How do influenza viruses mutate?

2 main molecular mechanisms

l l

Reassortment Mutations
(antigenic shift) (antigenic drift)

Consequences of the changes:
* Host range, ability to spread

* Drug susceptibility change

* VVaccine escape




How do influenza viruses mutate?

2 main molecular mechanisms

l l

Reassortment Mutations
(antigenic shift) (antigenic drift)




Antigenic Drift (Mutations)

Hemagglutinin (the Hin 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.
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How do influenza viruses mutate?

2 main molecular mechanisms
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Reassortment = Genome Mixing

2 Influenza viruses
infecting the same cell
can exchange
genome
Segments



2.3.4.4b

HA segment

HA

Alary,comUSADMR0H 00172005 | 2006 {Csw milk (S1508]
Al ISA DOO0E2.011/2025 | 2405 ST

B Ay CowUISADITIRO OIS | 2025 (Cow ik}
Amestain fon'USADIHGE 001 M | 2424
A A Cablorra 10004 | 20041112
A Cabbormna Tt 2004 | 202412 10
A s USA CHENO 0012004 | 2004
A UBACOE285.COV I | 2024
Aay_com Catheria 34 27097 0072504 | 324610 (Cow mihy
@ Addiry,com Tt 34 D0EIH00272034 | 20048817
At USA 030,001 24 | 4
Aerreranmart VEACITIZE Q1110 | 24 Pt bewd)
097325 01144 | 224 e el o Rood)

A ermarcrenert: Oragen

Atger VEACSEES 001 024 | 2004
A USAGINS 00104 | 3034
AbarVUSACOIET 0012604 | 2034
Adnansetain Jon\SA 010 031 Z04 | K24
ACAL USA A TION00012024 | 2004

Ay, comWyoming B4 0161 34-3E 54 | 0040429 (Cow milk)
Ay, <o LISADA_ GRUS5SC0TNM | 2004 (Caw )
A diey_coon Cols s BLVF-Q13 3024 | 2024.87.02 (Cuwe i)
Ay cowUBADM 0181 SOLI034 | 2034 (Cow milk)
ACokado 1SV I0M | HO4 0715
s stnanii s
Asary_cowTamuM OISITIA0NIIA | 040524 (Com ik}
SomUBAM, G725 06534 | 1024 (Cow milk)
A AMChigIA 224 | 30240525
o Ay comiomaat 0162522082004 | 20344640 (Cow mulk
| Assry comimans orarsoonzesa 2000
Ao virah4_015196 0503034 | 304,053 Cuw i)
Ak, o Clacnya 4424404 | 224,08 {Cow milk)
Ay, comMartucnp (S0 23034 | HOAG624 (Cove i)
[ Aciry comrion s orors0 a2 | zmasot.0t
= AihurwLEan24 00T 00401 | 2048110
Ahizhary Tonia 24 _O064.001/2606 | 2004 6801
AT 372004 | 20040328
Lig Avibsrhtiom Monic 24006483 00104 | 10340023
[ A vasota24 07234 4062004 | 303400 58
L@ Apfwasan Coends 3 00772.002200 | 021124
@ ATk USA 400400001 2024 | 2004
Avsarn Wasdhinghon 4 Q0596004 20 | 20046323
AshukMenming 3 COTINE0N DA | IMO0T
O Achichin Fiorisa 24 0152 00103 | 2041808
L0 Apiown Foman e 01705 0070004 | 040318
¥ Aveto 2 |202320.18
A7 A Bired ShkBCAIVFH, 106020) | 20230430
At Parvoptoara 400184002 0 | 20281028

L

J_‘
B

Avwored duckorth Carvine W00 2004 | 200401 04
et ek dd
! e acowop sy
@ Acrann Onighome 20088 G0N NN | 2004 12.08
papreiterpy el oty oY
[ Atwsmady 10005 | 2050204 (Mewiy added)
I tormingriemred oo SO
e i
10 A chumen Turnesses 24006519 000 2004 | 200411 28
I A Bt CoumbaPHLI0027024 | 200411
e i st
e
e
AWhcanuin TEI0M | HOE121Y = AP Cver g
e
Lpamasinjuracps ot oopi
o e seeeprei
s e s 38
[l Apuirstont Pshoamboa 4 07518 003204 | 2041213
e
I Sty ke oboss s 3 138
F—@ Amaunausa 006820105 | 2008
(O Aty At et 24008168000 2024 | 2004-12:13
Acarecs goose USA D01 2840012035 | 205
et st i 15
remiingremmipotigient
B rimgreiepa ey
hsprmaimissesyeiprii R
L e s i
o v e
i Mo nat

Wl st g 255, 2034 | 30041038
Ricnids guisUSATION 6 0082025 | 25
A, ok et 4. DD OS2 | HU4A14
Apheasinn S 51 464632001 | 20041116
@ Acinita,_paceLIA DO1IS! IS | 3025
A e 2036401 03120634 | 5041308
Aol o ks OOAZ 14 | 0539
Akt 34 SOM 0OV | 1117
ASirpes ShBCANPHATINGY | 20238000
Ak Ergand SOMISA'HS | 3005.01.18
I Anesuasniesaans s o

& ABamicke 2001128
Lo Anmay it aenino e 2 | 2004 1204
A7 Aflas Fashl 52004 | 202801 30

- B3.13

North America
Cow-related

LA 0012004 334
AR CHNG 20V |00

At

}AM. oM AILA 01925 0002026 2508 (Cuw k)

B Ay, oo Caniic3 S0 200N 30042010 G i)
A TSR 183024 | 1310

B Ay oo UBAR01 72001 3025 | 2GS o i)

Ay, cowhdsbar™, 01513600305 | 2340520 (Com k)
A e Q0TS 11 404 | 203¢ e kg e 1)
A Aigertsanssssson: 2esa | 0k

2o 20

Anurian o USA G160 0512028 12504
s AL 030 0512038 | 04

Ao 587 004200 | 3004

A SAITIES 13034 | 24 P )

Ay, conWysmiog 26 78136 042004 | 31040423 Cow mil)
Ay cowmaoh 01252004 | 204623 (Cow k)
A, o34 00BTET 00128391 2004030

b Acomasutsazton sea15

b vcamssriname; s 2

Ny o Colerngs B¢ MF S1 35 | 20340702 (Com i)

North America
Bird-related

- D1.1

UK

}DI.2

Bird-related

A Ao st Wi 05744 S022603 | 019
L S Sh B ANPY 10002003 | 3033 8430
A ecnan Paeyeana 24 201844902024 | 30041028
N abrash 25008173 2003813  EAD110
A Nty GV OB | 703421 84
Aanate, poses USAUGOS 00520251 3025
sy ety 3 QTR 021 1034 2034113
Achcoan Onegen' 36,0051 804012404 | 38041118
E A B W24 33565 OO 3004 | 401114

A et 26 A O | 2006 1508
A pragpvn LA BTN R | 042830
At 4 4384001 2834 | 341147

Iy gt SumBcANPLIT 2031 35,00
Ak g UAIAS | 0058118
N iona oann 0305 | 0581
Aoyt DAVIRAI56 3026 | 354 1300
At e NS A U2 | 25001128
Aty ity SRS 32008 20841304

A Fon A S0 | 20230131

Vg
P

| m—————

o Amanuansossoniess s

t PR

At e

et oty s 1

o Sematammnasas st 13

R———————
PR ——

0 s o i s e 156

& s 1311
A A mastingpn 2632004 | 2241024 ey
o omakcnaza 038810 0002034 | 234
by sosvaman osnzmsa 2ion

A A GRS GOLI0RN 3604
Lo it a4 03441 00004 20341188
h osiama1 2004 | 2050219

(& awarisgrezsaasai masrem

NA segment

NA

e.g. NA
reassorted

Cow-
related

Genotypes
differentiate
reassortment
\ patterns
across all 8
segments

sy



WOAHR NFAD

network of expertise on animal influenza

26" February 2025

OFFLU Statement on the Development of a Global Consensus H5 Influenza Genotyping Framework

Since its inception in 2005, OFFLU (the WOAH-FAO network of expertise on animal influenza) has been closely
monitoring the global impacts of avian influenza, including working with multiple countries and stakeholders affected
by the current HSN1 HPAI panzooctic. Field veterinarians and OFFLU scientists in FAO and WOAH designated influenza
Reference Centres play a key role in responding to novel outbreaks and characterizing avian influenza (Al) viruses.

OFFLU Approach

To develop the proposed genotyping framework, OFFLU Avian Influenza Technical Activity will first create a reference
document, identifying and cross-referencing genotypes amongst existing classification systems from all continents,
providing a foundation for standardization. This will be followed by a position paper that highlights the importance of a

harmonized framework for addressing gaps in tracking, communication, and response to the evolving challenges posed
by H5 viruses.

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)

Type H N Lineage Clades Genotype Genin GenoFLU
A o 1 o 1 A 2341 A Not assigned Not assigned A
B 2 2 2342 EA-2020-C A1l
cCY||3 . 3 . 2343 . EA-2021-AB A2 .
4 4 N 2344 EA-2021-AF A3
- A - [23.4.4b V| |EA-2021-AH ¥ | |A4 i
Isolate detail
Isolate name: A/mute swan/Austria/24160576/2024
Isolate ID: EPI_ISL_19666891 Type: A / HS5N1
Passage details/history: Lineage:
Clade: 2.3.4.4b
Genotype: Not assigned (US) / EA-2024-EC
Pathogenicity HPAI

GISAID

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

4



Basic filters

»

Predefined search
Search in

Search patterns

[Select ... v
@® Released files O Worksets

I

Type H N Lineage Clades Genotype Genin GenoFLU Pathogenicity (3)
Aalll alll a 2341 4 | |Notassigned _ | |Notassigned , v
B |2 ]2 “l2342 EA-2020-C
CY¥I||3 3 2343 EA-2021-AB
4 . 4 . 2344 . EA-2021-AF .
51 |5 ¥ V| |2:344p ¥ | |eAa2021-aH ¥ b
Host Location
o A -
uman ca
Animal . Antarctica .
Avian Asia
Chicken ¥ | |Europe b
Additional filters
Collection date from l ] To [ I Specimen source |Broncheoalveolar lavage 2
(YYYY-MM-DD) Cloacal swab
[C] Collection date complete Cow milk (individual) .
Submission date from | | To | i Feces
(YYYY-MM-DD) Lung v

Originating Laboratory

Submitting Laboratory

Required Segments

Drug Susceptibility

| T

Total: 1,383 viruses (11,071 sequences)

[Afghanistan, Kabul] National Public Health Laboratory

[Albania, Tirana] Food Safety and Veterinary Institute

[Albania, Tirana] Institute of Public Health

[Algeria, Algiers] Institut Pasteur d'Algerie

[Algeria, Blida] Blida

[ . q £ 11 Bl Trnaical Modicine

[Algeria, Algiers] Institut Pasteur d'Algerie

[Argentina, Buenos Aires] Instituto Nacional de Enfermedades Infecciosas Dr. C.G. Malbrén
[Argentina, Buenos Aires] Instituto Nacional de Tecnologia Agropecuaria (INTA)
[Argentina, Mar del Plata] Instituto Nacional de Epidemiologia Juan Hector Jara
[Armenia, Yerevan] National Centre for Control and Prevention, Armenia

[) GISRS Submission[ ] GIHSN Submission (beta)
()PB2(JPB1[JPA[JHA[JNP[JNA[JMP[ NS JHE[]P3

only complete Min Length | |

- )

Passage details/history

Matching Criteria Drug Degree of Drug Susceptibility

v

EPI_SET Charts Reset Search



Data filtered by: Clade: 23.44b

Type: A SubtypeH: 5

SubtypeN: 1 Genotype: EA-2021-AB
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Phylodynamics of Influenza virus HSNx across the Globe
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Emerging Variants (v.0.2023.02.20)
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