detected in cytoplasm 
of neurons and nuclei of microglial cells (Figure, pan-
el B). We also sent scrolls of formalin-fixed paraffin-
embedded cerebral tissue to the National Veterinary 
Services Laboratories (Ames, IA, USA), for molecu-
lar confirmation and virus genome characterization. 
HPAI virus genotype A3, a fully Eurasian influenza 
virus, was identified; this genotype was initially 
detected in Alaska in April 2022 and was the most 
frequently detected genotype in Alaska during Au-
gust–December 2023. Reported markers for mammal  

adaptation were not identified. We deposited full 
genome sequences for the polar bear virus (A/polar 
bear/Alaska/23–0381234/2023) in GenBank (acces-
sion nos. PP820319–26) and GISAID (https://www.
gisaid.org; accession no. EPI_ISL_18976667).

This detection of HPAI virus was in the southern 
Beaufort Sea subpopulation, 1 of 19 circumpolar polar 
bear subpopulations. During July–August 2023, three 
short-tailed shearwater seabirds (Ardenna tenuirostris) 
that tested positive for HPAI H5N1 clade 2.3.4.4b were 
found dead near Point Barrow, where the polar bear in 
this study was found. The shearwaters’ virus genotype 
shared 9 common single-nucleotide polymorphisms 
(SNPs) with the polar bear virus and was representa-
tive of the virus circulating in that area at the time rath-
er than a direct source of the polar bear infection. In 
addition, in August 2023, a small mortality event from 
avian influenza occurred among common murre sea-
birds (Uria aalge) in Dillingham Census Area in Alaska; 
that virus genotype also shared 8–9 common SNPs, fur-
ther supporting regional virus circulation. Polar bears 
are primarily dependent on seals as a food source but 
will prey on birds and eggs; thus, virus exposure from 
consumption of infected birds is possible, but infection 
via an olfactory route cannot be excluded (8). 

Support does not exist for ongoing HPAI virus–as-
sociated illness and death in free-ranging polar bears 
in Alaska’s North Slope Borough; in 2023, swab speci-
mens from 3 other dead polar bears tested negative for 
influenza virus by PCR (Appendix, https://wwwnc.
cdc.gov/EID/article/30/8/24-0481-App1.pdf). As for 
black bears with HPAI H5N1 virus infections (9), brain 
lesions were the major histopathologic findings in this 
case. It is not unexpected for clade 2.3.4.4b virus–in-
fected mammals with neurologic signs to have respi-
ratory samples test negative (10), possibly because of 
different exposure routes, such as digestive, olfactory, 
or respiratory routes (8). The HPAI H5 goose/Guang-
dong lineage has been shown to be more neuropatho-

Figure. Histologic analysis of brain 
tissue from a dead free-ranging 
polar bear infected with highly 
pathogenic avian influenza virus 
A(H5N1) clade 2.3.4.4b, Alaska, 
USA. A) Hematoxylin and eosin 
staining of brain tissue section 
showing meningoencephalitis. 
Arrow indicates mixed 
inflammatory cells within and 
around blood vessels and 
hypertrophied vascular endothelial 
cells. Star indicates necrotic 
neurons and increased number of 
microglial cells within the parenchyma. Original magnification ×400. B) Arrow indicates influenza A virus within the neuronal perikaryon (red 
staining) observed by immunohistochemistry of formalin-fixed paraffin-embedded brain sections. Original magnification ×400.
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genic than other influenza A viruses in mammals (8), 
including the H5N1 clade 2.3.4.4b virus (11,12). 

Other notable findings in this case were pulmo-
nary edema, lipid pneumonia, and ulcerative skin 
lesions. Pulmonary edema as a gross lesion and on 
histologic analysis was a consistent finding in 3 do-
mestic cats with H5N1 clade 2.3.4.4b infections (13) 
but has been infrequently reported in wild meso-
carnivores (10). Lipid pneumonia was documented 
in subsistence-harvested polar bears in the southern 
Beaufort Sea and is considered unrelated (D. Rotstein, 
unpub. data). Ulcerative skin lesions not caused by 
trauma are rarely documented in subsistence-har-
vested southern Beaufort Sea polar bears (R. Stim-
melmayr, unpub. data); those lesions have not been 
reported in terrestrial mammals infected with the H5 
clade 2.3.4.4b lineage (10) but have been reported in 
pinnipeds infected with H3N8 virus (14). 

Conclusions
Genome analysis of influenza viruses originating 
from wildlife in Alaska has shown both unreassorted 
and reassorted viruses. HPAI virus genotype A3 was 
likely introduced into Alaska via the East Asia–Aus-
tralia Flyway as early as November 2021 (15) and has 
been detected in a few backyard premises; in many 
wild birds, including California condors (Gymnogyps 
californianus) in Arizona; and several mammals (red 
fox, fishers, martens, racoons, and brown bears) along 
the Pacific Flyway.

In the Arctic, wildlife and other wild subsistence 
foods play a pivotal role in the health, well-being, and 
food security of northern indigenous communities. 
Therefore, subsistence harvesting of animals infected 
with HPAI viruses, including polar bears, poses a 
zoonotic risk and affects traditional food safety and 
food security. Continued community and hunter-
based participation in wildlife health surveillance is 
key to detecting emerging pathogens and other One 
Health issues in the Arctic.
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From the Greek micro- (small) and -bios (life), micro-
biota was coined in the late 19th Century to denote the 

microorganisms residing in a specific environment. Dur-
ing the 20th Century, microbiota became more specifi-
cally associated with the microorganisms inhabiting the 
human body. Today, the term encompasses the collective 
genetic material of microorganisms, spanning viruses, 
archaea, bacteria, and fungi, and the intricate ecosystems 
of microorganisms, including commensal, symbiotic, and 
pathogenic ones, that exist within or on the human body 
or other environmental niches. Exploring microbiota and 
its implications in various aspects has rapidly gained mo-
mentum as a dynamic field of research.

The term microbiome was defined by Whipps and col-
leagues in 1988 as the collective genomes of microorgan-
isms. However, Joshua Lederberg (Figure), a US molecular 
biologist, played a pivotal role in coining the term as we 
know it today. His journey from a precocious young sci-
entist to a Nobel laureate and advocate for ethical science 
reflects the interconnectedness of language, curiosity, and 
scientific discovery. Lederberg’s fascination with science 

also extended to writing science fiction, using the genre 
to explore complex scientific concepts through imagina-
tive storytelling. In fact, microbiome is a combination of 
microbe and biome (bi- [life] + -ome [mass]) to describe 
the microbial ecosystem, which encompasses not only ge-
nomes but also the broader microbial environment. Micro-
biome, born from the fusion of linguistic roots and a thirst 
for knowledge, continues to shape our understanding of 
the microbial world and its profound impact on human 
health and biology.

Microbiota [mī′′-krō-bī′-ō-′tә], microbiome [mī′′-krō-bī′-ōm]
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Figure. Molecular 
biologist and Nobel 
laureate Joshua 
Lederberg in his 
laboratory in Wisconsin, 
1958. Dr. Lederberg 
played a pivotal role 
in coining the term 
microbiome as we know 
it today. Public domain 
image from the National 
Library of Medicine.
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