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Haemagglutmm (HA) and Neuraminidase (NA) continue to

evolve antigenically to evade recognition by the host immune
response




Two major types of antigenic evolution of 1AV Ny

Antigenic drift
(accumulation of mutations)
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Antigenic shift
(HA gene of a circulating virus is
replaced by a novel HA gene)

Created with BioRender.com



What is behind the antigenic drift? N

High evolutionary rate:
No proofreading capability
Replication speed
(~ 46 substitutions per
genome, per year)*

*Chen and Holmes, 2006 Mol Biol Evol 23(12):2336-2341;
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Selection forces driving the antigenic evolution of HPAI @Z
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Silent infection in a —
population (e.g.
ducks) =
Vaccination

= Antigenic
evolution

mode of ?“' :
transmission W
and ' ‘-

population”
ﬂ A156TA

Interspecies
transmission

Environment
(geographical
divergence)

ADadonaite et al 2004 : https://doi.org/10.1101/2024.05.23.595634
*Fourment M et al. BMC Evol Biol. 2015 Created with BioRender.com



https://doi.org/10.1101/2024.05.23.595634

Characterization of the complexity of the viral population

Major viral populations,
detected by population
Intermediate viral sequencing
populations, detected by
population sequencing (if
>5% of the quasispecies)
or by cloning and
sequencing

5\
“4  Survival rate 100%
4 Minimal shedding

5\
M Survival rate 70%
¢ Significant shedding

Minor viral populations,
detected by next-generation
sequencing techniques

Milani et al. 2017 Vet Mic.



Analysis of genetic

polymorphisms
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Suboptimal immune protection may induce
an increase of the complexity in the viral
population from the early stages of infection
and may promote the selection of minority
variants some of which may be involved in
antigenic drift.

9 minority variants

9 HA positions showing mutations
1 to 4 variants per sample

0 minority variants in the RBD
0 minority variants in the Ag sites

0 variants shared between samples

64 minority variants + 2 fixed mutation
57 HA positions showing mutations
2 to 13 variants per sample

13 minority variants in the RBD
6 minority variants in the Ag sites

4 variants shared between samples

OABL O304 O0OBL OOBL /3B8 /OBS8 O1D& SOBS SBBs




HPAI gs/GD:
Fast to Evolve, Faster to Spread



The initial steps across continents of the 2.3.4.4b clade
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Fusaro, A., et al (2019). https://doi.org/10.103



The initial steps across continents of the 2.3.4.4b clade
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Introduction of HPAI H5N8
of clade 2.3.4.4b in late
2016, where it replaced

HPAI H5N1 variants of
clade 2.2.1.2

emergence of antigenic diversity
in one place poses a threat to all
countries

Fusaro, A., et al (2019). https://doi.org/10.1038/s41467-019-13287-y



The evolution of 2.3.4.4b clade before the 2020-2021
resurgence

Region (branches)
o Japan and Korea

mm China
Southeast Asia
South Asia
P West Asia
B Europe
H Africa 2020-2021
m North America
Host \
[ Domestic birds V538A
I Wild birds T156A, N252D V548M]
Human i ———

Several HA mutations
occurred in viruses circulating
in domestic birds in regions
southern to the Mediterranean

Sea (2017-2019)
\ JKE-2019
N125K
D503y AZ200E
= \
= N\
T K69N, S179N, D402N

| | | 1 1 | Q
2011 2013 2015 2017 2019 2021 “’2\;506

Xie, R. et al. Nature 622, 810-817 (2023). https://doi.org/10.1038/s41586-023-06631-2 Year



2.3.4.4b landed
where other clades

co-circulates

N

.

emergence of antigenic
diversity in one place poses

a threat to all countries
Bayes factor support aas

Very strong (>150);  e——
Positive (5-20):

B WestAfrica " EastAsia W8 The Middle East
9 North America B Europe W Russia/Kazakhstan/Georgia

/

. e

Fusaro A., Zecchin B., et al. Virus Evolution, 2024; https://doi.org/10.1093/ve/veae027



Clade 2.3.4.4 Clade 2.3.2.1a

Clade 2.3.2.1e Clade 2.3.2.1c

Clade 2.3.2.1a viruses are geographically restricted to South Asia
Clade 2.3.2.1c viruses are geographically restricted to the Mekong delta
Clade 2.3.2.1e viruses are restricted to the Indonesian archipelago

Cocirculation with

2.3.4.4b viruses




What to do to assess virus evolution to inform vaccination
programs?

Gene Sequences for assessing
possible antigenic changes



An age of genomic plenty:
Next-generation evolutionary epidemiology

Rapid and sustained
growth in computer
processing power and
concomitant advances
in methods of statistical
inference

Fast-growing innovations
in the field of genetic
sequencing technology
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Sequencing an Influenza A virus full genome (13.5Kb) -

First Generation Second Generation Third Generation
Shotgun Sequencing Massively Parallel Sequencing Single-molecule Sequencing
Primer
5" yrErrTeeTT I ; y
SHIPIRS ® ddarr ¥ ddace s {. |l ’Nu s g'—tc_: —
ddGTe P daTTP &. ' m by, v
);mdm\.. Vi y —
> £ = Mask hairpin
S.'ffv’lm'iffﬂYf 3 — SEQUENCES
S:Fﬁ' i A Generate consensus
ERTT T o o S A T C G sequence
Swmmmneer P
1st Generation Sequencing 2nd Generation 3rd Generation
(Sanger) Sequencing Sequencing
(Sequencing by Synthesis) (Nanopore sequencing)
Time: @ 2 weeks
Cost: @340 € Time: 3 days Time: 1 day
Cost: @70 € Cost: @80 €

Guidance for genomic monitoring of AIV can be found here: https://www.izsvenezie.com/documents/reference-
laboratories/avian-influenza/useful-resources/guidance-representative-genomic-avian-influenza-virus.pdf

PICTURE modified from J. Ronholm et al. Clin. Microbiol. Rev. 2016:29:837-857



Screening of antigenic sites (antibody mediated antigenic site) 2

A) Front (B) Side (C) Side

Although genetic variation
results in antigenic variation, genetic and
antigenic distance do not always correlate.

Antigenic distances could better be predicted
screening for changes in putative antigenic sites
instead of checking the variation in the entire
HA1 target

D) Top

Luczo, et al, FEMS Microbiology Reviews, Volume 48, Issue 3, May 2024, fuae014, https://doi.org/10.1093/femsre/fuae014



https://doi.org/10.1093/femsre/fuae014

What to do to assess virus evolution to inform vaccination
programs?

Gene Sequences for assessing
possible antigenic changes
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Antigenic matching
Cross-HI testing using sera from vaccinated birds versus
an antigen/virus obtained from a field isolate of interest.

1
7-'.’ y
OR - ]
\ " ~.. [}

Antigenic matching
Cross-HlI testing using sera raised against the vaccine antigen (or
a closely related proxy) versus an antigen/virus obtained from a
field isolate of interest.

Created with BioRender.com



What to do to assess virus evolution to inform vaccination
programs?

Gene Sequences for assessing
possible antigenic changes

2. B |'_ 4 \ % 3
Antigenic matching

Cross-HI testing using sera from vaccinated birds versus
an antigen/virus obtained from a field isolate of interest.
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Antigenic matching
Cross-HlI testing using sera raised against the vaccine antigen (or
a closely related proxy) versus an antigen/virus obtained from a
field isolate of interest.

0.923

Created with BioRender.com



Think Globally to Protect Locally



Avian Influenza
Matching (AIM) for
poultry vaccines




Avian Influenza Matching (AIM) for poultry vaccines

A system for providing information to countries
on the antigenic characteristics of circulating
HPAI
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Avian Influenza Matchinﬁ (AIM) for Eoultrx vaccines

Antigens: Representative of relevant
circulating clades and genetically related
to vaccine seed strain
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Sera e
'

Generation of chicken antisera

: -

@
Antigenic ‘
HI cartography
L ]
S
Hemagglutination Inhibition (HI) assay ) Antigenic cartography o cartography
Contemporary viruses are tested against these sera using Applied on the Hl titers to establish the antigenic relationship
the Hl assay between the virus antigens and available antisera.
Report
E * Information on the antigenic characteristics of currently circulating Al viruses

* Facilitate the selection of appropriate vaccines for poultry

* Requires sharing of viral isolates from countries

Created with BioRender.com
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OFFLU Avian Influenza Matching (AIM) Technical Report, July 2024

OFFLU Avian Influenza Matching (AIM) Technical Report, July
2024
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see technical report available online
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* Global dominance of H5Nx
clade 2.3.4.4b has led to this
clade being over sampled
within the analyses

Access to sequence data is essential

for initial genetic assessment N ]
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S, (25 Antigenic assessment gives an

O

Vaccine antigens not within the clade
2.3.4.4 are antigenically distant from clade
2.3.4.4b viruses and would not be
expected to be suitable candidate antigens
for inactivated whole virus vaccines
against these strains

WOAHE BFAD
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T indication of diversitx
USDA

M H5N1 1

" H5N6 2.1.1

M H5N1 2.2.1

M H5N1 2.3.2.1a

M H5N1 2.3.2.1cle

B H5N1 2.3.2.1¢/g

| H5N1 2.3.2.1f

H5N1 2.3.4
H5N1 2.3.4.4b

" H5N3 2.3.4.4b

M H5NS5 2.3.4.4b
H5N®6 2.3.4.4b
H5N8 2.3.4.4b

" H5N6 2.3.4.4a
H5N®6 2.3.4.4e
H5N8 2.3.4.4c




&, o, It is important to understand
we S geographical features of viral evolution
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Table of antigenic distances
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Major gaps — information sharing request

food and Agrodiyre
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from you engagement
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Information on vaccine seed strains which are in
use (sequence data, viral isolate)
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Comprehensive information and viral isolates from
vaccine breakdown

ME1010/2016 EFSA 2023 Pending

A/Chicken/Egypt/RG-173 CAL/2017 2.2.1.2 EFSA 2023 m
yaos2a12 wman  he

A/Hubei/1/2010 232.1a%* EFSA2023 Pending
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Stakeholder application of OFFLU AIM outputs =

Early warning of
antigenic drift in
wild birds, a

region/country

Trigger for post
vaccination
monitoring in
country

Spread of a new
clade or variant --
> Vaccine update

v’ Standardised testing
v Saving countries money
v Saving time

v Impartial data

OFFLU AVIAN INFLUENZA

MATCHING (OFFLU AIM) GUIDETO
ASSESSING ANTIGENIC CHARACTERISTICS
OF AVIAN INFLUENZA VIRUSES

Ut hawe 2024
Trigger to Trigger for by s e i et
W len

strengthen vaccine trials to be
surveillance carried out

OFFLU Guide for countries




Where do | find the documents? wl I
https://www.offlu.org/index.php/offlu-aim-background- documents/

« www.offlu.org
* OFFLU AIM
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http://www.offlu.org/

Scan the QR code to give your feedback on OFFLU
AIM and sign up for future updates

OFFLU would like to thank colleagues and
contributors for continued support to
OFFLU

The OFFLU website has regular updates
on OFFLU and parent organisations'
publications, technical advice, protocols
and many other useful links. Please

visit: www.offlu.org for more information

* For any questions please contact:
secretariat@offlu.org



http://www.offlu.org/
mailto:secretariat@offlu.org
mailto:secretariat@offlu.org




Conclusions and future requirements

Dealing with this impressive and dynamic diversity is paramount to monitor in real
time the HPAIV evolution in its multiple hosts and its multiple geographical contexts;

Adopting a comprehensive, globally coordinated approach to surveillance and
vaccine updates is vital;

We need all to assist initiatives such as OFFLU AIM to enhance the data sets
and validate the outcomes;

The outputs can only ever be as good as the data that its based on.
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