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Avian Influenza A Viruses
Introduction, data sources, methods and acknowledgements

The epidemiological summary was generated using data from the Food and Agriculture
Organization of the United Nations (FAO) EMPRES Global Animal Disease Information System
(EMPRES-i) and the WAHIS interface weekly disease information service provided by the World
Organisation for Animal Health (WOAH). Only data for confirmed reports in environmental
samples, wild birds, captive wild birds domestic birds and mammals were used; suspect cases
were excluded where results were based solely on serology.

We thank the OFFLU avian group for their expertise and for sharing data. We acknowledge the
following national laboratories, research institutes and surveillance programs and are very grateful
for their collaboration: Australian Centre for Disease Preparedness, Agriculture Research Center
Egypt, Agence National de Security de Sanitaire, Animal and Plant Health Agency, Canadian Food
Inspection Agency, Centre of Excellence for Influenza Research and Response, Disease
Investigation Centre Wates, Federal Centre for Animal Health, Harbin Veterinary Research
Institute, Livestock Research, Institute National Institute for Veterinary Research, Chittagong
Veterinary and Animal Sciences University, Hokkaido University, llia State University, Inocuidad y
Calidad Agroalimentaria, Institute Pasteur Cambodia, National Institute of High Security Animal
Diseases, Laboratério Federal de Defesa Agropecudria, South Eastern Poultry Research
Laboratory, Wageningen Bioveterinary Research, and the RESUDIA network for sharing
information, unpublished data and virus isolates via the OFFLU network. We would also like to
thank research programs and contributors who upload their data in a timely fashion to GISAID
and Genbank and acknowledge the authors, originating and submitting laboratories of the
sequences. Report contributions were made by Amelia Coggon, Francesco Bonefante and Nicola
Lewis.

We acknowledge and thank the FAO and WOAH Reference laboratory and diagnostic laboratory
teams, WHO CCs St Jude Children’s Research Hospital, the Centers for Disease Control and
prevention, USDA-ARS NADC, Royal Veterinary College and the Francis Crick Institute for their
expertise and sharing of data. Phylogenetic and sequence analyses were performed using the
RVC and CEIRR pipeline. Avian influenza A virus haemagglutination inhibition (HI) assay antigenic
data in this reporting period was generated using harmonised protocols by APHA, SEPRL and
IZSVe using ferret-origin reagents kindly provided by WHO CCs, CDC and the Crick institute. We
are also very grateful to a WHO-OFFLU initiative for the generation of additional ferret reagents at
IZSVe which have been shared between WHO CCs and the OFFLU network.

Analyses were conducted by subtype. Sequences collected between 1st February 2023 and 14th
September 2023 were downloaded from GISAID and Genbank. These were added to data kindly
provided through the OFFLU network and a reference dataset. Sequences were analysed
preliminarily using the Augur pipeline by Nextstrain (Hadfield et al., 2018). Sequences were
aligned using MAFFT v7.475 (Katoh and Standley, 2013) using default settings. Alignments were
trimmed (HA1) from the start codon using H5 numbering to the start of the cleavage site.
Incomplete, poor quality or duplicate sequences were removed from the dataset. Trees were run
using IQ-TREE 2.1.3 (Nguyen et al., 2015) using an ALRT test (Guindon et al., 2010). Sequences
were compared against the most similar CVV using the NADC IAV bioinformatic toolkit (https://
github.com/flu-crew) for amino acid differences. Strains were selected for testing against
reference ferret antisera in haemagglutination inhibition (HI) assays based on virus availability and
in-silico analysis of changes in putative antigenic sites.
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Global zoonotic avian influenza events and epidemiology in
animals

Since the emergence of the Gs/Gd lineage of high pathogenicity avian influenza (HPAI), H5 viruses
have undergone significant evolutionary changes resulting in the emergence of distinct clades.
Some have become endemic in poultry populations in specific regions. Additionally, non Gs/Gd
low pathogenicity H5Nx viruses, though not reportable, continue to be widely detected in wild
birds and occasionally in poultry in some regions causing production loss and sporadic disease.

Since the autumn of 2021, H5N1 clade 2.3.4.4b viruses have dominated. These viruses have
spread across Europe, Asia, Africa and the Americas, displacing other clade viruses and
reassorting with local low pathogenic avian influenza viruses, resulting in a diverse range of
genotypes which exhibit variable and species dependant pathogenicities. Despite this diversity,
few genotypes prevail and predominate in geographically distinct areas and the HA of viruses
generally remain genetically similar. These viruses have had significant impacts on ecologically
important bird species, particularly seabirds, and mammals, as well causing devastating losses to
the poultry sector.

As of the current reporting period, virus has not been observed in Antarctica nor Oceana,
however, it is expected to affect the antarctic region in the upcoming season. Despite the
predominance of H5N1 Gs/Gd lineage HPAI H5N1, H5N2, H5N4, HS5N5 H5N6, HS5N8 subtypes
have all been sporadically detected in poultry or wild birds since October 2022.

Typically HPAI incidence in poultry in the northern hemisphere follows a distinctive pattern
peaking in February and declining until October. Since the summer of 2021, a notable shift has
been observed, with HPAI events remaining relatively elevated over the summer months, primarily
affecting wild bird populations, specifically gulls, in well surveilled regions. In this reporting period,
North America and Europe have seen a decrease in poultry outbreaks compared the same period
in 2022. Outbreaks in poultry continue in undersuveilled regions such as South America and many
parts of Asia and Africa.

Uncharacteristically for HPAI, but similarly to 2022, in 2023 the clade 2.3.4.4b H5N1 virus has
persisted in wild bird populations, notably in laridae sp. This has been pronounced in well
surveilled regions in Northern and Western Europe and has resulted in spillover into mammalian
species and continued spillover into poultry. Europe has had return of H5N1 clade 2.3.4.4b from
the 2023 spring migration of wild seabirds from Africa.

Africa has experienced multiple introductions of H5Nx clade 2.3.4.4b from Europe since 2020.
These introductions have led to the maintenance of the virus in poultry populations, the
replacement of previously circulating viruses and reassortment with locally circulating endemic
viruses. Many of these viruses continue to circulate in geographically segregated regions in 2023
affecting wild sea birds and poultry.

Introductions into the Americas from Europe have established in wild bird populations leading to
spillover and disease outbreaks in poultry. During the autumn migration in 2022 there were at
least 3 separate introductions into Latin American Countries. Data from this region is limited but
the virus appears to be establishing itself in poultry populations, as well as causing disease and
mortality in marine mammals and birds. There are continued detections of movement of H5N1
virus between the North east of the Americas and East Asia since late 2021 however these viruses
haven’t been largely responsible for outbreaks in poultry.

In East Asia H5NG6 clade 2.3.4.4b viruses continue to circulate in poultry populations. Additionally
H5N1 viruses which were introduced in early 2021 and subsequently spread to South Asia,
Eastern Russia and East Asia continue to circulate. Separate introductions of H5N1 viruses into
South and South East Asia in 2021 appear to be establishing in poultry populations through
spillover from local wild birds. They have undergone reassortment with other circulating viruses
and maintain their presence in geographically segregated regions
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Clade 2.3.4.4h viruses have been detected in environmental samples in China. Clade 2.3.2.1c and
clade 2.3.2.1¢ viruses continue to circulate and diversify in poultry parts of South East Asia and
clade 2.3.2.1a viruses continue to circulate and diversify in poultry in South Asia.

Notably, there has been a significant increase in the frequency of detections among non-avian
species including both wild terrestrial and marine mammals, as well as farmed, captive and
domestic mammals. While wild mammals often test positive incidentally, leading to limited clinical
information, captive and domestic mammals have displayed a range of clinical symptoms. These
symptoms vary from mortality, neurological and respiratory signs, to few or no clinical signs.
Among affected wild mammals, scavengers and animals sharing their habitat with infected birds
are the most affected species. Importantly, some domestic carnivores have become infected
through contaminated meat in the food chain or consumption of infected poultry. There have been
few reports of viral detection in non-carnivorous mammals. Beside outbreaks in farmed foxes in
Finland and suspected events in sea mammals, there have been no confirmed cases of mammal
to mammal transmission.

In Central and Latin America the region has faced significant challenges due to outbreaks of

H5N1 clade 2.3.4.4b affecting poultry and seabirds. Notably, there has been a substantial
increase in numbers of marine mammal deaths reported in countries such as Chile, Peru, Uruguay
and Argentina, compared to previous years. Tens of thousands of sea lions and hundreds of
thousands of seabirds have been affected. Whilst HPAI has been suspected it has only been
clinically confirmed in few cases and testing capacity is very limited. Onset of marine mammal
mortality coincided with significant seabird mortality along the West Coast some of which
attributed to HPAI, however more recent reports from Argentina and Uruguay have not necessarily
been accompanied by reports of mass sea bird die offs. It is unknown whether this is due to lack
of surveillance and reporting. The exact aetiology of these cases is still unclear, as are routes of
infection. Whether they represent confirmed HPAI cases resulting from mammalian transmission,
environmental contamination, or transmission from birds remains questionable.

H3N8 viruses associated with zoonotic infections circulate in Chinese poultry. These viruses have
not yet been detected outside China however surveillance data and reporting for this subtype is
limited.

Low pathogenicity avian influenza (LPAI) H7 viruses have been detected in multiple countries in
wild birds and environmental samples, occasionally in poultry. Low pathogenic H7N7 and H7N3
subtypes of unknown lineage were detected in environmental samples in Taiwan, Province of
China. The UK reported H7N3 subtype in poultry in March 2023.

Newly emerged HPAI from H7 viruses of Eurasian lineage have caused ongoing outbreaks in
domestic poultry in South Africa since June 2023. HPAI H7N9 of the A/Guangdong/17SF003/2016
lineage have been reported detected in poultry and environmental samples in China in early 2023.

Outbreaks of Al in poultry caused by H9 viruses are not reportable to the World Organisation for
Animal Health (WOAH). H9 viruses are known to have infected birds and mammals in many
countries including but not limited to The Republic of Korea, Russian Federation, China, Morocco,
Niger, Nigeria, Taiwan Province of China, Indonesia, Cambodia, Viet Nam, Cbte D’lvoire. Over the
reporting period, H9 viruses have been reported in poultry in Brazil (unknown lineage), Egypt,
Ghana, Niger, Indonesia, India and Cambodia (zoonotic G1 or Y280 lineages).
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Global avian influenza events in animals

Figure 1: Microreact map showing the geographical and temporal distribution of Gs/Gd H5, HPAI H7 and zoonotic H9
lineage avian influenza outbreaks reported to WOAH via the WAHIS platform and to national authorities gathered
through FAO EMPRES-i. Additional outbreaks inferred from sequence data gathered from GISAID or OFFLU or
countries’ Al dashboard’s have been added. Data shown falls within the reporting period of 1st February 2023 to present
(last updated 19 September 2023). Points are coloured by subtype and the outbreak date is represented along the
bottom timeline.

© §9
) I 2
[o) : ] .
" ! 3
A 8 -
. ¥ - [ ] (2‘,
e PHQ ‘
3 %~
":53"' 1
~ ° %0.
s
}: . (;9 M s Il ;Hs HPAL
’ * < d CC: ;HSN1 HPAI;
A o
o y | Py I :HsNS HPAL;
;;‘s; % B :HsNs HPA;
C,/..: B w7 HPA;
o ;HON2 LPAI;
s W vras;
Al © Mapbox © Open
| | ' | | N
| | '
11 I ' 1 it
1 | | 1 | | I I
| 'y '
|| VITL P RmT S
1 1 I W |I II II | 1 1
I 1
| I | k 1 | ' : I|r N I
] | 1 1 1 I || I

o005 Fep12  Feb1s  Feb2s  Mar0S M1z Mar19  Ma26  Ap02  Ap03  Ap16  Ap2  AprS)  MayO7  Mayle  May21  May28  Am04  Jntl  Jn18  Jm25  Ju02  i03 16 Ju23 U0  Aw0S  Awg1S A2 A2 Sep03  Septo

OFFLU avian data package for the vaccine composition meeting September 2023 Page 6


https://microreact.org/project/w9hofCd84gfsgkWf9Erioc-offlu-avian-tc1-august23

Activity Table (H5) viruses

Table 2: 1st February 2023 to present (last updated 26th September 2023). A/goose/Guangdong/1/96 lineage viruses
detected as summarised below. Data was collected through WOAH via the WAHIS system including unclosed reports,
FAO through EMPRES-i and through OFFLU collaborators, within the reporting period.
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Avian H3 phylogeny
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H5 Influenza A viruses

H5 Phylogenetic tree coloured by region

Figure 3: Avian H5 global summary time resolved maximum likelihood phylogenetic tree. Analyses were conducted with
reference sequences, sequences shared through the OFFLU network and data downloaded from GISAID (14th
September 2023). Sequences within the reporting period were coloured by geographic region. Leaves with a collection
date within the reporting period were coloured according to region.
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H5 2.3.4.4b phylogenetic tree

Figure 4: Avian H5 clade 2.3.4.4b maximum likelihood phylogenetic tree. Clade changes in putative antigenic sites are
annotated on branches. Analyses were conducted with reference sequences, sequences shared through the OFFLU
network and data downloaded from GISAID (14th September 2023). Sequences were coloured by geographic region.

Leaves within the reporting period were coloured. Positioning of CVVs are denoted with red arrows.
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H5 2.3.4.4b subsampled tree

Figure 5: H5 clade 2.3.4.4b maximum likelihood tree. Including CVVs, mammalian strains and strains antigenically
characterised in previous reporting periods. Those antigenically characterised by OFFLU this reporting period are

highlighted yellow.
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H5 2.3.4.4b Amino Acid difference tables and summary

+ Most viruses detected within the Americas fall into a sub-clade which is characterised
by the change in putative antigenic site V210A compared to the Astrakhan CVV (but
similar to the American Wigeon CVV). Some viruses detected in the US from other
incursions post 2021 do not have this mutation.

+ The motif 154D is found in a group of viruses which circulate in wild birds in Asia since
2021 (presumably circulating in wild birds in parts of Asia causing occasional spillover
into poultry).

+ The changes 156T/S (compared to the Astrakhan CVV but similar to the Ghana-like
CWV) is found in viruses which continue to circulate in West African poultry since 2021.
Other viruses without this change have since been introduced into West Africa.

+ The change T188l compared to the Astrakhan CVV is found in a phylogenetic cluster
of viruses introduced in South East Asia and East Asia in 2020 which continue to
circulate.

+ In Central and South America some viruses detected posses the motif 185K/R.
Another cluster of viruses from possess the motif 136S and 214V.

Other sporadic changes in putative antigenic sites can be found in non phylogenically

clustering and from a broad geographic range.

Some sporadic changes were found in mammalian or antigenically characterised viruses

associated with increased adaption to mammals according to the CDC’s H5N1 genetic
changes inventory.

OFFLU avian data package for the vaccine composition meeting September 2023 Page 13



Table 3: Avian H5 2.3.4.4b clade sequence comparison to the within clade CVVs. Strains which were antigenically
characterised in the previous report were included for reference. Sequences from this reporting period are blue, the
previous reporting period light blue and the CVV red. Strains which have been antigenically characterised are coloured
yellow and fold changes to the antigenically closest virus are indicated by colour. Changes in putative antigenic sites are
highlighted grey and changes found in the CDC genetic changes inventory are annotated.
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OFFLU avian data package for the vaccine composition meeting September 2023

154D: Decreased virulence in mice, transmissable in ferrets
155N: Increased virus binding to a2-6, reduced lethality and systemic spread in mice
156A: Increased virus binding to a2-6 and increased transmission in guineau pigs

188: Increased pseudovirus binding to a2-6

222 increased virus binding to a2-6, replication and contact transmission in ferrets
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HS 2.3.4.4b Antigenic Data

Table 4: Antigenic characterisation of H5 clade 2.3.4.4b viruses. CVVs and proposed -like CVV are marked in red. Test
antigens are coloured by region. Fold changes are colour coded. Amino acid differences compared to the closest CVV
A/Astrakhan/3312/2020 are annotated and putative antigenic sites are highlighted bold.

Homologous
2 fold

4 fold

8 fold

> 16 fold

REFERENCE FERRET ANTISERA

A/FUJIAN-SANYUAN/21099/2017

XA/PR/8/1934

A/ASTRAKHAN/3212/2020

A/TURKEY/ITALY/17VIR576-11/2017

A/duck/Cambodia/f1PPOreu241D37/2021

Afturkey/Israel/238/2019

A/poultry/Niger/ET3/HALAL/21VIR2131-

33/2021

A/chicken/Ghana/AVL-763/21VIR7050-39/2021

A/hen/Bulgaria/722-1/22VIR778-1/2021

A/avian/Togo/904/21VIR5115-6/2021

OFFLU avian data package for the vaccine composition meeting September 2023

Clade 2.3.4.4b2.3.44b2.3.4.4b2.3.4.4b2.3.4.4b2.3.4.4b2.3.4.4b2.3.4.4b2.3.4.4b
Subtype  HSN6 HSN8 HSN8 HSN8 HSN8 HSN1 HSN1  HSN1  H5N1
Ferret ID
Semester Clade Subtype
Reference Antigen
A/FUJIAN-SANYUAN/21099/2017 xA/PR/8/1934 23.4.4b H5N6 80
A/ASTRAKHAN/3212/2020 2.3.4.4b HSN8 160
A/TURKEY/ITALY/17VIR576-11/2017 2.3.4.4b HSN8 160
A/duck/Cambodia/f1PPOreu241D37/2021 2.3.4.4b H5N8 160
A/turkey/Israel/238/2019 2.3.4.4b H5N8 160
A/poultry/Niger/ET3/HALAL/21VIR2131-33/2021 2.3.4.4b H5N1 640
Semester A/chicken/Ghana/AVL-763/21VIR7050-39/2021 2.3.4.4b HSN1 640
1ZSVe Feb23- A/hen/Bulgaria/722-1/22VIR778-1/2021 2.3.4.4b HSN1 320
Sep23 A/avian/Togo/904/21VIR5115-6/2021 2.3.4.4b H5N1 640
Test antigen
1 A/black-headed_gull/Italy/23VIR2983-2/2023 23.44b H5N1 40 160 40 160 320 640 160 640
2 Alchicken/Italy/23VIR3799-1/2023 23.44b H5N1 h 80 20 160 320 G 320
3 A/peregrine_falcon/Italy/23VIR2255-1/2023 23.4.4b HSN1 20 40 320 80 160 1280 640 320 1280
a Afsandwich_tern/ltaly/23VIR5828-3/2023 23.4.4b wsnt G s 160 40 80 640 320 160 640
5 A/mute_swan/Slovenia/237_23VIR1977-8/2023 23.44b H5N1 20 80 160 80 80 1280 640 320 1280
6 Allittle_grebe/Switzerland/V0225_23VIR2596-5/2023 23.44b HSN1 40 80 40 640 320 160 640
7 A/common_buzzard/Switzerland/V0119_23VIR2596-1/2023 23.4.4b H5N1 80 40 80 640 320 160 320
8 A/common_tern/Croatia/44-1_23VIR5604-22/2023 2.3.44b H5N1 80 40 80 640 640 160 640
9 A/cat/Poland/H255-23_23VIR6711-7/2023 2.3.4.4.b H5N1 20 80 320 80 80 1280 320 160 640
10 A/cat/Poland/H249-276-23_23VIR6711-5/2023 2.3.4.4b H5N1 20 160 320 160 80 1280 640 320 1280
1 A/cat/Poland/H264-23_23VIR6711-10/2023 23.4.4b HSN1 20 160 320 160 80 1280 640 160 640
12 Alarctic-fox/Finland/491_23VIR6803-1/2023 2.3.4.4.b H5N1 160 40 40 320 320 80 320
13 Aflayer/Niger/40-23_23VIR3551-22/2023 23.44Db H5N1 80 160 160 80 320 320 80 1280
14 A/chicken/Niger/51-23_23VIR3551-32/2023 23.4.4b HSN1 40 80 80 80 320 320 320
15 A/guinea fawl/Niger/71-23_23VIR3551-38/2023 2.3.4.4.b HSN1 80 160 160 80 320 320 80 640
Clade Subtype
Antigen
A/TURKEY/ITALY/17VIR576-11/2017 2.3.4.4b HSN8 320 320 160 80 160 80 160
A/duck/Cambodia/f1PPOreu241037/2021 23.4.4b HSNS 160 160 g0 [HEGH 320 - 160
ses“g%':’ A/turkey/Israel/238/2019 23.4.4b H5N8 160 160 160 80 160 160
Feb23. A/poultry/Niger/ET3/HALAL/21VIR2131-33/2021 2.3.4.4b HSN1 320 320 160 320 320 1280 320
E A/chicken/Ghana/AVL-763/21VIR7050-39/2021 2.3.4.4b H5N1 640 640 640 640 640 640 640
A/hen/Bulgaria/722-1/22VIR778-1/2021 2.3.4.4b HSN1 160 320 160 160 160 640 |NNEONN
A/avian/Togo/904/21VIR5115-6/2021 2.3.4.4b H5N1 640 640 160 640 1280 640 640
Test Antigen
A/americanwigeon/SouthCarolina/22-000345-001/2021 2.3.4.4.b H5N1 160 320 160 160 160 160 160
Reference Antigen
A/FUJIAN-SANYUAN/21099/2017 xA/PR/8/1934 23.4.4b H5N6 320 160 640 320 640 640 640 640 640
A/ASTRAKHAN/3212/2020 2.3.4.4b H5N8 160 640 1280 1280 640 640 640 640 640
A/TURKEY/ITALY/17VIR576-11/2017 2.3.4.4b HSN8 80 160 1280 640 640 1280 1280 1280 1280
A/duck/Cambodia/f1PPOreu241D37/2021 2.3.4.4b H5N8 160 320 1280 1280 320 1280 1280 1280 1280
A/turkey/Israel/238/2019 2.3.4.4b H5N8 320 320 160 640
A/poultry/Niger/ET3/HALAL/21VIR2131-33/2021 2.3.4.4b H5N1 80 320 320
A/chicken/Ghana/AVL-763/21VIR7050-39/2021 2.3.4.4b HSN1 640 640 320 640 1280 320 1280
APHA Feb23- A/hen/Bulgaria/722-1/22VIR778-1/2021 2.3.4.4b H5N1 160 320 640 640 320 1280 1280 1280 1280
Sep23 A/avian/Togo/904/21VIR5115-6/2021 23.4.4b wsni G 160 640 640 320 640 640 320 2560
Test antigen
1 A/domestic duck/Bangladesh/CE-111-04-DB-11-DU-0/2022  2.3.4.4.b HSN1 80 320 320 640 320 1280 1280 320 1280
2 A/domestic_duck/England/056995/2023 23.44b HSN1 2560 1280 1280 1280
3 A/chicken/England/062635/2023 23.44b HSN1 640 640 1280 1280
a4 A/domestic_duck/England/049343/2023 23.4.4b H5N1 1280 320 1280 1280
5 A/Red_Fox/Wales/017836/2023 2.3.44b H5N1 1280 640 1280 640
6 A/otter/Scotland/M100366/2022 2.3.44.b H5N1 1280 640 640 640

AA differences compared to Astrakhan

R72E, D88G, L175M
R72E, D88G, D155N
R72E, D88G, V210!
G88D, S128T

T1951

A86V

R72G, D88G

E72R, D88G

R72G, D88G

N146S, A156T, R169Q, V2191,0236N
N146S, A156T, R169Q, N189S,D236N
E69D, N146S, A156T, R169Q,D236N

L104M, V210A

D154N, 1198V, A214T
1114T, P136L

D88G, V2821

R72G, A86S, D88G

A86V, VV148L
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Table 5: Antigenic characterisation of H5 clade 2.3.4.4b viruses. CVVs and proposed -like CVV are marked in red. Test
antigens are coloured by region. Fold changes are colour coded. Amino acid differences compared to the closest CVV
A/Astrakhan/3312/2020 are annotated and putative antigenic sites are highlighted bold.

Homologous
2 fold
4fold
8fold

[ Bt

REFERENCE FERRET ANTISERA

A/FUJIAN-SANYUAN/21099/2017 xA/PR/8
A/turkey/Israel/238/2019
A/TURKEY/ITALY/17VIR576-11/2017
A/ASTRAKHAN/3212/2020
poultry/Niger/ET3/HALAL/21VIR2131-3:
A/hen/Bulgaria/722-1/22VIR778-1/2021
Afavian/Togo/904/21VIR5115-6/2021
A/duck/Cambodia/f1PPOreu241D3T/2021
A/chicken/Ghana/AVL-763/21VIR7050-39/2021

Al

Clade 23.4.4b 23.4.4b 2.3.4.4b 2.3.4.4b 2.3.4.4b 2.3.4.4b 23.4.4b 23.4.4b 23.4.4b
Subtype HSN6 HSN8 HSN8 HSN8 HSN1 HSN1 HSN1  HSN8  HSN1
Niger Bulgari Togo Ghana
FerretID  CVWV QW 2131 a778 5115 7050
Semester Country _ Clade _ Subtype _ ? * #
Reference Antigen
A/FUJIAN-SANYUAN/21099/2017 xA/PR/8/1934 ? 2344b HsNe 40
Afturkey/Israel/238/2019 23.4.4b  HSNS 80
A/TURKEY/ITALY/17VIR576-11/2017 23.4.4b  HSN8 160
A/ASTRAKHAN/3212/2020 * 2344b  HSNS 0
A/poultry/Niger/ET3/HALAL/21VIR2131-33/2021 23.4.4b  HSN1 640
A/hen/Bulgaria/722-1/22VIR778-1/2021 23.4.4b  H5N1 320
Aavian/Togo/904/21VIR5115-6/2021 23.4.4b  H5N1 640
1szve A/duck/Cambodia/f1PPOreu241037/2021 23.4.4b  HSN8 80
Sep22- A/chicken/Ghana/AVL-763/21VIR7050-39/2021 # 23.4.4b  H5N1 320
Feb23
Test antigen
1 p/gypaetus_barbatus/Spain/1956-25_22VIR6312-19/2022 23.44b HSN1 10 20 80 20 640 160 640 _ 20 320
2 p/ardea_cinerea/Spain/863-1_22VIR6312-5/2022 23.44b HSN1 | <10 20 40 20 640 320 640 320
3 Aflaying-hen/Spain/3135-17_22VIR10586-1/2022 23.4.4b HSN1 | <10 - 20 - 640 320 1280 640
4 pfsea-eagle/Norway/2022-07-198_22VIR3866-2/2022 23.44b HSNS 20 80 640 80 1280 320 640 640 640
S A/goose/Cyprus/746-1_22VIR12133-3/2022 I 23.44b HSN1 10 80 160 40 1280 320 1280 40 640
& Afchicken/Austria/2514-19_22VIR11382-2/2022 23.44b HSN1 10 40 160 40 320 80 320 40 160
2 A/Mink/Spain/3691-2_22VIR10586-9/2022 23.4.4b  HSN1 40 640 320 320 320
8 A/Mink/Spain/3691-2_22VIR10586-10/2023 23.4.4b_ HSN1 40 640 320 640 320
Reference Antigen
A/FUJIAN-SANYUAN/21099/2017 xA/PR/8/1934 ? 2344b HSNE 80 160 320 80 1280 1280 1280 160 1280
A/turkey/Israel/238/2019 23.4.4b  HSNS 20 640 320 80 320 640 320 160 1280
A/TURKEY/ITALY/17VIR576-11/2017 2344b HsNg 160 1280 2560 640 2560 2560 2560 1280 1280
A/ASTRAKHAN/3212/2020 * 2344b HsNg 10 320 640 [NS200 160 1280 640 160 160
A/poultry/Niger/ET3/HALAL/21VIR2131-33/2021 23.4.4b  H5N1 10 40 80 40 1280 €40 1280 40 320
s’:";:_ A/hen/Bulgaria/722-1/22VIR778-1/2021 23.4.4b  H5N1 80 160 640 160 5120 5120 560 160 2560
Feb23 A/avian/Togo/904/21VIR5115-6/2021 23.4.4b  H5N1 20 160 160 40 320 160 2560 160 640
A/duck/Cambodia/f1PPOreu24103T/2021 2344b HsNg 80 320 2560 320 2560 2560 1280 2560 2560
A/chicken/Ghana/AVL-763/21VIR7050-39/2021 # 2344b HsN1 20 160 320 80 1280 320 2560 320 2560
Test antigen
1 p/Chicken/England/154150/2022 23.44b HSN1 20 80 - 40 320 640 320
2 p/Domestic_Duck/England/134267/2022 23.44b HSN1 80 160 640 160 1280 1280 1280 = 320 640
3 A/Chicken/Scotland/153380/2022 23.4.4b  HSN1 20 160 320 160 640 2560 1280 320 1280
Antigen
A/FUJIAN-SANYUAN/21099/2017 xA/PR/8/1934 ? 2344b H5NG6 80
Afturkey/Israel/238/2019 23.44b  HSN8 160
A/TURKEY/ITALY/17VIRS76-11/2017 2344b  HSN8 160
A/ASTRAKHAN/3212/2020 * 23.44b  HSN8 160
s2ve A/poultry/Niger/ET3/HALAL/21VIR2131-33/2021 2344b  HSN1 640
Sep22. A/hen/Bulgaria/722-1/22VIR778-1/2021 2344b  HSN1 320
_LFebZS A/avian/Togo/904/21VIR5115-6/2021 2344b  HSN1 640
- A/duck/Cambodia/f1PPOreu241037/2021 234.4b  HSN8 80
A/chicken/Ghana/AVL-763/21VIR7050-39/2021 # 234.4b H5N1 320
Test antigen
1 "Algypaetus_barbatus/Spain/1950-6_22VIR6312-17/2022 234.4b
2 A/anser_anser/Spain/863-2_22VIR6312-6/2022 23.4.4b
3 _A/laying-hen/Spain/3232-35_22VIR10586-3/2022 2.3.4.4b
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AADiffs compared to closest CVV
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H5 2.3.2.17a phylogenetic tree
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Figure 6: Avian H5 2.3.2.1a Maximum likelihood phylogenetic tree. Analyses were conducted with reference sequences
and data downloaded from GISAID, Genbank and kindly shared through the OFFLU network. Sequences within the
reporting period (February 2023 to September 2023) are coloured dark blue, those from the previous reporting period
light blue, CVVs in red and human sequences in pink. Viruses which have been antigenically characterised are yellow.
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H5 2.3.2.17a amino acid difference table

Table 6: Avian H5 2.3.2.1a clade sequence comparison to the within clade CVVs. Sequences from this reporting period
are blue, the previous reporting period light blue and the CVV red. Strains which have been antigenically characterised

are coloured yellow and fold changes to the antigenically closest virus are indicated by colour. Changes in putative

antigenic sites are highlighted grey and changes found in the CDC genetic changes inventory are annotated.

A/duck/Bangladesh/17D1012/2018|2.3.2.1a| CVV
A/duck/Bangladesh/19097/2013|2.3.2.1a| CVV

A/Hubei/1/2010]2.3.2.1a| CWV

HI
HI
site
8 H
14 K
16 VvV
17D
20 M
21 E
22 K
23 N
24V
25T
31D
36T
38 N
396G
40 K
42 C
45 N
48 K
511
711
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86 A
88 G
94 N
120 D
123 s
124 D
127 A
136 P
140 N
141s

154 N

156 A

175 L

183 D

189 R

200 |

210 v

212 K

217 S

218 K
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240 H

273 N

276 T
AA changes
ve antigenic Sites
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||

SubS23| A/domestic_duck/Bangladesh/CE-116-04-DA-05-DU-0/2022_| HSN1

SubS23| A/domestic_duck/Bangladesh/CE-116-04-DA-03-DU-0/2022_| H5N1

Subs23|A/chicken/Bangladesh/CE-113-04-CB-25-BR-0/2022_| H5N1|2022_0

Subs23 | A/domestic_duck/Bangladesh/CE-111-04-DA-05-DU-C/2022_| H5N1|
Subs23 | A/domestic_duck/Bangladesh/CE-115-04-DA-02-DU-0/2022_| HSN1

Subs23| A/domestic_duck/Bangladesh/CE-111-04-DA-05-DU-0/2022_| H5N1

2021

Subs23| A/chicken/Bangladesh/CE-113-01-02-08-Du-0/2021_| HSN1|

SubS23| A/domestic_duck/Bangladesh/CE-113-04-DA-05-DU-0/2022_|H5N1

SubS23| A/chicken/India/02T101/2023| H5SN1|2023-02-03

SubS23| A/chicken/India/04TI03/2003 | HSN1| 2023-04-16

SubS23| A/chicken/India/04T101/2023| H5N1|2023-03-29

SubS23| A/chicken/Bangladesh/CE-115-02-01-03-Du-0/2021_| H5N1|_2021-1

SubS23| A/chicken/Bangladesh/CE-113-03-02-05-DU-0/2022_| HSN1|_2022-1
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N

N N N N
X
D D D D

Putative antigenic site CDC genetic changes inventory

Antigenic site C
Antigenic site C

Antigenic site E

Antigenic site B

Antigenic site A
Antigenic site A
Antigenic site A

Antigenic site B
Antigenic site B

Antigenic site B
Antigenic site B

Antigenic site D

123P: Increased virus binding to a2-6

154D: Decreased virulence in mice, 154N
Increased virus binding to a2-6
156A: Increased virus binding to a2-6

189R: Increased virus binding to a2-6

210I: Increased virus binding to a2-6
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H5 2.3.2.17a Antigenic data

Table 7: Antigenic characterisation of H5 2.3.2.1a viruses. CVVs are marked in red. Fold changes are colour coded.
Amino acid differences compared to the closest CVV A/Duck/Bangladesh/17D1012/2018 are annotated and putative
antigenic sites are highlighted bold.

Homologous
2 fold
4 fold

8 fold
> 16 fold

A/DUCK/BANGLADESH/19097/2013
A/DUCK/BANGLADESH/17D1012/2018

A/HUBEI/1/2010

REFERENCE FERRET ANTISERA
Clade 2.3.2.1a2.3.2.1a2.3.2.1a
Subtype  H5N1 H5N1 HS5N1

Ferret ID
Semester Clade Subtype
Reference Antigen AA differences compared to Bangladesh/17D1012/18
A/HUBEI/1/2010 232.1a H5N1 5120 2560 160
A/DUCK/BANGLADESH/19097/2013 23.2.1a H5N1 5120 10240 320
A/DUCK/BANGLADESH/17D1012/2018 232.1a H5N1 320 320 640
b Test antigen
APHAFeb23: ‘A/chicken/Bangladesh/CE-113-01-02-08-Du-0/2021_| HSN1|_2021_11_18 232.1a H5N1 9HY, P136S, N154D
Sep23 2 A/chicken/Bangladesh/CE-116-01-02-06-Du-0/2021_| HSN1|_2021_11_21 232.1a H5N1 1 g
3 A/chicken/Bangladesh/CE-113-04-CB-25-BR-0/2022_| HSN1|2022_09_18 232.1a H5N1 640 |T36K, S141P, A156S, R189N, V2101, K212R
4 A/domestic duck/Bangladesh/CE-115-04-DA-02-DU-0/2022_|H5SN1|2022_09_15  2.3.2.1a H5N1 K40M, D124N, 1200V
5 A/domestic duck/Bangladesh/CE-111-04-DA-05-DU-0/2022_|HSN1|2022_09_17  2.3.2.1a H5N1 D124N, N154D
6 A/domestic duck/Bangladesh/CE-111-04-DA-05-DU-C/2022_| H5N1|2022_09_17 23.2.1a H5N1 320 |V16A, D17H, D124N, N154D
7 A/domestic duck/Bangladesh/CE-113-04-DA-05-DU-0/2022_|H5N1|2022_09_18  2.3.2.1a H5N1 M20V, E21K, K22R, N23R, V24l, D124N, N154D
8 A/domestic duck/Bangladesh/CE-116-04-DA-03-DU-0/2022_|HSN1|2022_09_19  2.3.2.1a H5N1 1280 |K14E, L175M, R189Q,
9 A/domestic duck/Bangladesh/CE-116-04-DA-05-DU-0/2022_|H5N1[2022 09 19 2.3.2.1a H5N1 1280 |K14E, K48l L175M, R189Q, K212R, N273D
o
]
o g
g £
g at
= g
3 a
] R
Homologous < <
= ES
2 fold g g
4fold
° 9 3 =1
8 fold S o [C]
I o § 2 3
g 3 3
o = IS
] 5] 5]
2 2 2
z 2 2
REFERENCE FERRET ANTISERA By 2 I
Clade 232.1a 2321a 2321a
Subtype HSN1  HSN1  HSN1
Ferret ID
Semester Country Clade  Subtype *
Reference Antigen AADiIffs compared to closest CVV *
A/HUBEI/1/2010 2321a HSN1 5120 5120 80
ABHA A/DUCK/BANGLADESH/19097/2013 2321a HSN1 5120 5120 640
sep22- A/DUCK/BANGLADESH/17D1012/2018 % 2321a HSN1 1280 1280 2560
Feb23 Test antigen
1 A/Deshi/Chattogram/AV-22-080029/2021 232.1a HSN1 H180P, R189K, T276A
2 A/Sonali/Chattogram/AV-22-080007/2021 2.3.2.1a H5N1 H8Y, N154D, Y164C
3 A/broiler-chicken/Bangladesh/AV-22-079981/2022 2.3.2.1a  H5N1
Reference Antigen
A/HUBEI/1/2010 2321a HSN1 640 640 <20
A/DUCK/BANGLADESH/19097/2013 2321a HSN1 320 320 <20
FAS;: A/DUCK/BANGLADESH/17D1012/2018 * 2321a HSN1 160 160 1280
See 22- Test antigen
2€B22 1 A/chicken/Nepal/22-02058-0001/2022 2321a  HSN1 K14E, Q15K, D43N, 151V, $141P, A156S, R189N, V210l K212R
2 A/chicken/Nepal/22-02058-0002/2022 2321a  HSN1 | 20 | D129N, N154D, D309N
3 A/chicken/Nepal/22-02058-0007/2022 232.1a  HSN1 K14E, D43N, L129Q, 151V, S141P, A1565, R189N, V2101, K212R
APHA Reference Antigen
Feb22- A/DUCK/BANGLADESH/17D1012/2018 * 2321a  HSNL 1280
Test antigen
Sep22
1 _A/Sonali-chicken/Bangladesh/AV-22-079911/2022 23.2.1a_ HSN1 2560 K35N, L2331

OFFLU avian data package for the vaccine composition meeting September 2023 Page 19



H5 2.3.2.17e and 2.3.2.1¢ phylogenetic tree
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Figure 7: Avian H5 2.3.2.1e and ¢ Maximum likelihood phylogenetic tree. CVVs are coloured red, strains selected for
antigenic characterisation are coloured yellow, strains collected in the previous reporting period are coloured light blue

and from this reporting period dark blue.
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H5 clade 2.3.2.17e Amino Acid Difference Table

Table 8: Avian H5 2.3.2.1e clade sequence comparison to the within clade CVVs. Sequences from this reporting
period are blue, the previous reporting period light blue and the CVV red. Strains which have been antigenically

characterised are coloured yellow and fold changes to the antigenically closest virus are indicated by colour.

Changes in putative antigenic sites are highlighted grey and changes found in the CDC genetic changes inventory

are annotated.
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H5 2.3.2.1e antigenic analysis

Table 9: Antigenic characterisation of H5 2.3.2.1e viruses from previous reporting period. CVVs are marked in red. Fold

changes are colour coded.

Homologous
2 fold
4 fold
8 fold

I - (o

REFERENCE FERRET ANTISERA

A/HUBEI/1/2010

A/DUCK/BANGLADESH/17D1012/201

0

A/duck/Vietnam/NCVD-1584/2012

Clade 2.3.2.1a 2.3.2.1a 2.3.2.1c
Subtype H5N1 H5N1 H5N1
Ferret ID
Semester Country Clade Subtype
Reference Antigen
A/HUBEI/1/2010 2.3.2.1a H5N1 1280 20 1280
ACDP A/DUCK/BANGLADESH/17D1012/2018 2.3.2.1a H5N1 80 2560 640
SE A/duck/Vietnam/NCVD-1584/2012 2.3.2.1c  H5N1 640 20 640
_LFebzs Test antigen
— 1 A/duck/Timor-Leste/22-04034-0130-01/2022 2.3.2.1e H5N1 80
2 A/avian/Timor-Leste/22-04238-0030-01/2022 2.3.2.1e H5N1 80
3 A/avian/Timor-Leste/22-04238-0038-01/2022 2.3.2.1e  H5N1 80
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H7 Phylogenetic analysis
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Figure 8: Avian H7 maximum likelihood phylogenetic tree. CVVs are coloured red, strains selected for antigenic
characterisation are coloured yellow, strains collected in the previous reporting period are coloured light blue and
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from this reporting period dark blue.
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H7 Amino Acid Difference Tables

Table 11: Avian H7 Amino acid difference tables compared to the CVV. Sequences from this reporting period are

blue, the previous and the CVVs red. Changes in putative antigenic sites are highlighted grey.
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Table 12: Avian H7 Amino acid difference tables compared to the CVV. Changes in putative antigenic sites are
highlighted grey.

site
60
78
84
95
112
130
228
265
268
270
276
294
307
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H9 Influenza A viruses

Figure 9: Avian H9 time resolved Maximum likelihood phylogenetic tree. Leaves are coloured by clade. CVVs
are coloured red, strains selected for antigenic characterisation are coloured yellow, strains collected in the

Feb2023-Sept2023

Ccvw
Human strain
HI strain

G1

Y280

previous reporting period are coloured light blue and from this reporting period dark blue.
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H9 Y280 phylogenetic tree
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Figure 10: Avian H9 maximum likelihood phylogenetic tree midpoint rooted. Analyses were conducted with reference
sequences and data downloaded from GISAID, Genbank and kindly shared through the OFFLU network. Sequences
within the reporting period (September 2022 to February 2023) are coloured dark blue, those from the previous reporting

period light blue, CVVs in red and human sequences in pink.
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d difference table

iNO aci

HO Y280 am

Table 12: Avian H9 Y280 clade sequence comparison to the closest within clade CVV. Antigenic sites have been
coloured in light grey, absence of sequence is coloured dark blue. Sequences within the reporting period (February 2023

to September 2023) are coloured dark blue, those from the previous reporting period light blue and the CVV red. Strains
which have been antigenically characterised are coloured yellow and fold changes compared to the closest CVV are

indicated by colour underneath the strain name. A navy box indicates no sequence was available at this position.
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H9 Y280 Antigenic Data

Table 13: Antigenic characterisation of H9 Y280 lineage viruses. CVVs are coloured in red. Fold changes are colour
coded. Amino acid differences compared to the closest CVV are annotated.
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%}’;;)23- A/Hong/Kong/308/2014 Y280 HON2
2eps3 A/Anhui-Lujiang/39/2018 Y280 HON2
Test antigen
1 A/hybrid-chicken/Vietnam/AV-22-021539/2022 Y280 HON2
2 A/hybrid-chicken/Vietnam/AV-22-105880/2022 Y280 HON2
3 A/hybrid-chicken/Vietnam/AV-22-105965/2022 Y280 HON2
4 A/broiler-chicken/Vietnam/AV-22-105904/2022 Y280 HON2
5 A/hybrid-chicken/Vietnam/AV-22-105873/2022 Y280 HON2
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H9 G1 phylogenetic tree (nucleotide

Feb2023-Sept2023

cvv
HI strain

1
eIy 7200045 5/20%1

e ang
i SeEhIAN 23 ST 2051
98372

SopFREESATTOtor hlcker Sangladesnav. 2 00802 2021
"SSP 20231 A braior criokon BInISa0s AV 2200837513021

SUDE20291/desh-chicken/Bangladesh/AV-22.006389/2021
e e S

i iBang adeshiAV. 2200629412021
iqua Bangladash 4610412055

0T Biaase " ost x-isciste_name_not_match
W28
SUBS 25 A/ehicken/BangladoshIGE116.02.04.14DE.0/2021_IHON2I_2021-12.28
B e T
S ar 0231A son hicKen BARGISpsh/A 23006470
Fren e R e e
G kel ladesh av. 22 000494 2021
RanaiaasanassaIa
g
AduallBand

Jeueklaar .

Aeiranmant/BandIadaen/d 2141020

Aamisanmont/Dandiadashs350812020
b o e

el

atadeshFVA0SD1e

SUsS231Ahcken/BangiadeshCE116-05.C8-23.

211220
S &
e 206
subdy &)
A s )
e =]
SiaSen ke andiaaec! 720311 18
B e B and adeshiCE -1 1-01:0 ZG2T IR 2051 2D
SRR ke eana e/ 1 | Rt 2097 B
S R o e e
SR A A chicken BangISSe CE 111 01 05 31 B.0i2051. 1RGNE] 2021-11 40
S0y Ao Chickon BanolatoshiAV: 240085 4 2071
susP Icken Bang Adesn/A 25 00662912

2385 Ao

SuBS2IA chicken BangladeshiCE-116.03.06-28.87.02022 IMONaI 2022.0.08

o e GE 115.07.05-15.55 0 1802 ok 20211117
Subgaaehie 101 6850k 08 iR A28
8UBSEain ndla SIS SRR R
F e GERR RN R TR e el e R
S enick AR 2

R s aehiCE 1130
SUBSESIR Chicken/Bangladeah/CE 1130

SEEN R 1

305 15.50-02022 sk S0z2-02.08
Rl e SR

258812087 1LNEI 20879788
00645/2031
B8e8a2
08-21.BR-0/2022_IHoN2|_2022.02.08

5ubS231Alchicken/BangladsshCE.113.01.06.24 87.0/2021_IHON2I 20211118

165231 Alchickon/BancladsshGE 113.03.01.15.DE 01202 IHON3I 2022.02.07

S

o
SubER0zIACHcken B:

W
Sun?zﬂzzwcmcken/nnga\gc
cetprenckonBanadoshiis
bR e

changay

an Sy
A ke B Gein 2506 5
e Babalatosh <1 Po1erst s

htekon /anwauumv& bine
WAREERE Eote b o

JSoghIGE 11501105 17-50- 012021 INaNEI 20211117
893015
iR

15:65.08
SBESSsses

75510 BAG. 16
070 SUNCY 20 5 0808

ronmenang \-n.sn‘/nnaumo

Etun.2r2016-09-27
SRt Ty

o
envieninante
ek VA S

Fe RN ERo R o

e
EhckenranvAHG 222481202

ke ng:

N Banaraaee TIOATI0T

e
A5
R
v Rengi s EURSs 216
chigkesoangladBen/2 104012014

oradesh/ 1547010
)

004
SfiAlanvlcnmenyBangladeshi17712010
TolIAGucKBin e

SIABIA e ronmentInds0suAD) 0gie0az0a06 1
S oAl N O4NA 29185 802 SN2 3080.04-10
TS LU e N R 202504 64
paitimaa) S31 e soausos
ww(du a2z SPMP2020/2020
T
chickanyindis/07OR 17202112021
A IchICAIRap SS90 AN
v-nA/cm:k-n/N-gauBm\rzmwwz

Alchicken/E um‘u
rolIATChicKn BorBIGHIE0 B

refixfavian/LibyalRVaspI2006

ol lEhickentingla DCLTOB ZOTHMENG.
a

oy sarzoza
Wehickararas 360477 !EE
Ahckeneral s

25 u:,/g:‘;;;;m FAOISG2023
it e o8

e
32887

Aenicka

e
£ A
N mm/éwummz 20
Arcmck-n/zgqypl/msswuznzn
SR e
Aiehckan Cayp s 16511205
Pt
AencreneRb s son
ehexan/cybis arss
AR ke Sayp N 187880/5031
i ﬁen/zqypums;gwrmz\

i
en/Eaypircasizozo:

[6150T353681/2001

ek vl Hicoaute 2080

AN o UEAS S Tarz020

AIChICkaR S yBi/F 12020

enicken/Eyptiv2081/2020.
mn”&nwmusms/zuz-
e L5050

Aenckanleraci 34865212020

T T

AT s
AT

oA shickaniaraali6232013
rollA /gy obanon 27215050
OO a5 21201
SubE2023AChCken/Mal: 312000

e ckan a2 75058

055 20zaihanaizozs.osta
B

Aencken/ann/ 0
ehickent

32027 £ 2ovir:

Sun
Arenckenioroses e 96EG SRS

e o st o ST
ke taroscol 6 1 308 71 RS 1951715050
e ek eroccar 2 6585 31RS1 338 121205
erickanorocaose 2535050
eekanioroccoras 7535 2072081
ehickaniorocets 133880/2081
e iorocsars, o 35 202020
AUk oracE 4 A5
Ehikenmarocca/as 42
Aehickennorocco/se- 210553,
‘Nohickanitioras 11780
enekennicroce 512020
Nenekannicracco/t %5020
e Ekenieroccorn 35102020
onekanisarocsol HET8 o0
AR MaISCCoCTTESTE
G SiNeiz010-00-21 G1_CVY

A kan Jordan JOVAC- 202312020
A IR e st

PR Y
P e
e b

roflAJehickon/SaualATRbIAID 363032070,

ehickan/kenyaisa0ssor2001
TolInehickonUganda MOWRP. 200 163/2017

el icken Ssucl Avab

ot Ko Kara 12017
ekt an 35512000
el Uil B4ban 0812000 R,
r.m‘/mm;enmnnnr«anq/'m
rollA/chukKarTSou221 161200

FollhiekenLin
372008
SR roter chicken/ran2 202012020
el ATeN ke anMarkazr2018

02011

ng/Kono/1073/1939 G1 GV
B L OENE
S S i

TolIn QU ang S WIS

Jorgeni7 112004
Erler enekenahe R S350tz
S exen S0 AraoIaTE R 2501 /5002

TolIA Guck Malays12/0 111097

0.03

S231A backyard shicken, Glians, NCFADIS.375. 2023IHIN2I2020-00-2¢

Figure 11: Avian H9 maximum likelihood phylogenetic tree midpoint rooted. Analyses were conducted with reference

sequences and data downloaded from GISAID, Genbank and kindly shared through the OFFLU network.
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H9 G1 Amino acid difference table

Table 15: Avian H9 G1 clade sequence comparison to the closest CVV. Antigenic sites have been coloured in

light grey.

G1_CVV

ref| A/Bangladesh/0994/2011

site

SubS23| A/Chicken/Egypt/FAO/SG3/202

SubS23| A/Chicken/Egypt/CV16G/2023

SubS23| A/Chicken/Egypt/FAO/S18/2023

SubS23| A/Chicken/Egypt/F404/2023
SubS23| A/Chicken/Egypt/F537/2023
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H9 G1 Antigenic Data

Table 16: Antigenic characterisation of H9 G1 lineage viruses. CVVs are coloured in red. Fold changes are colour coded.
HI tables from the previous reporting period are included.

-
&
Homologous g E
2 fold 8 g
4 fold E 5
8 fold S 2
- > 16 fold ] )
s &
REFERENCE FERRET ANTISERA < <
Clade G1 G1
Subtype HON2 HON2
Ferret ID
Semester Clade Subtype
Reference Antigen
A/Oman/2747/2019 G1 HON2 1280
A/Bangladesh/0994/2011 G1 HON2 640
APHA Feb23- Test antigen
Sep23 1 A/chicken/Bangladesh/CE-113-01-05-20-S0-0/2021_|HIN2|_2021_11_18 Gl HIN2 1280
2 A/chicken/Bangladesh/CE-113-01-05-18-S0-0/2021_| HIN2|_2021_11_18 G1 HON2 2560
3 A/chicken/Bangladesh/CE-113-01-06-24-BR-0/2021_| HON2| _2021_11_18 G1 HIN2 1280
4 A/chicken/Bangladesh/CE-113-01-05-17-50-0/2021_| HON2| _2021_11_18 G1 HON2 2560
5 A/chicken/Bangladesh/CE-113-01-06-23-BR-0/2021_| HON2| _2021_11_18 G1 HIN2 1280
6 A/chicken/Bangladesh/CE-111-01-05-18-50-0/2021_| HON2| _2021_11_20 G1 HON2 640
7 A/chicken/Bangladesh/CE-111-02-05-18-50-0/2021_| HON2| _2021_12_26 G1 HON2 640
8 A/chicken/Bangladesh/CE-116-04-DA-08-BR-0/2022_| HIN2|2022_09_19 G1 HON2 2560
9 A/chicken/Bangladesh/CE-116-04-CA-19-BR-0/2022_| HON2| 2022_09_19 Gl HIN2 640
10 A/chicken/Bangladesh/CE-111-03-06-23-BR-0/2022_| HON2| 2022_02_06 G1 HIN2 640
Sep23 Reference Antigen
A/Oman/2747/2019 Gl HIN2 1280
A/Bangladesh/0994/2011 G1 HON2 320
Test antigen
1 A/layer/Niger/13-23_23VIR3551-13/2023 Gl HIN2 1280
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AA differences compared to Bangladesh

T225, H48Q, Q112I, D135E, L150Q, R162Q

T225, H48Q, Q112K, 1114V, D135E, L150Q, R162Q, 1288V, P315H

T225, H48Q, Q112K, D135E, L150Q, R162Q, 1288V
T225, H48Q, Q112K, D135E, L150Q, R162Q, 1288V
T225, H48Q, S109R,Q112K, G149S, L150Q, R162Q
T225, H48Q, S109R, Q112K, L150Q, R162Q, 1288V
M40K, T54K, G149, N198D, V226T, 1288V

T225, H48Q, S109R, Q112K, G149S, L150Q, R162Q, 1288V
H48Q, Q112K, L150Q, R162Q, K276R, 1288V

H48Q, S109R, Q112K, G1495, L150Q, R162Q, 1288V

_N45K, $77A, L104F, T127S, G150N, X187R, D262N, S265I, R317K
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