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Highly pathogenic avian influenza spillover into mammals

Lloren, K. et al., Int. J. 
Mol. Sci. 2017, 18, 
2706. 



Highly pathogenic avian influenza spillover into mammals 
occurs by adaptation

Adapted from Barbachano-Guerrero A et al. Elife. 2023 Apr 11;12:e86051.



Numerous isolated spillover events in mammals have been identified 
globally, increasing concern over H5N1’s “pandemic potential”



USDA: Diverse number of mammal species affected by the HPAI 
H5N1 (clade 2.3.4.4b) outbreak

https://www.aphis.usda.gov/



How can genomic surveillance help us understand 
the HPAI spillover into mammals?

6



Sequencing the genomes of HPAI in mammals and birds provides 
molecular evidence that informs animal and human health risks



What about H5N1 in BC mammals?

Image courtesy of Cass Andrews and Michelle Coombe, adapted from “BC 
Wildlife AIV Surveillance Report Fall/Winter Summary, May 09, 2023”



Between Feb and April 2023, 14 skunks tested positive for H5N1 in BC

• "Wave 1" (April 2022-Sept 2022):
• Red foxes: 4 positive for H5N1

• Striped Skunks: 2 positive for H5N1
• 2 successfully sequenced

• "Wave 2" (Sept 2022-June 2023)
• Striped skunks: 14 positive for H5N1

• 12 successfully sequenced

• Post mortem revealed skunks suffered severe 
pneumonia and meningoencephalitis

Note: Specimens from mammals obtained via submissions from 
wildlife partners (usually Ministry of Forests) from animals that are 

found sick or dead by the public, or were sent to wildlife rehab 

Unsplash.com



Striking pathology observed in the infected skunks
• Extremely severe meningoencephalitis 

with frequent neuronal necrosis
• High viral load in the brain compared 

to the lung
• Strong Influenza A immunoreactivity in 

the neurons of the cerebral cortex

• Multifocal necrotizing interstitial 
pneumonia

• Severe pathology in the adrenal 
glands, liver

• Strong Influenza A immunoreactivity 
in necrotic areas

Brown stain= 
Influenza A 
immunohistochemistry

LUNG BRAIN



Skunks 
grouped into 

3 distinct 
"epi clusters"

Linked?



BC Lower Mainland Skunks: 17 animals found sick or dead Feb ‘23

Animals with GIS coordinates

Animals with sequence data 

• 17 animals retrieved 
within 10 days 

• 10/10 tested positive for 
HPAI

• 9/10 sequenced 
successfully

• Vancouver skunks 
separated by <8km 

• Distinct viruses 
identified in Richmond 
vs. Vancouver animals

8 km

Genetic Cluster 6

Genetic Cluster 3



Wild skunk HPAI viruses differ based on genetics, geography and time

Skunks from Vernon

Skunks from Richmond

Skunks from Vancouver



Wild skunk HPAI viruses represent different genome constellations

Skunks from Vernon

Skunks from Richmond

Skunks from Vancouver

+2 skunks from BC Interior (“Wave 1”) 

Reassortment images from Alkie, et al. Emerg Microb Infect. (2023)



Monitoring H5N1 sequences for 
mammalian adaptations

http://www.bccdc.ca/resource-
gallery/Documents/Statistics%20and%20Research/Statistics%20and%20Reports/Epid/Influenza%20and%20Respira
tory/ERV/HPAI_H5N1_Risk_Assessment_19_May_2022.pdf

• The majority of key mutations are found in 
both BC avian and skunk samples, or neither

• There are a few differences that should be 
monitored:

• PB2- D701N
• PB2- E627K
• HA- T188I (new avian cluster)
• HA- V210A
• NP- N319K

• There could also be novel mutations not yet 
defined 

• Monitor mammal clusters, look for evidence 
of onward transmission 

Table 1. Frequency of mammalian adaptive mutations in HPAI H5N1 sequences from 

wild/domestic avian species and skunks during the outbreak in B.C./Yukon (adapted from the 
HPAI H5N1 Risk Assessment, May 2022, by Skowronski, D  et al.) 

 

Gene
^
 Mutation 

(H5 Numbering) 
Presence in B.C./Yukon avian 

sequences* 

(N£374, between 2022-2023) 

Presence in B.C. skunks* 

(N£12, 2023f) 

PB2 

T271A 0% 0% 

K526R 0% 0% 
E627K/E627A 0% 11% / 33%  

D701N 0% 56% 

S714R 0% 0% 
    

PB1 

D3V 100% 100% 

N105S 0% 0% 
D622G 100% 100% 

    

PA 

S37A 100% 100% 
V63I 0% 0% 

K356R 1.5% 0% 

N383D 99%  100% 
N409S 99% 100% 

    

HA 

D94S 100% 100% 
S133A 100% 100% 

S154N 100% 100% 
S155D 100% 100% 

T156A 100% 100% 

N182K 0% 0% 
T188I 4% 0% 

K189N 100%  100% 

V210A 92% 42% 
K218Q 100% 100% 

Q222L 0% 0% 

S223R 100% 100% 
G224S 0% 0% 

    

NP 
N319K 6%  58% 
E434K 0% 0% 

    

M 
I43M 100% 100% 

T215A 100% 100% 

    

NS 

80-84DEL 0% 0% 

D92E 0% 0% 

I106M 100% 100% 
C138F 100% 100% 

N30D 100% 100% 

 *bold text highlight mutations that are present in ³99% of contemporary B.C./Yukon avian and skunk sequences; 
red font highlight mutation frequencies that differ between avian and skunk sequences. Number of sequences 

analyzed per segment differs due to differences in segment coverage. 
^Mutations in neuraminidase were not included. 

 

http://www.bccdc.ca/resource-gallery/Documents/Statistics%20and%20Research/Statistics%20and%20Reports/Epid/Influenza%20and%20Respiratory/ERV/HPAI_H5N1_Risk_Assessment_19_May_2022.pdf
http://www.bccdc.ca/resource-gallery/Documents/Statistics%20and%20Research/Statistics%20and%20Reports/Epid/Influenza%20and%20Respiratory/ERV/HPAI_H5N1_Risk_Assessment_19_May_2022.pdf
http://www.bccdc.ca/resource-gallery/Documents/Statistics%20and%20Research/Statistics%20and%20Reports/Epid/Influenza%20and%20Respiratory/ERV/HPAI_H5N1_Risk_Assessment_19_May_2022.pdf


How can we use these data to better inform 
human/animal health risks in real-time?

Break down barriers that hinder data sharing between animal and human health sectors.



WA DoH-B.C. shared
genomic surveillance 

platform

Risk assessment and 
risk communication 

in a One Health 
context

Subway Map by Dr. James Zlosnik (BCCDC)
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