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Objective: To provide a summary of the 
epidemiological knowledge to date on the HPAI H5N1 
Event

Outline
1. Introduction of the virus
2. Detection in wild birds
3. Situation in domestic population 
4. Phylogenetic and epidemiological analysis
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A threat from both sides

Atlantic introduction
• Newfoundland-like H5 HPAI
• Dec 2021: Great black-

backed gull in NL
• Fully Eurasian lineage
• Then, reassortments with 

North American lineage

Pacific introduction
• Asian-like H5 HPAI
• Feb 2022: bald eagle in BC
• Genetically related to H5N1 

HPAI virus isolated in 
Hokkaido, Japan, in 
January 2022

Alkie et al. 2022: https://doi.org/10.1093/ve/veac077
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286 IP/295 (97%) 9 IP/295 (3%)
New 

incursions: 
Dec. 2022 
H5N1; Jan 
2023 H5N5

5 unavailable
2 pending

https://doi.org/10.1093/ve/veac077
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Detection in Wildlife

http://www.cwhc-rcsf.ca/avian_influenza.php
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http://www.cwhc-rcsf.ca/avian_influenza.php



302 detections in domestic birds
As of March 17, 2023

Geographic Distribution of 
Wild Birds Clusters matches 
with the Distribution of 
Domestic Infected Premises



Epidemiologic curve of the HPAI H5N1 Event
(up to March 17, 2023; n=302)
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Wave 1 – Spring/Summer 2022
113 infected farms

Wave 2 – Fall/Winter  2022-23
186 infected farms

Wave 3 – Spring 2023
3 infected farms



Most infected premises  
(90%) were identified by 
sick bird calls (passive 
surveillance)

423 sick bird calls between March and Sept 2022
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Method of Discovery – first wave (n=113)

Active-High Risk Contact

Active-Surveillance

Passive
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Period - Dec 9 2021 to March 17 2023 *WOAH Definitions

• Products used 
exclusively within the 
household

• No contact with 
poultry

• Birds: exhibition, 
race, show, zoo, 
competition, pet 
birds
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https://www.woah.org/en/what-we-do/standards/codes-and-manuals/terrestrial-code-online-access/?id=169&L=1&htmfile=glossaire.htm
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Total Number of Affected Birds > 7.2 million
• Wave 1: >2.1 million 
• Wave 2: >5 million
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PHYLOGENETIC AND EPIDEMIOLOGICAL ANALYSIS
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Genetic 
Analysis

Epidemiological 
analysis

Transmission 
network 

• Review of tracing 
information collected on 
each IP

• Establish linkages that 
make sense from a 
temporal perspective

• Analysis of mutations in 
genome of all positive 
samples (IPs and wild birds)

• Genetically similar viruses 
are more likely to share a 
link

• Final transmission network 
combines results from epi 
and genetics.



Genetic analysis - Phylogenetic tree

• Avian influenza genome = sequence of 13,500 nucleotides 
(letters)

• Phylogenetic analysis evaluates the differences in the 
genome (i.e. number of SNP) between virus

• SNP (single-nucleotide polymorphism) is a 
substitution of a single nucleotide at a specific 
position in the genome

• SNP differences in samples collected on a same 
farm (generally between 0 to 10 SNP on a same 
farm; up to 15 SNP on multispecies farm)

Strains that are phylogenetically closer are more likely 
to share an epidemiological association
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2 options when virus are 
genetically similar

Common source Common vector
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When epi links are found, 
common vector is more likely
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PB2, PB1, PA and NP cluster ON, QC, MB (n=22 IP)

4 IP

2 IP

10 IP

6 independent introductions (point source) 
16 genetically connected farms
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ON-IP21

ON-IP18

ON-IP22

ON-IP11

ON-IP8
ON-IP15

ON-IP17

ON-IP26

ON-IP26

ON-IP23

ON-IP20

ON-IP25

ON-IP25

ON-IP24

ON-IP14

ON-IP24

These farms are genetically connected

PB2, PB1, PA and NP cluster ON, QC, MB (n=22 IP)
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Vaccination

Epidemiological analysis
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ON-IP08

ON-IP11

ON-IP14

ON-IP15

• Shared staff
• Feed delivery
• Vaccination crew

• Shared staff
• Feed delivery
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Backyard Duck Turkey Broiler Layer

Epidemiological investigations on 31 infected farms in Quebec 

Isolated case (independent
introduction)
Sharing a contaminated
environment
Airborne transmission

Secondary cases generated
(lateral transmission)

Auction

Movements of birds
Shared employees
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Genetic analysis on 60 infected premises in Alberta

Genetically independent
Genetically connected
Missing

18

78%

15%

7%

Only 3 temporally 
compatible for an 
epidemiological 
investigation (potential 
lateral spread between 
AB-IP4, 9, 13) 



BC situation – 103 IP
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BC cases – 4 viral clusters

2020



PB2, NP (NA) – 51 farms
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18 genetically independent
33 genetically connected: 9 groups
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Genetic analysis of BC cases (n=82 IP)

Genetically independent
Genetically connected

22

33%

67%

• Common ownership
• Contiguous 
• Distance
• Wind
• Tracing:

– Movement of birds
– Movement of 

people/things
– Likelihood of Spread



Preliminary results
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Epi investigation on genetically connected farms #IP (n=51)

No documented 
links to other IP

(41; 80%)

Potential point source introduction (common contaminated 
environment) 27

Potential windborne spread 10
Potential point source introduction ± wind 4

Documented links 
(10; 20%)

Low likelihood of transmission (e.g. feed delivery) 7
High likelihood of transmission events (e.g. movements of 
birds or shared personnel) 3
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Conclusions

• Lessons learned :
– Mostly independent introductions of the virus linked to lack of biosecurity (and 

inappropriate barn entrance design)
– Lateral spread through regular sharing of employees/equipment (common in integrated 

companies) and lack of biosecurity 
– Farms with ducks are over represented. Ducks excrete the virus before clinical signs 

(high contamination level)
– No evidence of spread from backyard flocks to commercial, and very limited transmission 

between backyard flocks (auction)

• Unprecedented geographical spread and wild bird species affected and the 
contamination level of wild birds with HPAI H5N1 across the country is 
expected to remain high 

– We must all adapt to this new context
– Interventions to prevent re-occurrences must be tailored to the contamination sources



Biosecurity is the key message
Improve Barn Entrance Design Explain biosecurity to employees

Understand the impact of biosecurity breaches

Not changing boots

Changing boots properly
Racicot et al., 2011, 2012; 

Huard et al., 2017


Graph1

		5-17 min

		17-54 min

		≥ 54 min



Odds of complying with boots

Visit Duration

Odds of complying with boots (%)

12

33

35



Feuil1

				Odds of complying with boots

		5-17 min		12

		17-54 min		33

		≥ 54 min		35

				Pour redimensionner la plage de données du graphique, faites glisser le coin inférieur droit de la plage.







• Wild bird deterrent strategies
• Chasing wild birds can increase the likelihood of contaminating tractor and 

personal shoes, and bringing the virus closer to the barn entrance 

Biosecurity is the key message
Prevent introduction via shared equipment

C&D equipment stored outside

Control Pests: Wild birds, insects and rodents

• Detection of the H5N1 virus in insects
- Flies: infective up to 96 hours after exposure, travel generally limited to 

3km2

- Darkling beetles: adult lives from 3 months to 1 year, travels long 
distance
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Questions

Biosecurity is a 24/7/365 commitment
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