
How do influenza viruses mutate?

2 main molecular mechanisms

Reassortment
(antigenic shift)

Mutations 
(antigenic drift)

Consequences of the changes:
• Host range, ability to spread
• Drug susceptibility change
• Vaccine escape
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Hemagglutinin (the H in H1N1, H3N2, H5N1 etc.) is the major surface protein
of influenza viruses and is recognized by our immune system through
antibodies which prevent the virus from infecting our cells.

Antibody

Hemagglutinin (HA)

Antigenic Drift (Mutations)



Croatia/2023 vs.

Thailand/2022 Darwin/2021 South Australia/2019

6 AA diff 13 AA diff 25 AA diff

Seasonal H3N2 
vaccine strain 
differences

y = -6.2857x + 12716
R² = 0.9992
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H3N2 vaccine strain HA amino acid differences

Seasonal H3 
mutation rate 
is ~6 HA amino 
acids per year

WHO Global 
Influenza Programme



Clade 1
(A/VietNam/
1203/2004)

Clade 2.3.2.1a
(A/Hubei/1/2010)

Clade 2.3.2.1a
(A/Victoria/149/2024)

33 AA diff 43 AA diff

Clade 2.3.4.4b
(A/Astrakhan/3212/

2020)

44 AA diff

Clade 2.3.4.4b
A/Texas/37/2024

48 AA diff

Clade 2.3.2.1c
(A/Alberta/1/2014)

40 AA diff

Clade 2.3.2.1c
(A/Cambodia/SVH24

0441/2024)

48 AA diff

Avian H5 mutation rate is ~2 
HA amino acids per year



Subtype Clade
H3N2 4.70E-03
H1N1 3.63E-03
B Vic 1.92E-03
H5Nx 3.89E-03 2.3.2.1a 4.17E-03

2.3.2.1c/e/g 4.82E-03
2.3.4.4b 3.85E-03

HA nucleotide substitutions 
per site per year
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We gratefully acknowledge 
the Authors from Originating 
and Submitting laboratories 

of sequence and metadata on 
which this analysis is based.



Ghana (N-glyco)

Astrakhan vs … 

B3.13

DI.2

D1.1

Despite 
genotype 
split, not 
many H5 
head 
mutations
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Reassortment = Genome Mixing
2 Influenza viruses
infecting the same cell 
can exchange 
genome 
Segments
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e.g. NA 
reassorted

Genotypes 
differentiate  
reassortment 
patterns 
across all 8 
segments



https://www.offlu.org/wp-content/uploads/2025/02/OFFLU-Genotyping-Holding-Statement-February-2025-Final.pdf

…



EpiFlu filters by genotype for H5 Clade 2.3.4.4b  (a Rosetta Stone for regional tool nomenclature) 

We gratefully acknowledge the 
Authors from Originating and 
Submitting laboratories of 
sequence and meta data on 
which the analysis is based.









All countries
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