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The reason the WHO meets twice each 
year to review vaccine strains for the 
Northern (February) and Southern 
(September) hemispheres.

Extensive and expensive process: 
involving thousands of specimens 
collected by >150 institutions in >100 
countries.

Annual vaccine strain selection is predicated upon the understanding that:
Better vaccine match = Better vaccine protection
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Vaccine match or mismatch

Adapted from: Dapat C. et al Eurosurveillance 2025;30(49):pii=2500894
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• Based upon hemagglutination inhibition (HI) assay 

and first infection ferrets
• HI antibody titre in ferret sera collected after first infection 

with a vaccine reference strain
• Vaccine mis-match is defined by ≥8-fold HI titre reduction when 

the same ferret anti-sera are tested against circulating virus

• Can be translated into antigenic distance (AD) units, 
where:

• No reduction (no antigenic distinction): AD = 0
• 2-fold reduction: AD = 1
• 4-fold reduction: AD = 2
• 8-fold reduction: AD = 3
• 16-fold reduction: AD =4
• 32-fold reduction: AD = 5

x AD units = 2x fold reduction in HI titre
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Epidemiological monitoring of vaccine effectiveness (VE) is critical

• Influenza vaccine strains are chosen 6-9 months before seasonal campaigns
• Ongoing viral evolution, egg-based manufacturing mutations, uncertain match

• Unlike first infection ferrets, people accumulate influenza exposures/infections and have 
complex immunological histories vis-à-vis influenza virus 

• Not just virological considerations, but agent-host interactions are 
relevant in understanding the epidemiological effects of vaccine

• Annual immunization programs are costly
• Benefits, impact and value for money depend upon epidemiological considerations

• Including vaccine effectiveness
• VE surveillance is a basic due diligence requirement

• Financial accountability, credibility and dispelling disinformation
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• The first childhood influenza infection leaves a powerful immunological imprint
• Influences the immune response to subsequent influenza infections across the lifespan

• Greater efficiency of memory over de novo responses
• Preferential back-boosting of immunity against shared epitopes
• Hierarchical effects at HA/NA group, subtype, strain levels

• Imprinting is a kind of cohort effect
• Differential effects expressed by birth cohort

• Point in time (period) effect (e.g., pandemic) that 
            makes its immunological mark, then advances as 
             cohorts sharing the same imprint advance in age

• Pre-immunity also reflects age considerations
• Highest infection rates among school-aged children 
• Exposure and back-boosting effects accumulated with age

Imprinting and pre-immunity
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2004-05: Canadian SPSN investigators were the first to publish influenza 
VE estimates based upon the test-negative design (TND)
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What does a VE of 70% mean?
For every 100 influenza infections requiring a medical visit

in unvaccinated people: 
70 could have been prevented through vaccination
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• All H3N2 case viruses considered antigenically matched to the A/California/7/2004 vaccine strain

• Vaccine effectiveness lower than expected for well-matched vaccine

• Sequencing of H3N2 case viruses identified significant mutations in the hemagglutinin protein

• Subsequently confirmed antigenically using updated anti-sera 
• 80% of H3N2 case viruses recharacterized antigenically as being most like the emerging A/Wisconsin/67/2005 variant

2005-06: importance of genetically characterizing case viruses
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Integrated genomics: examples of critical insights

Repeat vaccination effects (dose-response): exacerbated by 
successive use of similar vaccines, and a distinct epidemic strain

Egg adaptation mutations in vaccine: effects shown 
epidemiologically for the first time

Imprint regulated effects of vaccine: cohort effects defined by distant viral circulation, 
differential childhood imprinting and pre-immunity influencing clade-specific VE by age

Repeat vaccination effects: determined by relatedness between V1 (prior season) and V2 
(current season) vaccines and e (epidemic strain)
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2025/26, subclade K: virological signals for concern
• Genetic data: viral evolution (drift) involving pivotal HA positions

• Site A: glycosylation changes
• T135K (-CHO at N133)
• S144N (+CHO at N144)
• N145S (due to chosen J.2 vaccine strain)

• Site B: mutations at major antigenic cluster transition sites 
• N158D
• K189R
• Additionally I160K, A186D (vaccine egg-adaptation mutation)

• Antigenicity data: substantial vaccine mismatch, AD = 4-5

• Other surrogate laboratory information
• Deep mutational scanning

• Residue 189 very immuno-evasive, especially in children
• Pre-existing N158 immunity in adults may cross-protect against D158 in subclade K

• High throughput sequencing-based neutralization
• Residue 158 and 189 mutated variants, notably including subclade K, react poorly with 

sera across age span

• Adult immunogenicity data
• Low pre-existing antibody against subclade K, but cross-reactive J.2 vaccine responses

Subclade K mutations relative to 
2025/26 egg-based J.2 vaccine

(Welsh et al, Cell Host & Microbe, 2024)

(Kikawa et al, Virus Evolution, 2025
Kikawa et al, bioRxiv, Feb 19, 2026)

(Liu et al, NEJM Evid, 2026)
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SPSN influenza A(H3N2) mid-season VE estimates: 
2012-2025 (6/9 below 50%)

Despite subclade K concerns, 2025-26 mid-season VE against A(H3N2) mid-range
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SPSN influenza A(H3N2) mid-season VE estimates: 
2012-2025 (6/9 below 50%)

45

-8

42

17

62
54

40

56

40

-50

-40

-30

-20

-10

0

10

20

30

40

50

60

70

80

90

100

2012-13 2013-14
NA

2014-15 2015-16
NA

2016-17 2017-18 2018-19
NA

2019-20 2020-21
NA

2021-22
NA

2022-23 2023-24 2024-25 2025-26

Ad
ju

st
ed

 V
E 

%
 (9

5%
 C

I)

Antigenic
distance 4 4 <2 <2 4 <3 <2 2-4 4-5

Vaccine strain 
changed (✓) ✓ ~ ⨯ ✓ ✓ ⨯ ✓ ✓ ✓ ✓ ✓ ⨯ ✓ ✓

http://www.bccdc.ca/health-info/diseases-conditions/influenza/sentinel-network-spsn
http://www.bccdc.ca/health-info/diseases-conditions/influenza/sentinel-network-spsn
http://www.bccdc.ca/health-info/diseases-conditions/influenza/sentinel-network-spsn
http://www.bccdc.ca/health-info/diseases-conditions/influenza/sentinel-network-spsn
http://www.bccdc.ca/health-info/diseases-conditions/influenza/sentinel-network-spsn
http://www.bccdc.ca/health-info/diseases-conditions/influenza/sentinel-network-spsn
http://www.bccdc.ca/health-info/diseases-conditions/influenza/sentinel-network-spsn
http://www.bccdc.ca/health-info/diseases-conditions/influenza/sentinel-network-spsn
http://www.bccdc.ca/health-info/diseases-conditions/influenza/sentinel-network-spsn


Canada – influenza type/subtype contribution 
by season

• VE represents risk reduction relative to unvaccinated
• High levels of pre-existing immunity in the unvaccinated 

may be associated with lower VE estimates

• Including prior infection and vaccination histories
• Imprinted, accumulated and recent

• Not just antigenic sites of the HA head 
• Other more conserved viral targets (e.g., HA stalk, NA)

• Not just antibodies measured by serological assays 
• Other immunological components (e.g., T-cell mediated)

Pre-immunity effects?

(Ioannidis, BMJ Evidence-Based Medicine, 2021
Tsang et al, AJE, 2024)
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SPSN influenza A(H1N1)pdm09 mid-season VE estimates: 
2012-2025 (2/7 seasons, VE below 50%)
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• Agent-host interactions underpin vaccine performance
• Reinforces the importance of integrated virological & VE surveillance for highly 

changeable viruses like influenza
• For influenza, surrogate lab indicators are necessary but insufficient and 

standalone VE estimates are of limited value – need both

• Assessments of influenza risk and predictions of vaccine protection 
must take into account complex immunological histories

• Including imprinting and pre-immunity effects
• Not adequately captured by first infection ferrets or serological / 

immunogenicity responses in small subsets of select cohorts

• Given the importance of the annually renewed influenza 
immunization program

• Understanding the determinants of vaccine performance is critical
• Much we have yet to learn
• Requires routine integration of virological and immuno-epidemiological 

considerations into VE prediction, estimation and interpretation 

Conclusions

See also link to this video recording, BCCDC Grand 
Rounds:

Subclade K, the sequel: 2025/26 influenza vaccine effectiveness 
findings from Canada, Feb 17, 2026

For more in-depth discussion, see:
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https://nexuswebcast.mediasite.com/mediasite/Showcase/bc-cdc-showcase/Presentation/0d14d2dfe5114d3986742620a38206c61d/Channel/b9433a1e75b149ff959b955ffb863c745f
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