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OFFLU AVIAN DATA PACKAGE 
FOR ZOONOTIC INFLUENZA TC


February 2024 to September 2024 

SCOPE 
In this document we present a summary of avian influenza A virus events 

reported from 1st February 2024 to 28th September 2024 and 
phylogenetic analysis of H5, H7, H9 and H10 viruses.
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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 World Animal Health Information System (WAHIS) portal 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: Agence National de Security de Sanitaire (France), Animal and Plant Health 
Agency (UK), Animal and Plant Quarantine Agency (Korea, Republic of), Australian Centre for 
Disease Preparedness (Australia), Bangladesh Livestock Research Institute (Bangladesh), 
Canadian Food Inspection Agency (Canada), Chittagong Veterinary and Animal Sciences 
University (Bangladesh), Disease Investigation Centre Wates (Indonesia), Friedrich-Loeffler-Institute 
(Germany), Harbin Veterinary Research Institute (China), Hokkaido University (Japan), Institute 
Pasteur Cambodia (Cambodia), Istituto Zooprofilattico Sperimentale delle Venezie (Italy), 
Laboratório Federal de Defesa Agropecuária (Brazil), National Centre for Foreign Animal Disease 
(Canada), National Institute of High Security Animal Diseases (India), Servicio Nacional de Sanidad, 
Inocuidad y Calidad Agroalimentaria (Mexico), The National Institute of Agricultural Technology 
(Argentina), University of  Chile (Chile), Wageningen Bioveterinary Research (Netherlands) for 
sharing unpublished data and virus isolates via the OFFLU network.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, Lorcan Carnegie and Francesco Bonfante.


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, Worldwide Influenza Centre and Hong Kong University, as well as United States 
Department of Agriculture-Agricultural Research Service National Animal Disease Centre and 
Royal Veterinary College and for sharing their expertise and data. Phylogenetic and sequence 
analyses were performed using the RVC and CEIRR pipeline. Avian influenza A virus 
haemagglutination inhibition (HI) assay data in this reporting period was generated using 
harmonised protocols by IZSVe using ferret-origin reagents kindly provided by WHO CCs: CDC 
and WIC. 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 2024 and 16th 
September 2024 were downloaded from GISAID and Genbank. These were added to data kindly 
provided through the OFFLU network and reference datasets. 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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Summary 

Avian influenzas have caused outbreaks in poultry and/or in wild birds in every continent within 
the last reporting period. Low pathogenic H5 viruses continue to circulate in poultry in Central 
America and multiple clade H5 Gs/Gd lineage viruses can be found causing disease in poultry 
throughout the world. Clade 2.3.4.4b activity has once again predominated with continued 
circulation in wild birds and spillover into poultry. Despite continued predominance of the H5N1 
subtype, some other subtypes have been detected in poultry and/or wild birds, including H5N2, 
H5N6 and H5N8. In Mexico H5N2 was detected which arose from reassortment of the Mexican 
lineage low pathogenic H5N2 with clade 2.3.4.4b H5N1 viruses. H5N5 viruses are restricted to 
wild birds in the Northern Hemisphere and have been circulating in an under surveilled host since 
2021. H5N6 have been detected in wild birds in China and Japan with NA genes similar to the 
H5N6 enzootic in poultry in China and which has caused infections in humans. H5N6 has also 
been detected in Poland but no genetic data was available. In Germany an H5N8 was detected 
which arose from an H5N1 clade 2.3.4.4b reassorting with low pathogenic viruses.


Reports of H5 in poultry are at their lowest since the 2018-2019 season. Genomic evidence 
indicates that the virus is continually circulating within poultry in some countries and that disease 
outbreak reporting may not accurately reflect this. In well surveilled areas, less outbreaks are 
attributed to secondary spread. Reports of H5 in wild birds are also at their lowest since the 
2019-2020 season, although it is clear that clade 2.3.4.4b viruses continue to circulate in local 
wild bird populations year round and surveillance does not fully capture the extent of this. 
Decreasing detections are potentially affected by immunity acquired by some wild bird species. 
With the autumn migration outbreaks are expected to increase and there have been detections in 
wild birds and poultry along the Central Asian flyway (China, India) and East-Asia East-Africa 
flyway in an eastward direction since May.


Spillover into mammalian species continue to be reported with an ever increasing number of 
abhorrent hosts listed, although the frequency of these reports (with the exception of dairy cattle) 
is decreasing. This is probably associated with the decrease in infected wild birds and decreased 
viral infection pressure in the environment. The breeding season for sea mammals in South 
America is just starting and so it will soon become apparent as to whether there are continued 
cases in these species however populations have been severely depleted after mass-mortality 
events associated with H5N1 infections in the previous breeding season. 


Clade 2.3.2.1a viruses are geographically restricted to South Asia where they can be routinely 
found in live poultry markets or causing outbreaks on farm and co-circulate with clade 2.3.4.4b. 


Clade 2.3.2.1c viruses are geographically restricted to the Mekong delta where they co circulate 
with clade 2.3.4.4b viruses. 


Clade 2.3.2.1e viruses are restricted to the the Indonesian archipelago alongside clade 2.3.4.4b 
viruses although no sequence was gathered from these clades within this reporting period. 


Many countries that have been vaccinating using G5 Gs/Gd lineage seed strains are considering 
updates to vaccines in response to clade 2.3.4.4b incursion and some countries which have 
relatively recently had incursions of clade 2.3.4.4b for the first time are considering vaccination. 


Independent emergent events of high pathogenic H7 viruses in poultry have occurred in Germany 
(H7N5) and in 3 instances in Australia (H7N3, H7N8 and H7N9). Diverse lineage low pathogenicity 
H7 viruses continue to be detected in environmental samples, wild birds and occasionally poultry.


H9N2 viruses continue to be detected in healthy chickens and are often incidental findings when 
testing poultry for AIV.  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Global avian influenza events in animals


Figure 1: Geographical and temporal representation of outbreaks occurring between 1 February 2024 to 18th 
September 2024 reported to WOAH or national authorities downloaded from EMPRESi+. 
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H5 Influenza A viruses


H5 Phylogenetic tree coloured by region


Figure 2: Avian H5 global summary time resolved phylogenetic tree. Analyses were conducted with reference 
sequences, sequences shared through the OFFLU network and data downloaded from GISAID (16th September 2024). 
Sequences from GISAID collected within the reporting period and submitted to OFFLU since February 2024 are 
coloured by region. 

OFFLU avian data package for WHO Vaccine Composition Meeting September 2024	 Page  6

2.3.4.4b

2.3.2.1a

2.3.2.1c/e*


LPAI




H5 Influenza A viruses- map


Figure 3: A map showing the geographic location of countries where the sequences from GISAID were collected within 
the reporting period and countries where sequences were submitted to OFFLU since February 2024. Points are 
coloured by region. 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Activity table 
Table 1: Gs/Gd lineage activity since 20th February 2024 as collected by OFFLU in this report until 6th September

Algeria poultry (HPAI)
Antarctica mammal (Southern elephant seal) (H5N1)
Austria wild birds 2.3.4.4b(H5N1)
Bangladesh poultry 2.3.2.1a, 2.3.4.4b(H5N1)
Belgium wild birds 2.3.4.4b(H5N1)
Bhutan poultry (H5N1)
Brazil wild birds 2.3.4.4b(H5N1)
Bulgaria poultry 2.3.4.4b(H5N1)
Burkina Faso poultry 2.3.4.4b(H5N1)
Cambodia poultry 2.3.2.1c(H5N1)

Canada
poultry (H5N1)
mammal (Skunk, Racoon) 2.3.4.4b(H5N5)
wild birds 2.3.4.4b(H5N1)(H5N5)

China wild birds 2.3.4.4b (H5N1/6)
Croatia wild birds 2.3.4.4b (H5N1)

Czech Republic poultry 2.3.4.4b (H5N1)
wild birds 2.3.4.4b (H5N1)

Denmark wild birds (H5N1)
Ecuador poultry (H5N1)
Falkland Islands (Malvinas) wild birds (HPAI)

France poultry (H5Nx)
wild birds (H5N1)

Gabon poultry (H5N1)

Germany
poultry (H5N1)
wild birds 2.3.4.4b(H5N1)(H5N8)
mammal (Red Fox) 2.3.4.4b (H5N1)

Hungary poultry (H5N1)
wild birds (H5N1)

India poultry 2.3.2.1a, 2.3.4.4b(H5N1)
Indonesia poultry (HPAI)
Iraq wild birds (H5N1)
Israel poultry (H5N1)
Italy poultry 2.3.4.4b (H5N1)

Japan poultry (H5N1)
wild birds 2.3.4.4b (H5N1/5)

Latvia wild birds (H5N1)
Mexico poultry 2.3.4.4b(H5N1/N2)
Moldova, Republic of wild birds (H5N1)
Netherlands wild birds 2.3.4.4b (H5N1)
Nigeria poultry 2.3.4.4b (H5N1)

Norway wild birds 2.3.4.4b (H5N1)
mammal (Red Fox) 2.3.4.4b (H5N5)

Pakistan poultry (H5N1)

Peru poultry (H5)
wild birds (H5)

Philippines poultry (H5N1)

Poland poultry 2.3.4.4b (H5N1)
wild birds 2.3.4.4b (H5N1)

Portugal wild birds (H5N1)
Republic of Korea poultry (H5N1)

Romania poultry 2.3.4.4b (H5N1)
wild birds 2.3.4.4b (H5N1)

Slovakia poultry 2.3.4.4b (H5N1)
Slovenia wild birds (H5N1)
South Africa wild birds 2.3.4.4b (H5N1)
South Georgia and the South Sandwich 
Islands

wild birds (HPAI)
mammal (South America fur seal, Southern elephant seal)

Spain wild birds 2.3.4.4b (H5N1)
Sweden poultry 2.3.4.4b (H5N1)

Taiwan (Province of China) poultry (H5N1)
wild birds (H5N1)

U.K. of Great Britain and Northern Ireland wild birds 2.3.4.4b (H5N1/N5)
Ukraine wild birds (H5N1)

United States of America

mammal (Alpaca, Bobcat, Cats, Cattle, 
Desert Cottontail,Goats, House mouse, 
Mink, Red Fox)

2.3.4.4b (H5N1)

poultry 2.3.4.4b (H5N1)
wild birds 2.3.4.4b (H5N1)

Viet Nam poultry (H5N1)

OFFLU avian data package for WHO Vaccine Composition Meeting September 2024	 Page  8



Gs/Gd H5 2.3.4.4b phylogenetic tree 


Figure 4: Gs/Gd lineage clade 2.3.4.4b time resolved phylogenetic tree. Sequences from GISAID collected within the 
reporting period and submitted to OFFLU since February 2024 are coloured by region. Amino acid annotations for major 
subclades are included along the branches. 
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Gs/Gd H5 2.3.4.4b subsampled phylogenetic tree 
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0.003

A/chicken/Rostov-on-Don/6-3V/2022

A/American_Wigeon/South_Carolina/22-000345-001/2021

SubS2024HI|A/guinea_fawl/Niger/71-23_23VIR3551-38/2023

A/hen/Bulgaria/722-1_22VIR778-1/2021

A/Virginia_opossum/Iowa/22-016780-001-original/2022

A/Texas/37/2024

A/mute_swan/netherlands/20015931-001/20

A/avian/Guinea/F1B1P_24VIR4686-15/2024

A/chicken/Nigeria/717_22VIR3286-19/2021

A/mallard/ i taly/20vir7139-73/2020

A/crow/Khabarovsk/216-12V/2022

A/black_vulture/Florida/22-010358-001-original/2022

SubS2024HI|A/arctic-fox/Finland/491_23VIR6803-1/2023

A/large-billed_crow/Hokkaido/B003/2022

A/chicken/Sakhalin/37-2V/2022

A/chicken/England/061210/2021/H5N1/2021

SubS2024HI|A/avian/Benin/23-A-12-2067-O_24VIR5547-3/2024

A/chicken/Kursk/230-5V/2022

A/chicken/England/061529/2021/H5N1/2021

A/peregrine_falcon/Kumamoto/4301C001/2024

A/chicken/England/034547/2020

A/Turkey/BC/FAV-1455-2/2022

A/peafowl/England/061723/2021/H5N1/2021

A/turkey/England/059407/2021/H5N1/2021

A/chicken/Nigeria/128_22VIR3286-63/2022

A/chicken/Rostov-on-Don/6-1V/2022

A/sea_eagle/Norway/2022-07-198_22VIR3866-2/2022

A/laying_hen/Spain/3232-35_22VIR10586-3/2022

A/poultry/Niger/ET3HALAL21VIR2131-33/2021

A/cygnus-columbianus/Romania/10045_24VIR1002-14/2024

A/chicken/Saratov/245-5V/2022

A/chicken/Kursk/230-2V/2022

SubS2024HI|A/chicken/Nigeria/VRD-011_23VIR8254-67/2023

A/crow/Khabarovsk/216-11V/2022

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

A/Red-Tailed_Hawk/ON/FAV-0141-1/2022

A/chicken/Kursk/230-8V/2022

SubS2024HI|A/Snow_Goose/Manitoba/OTH8-32/2024

A/harbor_seal/Maine/22-020983-002-original/2022

SubS2024HI|A/avian/Guinea/F1B1P_24VIR4686-15/2024

A/Mixed/SK/FAV-0936-1/2022

A/turkey/Nepal/458/2021

A/chicken/Nigeria/VRD-21-38_21VIR2288-3/2021

A/turkey/Stavropol/211-5V/2022

SubS2024HI|A/duck/Burkina_Faso/BKF11_24VIR3019-11/2024

SubS2024|A/domesticduck/Bangladesh/CE-113-07-DA-02-DU-O/2023_|H5N1|2023_9_24|HA

SubS2024HI|A/hens/Romania/10849_24VIR4529-4/2024

A/chicken/Khabarovsk/24-2V/2022

A/turkey/Stavropol/211-1V/2022

A/large-billed_crow/Hokkaido/B073/2024

A/chicken/Lithuania/4323_21VIR3369-1/2021

A/chicken/Sakhalin/37-3V/2022

A/black_vulture/Maryland/22-012407-001-original/2022

SubS2024HI|A/sandwich_tern/Italy/23VIR5828-3/2023

A/cygnus_cygnus/Romania/10465_24VIR4529-2/2024

A/common_crane/Italy/23VIR10524/2023

A/goose/Cyprus/746-1_22VIR12133-3/2022

A/red-shouldered_hawk/Minnesota/22-012000-004-original/2022

A/chicken/England/053485/2021/H5N1/2021/10/24

A/Rhea/Spain/1950-6_22VIR6312-17/2022

A/chicken/Mali/T1-17722VIR6104-1/2022

A/peregrine_falcon/denmark/13776-1_i20vir7282-1i/2020

A/grey_seal/Maine/22-020983-003-original/2022

SubS2024HI|A/cat/Poland/H255-23_23VIR6711-7/2023

A/Cooper_s_hawk/Minnesota/22-012931-001-original/2022

A/chicken/Nigeria/064_22VIR3286-55/2022

A/turkey/Norway/FU496/2020

A/avian/Nigeria/711_22VIR3286-17/2021

SubS2024HI|A/common_tern/Croatia/44-1_23VIR5604-22/2023

A/Mink/Spain/3691-10_22VIR10586-11/2022

A/chicken/Ryazan/224-1V/2022

A/chicken/Magadan/235-59V/2022

SubS2024HI|A/turkey/Italy/23VIR10680-2/2023

A/chicken/Nigeria/653_22VIR3286-6/2021

A/dolphin/Flor ida/22-025319-002-original/2022

A/chicken/Pennsylvania/22-012092-006-original/2022

A/goose/England/059141/2021/H5N1/2021

A/black_vulture/Florida/22-012331-001-original/2022

A/turkey/Nepal/456/2021

A/chicken/Saratov/245-4V/2022

SubS2024HI|A/chicken/Niger/51-23_23VIR3551-32/2023

A/Gypaetus_barbatus/Spain/1956-25_22VIR6312-19/2022

A/duck/Cambodia/f1PPOreu241D3T/2021

A/chicken/Rostov-on-Don/6-2V/2022

A/chicken/Khabarovsk/24-1_V/2022

A/chicken/Nigeria/VRD-21-361_21VIR7423-34/2021

A/turkey/England/059498/2021/H5N1/2021

SubS2024HI|A/common-crane/Italy/23VIR10524-3/2023

A/Mink/Spain/3691-3_22VIR10586-9/2022

SubS2024HI|A/Canada_Goose/Ontario/FAV-0076-2/2024

SubS2024HI|A/Chicken/Newfoundland_and_Labrador/FAV-0033/2021

SubS2024HI|A/black-headed_gull/Italy/23VIR2983-2/2023

A/chicken/Kursk/230-4V/2022

A/bald_eagle/Wyoming/22-013015-001-original/2022

SubS2024HI|A/chicken/Nigeria/VRD-432_23VIR8254-20/2022

A/turkey/Israel/238/2019/H5N8

A/chicken/Nigeria/164A_22VIR3286-69/2022

A/duck/Burkina_Faso/BKF11_24VIR3019-11/2024

A/duck/Phi l ippines/22-01193-0118/2022

A/chicken/Magadan/235-57V/2022

A/chicken/Saratov/245-1V/2022

A/Broiler_Chicken/BC/FAV-0228/2022_

A/chicken/Kursk/230-7V/2022

SubS2024HI|A/chicken/Italy/23VIR3799-1/2023

A/cygnus_cygnus/Romania/11148_24VIR4529-7/2024

A/Duck/Cambodia/f6T241D4/2021

A/black-headed_gull/Latvia/29104-4_23VIR8835-4/2023

A/chicken/Chelyabinsk/241-5V/2022

A/ciconia_ciconia/Romania/11387_24VIR4529-8/2024

SubS2024HI|A/avian/Benin/22-A-02-16-O_24VIR5547-6/2024

SubS2024|A/domesticduck/Bangladesh/CE-111-07-DB-12-DU-O/2023_|H5N1|2023_9_26|HA

A/fancy_chicken/FAV-0033/2021

A/dairy_cow/Ohio/B24OSU-439/2024

A/Broiler_chicken/BC/FAV-0228-OS/2022

A/chicken/Magadan/14-1_V/2022

A/chicken/Nigeria/040_22VIR3286-50/2022

A/Snow_Goose/MB/FAV-0227-2/2022

A/bald_eagle/Florida/W22-134-OP/2022

A/chicken/Nigeria/709_22VIR3286-15/2021

A/eurasian_wigeon/italy/20vir7301-206/2020

A/cygnus_cygnus/Romania/10950_24VIR4529-6/2024

SubS2024HI|A/Chicken/Ghana/N114-8/2023

A/chicken/Khabarovsk/24-5V/2022

A/cygnus_cygnus/Romania/10949_24VIR4529-5/2024

A/Astrakhan/3212/2020/H5N8|2.3.4.4b|CVV

SubS2024HI|A/chicken/Nigeria/VRD23-162_23VIR8254-93/2023

A/pheasant/Kuwait/5/2020

SubS2024HI|A/layer/Niger/40-23_23VIR3551-22/2023

SubS2024HI|A/herring_gull/Norway/2023-07-2935_23VIR9749-2/2023

A/cat/Poland/H264-23_23VIR6711-10/2023_H5N1_2023-06-26

A/eurasian_wigeon/italy/20vir7301-31/2020

A/Anser_anser/Spain/863-2_22VIR6312-6/2022

A/chicken/Nigeria/601_22VIR3286-2/2021

A/duck/Cambodia/f4K241D4/2021_H5N8

A/crow/Khabarovsk/216-13V/2022

A/chicken/Ghana/AVL-76321VIR7050-39/2021

SubS2024HI|A/peregrine_falcon/Italy/23VIR2255-1/2023

SubS2024|A/domesticduck/Bangladesh/CE-113-07-DA-05-DU-O/2023_|H5N1|2023_9_24|HA

A/Eurasian_wigeon/Hokkaido/Q71/2022

SubS2024HI|A/Canada_Goose/Ontario/FAV117-3/2024

A/chicken/Sakhalin/37-9V/2022

A/chicken/Magadan/235-58V/2022

A/domestic_goose/Magadan/14-3V/2022

A/peregrine_falcon/ireland/20vir7872-1/2020

A/chicken/Magadan/14-7V/2022

A/laying_hen/Spain/3135-17_22VIR10586-1/2022

SubS2024HI|A/white-faced_whistling-duck/Nigeria/VRD22-305-Dal13_23VIR8254-108/2022

A/Canada_goose/Wyoming/22-011671-001-original/2022

A/Duck/Cambodia/f4K241D3/2021

SubS2024HI|A/common_buzzard/Switzerland/V0119_23VIR2596-1/2023

A/peregrine_falcon/Kanagawa/1409C001T1/2022

A/quai l /Phi l ippines/22-01193-0122/2022

A/turkey/Stavropol/211-9V/2022

SubS2024HI|A/ciconia_ciconia/Romania/11387_24VIR4529-8/2024

A/chicken/Pennsylvania/22-012092-010-original/2022

A/ferret/Slovenia/308MZ_22VIR777-9/2022

A/laying_hen/Moldova/68-1_22VIR638-1/2022

A/chicken/Kursk/230-10V/2022

SubS2024HI|A/American_Crow/Quebec/FAV132-5/2024

A/gallus_gallus/belgium/12168_i20vir7627-3i/2020

A/barnacle_goose/denmark/14138-1_i20vir7282-2i/2020

SubS2024HI|A/mute_swan/Slovenia/237_23VIR1977-8/2023

A/mute_swan/Romania/16790_21VIR11355/2021

A/peregrine_falcon/Saga/4112A002/2023

SubS2024HI|A/cygnus_columbianus/Romania/10045_24VIR1002-14/2024

A/chicken/Austria/2514-20_22VIR11382-2/2022

SubS2024HI|A/little_grebe/Switzerland/V0225_23VIR2596-5/2023

SubS2024|A/domesticduck/Bangladesh/CE-113-07-DA-06-DU-O/2023_|H5N1|2023_9_24|HA

A/chicken/Sakhalin/37-1V/2022

A/domestic_duck/Magadan/14-4V/2022

SubS2024HI|A/Swainsons_Hawk/Manitoba/FAV200/2023

A/chicken/Sakhalin/37-20V/2022

A/black_vulture/Florida/22-012333-001-original/2022

A/chicken/Chelyabinsk/241-1V/2022

A/Ardea_cinerea/Spain/863-1_22VIR6312-5/2022

A/turkey/Iowa/22-012098-001-original/2022

A/turkey/Stavropol/211-4V/2022

A/dairy_cow/Texas/24_008749-002/2024

A/Common_Buzzard/England/133477/2024

A/dalmatian_pelican/Astrakhan/213-2V/2022

A/chicken/Northern_Ireland/2020-17671_21VIR113-11/2020

A/cygnus_cygnus/Romania/10443_24VIR4529-1/2024

A/chicken/Khabarovsk/24-7_V/2022

SubS2024HI|A/avian/Benin/22-A-06-159-O_24VIR5547-8/2024

A/dalmatian_pelican/Astrakhan/213-1V/2022

A/avian/Nigeria/VRD24-018_24VIR4055-351/2024

A/Chicken/England/005435/2024

SubS2024HI|A/black-headed_gull/Latvia/29104-4_23VIR8835-4/2023

A/chicken/Khabarovsk/24-8V/2022

A/chicken/Chelyabinsk/241-4V/2022

E69D

A210T

V131M,N309S

V312I

I151V

D236N

A83S

T195I

R169Q

N189D,G268E

A83D

N183S,Y305F

A140V

S181P,V282L

A140T

A210T

A140V

N189S,V200I

P123L,V282L

N189S

I151V

G72E

I71T

Q138R,V312I

A214T

Y137H

R82K,A86T,S120N

S94R

S120G,E270K

S163N,I198V

A238V

A86S

V219I

H273N

Y137H

K192R

N146S

P136Q

V16I,P136S,A238T,K277R

D54N,E185K

P136S

P123S

A156S

L104M,V210A

T195I

A86T,P141S,N189K

H273N

T188A

H28Q,D83N

R72G

N309D

L95F,A184E

V148L

T36A

Q15K

I114V

A83T

N124D

P136S

L115Q

D88G

A184V

A83D,N154D

S120I

A140T,I174V,E251K

S128T

S120G,E126D,D236G,A238S

S320N

G268E
A86T,I114V

L104M,A140V

R169Q

R72S,S181P

T188I

E251V

I162V

L115M,S181P

M289L

L175M

R72S,L89I,A140T,T188I,D236N

N183S

A156T

D155N

E270K,N309S

A156T

Q218L

V210I

R208K,V210A

D236N

P136S

A86V,P141S,V269L

N124D

P123Q

N87K

N183S

A184V

A86V

S288T

P136Q

Q218K

T188I,H273N

A86T,A214S

V257I

I213V

Figure 5: Gs/Gd lineage clade 2.3.4.4b phylogenetic tree, rooted by the astrakan CVV, with amino acid changes 
along the branches.
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Gs/Gd H5 2.3.4.4b Antigenic data

Table 2: Avian H5 2.3.4.4b antigenic characterisation of viruses against CVV and reference post infection antisera. Fold 
changes are coloured.
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Homologous
2 fold
4 fold
8 fold
> 16 fold

Clade 2.3.4.4b 2.3.4.4b 2.3.4.4b 2.3.4.4b 2.3.4.4b 2.3.4.4b 2.3.4.4b 2.3.4.4b 2.3.4.4b 2.3.4.4b
Subtype H5N6 H5N8 H5N8 H5N8 H5N8 H5N1 H5N1 H5N1 H5N1 H5N1

Ferret ID AA diffs compared to Astrakhan
Semester Clade Subtype ID

Reference Antigen
A/FUJIAN-SANYUAN/21099/2017 xA/PR/8/1934 2.3.4.4b H5N6 80 1280 5120 640 1280 160 1280 2560 320 80
A/TURKEY/ITALY/17VIR576-11/2017 2.3.4.4b H5N8 40 320 640 160 640 160 320 1280 160 40
A/Turkey/Israel/238/22VIR8411/2019 2.3.4.4b H5N8 20 320 640 80 640 160 320 640 160 20
A/ASTRAKHAN/3212/2020 2.3.4.4b H5N8 80 1280 2560 320 1280 320 1280 2560 320 80 *
A/duck/Cambodia/f1PPOreu241D3T/2021 2.3.4.4b H5N8 40 640 2560 160 1280 160 640 1280 160 80
A/poultry/Niger/ET3/HALAL/21VIR2131-33/2021 2.3.4.4b H5N1 20 160 1280 40 640 40 320 640 80 40
A/avian/Togo/904/21VIR5115-6/2021 2.3.4.4b H5N1 10 320 640 160 640 160 80 1280 160 40
A/Hen/Bulgaria/722-1/22VIR778-1/2022 2.3.4.4b H5N1 20 80 2560 20 1280 80 1280 2560 80 160
A/chicken/Ghana/AVL-763/21VIR7050-39/2021 2.3.4.4b H5N1 10 320 640 80 1280 320 160 2560 160 40
A/American wigeon/South Carolina/22-000345-001/2021 2.3.4.4b H5N1 80 1280 5120 320 1280 640 1280 2560 320 160

Test antigen
1 A/cygnus-columbianus/Romania/10045_24VIR1002-14/2024 2.3.4.4b H5N1 20 80 1280 80 640 40 640 1280 80 80 A83D, P136S
2 A/ciconia_ciconia/Romania/11387_24VIR4529-8/2024 2.3.4.4b H5N1 20 160 5120 40 1280 80 2560 5120 160 320 A83D, P136S
3 A/hens/Romania/10849_24VIR4529-4/2024 2.3.4.4b H5N1 20 320 2560 80 640 40 320 1280 160 80 A83D, S120I, P136S
4 A/Swainsons_Hawk/Manitoba/FAV200/2023 2.3.4.4b H5N1 10 80 1280 40 320 20 320 640 40 40 L104M, L115Q, V210A
5 A/Snow_Goose/Manitoba/OTH8-32/2024 2.3.4.4b H5N1 20 80 1280 40 640 20 640 640 40 80 A83S, L104M, L115Q, T195I, V210A
6 A/American_Crow/Quebec/FAV132-5/2024 2.3.4.4b H5N1 10 160 1280 40 640 20 320 1280 80 80 L104M, V210T
7 A/Canada_Goose/Ontario/FAV117-3/2024 2.3.4.4b H5N1 20 160 2560 40 640 40 320 1280 80 80 L104M, V210T
8 A/Canada_Goose/Ontario/FAV-0076-2/2024 2.3.4.4b H5N1 10 160 2560 20 640 20 320 2560 40 160 L104M, V210T
9 A/Chicken/Newfoundland_and_Labrador/FAV-0033/2021 2.3.4.4b H5N1 80 2560 2560 640 5120 1280 2560 5120 640 320 L104M, V210A

Reference Antigen
A/FUJIAN-SANYUAN/21099/2017 xA/PR/8/1934 2.3.4.4b H5N6 80 10 80 640 1280
A/ASTRAKHAN/3212/2020 2.3.4.4b H5N8 20 160 320 320 320
A/duck/Cambodia/f1PPOreu241D3T/2021 2.3.4.4b H5N8 160 160 640 2560 2560
A/avian/Togo/904/21VIR5115-6/2021 2.3.4.4b H5N1 20 40 160 1280 640
A/chicken/Ghana/AVL-763/21VIR7050-39/2021 2.3.4.4b H5N1 20 40 320 2560 1280
A/American wigeon/South Carolina/22-000345-001/2021 2.3.4.4b H5N1 160 80 160 5120 2560

Test antigen
1 A/domestic_duck/Bangladesh/CE-111-07-DB-12-DU-O/2023 2.3.4.4b H5N1 20 160 320 1280 640 A83D, N154D
2 A/domestic_duck/Bangladesh/CE-113-07-DA-06-DU-O/2023 2.3.4.4b H5N1 20 320 320 2560 640 A83D, N154D
3 A/Common_Buzzard/England/133477/2024 2.3.4.4b H5N5 10 80 320 1280 1280 S120G, E126D, A156T, Q218K, D136G, A238A
4 A/Chicken/England/005435/2024 2.3.4.4b H5N1 40 160 160 2560 1280 I213V
5 A/Bovine/Ohio/B24OSU-439/2024 2.3.4.4b H5N1 10 40 80 2560 1280 L104M, L115Q, T195I, V210A
6 A/dairy cattle/Texas/24-008749-002/2024 2.3.4.4b H5N1 40 20 40 640 640
7 A/chicken/NewFoundlandandLabrador/FAV-0033/2021 2.3.4.4b H5N1 20 40 80 2560 1280
8 A/Red_Tailed_Hawk/Ontario/FAV141/2022 2.3.4.4b H5N1 20 20 40 640 640
9 A/Turkey/Ontario/FAV-0162/2022 2.3.4.4b H5N1 40 80 80 1280 1280

10 A/Chicken/Alberta/FAV222-1/2022 2.3.4.4b H5N1 80 80 40 1280 640
11 A/Snow_Goose/Manitoba/FAV227-2/2022 2.3.4.4b H5N1 10 20 20 1280 640
12 A/Chicken/British_Colombia/FAV228/2022 2.3.4.4b H5N1 10 20 10 1280 640
13 A/Chicken/Alberta/FAV312-16/2022 2.3.4.4b H5N1 20 40 80 2560 1280
14 A/Turkey/Saskatchewan/FAV936-1/2022 2.3.4.4b H5N1 40 160 160 1280 640
15 A/Turkey/British_Colombia/FAV1455-2/2022 2.3.4.4b H5N1 80 160 160 2560 1280
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Gs/Gd H5 2.3.4.4b Antigenic data from previous report

Table 3: Avian H5 2.3.4.4b antigenic characterisation of viruses against CVV and reference post infection antisera from 
February 2023. Fold changes are coloured.  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Homologous
2 fold
4 fold
8 fold
> 16 fold

Clade 2.3.4.4b 2.3.4.4b 2.3.4.4b 2.3.4.4b 2.3.4.4b 2.3.4.4b 2.3.4.4b 2.3.4.4b 2.3.4.4b
Subtype H5N6 H5N8 H5N8 H5N8 H5N8 H5N1 H5N1 H5N1 H5N1
Ferret ID

Semester Clade Subtype AA changes from 3212
Reference Antigen putative antigenic sites

A/FUJIAN-SANYUAN/21099/2017 xA/PR/8/1934 2.3.4.4b H5N6 160 80 320 80 80 320 320 640

A/ASTRAKHAN/3212/2020 2.3.4.4b H5N8 10 160 320 160 320 20 320 20

A/TURKEY/ITALY/17VIR576-11/2017 2.3.4.4b H5N8 20 40 640 320 320 160 640 320
A/duck/Cambodia/f1PPOreu241D3T/2021 2.3.4.4b H5N8 40 80 640 320 160 320 640 640

A/turkey/Israel/238/2019 2.3.4.4b H5N8 20 40 160 80 320 160 640 160

A/poultry/Niger/ET3/HALAL/21VIR2131-33/2021 2.3.4.4b H5N1 10 20 160 40 40 640 320 320

A/chicken/Ghana/AVL-763/21VIR7050-39/2021 2.3.4.4b H5N1 0 20 320 320 160 320 640 640

A/hen/Bulgaria/722-1/22VIR778-1/2021 2.3.4.4b H5N1 10 80 40 40 40 1280 640 640

A/avian/Togo/904/21VIR5115-6/2021 2.3.4.4b H5N1 20 40 160 160 80 320 320 640
Test antigen

1 A/Herring_gull/England/404234/2023 2.3.4.4b H5N5 10 80 160 160 40 1280 320 640 S120G, E126D, A156T, D236N, A238S
2 A/Duck/Bangladesh/CE-111-05-DA-05-DU-O/2022 2.3.4.4b H5N1 20 80 160 80 80 640 640 1280 V210I, I299V
3 A/Duck/Bangladesh/CE-111-05-DA-02-DU-O/2022 2.3.4.4b H5N1 40 160 160 160 80 2560 1280 1280 V210I, I299V
4 A/Kelp_Gull/Moltke_Harbour/133754/2023 2.3.4.4b H5N1 0 0 40 10 10 320 320 1280 N84D, L104M, L115Q, Y137H, S163N, V210A
5 A/Southern_fulmar/Falkland_Islands/133789/2023 2.3.4.4b H5N1 10 20 40 10 20 640 320 640 L104M, L115Q, V210A
6 A/Kelp_Gull/Harpon_Bay/133943/2023 2.3.4.4b H5N1 0 20 20 40 40 1280 640 1280 L104M, L115Q, Y137H, V210A, I294V
7 A/Turkey/England/133330/2023 2.3.4.4b H5N1 20 160 80 80 80 640 640 1280
8 A/Duck/Bangladesh/AV-23-071766/2023 2.3.4.4b H5N1 10 80 320 160 80 640 640 1280 A83D, N154D

Semester Clade Subtype
Reference Antigen

A/FUJIAN-SANYUAN/21099/2017 xA/PR/8/1934 2.3.4.4b H5N6 80 160 640 320 320 2560 1280 2560 80

A/ASTRAKHAN/3212/2020 2.3.4.4b H5N8 160 320 1280 640 320 5120 1280 2560 320

A/TURKEY/ITALY/17VIR576-11/2017 2.3.4.4b H5N8 20 80 320 160 160 640 640 1280 40

A/duck/Cambodia/f1PPOreu241D3T/2021 2.3.4.4b H5N8 40 80 640 320 320 1280 1280 2560 40

A/turkey/Israel/238/2019 2.3.4.4b H5N8 20 40 320 160 320 640 1280 1280 20

A/poultry/Niger/ET3/HALAL/21VIR2131-33/2021 2.3.4.4b H5N1 20 80 160 80 80 1280 640 1280 80

A/chicken/Ghana/AVL-763/21VIR7050-39/2021 2.3.4.4b H5N1 10 40 320 640 320 640 1280 5120 40

A/hen/Bulgaria/722-1/22VIR778-1/2021 2.3.4.4b H5N1 <10 40 160 80 80 2560 2560 2560 160

A/avian/Togo/904/21VIR5115-6/2021 2.3.4.4b H5N1 10 80 320 320 160 640 640 2560 40

A/american wigeon/South Carolina/22-000345-001/2021 2.3.4.4b H5N1 80 320 2560 1280 640 10240 2560 5120 160

Test antigen
1 A/chicken/Nigeria/VRD-011_23VIR8254-67/2023 2.3.4.4b H5N1 <10 40 80 80 40 160 320 320 20 A146S, I15V, A156S, R169Q, D236N, 
2 A/chicken/Nigeria/VRD23-162_23VIR8254-93/2023 2.3.4.4b H5N1 <10 80 160 80 80 160 320 640 20 A140T, A156S, R169Q, I174V, E251K
3 A/chicken/Nigeria/VRD-432_23VIR8254-20/2022 2.3.4.4b H5N1 10 80 640 640 320 640 1280 2560 40 A156S, R169Q, A214T
4 A/white-faced_whistling-duck/Nigeria/VRD22-305-Dal13_23VIR8254-108/20222.3.4.4b H5N1 40 160 1280 640 320 5120 1280 5120 80 V16I, P136S, A238T, K277R
5 A/black-headed_gull/Latvia/29104-4_23VIR8835-4/2023 2.3.4.4b H5N1 40 80 640 160 320 1280 1280 2560 80 R72G, D88G, P163Q
6 A/common-crane/Italy/23VIR10524-3/2023 2.3.4.4b H5N1 40 160 640 320 160 2560 1280 2560 40 A83D, P123L, V282L
7 A/turkey/Italy/23VIR10680-2/2023 2.3.4.4b H5N1 <10 80 80 <10 40 1280 1280 1280 80 A83D, P123S
8 A/herring-gull/Norway/2023-07-2935_23VIR9749-2/2023 2.3.4.4b H5N5 10 40 160 320 160 640 1280 1280 40 S120G, E126D, A156T, D236G, A238S
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Gs/Gd H5 2.3.2.1a phylogenetic tree


Figure 6: Gs/Gd lineage clade 2.3.2.1a phylogenetic tree, with amino acid changes along the branches. 
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SubS2024|AV-23-073176|2023-02-17

SubS2024|A/avian/Bangladesh/CE-116-08-DA-01-DU-O/2023|H5Nx

SubF2024|A/Duck/Bangladesh/AV-23-071662/2023-01-01

SubF2024|A/domesticduck/Bangladesh/CE-116-04-DA-06-DU-O/2022|H5N1|2022-09-19

SubS2024|AV-23-117173|2023-05-12

A/chicken/Bangladesh/35579/2018|2018-08-09|2.3.2.1a|EPI_ISL_388013

SubS2024|AV-23-116951|2023-06-18

SubS2024|AV-23-071702|2023-01-02

SubF2023|A/Chicken/Bangladesh/NRL_AI_161617/2017

SubS2024|AV-23-071807|2023-02-05

A/duck/Bangladesh/19D1859/2022

A/duck/Bangladesh/35835/2018|2018-10-30|2.3.2.1a|EPI_ISL_388004

SubS2024|AV-23-073301|2023-03-29

SubS2024|AV-23-116907|2023-06-10

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

A/duck/Bangladesh/49781/2021

SubS2024|AV-23-073328|2023-03-31

SubS2022|A/chicken/Nepal/22-02058-0010/2022|H5N1|2022.4

SubF2023|A/Chicken/Bangladesh/200O-SUNS2-10/2017

SubF2024|A/Duck/Bangladesh/AV-23-071932/2023-02-14

SubS2024|AV-23-073273|2023-03-01

Ref|A/duck/Bangladesh/25845/2015|2015-07-11|2.3.2.1a|EPI_ISL_257053

A/chicken/Bangladesh/50597/2021|2021-12-14|2.3.2.1a|EPI_ISL_14885147

SubS2024|AV-23-117003|2023-06-18

A/duck/Bangladesh/35602/2018|2018-08-09|2.3.2.1a|EPI_ISL_388016

GISAID|A/chicken/Bangladesh/19-B-583/2022|EPI_ISL_18983982

A/chicken/Bangladesh/40446/2019|2019-07-11|2.3.2.1a|EPI_ISL_503485

SubF2024|A/chicken/Bangladesh/CE-113-03-02-05-DU-O/2022|H5N1|-2022-02-07

SubS2024|AV-23-073500|2023-02-27

SubS2024|AV-23-117002|2023-06-18

A/duck/Bangladesh/34283/2017|2017-12-25|2.3.2.1a|EPI_ISL_379727

Ref|A/duck/Bangladesh/19097/2013|2.3.2.1a|CVV

SubS2024|AV-23-117261|2023-05-24

A/Duck/Bangladesh/BDADAI-3097/2019|2019-08-01|2.3.2.1a|EPI_ISL_6795377

SubS2024|A/domesticduck/Bangladesh/CE-115-07-DB-10-DU-O/2023_|H5N1|2023_9_25|HA

SubS2024|A/domesticduck/Bangladesh/CE-116-07-DA-06-DU-O/2023_|H5N1|2023_9_27|HA

SubS2024|AV-23-073038|2023-01-10

SubS2024|AV-23-071615|2022-12-28

SubS2024|AV-23-117141|2023-06-22

SubS2024|A/domestic-duck/Bangladesh/CE-113-07-DA-02-DU-C/2023|H5N1|2023-9-24

SubS2024|AV-23-073274|2023-03-01

SubF2024|A/domesticduck/Bangladesh/CE-111-04-DA-06-DU-O/2022|H5N1|2022-09-17

SubF2024|A/domesticduck/Bangladesh/CE-111-04-DA-04-DU-O/2022|H5N1|2022-09-17

A/duck/Bangladesh/35343/2018|2018-04-27|2.3.2.1a|EPI_ISL_388028

SubS2024|AV-23-073269|2023-03-01

SubS2024|AV-23-071617|2022-12-28

A/duck/Bangladesh/33892/2017|2017-10-24|2.3.2.1a|EPI_ISL_329582

SubS2024|AV-23-117360|2023-06-25

A/duck/Bangladesh/18D1840/2022

SubS2023|A/chicken/India/04TI01/2023|H5N1|2023-03-29

Ref|A/duck/Vietnam/NCVD-891/2010|2010-01-01|2.3.2.1a|EPI_ISL_136166

A/Victoria/149/2024|EPI_ISL_19156871

A/mallard_duck/Bangladesh/CEIRS-55968/2023

GISAID|A/duck/Bangladesh/SJCEIRR-58396/2023|EPI_ISL_18729444

A/duck/Bangladesh/17D1868/2022

A/duck/Bangladesh/40832/2019|2019-09-13|2.3.2.1a|EPI_ISL_503534

SubS2024|AV-23-071895|2023-02-13

Ref|A/Duck/Bangladesh/CE-113-03-02-05-DU-O/2022|H5N1|2022-02-07

SubF2024|A/domesticduck/Bangladesh/CE-116-04-DA-02-DU-O/2022|H5N1|2022-09-19

A/duck/Bangladesh/41322/2019|2019-12-11|2.3.2.1a|EPI_ISL_4071730

A/Duck/Bangladesh/200O-DUC-S1-4/2018|2018-03-06|2.3.2.1a|EPI_ISL_16868931

A/Duck/Bangladesh/D7/2017|2017-06-04|2.3.2.1a|EPI_ISL_379825

A/duck/Vietnam/NCVD-1206/2012|2.3.2.1a|
Ref|A/Viet_Nam/CM32/2011|2011-10-19|2.3.2.1a|EPI_ISL_165438

SubF2023|A/Chicken/Bangladesh/February-200O-DBR-1/2018

SubS2024|AV-23-116800|2023-05-16

SubS2024|AV-23-117276|2023-06-17

A/duck/Bangladesh/17D1710/2021|2021-07-07|2.3.2.1a|EPI_ISL_9988762

SubS2024|AV-23-117168|2023-05-11

SubS2024|AV-23-071864|2023-02-08

A/duck/Bangladesh/36042/2018|2018-12-15|2.3.2.1a|EPI_ISL_387992

SubS2024|AV-23-071663|2023-01-01

SubS2024|A/Domestic-Duck/Bangladesh/CE-111-08-DB-13-DU-O/2023|H5N2|2023-11-21

SubS2024|AV-23-073463|2023-02-12

SubS2024|AV-23-116799|2023-05-16

SubF2023|A/Chicken/Bangladesh/NRL_AI_161417/2017

A/Duck/Bangladesh/55195/2022|2022-08-07|2.3.2.1a|EPI_ISL_16840644

A/chicken/Bangladesh/34265/2017|2017-12-25|2.3.2.1a|EPI_ISL_379734

SubS2024|AV-23-116798|2023-05-16

SubS2024|AV-23-117248|2023-05-23

SubS2024|AV-23-116923|2023-06-14

A/Duck/Bangladesh/55130/2022|2022-08-07|2.3.2.1a|EPI_ISL_16840743

SubS2024|AV-23-073285|2023-03-28

SubS2024|AV-23-117391|2023-06-26

SubS2024|A/Domestic-Duck/Bangladesh/CE-115-08-DA-04-DU-O/2023|H5Nx|2023-11-20

A/Environment/Banglaldesh/45537/2020|2020-06-16|2.3.2.1a|EPI_ISL_4073187

SubF2023|A/Duck/Bangladesh/200O-DUC-S3-15/2018

A/duck/Bangladesh/49673/2021|2021-08-28|2.3.2.1a|EPI_ISL_14885403

SubS2024|AV-23-117113|2023-05-07

SubS2024|A/avian/Bangladesh/CE-113-08-DB-12-DU-O/2023|H5Nx

SubF2024|A/domesticduck/Bangladesh/CE-115-04-DA-05-DU-O/2022|H5N1|2022-09-15

SubS2024|AV-23-073192|2023-02-22

Ref|A/duck/Lang_Son/201/2005|2005-01-01|2.3.2|EPI_ISL_64865

SubS2024|AV-23-071701|2023-01-02

SubS2024|AV-23-117362|2023-06-25

SubS2024|AV-23-073203|2023-02-21

SubS2023|A/domestic_duck/Bangladesh/CE-111-06-DB-15-DU-O/2023_|H5N1|2023_1_31

SubS2023|A/chicken/Bangladesh/CE-115-02-01-03-Du-O/2021_|H5N1|_2021-12-27

SubS2024|AV-23-071899|2023-02-13

SubS2024|AV-23-073286|2023-03-28

A/duck/Bangladesh/19D1771/2021

SubS2024|AV-23-071705|2023-01-02

Ref|A/Nepal/19FL1997/2019|2019-03-25|2.3.2.1a|EPI_ISL_354655

Ref|A/chicken/Bangladesh/12VIR-7140-11/2012|2012-03-18|2.3.2.1a|EPI_ISL_139462

SubS2024|A/avian/Bangladesh/CE-116-09-DB-12-DU-O/2024|H5Nx

Ref|A/crow/Bangladesh/1056/2011|2011-02-13|2.3.2.1a|EPI_ISL_141274

SubS2024|AV-23-073233|2023-02-28

A/duck/Bangladesh/40416/2019|2019-07-11|2.3.2.1a|EPI_ISL_503532

A/duck/Bangladesh/35672/2018|2018-08-09|2.3.2.1a|EPI_ISL_388014

SubS2024|A/avian/Bangladesh/CE-113-09-DB-13-DU-O/2024|H5Nx

SubS2024|AV-23-072922|2022-12-30

SubS2024|AV-23-116806|2023-05-16

SubS2024|AV-23-117366|2023-06-25

SubS2024|AV-23-073017|2023-01-11

SubS2024|AV-23-116658|2023-05-06

SubF2024|A/domesticduck/Bangladesh/CE-113-04-DA-05-DU-O/2022|H5N1|2022-09-18

SubF2023|A/Exotic-broiler/Chattogram/AV-22-080068/2022

A/duck/Bangladesh/17D1865/2022

A/duck/Bangladesh/40528/2019|2019-07-10|2.3.2.1a|EPI_ISL_503505

A/duck/Bangladesh/38287/2019|2019-02-18|2.3.2.1a|EPI_ISL_503497

SubF2024|A/domesticduck/Bangladesh/CE-111-04-DA-05-DU-C/2022|H5N1|2022-09-17

A/duck/Bangladesh/46095/2020|2020-10-22|2.3.2.1a|EPI_ISL_14775963

SubS2024|A/avian/Bangladesh/CE-116-09-DB-14-DU-O/2024|H5Nx

SubF2024|A/domesticduck/Bangladesh/CE-111-04-DA-05-DU-O/2022|H5N1|2022-09-17

SubS2024|AV-23-073526|2023-03-19

SubS2024|AV-23-072161|2023-03-20

A/duck/Bangladesh/17D1601/2021

A/duck/Bangladesh/50549/2021|2021-12-14|2.3.2.1a|EPI_ISL_14885359

SubS2024|AV-23-073080|2023-01-16

Ref|A/India/SARI-4571/2021|2021-07-01|2.3.2.1a|EPI_ISL_14223821

SubS2024|AV-23-071650|2023-01-01
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Sept2023-Feb2024 
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CVV 
HI 



Gs/Gd H5 2.3.2.1a amino acid difference table


Table 4: Amino acid comparison of the HA1 compared to within-clade CVVs. Putative antigenic sites are highlighted in 
grey.  
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Gs/Gd H5 2.3.2.1a Antigenic data

Table 5: Avian Gs/Gd-lineage 2.3.2.1a antigenic characterisation of viruses against CVV and reference post infection 
antisera. Fold changes are coloured. Amino acid changes compared to the within-clade CVV are annotated.  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Homologous
2 fold
4 fold
8 fold
> 16 fold

Clade 2.3.2.1a 2.3.2.1a 2.3.2.1a
Subtype H5N1 H5N1 H5N1
Ferret ID F.2012-209 F.2014-26 (BB+13)2019-063

AA changes comapred to 2018 CVV
Semester Clade Subtype

Reference Antigen
A/HUBEI/1/2010 2.3.2.1a H5N1 2560 640 160

A/DUCK/BANGLADESH/19097/2013 2.3.2.1a H5N1 2560 320 160 N154D, A156T
A/DUCK/BANGLADESH/17D1012/2018 2.3.2.1a H5N1 640 160 640

Test antigen
A/domesticduck/Bangladesh/CE-116-07-DA-03-DU-O/2023 2.3.2.1a H5N1 320 80 320 S163N, T276A 2018 CVV-like
A/domesticduck/Bangladesh/CE-115-07-DB-10-DU-O/2023 2.3.2.1a H5N1 1280 160 80 R115Q, D124N, N154D 2013 CVV-like
A/domesticduck/Bangladesh/CE-113-04-DA-05-DU-O/2022 2.3.2.1a H5N1 320 160 80 D124N, N154D 2013 CVV-like
A/domesticduck/Bangladesh/CE-111-04-DA-04-DU-O/2022 2.3.2.1a H5N1 640 80 80 D31N, D124N, D154X
A/domesticduck/Bangladesh/CE-115-04-DA-02-DU-O/2022 2.3.2.1a H5N1 160 10 320 full seq pending
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LPAI H5 phylogenetic tree
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Feb2024-Sept2024 
Sept2023-Feb2024 
Human 

0.04

A/avian/Mexico/CPA-08560-22/2022/HA

A/avian/Mexico/CPA-09677-22/2022/HA

A/chicken/Hidalgo/CPA-48304/2016|HA|A_/_H5N2|EPI_ISL_14870896

A/chicken/Coahuila/2936-06/2006|HA|A_/_H5N2|EPI_ISL_167756

A/chicken/Guanajuato/28159-331/1995|HA|EPI_ISL_6781700

A/chicken/Veracruz/CPA-05599/2017|HA|A_/_H5N2|EPI_ISL_14870970

A/chicken/Guanajuato/28159-546/1995|HA|A_/_H5N2|EPI_ISL_68700

A/chicken/Hidalgo/28159-460/1995|HA|A_/_H5N2|EPI_ISL_28018

A/avian/Mexico/CPA-08568-22/2022/HA

A/chicken/Coahuila/IA05/2009|HA|EPI_ISL_167218

A/chicken/Veracruz/1433-12/2006|HA|A_/_H5N2|EPI_ISL_17767820

A/chicken/Veracruz/28159-398/1995|HA|A_/_H5N2|EPI_ISL_17767821

A/chicken/Aguascalientes/CPA-08545-19/2019|HA|A_/_H5N2|EPI_ISL_14867156

A/avian/Mexico/CPA-01372-22/2022/HA

A/chicken/Queretaro/CPA-09515-19/2019|HA|A_/_H5N2|EPI_ISL_14870962

A/chicken/Mexico/31381-7/1994|HA|A_/_H5N2|EPI_ISL_3728

A/chicken/Mexico/26654-1374/1994|HA|A_/_H5N2|EPI_ISL_6781727

A/chicken/Durango/1348-06/2006|HA|A_/_H5N2|EPI_ISL_167761

A/chicken/Chiapas/15224/1997|HA|A_/_H5N2|EPI_ISL_6781680

A/avian/Mexico/CPA-14864-22/2022/HA

A/chicken/Guanajuato/CPA-04382-19/2019|HA|A_/_H5N2|EPI_ISL_14870881

A/chicken/Jalisco/CPA-00822/2017|HA|A_/_H5N2|EPI_ISL_14870897

A/chicken/Jalisco/CPA-03447-19/2019|HA|A_/_H5N2|EPI_ISL_14870902

A/chicken/Jalisco/CPA-09057-19/2019|HA|A_/_H5N2|EPI_ISL_14870932

A/chicken/Jalisco/CPA-03604-19/2020|HA|A_/_H5N2|EPI_ISL_14870904

A/chicken/Jalisco/CPA-49950/2016|HA|A_/_H5N2|EPI_ISL_14870940

A/chicken/Guanajuato/CPA-05981-19/2019|HA|A_/_H5N2|EPI_ISL_14870882

A/State_of_Mexico/INER-INF645/2024|HA|A_/_H5N2|EPI_ISL_19186450

A/chicken/Aguascalientes/CPA-04479-19/2019|HA|A_/_H5N2|EPI_ISL_14867152

A/avian/Mexico/CPA-14899-22/2022/HA

A/chicken/Jalisco/229-4592/1998|HA|A_/_H5N2|EPI_ISL_6781707

A/chicken/Jalisco/CPA-22166/2017|HA|A_/_H5N2|EPI_ISL_14870937

A/chicken/Coahuila/1433-3/2005|HA|A_/_H5N2|EPI_ISL_17767807

A/turkey/Veracruz/2579-06/2006|HA|A_/_H5N2|EPI_ISL_167755

A/chicken/Guanajuato/CPA-15050/2017|HA|A_/_H5N2|EPI_ISL_14870890

A/chicken/Coahuila/1433-15/2006|HA|A_/_H5N2|EPI_ISL_17767808

A/avian/Mexico/CPA-11264-22/2022/HA

A/chicken/Colima/CPA-04929/2017|HA|A_/_H5N2|EPI_ISL_14867309
A/chicken/Guanajuato/CPA-20966-15-VS/2015|HA|A_/_H5N2|EPI_ISL_327628

A/chicken/Queretaro/CPA-04673-1/2019|HA|A_/_H5N2|EPI_ISL_14870959

A/chicken/Guanajuato/CPA-07267-19/2019|HA|A_/_H5N2|EPI_ISL_14870883

A/chicken/Mexico/22184/1998|HA|EPI_ISL_68600

A/chicken/Durango/0085-06/2006|HA|A_/_H5N2|EPI_ISL_167760

A/chicken/Mexico/P-14/2016|HA|A_/_H5|EPI_ISL_272668

A/chicken/Aguascalientes/CPA-08553-19/2019|HA|A_/_H5N2|EPI_ISL_14867157

A/chicken/Coahuila/2675-05/2005|HA|A_/_H5N2|EPI_ISL_167731

A/chicken/Hidalgo/26654-1368/1994|HA|A_/_H5N2|EPI_ISL_6781706

A/chicken/Michoacan/2960-06/2006|HA|A_/_H5N2|EPI_ISL_167757

A/chicken/Veracruz/CPA-00736/2017|HA|A_/_H5N2|EPI_ISL_14870968

A/chicken/Queretaro/CPA-01708-23/2022/HA

A/chicken/Mexico/1643/2019|HA|EPI_ISL_6781710

A/chicken/Guanajuato/CPA-11248/2017|HA|A_/_H5N2|EPI_ISL_14870888

A/chicken/Guanajuato/CPA-08990-19/2019|HA|A_/_H5N2|EPI_ISL_14870886

A/chicken/Durango/CPA-08970-18/2018|HA|A_/_H5N2|EPI_ISL_14867386

A/avian/Mexico/CPA-09678-22/2022/HA

A/chicken/Michoacan/4240-06/2006|HA|A_/_H5N2|EPI_ISL_167758

A/chicken/Mexico/31382-1/1994|HA|A_/_H5N2|EPI_ISL_3737

A/chicken/Veracruz/232-6169/1998|HA|A_/_H5N2|EPI_ISL_17767822

A/chicken/Veracruz/0835-06/2006|HA|A_/_H5N2|EPI_ISL_167745

A/chicken/Coahuila/CPA-17850/2017|HA|A_/_H5N2|EPI_ISL_14867308

A/chicken/Durango/2678-05/2005|HA|A_/_H5N2|EPI_ISL_167732
A/chicken/Queretaro/1939-05/2005|HA|A_/_H5N2|EPI_ISL_167730

A/chicken/Hidalgo/CPA-41295/2017|HA|A_/_H5N2|EPI_ISL_14870895

A/chicken/Durango/2880-06/2006|HA|A_/_H5N2|EPI_ISL_167764

A/chicken/Mexico/831-06/2006|HA|A_/_H5N2|EPI_ISL_167753

s4_CPA-21371-23|H5N1|01112024

A/chicken/Morelos/CPA-02447/2017|HA|A_/_H5N2|EPI_ISL_14870945

A/chicken/Durango/0590-06/2006|HA|A_/_H5N2|EPI_ISL_167751

A/chicken/Aguascalientes/CPA-07048-19/2019|HA|A_/_H5N2|EPI_ISL_14867153

A/chicken/Jalisco/CPA-49745-16/2016|HA|A_/_H5N2|EPI_ISL_14870939

A/chicken/Jalisco/CPA-04141-19/2019|HA|A_/_H5N2|EPI_ISL_14870906

s4_CPA-21509-24|H5N1|01042024

A/avian/Mexico/CPA-10405-22/2022/HA

A/avian/Mexico/CPA-12967-22/2022/HA

A/chicken/Jalisco/CPA-03198-17/2017|HA|A_/_H5N2|EPI_ISL_14870901

A/chicken/Jalisco/CPA-07140-19/2019|HA|A_/_H5N2|EPI_ISL_14870919

A/chicken/Durango/1433-8/2005|HA|A_/_H5N2|EPI_ISL_17767812

A/chicken/Hidalgo/CPA-03739/2017|HA|A_/_H5N2|EPI_ISL_14870894

A/chicken/Mexico_State/CPA-19234-17/2017|HA|A_/_H5N2|EPI_ISL_14870941

A/chicken/Aguascallientes/CPA-08331-19/2019|HA|A_/_H5N2|EPI_ISL_14867159

A/chicken/Durango/1555-06/2006|HA|A_/_H5N2|EPI_ISL_167748

A/chicken/Mexico/1864/2019|HA|A_/_H5N2|EPI_ISL_6781712

A/chicken/Jalisco/CPA-08244-19/2019|HA|A_/_H5N2|EPI_ISL_14870926

A/chicken/Veracruz/233-7607/1998|HA|A_/_H5N2|EPI_ISL_6781851

A/northernshoveler/Mexico-Sonora/796/2008|HA|A_/_H5N3|EPI_ISL_278158

A/chicken/Queretaro/CPA-09543-19/2019|HA|A_/_H5N2|EPI_ISL_14870963

A/chicken/Jalisco/228-4471/1998|HA|EPI_ISL_68597

A/chicken/Jalisco/CPA-05091-19/2019|HA|A_/_H5N2|EPI_ISL_14870910

A/chicken/Queretaro/CPA-03807-19/2019|HA|A_/_H5N2|EPI_ISL_14870957

A/chicken/Jalisco/CPA-07195-19/2019|HA|A_/_H5N2|EPI_ISL_14870920

A/chicken/Durango/1433-2/2005|HA|A_/_H5N2|EPI_ISL_17767809

A/chicken/Durango/1433-4/2005|HA|A_/_H5N2|EPI_ISL_17767810

A/chicken/Guanajuato/CPA-12461/2017|HA|A_/_H5N2|EPI_ISL_14870889

A/chicken/Mexico/15407/1997|HA|A_/_H5N2|EPI_ISL_68670

A/chicken/Guanajuato/CPA-08523-19/2019|HA|A_/_H5N2|EPI_ISL_14870885

A/chicken/Guanajuato/CPA-44870/2017|HA|A_/_H5N2|EPI_ISL_14870892

A/chicken/Mexico/0867-06/2006|HA|A_/_H5N2|EPI_ISL_167746

s4_CPA-05168-24|H5N2|05242024

A/avian/Mexico/CPA-03376-22/2022/HA

A/chicken/Durango/2393-06/2006|HA|A_/_H5N2|EPI_ISL_167763

A/chicken/Durango/6973-05/2005|HA|A_/_H5N2|EPI_ISL_167739

A/chicken/Yucatan/CPA-15038/2017|HA|A_/_H5N2|EPI_ISL_14870974

A/northern_shoveler/Mexico/HA-UIFMVZ613/2017|HA|A_/_H5N2|EPI_ISL_504100

s4_CPA-21384-23|H5N1|01162024

A/avian/Mexico/CPA-12055-22/2022/HA

A/avian/Mexico/CPA-09540-22/2022/HA

A/chicken/Jalisco/CPA-07715-19/2019|HA|A_/_H5N2|EPI_ISL_14870922

A/chicken/Michoacan/CPA-49737/2016|HA|A_/_H5N2|EPI_ISL_14870944

A/avian/Mexico/CPA-09394-22/2022/HA

A/chicken/Coahuila/3739-05/2005|HA|A_/_H5N2|EPI_ISL_167734

A/avian/Mexico/CPA-11262-22/2022/HA

s4_CPA-01654-24|H5N2|03082024

A/chicken/Guanajuato/CPA-17726/2017|HA|A_/_H5N2|EPI_ISL_14870891

A/chicken/Morelos/CPA-05154/2017|HA|A_/_H5N2|EPI_ISL_14870946

A/avian/Mexico/CPA-10422-22/2022/HA

A/chicken/Puebla/CPA-14731-17/2017|HA|A_/_H5N2|EPI_ISL_14870951

A/chicken/Aguascalientes/IA13/2010|HA|A_/_H5N2|EPI_ISL_167217

A/chicken/Jalisco/CPA-07736-19/2019|HA|A_/_H5N2|EPI_ISL_14870923

A/avian/Mexico/CPA-03380-22/2022/HA

A/chicken/Jalisco/CPA-04758-19/2019|HA|A_/_H5N2|EPI_ISL_14870909

A/chicken/Jalisco/CPA-06811-19/2019|HA|A_/_H5N2|EPI_ISL_14870917

A/chicken/Aguascalientes/CPA-03203-19/2019|HA|A_/_H5N2|EPI_ISL_14867056

A/chicken/Coahuila/IA20/2011|HA|A_/_H5N2|EPI_ISL_6781682

A/chicken/Puebla/CPA-06927-19/2019|HA|A_/_H5N2|EPI_ISL_14870950

A/chicken/Guanajuato/CPA-08992-19/2019|HA|A_/_H5N2|EPI_ISL_14870887

A/chicken/Queretaroa/CPA-11747-18/2018|HA|A_/_H5N2|EPI_ISL_14870964

A/chicken/Jalisco/CPA-07737-19/2019|HA|A_/_H5N2|EPI_ISL_14870924

A/chicken/Jalisco/CPA-02169/2017|HA|A_/_H5N2|EPI_ISL_14870899

A/chicken/Mexico/1433-5/2005|HA|A_/_H5N2|EPI_ISL_17767823

A/chicken/Mexico/31381-991/1994|HA|A_/_H5N2|EPI_ISL_68730

A/chicken/Jalisco/CPA-06506-19/2019|HA|A_/_H5N2|EPI_ISL_14870915

A/chicken/Mexico/1433-13/2006|HA|A_/_H5N2|EPI_ISL_17767824

A/chicken/Chiapas/15408/1997|HA|EPI_ISL_68658

A/avian/Mexico/CPA-14855-22/2022/HA

A/avian/Mexico/CPA-02759-22/2022/HA

A/chicken/Chiapas/15405/1997|HA|A_/_H5N2|EPI_ISL_6781681

A/redhead/Mexico-Sonora/408/2008|HA|A_/_H5N2|EPI_ISL_278155

A/chicken/Michoacan/CPA-48912/2016|HA|A_/_H5N2|EPI_ISL_14870943

A/chicken/Jalisco/716-2/2017|HA|A_/_H5N2|EPI_ISL_6781679

A/chicken/Jalisco/CPA-49007/2016|HA|A_/_H5N2|EPI_ISL_14870938

A/chicken/Mexico/590-06/2006|HA|A_/_H5N2|EPI_ISL_167743

A/chicken/Guanajuato/CPA-03879-19/2019|HA|A_/_H5N2|EPI_ISL_14867452

A/chicken/Guanajuato/CPA-00801/2017|HA|A_/_H5N2|EPI_ISL_14867451

s4_CPA-02011-24|H5N2|03242024

s4_CPA-19942-24|H5N2|01302024

A/chicken/Jalisco/CPA-08826-19/2019|HA|A_/_H5N2|EPI_ISL_14870930

A/chicken/Michoacan/28159-530/1995|HA|A_/_H5N2|EPI_ISL_6781781

A/chicken/Mexico/4188-05/2005|HA|A_/_H5N2|EPI_ISL_167735

A/northern_shoveler/Mexico-Sonora/797/2008|HA|A_/_H5N3|EPI_ISL_278064

A/chicken/Veracruz/CPA-21377/2017|HA|A_/_H5N2|EPI_ISL_14870973

A/chicken/Puebla/CPA-03924-19/2019|HA|A_/_H5N2|EPI_ISL_14870949

A/chicken/Hidalgo/1336-06/2006|HA|A_/_H5N2|EPI_ISL_167747

A/chicken/Durango/1433-10/2006|HA|A_/_H5N2|EPI_ISL_17767813

A/chicken/Queretaro/CPA-06507/2017|HA|A_/_H5N2|EPI_ISL_14870961

A/chicken/Morales/28159-538/1995|HA|EPI_ISL_68703

A/chicken/Jalisco/CPA-06432-19/2019|HA|A_/_H5N2|EPI_ISL_14870913

A/chicken/Jalisco/14589-660/1994|HA|EPI_ISL_28016

A/chicken/Aguascalientes/CPA-07181-19/2019|HA|A_/_H5N2|EPI_ISL_14867154

A/chicken/Jalisco/CPA-08831-19/2019|HA|A_/_H5N2|EPI_ISL_14870931

A/chicken/Mexico/37821-771/1996|HA|A_/_H5N2|EPI_ISL_68690

A/chicken/Chiapas/0681-06/2006|HA|A_/_H5N2|EPI_ISL_167752

A/chicken/Queretaro/0092-06/2006|HA|A_/_H5N2|EPI_ISL_167750

A/chicken/Jalisco/28159-600/1995|HA|EPI_ISL_28020

A/chicken/Puebla/CPA-01572-18/2018|HA|A_/_H5N2|EPI_ISL_14870948

A/chicken/Aguascalientes/CPA-20747/2017|HA|A_/_H5N2|EPI_ISL_14867158

A/chicken/Michoacan/CPA-48911/2016|HA|A_/_H5N2|EPI_ISL_14870942

A/avian/Mexico/CPA-11712-22/2022/HA

A/chicken/Jalisco/CPA-06016-19/2019|HA|A_/_H5N2|EPI_ISL_14870911

A/chicken/Veracruz/1433-1/2006|HA|A_/_H5N2|EPI_ISL_17767819

A/chicken/Hidalgo/28159-232/1994|HA|A_/_H5N2|EPI_ISL_8948

A/chicken/Queretaro/0089-06/2006|HA|A_/_H5N2|EPI_ISL_167742

A/chicken/Queretaro/26654-1373/1994|HA|A_/_H5N2|EPI_ISL_6781848

A/chicken/Morelos/227-4353/1998|HA|A_/_H5N2|EPI_ISL_6781782

A/chicken/Jalisco/CPA-06504-19/2019|HA|A_/_H5N2|EPI_ISL_14870914

A/chicken/Jalisco/CPA-08103-19/2019|HA|A_/_H5N2|EPI_ISL_14870925

A/chicken/Mexico/28159-541/1995|HA|A_/_H5N2|EPI_ISL_68702

A/chicken/Jalisco/CPA-16963-18/2018|HA|A_/_H5N2|EPI_ISL_14870934

A/chicken/Chiapas/28159-488/1995|HA|A_/_H5N2|EPI_ISL_28019

A/chicken/Queretaro/CPA-04112-19/2019|HA|A_/_H5N2|EPI_ISL_14870958

A/avian/Mexico/CPA-09129-22/2022/HA

A/chicken/San_Luis_Potosi/CPA-05890-19/2019|HA|A_/_H5N2|EPI_ISL_14870966

A/avian/Mexico/CPA-09647-22/2022/HA

A/chicken/Jalisco/CPA-00823/2017|HA|A_/_H5N2|EPI_ISL_14870898

A/avian/Mexico/CPA-08508-22/2022/HA

A/chicken/Durango/1433-14/2006|HA|A_/_H5N2|EPI_ISL_17767814

A/chicken/Jalisco/CPA-06799-19/2019|HA|A_/_H5N2|EPI_ISL_14870916

A/chicken/Aguascalientes/CPA-03202-19/2019|HA|A_/_H5N2|EPI_ISL_13662358

A/chicken/Veracruz/CPA-00735/2017|HA|A_/_H5N2|EPI_ISL_14870967

A/chicken/Aguascalientes/CPA-02277-23/2022/HA
A/chicken/Aguascalientes/CPA-02081-23/2022/HA

A/chicken/Jalisco/CPA-03518-17/2017|HA|A_/_H5N2|EPI_ISL_14870903

A/chicken/Chiapas/15406/1997|HA|EPI_ISL_68657

A/chicken/Jalisco/LVVX17186-2/2017|HA|A_/_H5N2|EPI_ISL_6781709

A/chicken/Jalisco/CPA-04649-19/2019|HA|A_/_H5N2|EPI_ISL_14870908

A/chicken/Hidalgo/7637-05/2005|HA|A_/_H5N2|EPI_ISL_167741

A/avian/Mexico/CPA-14858-22/2022/HA

A/chicken/Durango/3717-05/2005|HA|A_/_H5N2|EPI_ISL_167733

A/chicken/Mexico/07/2007|HA|EPI_ISL_244540

A/chicken/Queretaro/CPA-03805-19/2019|HA|A_/_H5N2|EPI_ISL_14870955

A/chicken/San_Luis_Potosi/CPA-05885-19/2019|HA|A_/_H5N2|EPI_ISL_14870965

A/chicken/Jalisco/LVVX17144-1/2017|HA|EPI_ISL_6781708

A/avian/Mexico/CPA-11736-22/2022/HA

A/avian/Mexico/CPA-09680-22/2022/HA

A/avian/Mexico/CPA-13535-22/2022/HA

A/Mexican_duck/Estado_de_Mexico/HA_UIFMVZ377/2016|HA|A_/_H5N2|EPI_ISL_17767818

A/chicken/Mexico/1863/2019|HA|EPI_ISL_6781711

s4_CPA-04033-24|H5N2|05082024

A/chicken/Mexico/31381-8/1994|HA|A_/_H5N2|EPI_ISL_3736

A/chicken/San_Luis_Potosi/7651/1996|HA|A_/_H5N2|EPI_ISL_6781850

A/chicken/Jalisco/CPA-04262-19/2019|HA|A_/_H5N2|EPI_ISL_14870907

A/chicken/Durango/7035-05/2005|HA|A_/_H5N2|EPI_ISL_167740

A/chicken/Jalisco/CPA-06116/2017|HA|A_/_H5N2|EPI_ISL_14870912

A/avian/Mexico/CPA-09128-22/2022/HA

A/avian/Mexico/CPA-11715-22/2022/HA

A/chicken/Mexico/6531-05/2005|HA|A_/_H5N2|EPI_ISL_167736

A/chicken/Queretaro/6535-05/2005|HA|A_/_H5N2|EPI_ISL_167737

A/chicken/Jalisco/CPA-07541-19/2019|HA|A_/_H5N2|EPI_ISL_14870921

A/chicken/Veracruz/CPA-13920-18/2018|HA|A_/_H5N2|EPI_ISL_14870972

A/chicken/Durango/1433-9/2006|HA|A_/_H5N2|EPI_ISL_17767815

A/chicken/Queretaro/6794-05/2005|HA|A_/_H5N2|EPI_ISL_167738
A/chicken/Hidalgo/1433-6/2005|HA|A_/_H5N2|EPI_ISL_17767816

A/chicken/Jalisco/CPA-03072/2017|HA|A_/_H5N2|EPI_ISL_14870900

A/avian/Mexico/CPA-14725-22/2022/HA

A/chicken/Aguascalientes/4244-06/2006|HA|A_/_H5N2|EPI_ISL_167759

A/chicken/Queretaro/CPA-05386/2017|HA|A_/_H5N2|EPI_ISL_14870960

A/chicken/Veracruz/CPA-04704/2017|HA|A_/_H5N2|EPI_ISL_14870969

A/chicken/Jalisco/CPA-07139-19/2019|HA|A_/_H5N2|EPI_ISL_14870918

A/chicken/Queretaro/CPA-02179/2017|HA|A_/_H5N2|EPI_ISL_14870954

A/chicken/Hidalgo/28159-232/1995|HA|EPI_ISL_68701

A/chicken/Mexico/681-06/2006|HA|A_/_H5N2|EPI_ISL_167744

A/chicken/Mexico/435/2005|HA|A_/_H5N2|EPI_ISL_29505

A/avian/Mexico/CPA-11514-22/2022/HA

A/backyard_poultry/Jojutla_Morelos/CPA-01685-23/2023/HA

A/chicken/Puebla/28159-474/1995|HA|A_/_H5N2|EPI_ISL_68709

A/chicken/Mexico/876-06/2006|HA|A_/_H5N2|EPI_ISL_167754

A/chicken/Jalisco/CPA-12377/2017|HA|A_/_H5N2|EPI_ISL_14870933

A/chicken/Morelos/CPA-18659/2017|HA|A_/_H5N2|EPI_ISL_14870947

A/chicken/Aguascalientes/CPA-08115-19/2019|HA|A_/_H5N2|EPI_ISL_14867155

A/chicken/Guanajuato/CPA-00114-18/2018|HA|A_/_H5N2|EPI_ISL_14867387

A/chicken/Durango/2238-06/2006|HA|A_/_H5N2|EPI_ISL_167762

s4_CPA-04348-24|H5N1|05242024

Figure 7: Low pathogenicity H5 phylogenetic tree. Sequences were downloaded from GISAID and collected 
through OFFLU. Sequences are coloured according to collection date. Sequences from humans are pink.
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EPI_ISL_19131876|A/un/Chelyabinsk/206/2023|2023-11-09|A_/_H7N4|HA|

ref|A/chicken/Italy/15VIR1670/2015/H7N2

ref|A/wi ld/bird/Korea/A9/2011/H7N9

EPI_ISL_19180883|A/duck/Bangladesh/WF-529/2024|2024-01-22|A_/_H7N7|HA|

ref|A/ostrich/South/Africa/M320/96/H7N7

ref|A/chicken/New/York/31621-6/2005/H7N2

ref|A/Canada/rv504/2004/H7N3/H-ref

A/chicken/Jalisco/CPA-01178-22/2022/HA

ref|A/duck/Alaska/3111/1993/H7N3

SubS2024|A/Duck/Cambodia/W48h2T241D12T/2023_|__2023-12-01_|_A_/_H7N7__|_HA_|__|_2024-03-25

ref|A/mallard/Netherlands/22/2007/H7N1

EPI_ISL_19109841|A/Duck/Sangiin_Dalailake/397/2019|2019-05-08|A_/_H7N7|HA|

CVV/IDCDC-RG56N/H7N9

ref|A/turkey/New/York/23165-8/2005/H7N2

ref|A/mallard/duck/Alberta/435/1985/H7N3

SubS2024|A/duck/Cambodia/W49h3T241D3T/2023_|__2023-12-07_|_A_/_H7N7__|_HA_|__|_2024-03-20

EPI_ISL_19207597|A/Anas_platyrhynchos/South_Korea/SO-150/2022|2022-01-10|A_/_H7N2|HA|

ref|A/blue-winged/teal/Ohio/658/2004/H7N3

CVV/A/Anhui/1/2013/H7N9

ref|A/poultry/Vietnam/NCVD-439/2010/H7N3

EPI_ISL_19180884|A/duck/Bangladesh/WF-562/2024|2024-01-23|A_/_H7|HA|

A/avian/Mexico/CPA-32176-22/2022/HA

A/turkey/Puebla/CPA-02527-22/2022/HA

ref|A/chicken/Arkansas/10/2008/H7N3/ref

ref|A/duck/Heinersdorf/S495/6/86/H7N7
ref|A/turkey/Israel/Ramon/79/H7N2

EPI_ISL_19180886|A/duck/Bangladesh/WF-583/2024|2024-01-23|A_/_H7|HA|

CVV/A/Hong/Kong/125/2017/IDCDC-RG56B/H7N9

A/avian/Mexico/CPA-05315-22/2022/HA

CVV/A/New/York/107/2003/H7N2

SubS2024|A/Duck/Cambodia/W49h3T241D4C/2023_|__2023-12-07_|_A_/_H7N3__|_HA_|__|_2024-04-02

EPI_ISL_18910109|A/environment/Kagoshima/KU-B16/2023|2024-01-15|A_/_H7N7|HA|

SubS2024|A/Duck/Cambodia/W48h2T241D6T/2023_|__2023-12-01_|_A_/_H7N7__|_HA_|__|_2024-03-25

ref|A/chicken/England/26352/2015/H7N7

ref|A/chicken/Victoria/1976/H7N7

ref|A/chicken/Guanajuato/07437-15/2015/H7N3

ref|A/chicken/Germany/01/1979/H7N7

ref|A/swan/Shimane/42/1999/H7N8

ref|A/mallard/Korea/822/2010/H7N7

SubS2024|A/Duck/Cambodia/W48h2T241D15T/2023_|__2023-12-01_|_A_/_H7N7__|_HA_|__|_2024-03-25

A/chicken/Durango/CPA-03739-22/2022/HA
A/avian/Mexico/CPA-04659-22/2022/HA

EPI_ISL_18900489|A/Wild_bird/South_Korea/Q19-1735-2/2019|2019-12-04|A_/_H7N7|HA|

EPI_ISL_19204424|A/chicken/Italy/15VIR1670-24/2015|2015-03-20|A_/_H7N2|HA|

EPI_ISL_18910108|A/environment/Kagoshima/KU-B17/2023|2024-01-15|A_/_H7N7|HA|

ref|A/FPV/Egypt/45/H7N1

ref|A/laughing/gull/Delaware/22/2002/H7N3

EPI_ISL_19204423|A/chicken_hen/Italy/13VIR4527-11/2013|2013-08-14|A_/_H7N7|HA|

ref|A/Quai l /New/York/13989-51/98/H7N2

ref|A/turkey/England/1963/H7N3

EPI_ISL_19204438|A/turkey/Italy/20VIR1969-22/2020|2020-04-18|A_/_H7N1|HA|

A/chicken/Lethbridge/20-02865-0008/2020

A/chicken/Coahuila/CPA-03166-22/2022/HA

ref|A/common/iora//Singapore/F89/95/H7N1

A/avian/Mexico/CPA-00072-22/2022/HA

EPI_ISL_19231583|A/chicken/Victoria/10-17/2024|2024-05-20|A_/_H7N9|HA|

SubF2024|A/avian/Mozambique/857-P3-1_23VIR11699-9/2023

A/Mallard_Duck/Wales/059313/2023|EPI_ISL_17710022|SubS2024

ref|A/duck/Korea/BC10/2007/H7N3

ref|A/duck/Vietnam/NCVD-0147/2013/H7N3

ref|A/duck/Taiwan/4201/99/H7N7

A/mule_duck/France/24P009228/2024|H7N9|2024-04-25

EPI_ISL_19204433|A/mallard/Italy/22VIR4781-2/2022|2022-05-19|A_/_H7N7|HA|

ref|A/mallard/Ohio/421/1987/H7N8

A/avian/Mexico/CPA-05297-22/2022/HA

ref|A/chicken/NY/3572/98/H7N2

ref|A/duck/Turkey/55/Cetinkaya/49/2006/H7N1

SubS2024|A/duck/Cambodia/W49h3T241D11C/2023_|__2023-12-07_|_A_/_H7N7__|_HA_|__|_2024-07-03

ref|A/chicken/Queensland/667/95/H7N3

ref|A/chicken/NJ/118878-5/01/H7N2

ref|A/mallard/Ohio/322/1998/H7N3

EPI_ISL_19180882|A/duck/Bangladesh/WF-520/2024|2024-01-22|A_/_H7N7|HA|

ref|A/chicken/Tennessee/17-007147-1/2017/H7N9

ref|A/turkey/Oregon/1971/H7N3

EPI_ISL_19180880|A/duck/Bangladesh/WF-506/2024|2024-01-22|A_/_H7N5|HA|

EPI_ISL_19180877|A/duck/Bangladesh/WF-437/2024|2024-01-21|A_/_H7N7|HA|

A/chicken/Germany-NI/2024AI02733/2024|H7N5|2024-06-29

ref|A/chicken/Germany/R28/03/H7N7

ref|A/chicken/Karachi/132/2004/H7N3

ref|A/turkey/Ireland/PV74/1995/H7N7

A/chicken/Scotland/042319/2023|EPI_ISL_17521024|SubS2024

ref|A/environment/California/7451/2010/H7N3

A/chicken/Puebla/CPA-02247-22/2022/HA

ref|A/Quail/PA/20304/97/H7N2

SubF2024|A/Chicken/Netherlands/23025569-021/2023|H7N3|2023-11-29

EPI_ISL_19180879|A/duck/Bangladesh/WF-504/2024|2024-01-22|A_/_H7N4|HA|

A/chicken/Durango/CPA-03872-22/2022/HA

ref|A/chicken/Ireland/1733/89/H7N7

ref|A/starl ing/Victoria/1985/H7N7

ref|A/mallard/Sweden/105/2002/H7N7

ref|A/chicken/Chakwal/NARC-35/2001/H7N3
ref|A/swine/KU/16/2001/H7N2

ref|A/duck/Jiangsu/1/2018/H7N4

ref|A/equine/Kentucky/1a/1975/H7N7

SubS2024|A/chicken/Germany-NI/2024AI02733/2024|H7N5|2024-06-29|MBCS

CVV/A/mallard/Netherlands/12/2000/H7N3

SubS2024|A/Duck/Cambodia/W48h2T241D3T/2023_|__2023-12-01_|_A_/_H7N7__|_HA_|__|_2024-03-25

ref|A/duck/Victoria/512/2007/H7N6

EPI_ISL_18983998|A/duck/Bangladesh/WF-043/2023|2023-01-20|A_/_H7N7|HA|
CVV/A/chicken/Jiangsu/1/2018/H7N4

CVV/A/Shanghai/02/2013/H7N9

SubS2024|s4_CPA-03294-24|H7N3|0402024|HPAI

ref|A/Rhea/North/Carolina/39482/93/H7N1

ref|A/turkey/Italy/5425/2007/H7N3

A/chicken/Scotland/042421/2023|EPI_ISL_17521025|SubS2024

ref|A/American/black/duck/Maryland/424/2001/H7N3

ref|A/Mallard/Sweden/91/2002/H7N9

ref|A/quail/Thailand/CU-J2882/2009/H7N1

ref|A/goose/Nebraska/017097-4/2011/H7N9

ref|A/non-psittacine/England-Q/1985/89/H7N7

A/avian/Jalisco/CPA-02681-22/2022/HA

ref|A/environment/Maryland/1637/2006/H7N3

GISAID|A/chicken/South_Africa/SA2310/2023|2023-05-31

A/avian/Guanajuato/CPA-03095-22/2022/HA

ref|A/chicken/SK/HR-00011/2007/H7N3

ref|A/turkey/Minnesota/31676/2009/H7N9

SubF2024|A_mallard_NB_FAV306-51_2023|H7N3|2023-09-20

ref|A/Mallard/Sweden/100993/2008/H7N7

A/chicken/Hebei/QG2/2023_H7N9_|2023-07-01|EPI_ISL_19298055|MBCS

A/chicken/Coahuila/CPA-03703-22/2022/HA

ref|A/chicken/Victoria/1/92/H7N3

ref|A/red/knot/NJ/325/1989/H7N7

SubS2024|A/duck/Cambodia/W49h3T241D9C/2023_|__2023-12-07_|_A_/_H7N7__|_HA_|__|_2024-07-03

EPI_ISL_19109828|A/Spot-billed_duck/South_Korea/KNU2022-8/2022|2022-01-17|A_/_H7N7|HA|

A/avian/Mexico/CPA-00049-22/2022/HA

ref|A/duck/Kumamoto/431105/2014/H7N7

ref|A/chicken/Italy/13VIR4527-11/2013/H7N7

A/chicken/Coahuila/CPA-03045-22/2022/HA

ref|A/environment/New/York/19495-1/2006/H7N2

ref|A/ts1/1/A/FPV/Rostock/1934/H7N1

SubS2024|s4_CPA-01278-24|H5N2-H7N3|03252024|HPAI

A/chicken/Sichuan/QG1/2023_H7N9_|2023-07-01|EPI_ISL_19298037|MBCS

A/chicken/San

SubS2024|A/Duck/Cambodia/W48h2T241D11T/2023_|__2023-12-01_|_A_/_H7N7__|_HA_|__|_2024-03-25

ref|A/FPV/Dutch/27/H7N7

A/avian/Mexico/CPA-06070-22/2022/HA

CVV/A/Guangdong/17SF003/2016/H7N9

EPI_ISL_19231578|A/chicken/Victoria/24-01759-3/2024|2024-05-20|A_/_H7N3|HA|

ref|A/seal/Massachusetts/1/1980/H7N7

ref|A/turkey/Italy/4372/2004/H7N3

SubS2024|A/duck/Cambodia/i8PV222D1C/2024_|__2024-03-16_|_A_/_H7N5__|_HA_|__|_2024-07-11

ref|A/chicken/Italy/445/1999/H7N1

ref|A/cinnamon/teal/Mexico/2817/2006/H7N3

EPI_ISL_19204425|A/chicken/Italy/19VIR5895-30/2019|2019-08-02|A_/_H7N3|HA|

EPI_ISL_19180889|A/environment/Bangladesh/WB-E-138/2024|2024-02-02|A_/_H7N7|HA|

EPI_ISL_19180881|A/duck/Bangladesh/WF-515/2024|2024-01-22|A_/_H7N7|HA|

ref|A/pigeon/Wenzhou/559/2013/H7N7
ref|A/duck/Zhejiang/DK10/2013/H7N3

A/chicken/Guanajuato/CPA-01819-22/2022/HA

CVV/A/Canada/rv444/2004/H7N3

ref|A/softbi l l /Cali fornia/33445-136/1992/H7N1

A/chicken/Durango/CPA-03865-22/2022/HA
A/chicken/Guanajuato/CPA-01914-22/2022/HA

ref|A/blue/winged/teal/Texas/UGAI15-4927/2015/H7N3

ref|A/Mexico/InDRE7218/2012/H7N3

ref|A/equine/Prague/1/1956/H7N7

SubS2024|A/duck/Cambodia/W49h3T241D2/2023_|__2023-12-08_|_A_/_H7N7__|_HA_|__|_2024-07-11

CVV/A/Turkey/Virginia/4529/02/H7N2

CVV/A/Hunan/02650/2016/H7N9

A/avian/Mexico/CPA-04274-22/2022/HA

ref|A/duck/Vietnam/NCVD-207/2009/H7N3

A/chicken/Durango/CPA-03482-22/2022/HA

EPI_ISL_19116107|A/chicken/China/LN543/2019|2019-10-01|A_/_H7N2|HA|

ref|A/ostrich/South/Africa/1069/91/H7N1

ref|A/chicken/Japan/1925/H7N7

A/chicken/Durango/CPA-03922-22/2022/HA

A/avian/Mexico/CPA-00056-22/2022/HA

A/chicken/Coahuila/CPA-03046-22/2022/HA

Figure 8: H7 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 are coloured according to collection date. CVVs are red

Feb2024-Sept2024 
Sept2023-Feb2024 
CVV 



H7 Eurasian lineage and american lineage amino acid difference tables


Table 7: Amino acid comparison of the HA1 compared to within-clade CVV. High path strains are highlighted in red.  
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H9 Influenza A viruses 


H9 Y280 (B4.7) phylogenetic tree 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Figure 9: H9 phylogenetic tree. Analyses were conducted with reference sequences, data downloaded from 
GISAID, Genbank and shared from HKU, CDC and the OFFLU network. Sequences are coloured according to 
collection date. Sequences from humans are pink and CVVs are red. Branches of the B4.7 clade according to 
the Proposal for a Global Classification and Nomenclature System for A/H9 Influenza Viruses, are coloured 
purple.
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H9 Y280 (B4.7) amino acid difference table


Table 8: Amino acid comparison of the HA1 compared to within-clade CVVs. Putative antigenic sites are highlighted in 
grey. 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H9 Y280 (B4.5) phylogenetic tree
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0.03

A/chicken/Laos/DC4171/2020|Y280A

GISAID|A/duck/Guangdong/FS91/2022|2022-12-10

Hu|A/Shaoguan/408/98|1998-01-01|EPI_ISL_3044

A/chicken/Henan/SQ2023/2023|2023-11-01|A_/_H9N2|HA|
Ref|A/Anhui-Tianjiaan/11086/2022|CVV

Hu|A/Yaan/001/2023|2023-11-14|EPI_ISL_18853922

Hu|A/Shantou/239/98|1998-01-01|EPI_ISL_3043

A/chicken/Laos/DC3916/2020|Y280A

A/chicken/Vietnam/H7F-14-CB4-2/2014|B4.7

A/chicken/Viet/Nam/QN-0275/2013|B4.5

A/environment/chongqing/cs220706811/2022||2022-07-10|EPI_ISL_18639076

A/Layer/Indonesia/WestJava-09/2017|B4.5

Hu|A/Hubei/2370/2019|2019-02-07|EPI_ISL_499113

A/Pigeon/Hong/Kong/Y233/1997|B-like

A/Muscovy/duck/Vietnam/HN5608/2019|B4.5

Hu|A/China/A_Szuhou_GIRD01_2019/2019|2019-03-01|EPI_ISL_696559

A/chicken/China/Ningxia8/2022

A/chicken/Qinghai/Q1177/2015|B4.5

A/chicken/Anhui/0301/2015|B4

A/Chicken/Shenzhen/9/1997|B-like

Hu|A/Anhui-Lujiang/39/2018|2018-01-02|EPI_ISL_330737

A/environment/chongqing/0110/2022||2022-02-10|EPI_ISL_18639080

Hu|A/Hunan-Lengshuitan/11197/2013|2013-11-20|EPI_ISL_18044287

A/chicken/Laos/DC4178/2020|Y280A

A/chicken/Henan/01/2009|B4

Hu|A/Anhui-Langya/1144/2022|2022-01-31|EPI_ISL_18000335

A/quail /Hong/Kong/A28945/1988|Y-l ike

A/chicken/China/Ningxia2/2022

A/Environment/WestJava/AIV/H9/HA004/2019|B4.5

A/chicken/Laos/DC5421/2020|Y280A

A/chicken/China/HUNAU-22/2022||2022-10-01|EPI_ISL_18708338

Hu|A/Hunan/44557/2015|2015-11-30|EPI_ISL_234468

A/chicken/Qingdao/2044/2013|B4.5

A/chicken/China/Ningxia3/2022

Hu|A/Guangdong/18SF064/2018|2018-10-19|EPI_ISL_345234

A/Chicken/Guangdong/1997|B-like

A/duck/Honghe/111/2009|B4

A/chicken/Indonesia/4950T/2018|B4.5

Hu|A/Guangdong/18SF003/2018|2018-01-23|EPI_ISL_337277

A/chicken/Laos/M-C01888/2022||2022-05-19|EPI_ISL_18231276

Hu|A/Guangdong/21ASF103/2021|2021-12-06|EPI_ISL_18060608

A/environment/chongqing/0468/2022||2022-10-10|EPI_ISL_18639092

A/environment/chongqing/cs230706511/2023||2023-07-10|EPI_ISL_18639077

A/chicken/Japan/AQ-HE31-26/2020|B4.5

ref|A/chicken/Vietnam/NCVD-LC1V2S6/2018|Y280A

A/chicken/China/SCDC-D3/2022||2022-05-28|EPI_ISL_18276875

Hu|A/Guangdong/21ASF101/2021|2021-11-28|EPI_ISL_18060607

Hu|A/Sichuan-Bazhou/1453/2014|2014-12-05|EPI_ISL_18044286

Hu|A/Shaoguan/447/98|1998-01-01|EPI_ISL_3045

A/silkie/chicken/Wenzhou/790b/2013|B4.7

A/environment/chongqing/2035/2023||2023-09-10|EPI_ISL_18639101

A/environment/chongqing/0381/2022||2022-08-10|EPI_ISL_18639090

A/chicken/China/Ningxia9/2022

A/duck/Laos/DC4166/2020|Y280A

A/environment/chongqing/1730/2022||2022-12-10|EPI_ISL_18639094

Hu|A/Hubei/03862/2021|2021-12-13|EPI_ISL_18060610

A/black/chicken/Jiangxi/10131/2014|B4.7

A/chicken/Beijing/L2/2012|B4

SubS2024|A/chicken/Blitar/A04231587-10/2023_H9N2__HA

A/pigeon/Henan/N193/2013|B4.5

A/Quail/Hong/Kong/AF157/1992|Y-l ike

A/chicken/China/SCDC-JK1/2022||2022-05-28|EPI_ISL_18276882

A/chicken/Laos/DC4516/2020|Y280A

Hu|A/Guizhou/11495/2021|2021-09-06|EPI_ISL_18044299

Hu|A/Fujian-siming/19/2021|2021-01-04|EPI_ISL_3247002

A/chicken/China/SCDC-231/2022||2022-07-12|EPI_ISL_18276902

A/Environment/Banten/AIV/H9/HA001/2019|B4.5

Hu|A/human/YunnanKM/352/2019|2019-04-29|EPI_ISL_18122416

A/environment/chongqing/0360/2022||2022-08-10|EPI_ISL_18639089

A/environment/chongqing/1875/2023||2023-04-10|EPI_ISL_18639097

GISAID|A/chicken/Indonesia/MSL0123/2023|2023-01-18

SubS2024|A/chicken/Kampar/P02230340-3/2023_H9N2__HA

Hu|A/Guangdong/12902/2021|2021-09-26|EPI_ISL_18044298

A/Anthropoides/virgo/Baicheng/219/2013|B4.5

Hu|A/Guangdong/02591/2021|2021-04-22|EPI_ISL_3246991

A/raccoon/dog/China/G1/2016|B4.7

A/environment/chongqing/0280/2022||2022-06-10|EPI_ISL_18639084

A/chicken/Laos/DC4401/2020|Y280A

A/environment/chongqing/0118/2022||2022-02-10|EPI_ISL_18639081

A/chicken/Dongguan/3250/2013|B4.5

Hu|A/Hubei/03863/2021|2021-12-07|EPI_ISL_18060609

A/chicken/Laos/DC4043/2020|Y280A

Hu|A/Guangxi-Jiangzhou/11021/2014|2014-12-21|EPI_ISL_18044285

A/chicken/Laos/C2852/2022||2022-09-16|EPI_ISL_18561163

A/chicken/Shanxi/4029/2022||2022-03-28|EPI_ISL_18348056

ref|A/chicken/Hong/Kong/1997_G9_CVV

Hu|A/Hong_Kong/308/2014|2013-12-28|EPI_ISL_153064

A/chicken/Laos/M-C00003/2022||2022-01-18|EPI_ISL_18231264

Figure 10: H9 phylogenetic tree. Analyses were conducted with reference sequences, data downloaded from 
GISAID, Genbank and shared from HKU, CDC and the OFFLU network. Sequences are coloured according to 
collection date. Sequences from humans are pink and CVVs are red. Branches of the B4.5 clade according to 
the Proposal for a Global Classification and Nomenclature System for A/H9 Influenza Viruses, are coloured 
purple.



H9 Y280 (B4.5) amino acid differences


Table 9: Amino acid comparison of the HA1 of B4.5 lineage viruses compared to CVV. 
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H9 G1 (G5.7) phylogenetic tree
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Feb2024-
Sept2024 
Sept2023-
Feb2024 
Human 
HI strain 
CVV 

0.03

SubF2024|A/chicken/Bangladesh/CE-111-01-06-21-BR-O/2021|H9N2|2021-11-20

SubS2024|A/chicken/Bangladesh/CE-116-07-CA-21-BR-C/2023|H9N2|2023-9-27

A/chicken/Bangladesh/03-C-492/2022|2022-07-26|A_/_H9N2|HA|

SubF2024|A/chicken/Bangladesh/CE-116-05-DA-08-BR-O/2022|H9Nx|2022_11_29

ref|A/duck/Bangladesh/10-P-86/2018

SubS2024|A/Exotic-broiler/Bangladesh/CE-116-09-CA-20-BR-O/2024|H9N2|29-01-2024

SubS2024|A/avian/Bangladesh/CE-115-09-DA-07-BR-C/2024|H9Nx

SubS2024|A/avian/Bangladesh/CE-116-08-DB-16-BR-O/2023|H9Nx

Hu|A/India/TCM2581/2019|2019-02-02|EPI_ISL_504875

GISAID|A/environment/India/05NA01-05/2023|2023-05-16

SubF2024|A/chicken/Bangladesh/CE-113-04-CA-19-SO-O/2022|H9N2|2022_09_18

A/quail /Hong/Kong/A28945/1988|Y-l ike

A/chicken/Bangladesh/58787/2023|2023-09-09|A_/_H9N2|HA|

A/chicken/Dubai/463/2003|G-l ike

A/chicken/Bangladesh/10-C-487/2022|2022-07-26|A_/_H9N2|HA|

A/duck/Guangxi/LAD9/2009|G4

A/chicken/Bangladesh/CEIRS-58382/2023||2023-06-23|EPI_ISL_18729450

SubS2024|A/Sonali/Bangladesh/CE-113-09-CA-21-SO-O/2024|H9N2|28-01-2024

EPI_ISL_19420495|A/chicken/Bangladesh/61839/2024|2024-02-23|A_/_H9N2|HA|

A/chicken/Bangladesh/35732/2018|G5.7

SubS2024|A/domestic-duck/Bangladesh/CE-111-07-DA-06-DU-O/2023|H9N1|2023-9-26

SubS2024|A/avian/Bangladesh/CE-111-09-DB-15-DU-O/2024|H9Nx

A/chicken/Bangladesh/59316/2023|2023-11-17|A_/_H9N2|HA|

A/chicken/Bangladesh/CEIRS-55935/2023||2023-02-21|EPI_ISL_18408326

SubS2024|A/domestic-duck/Bangladesh/CE-111-07-DB-10-DU-O/2023|H9N2|2023-9-26

SubF2024|A/chicken/Bangladesh/CE-113-01-06-22-BR-O/2021|H9N2|2021-11-18

A/chicken/Bangladesh/12-C-477/2022|2022-04-20|A_/_H9N2|HA|

ref|A/environment/Bangladesh/23571/2014

Hu|A/India/Kol-NIV_24_1519/2024|2024-03-05|EPI_ISL_19280579

SubS2024|A/Exotic-broiler/Bangladesh/CE-115-08-CA-19-BR-O/2023|H9N2|2023-11-20

ref|A/chicken/Bangladesh/10-C-263/2018

A/quail/Bangladesh/CEIRS-55880/2023||2023-02-21|EPI_ISL_18414932

SubS2024|A/Exotic-broiler/Bangladesh/CE-116-09-DB-17-BR-O/2024|H9N2|29-01-2024

A/environment/Bangladesh/09-E-93/2021|2021-12-27|A_/_H9N2|HA|

A/chicken/Iran/THLBM862/2007|G5.2

A/quail/Bangladesh/25987/2015|G5.7

ref|A/environment/Bangladesh/124/2010

SubS2024|A/avian/Bangladesh/CE-111-09-DB-18-BR-O/2024|H9Nx

A/environment/Bangladesh/10-E-104/2022|2022-11-29|A_/_H9|HA|

A/duck/Bangladesh/54974/2022

SubF2024|A/chicken/Bangladesh/CE-111-03-06-23-BR-O/2022|H9N2|2022-02-06

Hu|A/Bangladesh/0994/2011|2011-02-26|EPI_ISL_140388

SubS2024|A/avian/Bangladesh/CE-115-08-DA-07-BR-O/2023|H9Nx

A/chicken/Bangladesh/03-C-491/2022|2022-07-26|A_/_H9N2|HA|

ref|A/quail/Bangladesh/RB2940/2015

SubS2024|A/avian/Bangladesh/CE-113-08-DB-16-SO-O/2023|H9Nx

ref|A/environment/Bangladesh/177/2010

SubS2024|A/avian/Bangladesh/CE-115-09-DA-09-BR-C/2024|H9Nx

SubF2024|A/chicken/Bangladesh/CE-116-04-CA-21-BR-O/2022|H9N2|2022_09_19

A/chicken/Bangladesh/59350/2023|2023-11-17|A_/_H9N2|HA|

ref|A/chicken/Iran/SS5/2009

ref|A/avian/Bangladesh/PV857/2016

ref|A/Hong/Kong/33982/2009_G1_CVV

SubS2024|A/Exotic-broiler/Bangladesh/CE-116-09-CB-25-BR-O/2024|H9N2|29-01-2024

SubF2024|A/chicken/Bangladesh/CE-115-06-DA-07-BR-O/2023|H9N2|2023_1_28

SubS2024|A/Exotic-broiler/Bangladesh/CE-115-09-DA-09-BR-O/2024|H9N2|25-01-2024

ref|A/quail/Bangladesh/32935/2017

A/chicken/Bangladesh/CEIRS-58299/2023||2023-06-23|EPI_ISL_18729460

SubF2024|A/chicken/Bangladesh/CE-115-04-CB-22-BR-O/2022|H9N2|2022_09_15

A/quail/Bangladesh/41265/2019|G5.7

A/environment/Bangladesh/5144/2009|G5.7

A/Quail/Hong/Kong/AF157/1992|Y-l ike

SubF2024|A/chicken/Bangladesh/CE-116-02-04-14-DE-O/2021|H9N2|2021-12-28

ref|A/chicken/India/02CL788/2018/H9N2

A/chicken/Bangladesh/55169/2022

SubS2024|A/chicken/Bangladesh/CE-116-07-DA-09-BR-O/2023|H9N2|2023-9-27

SubS2024|A/Exotic-broiler/Bangladesh/CE-116-09-DB-18-BR-O/2024|H9N2|29-01-2024

Hu|A/Hong_Kong/1074/1999|1999-01-01|EPI_ISL_302716

SubS2024|A/avian/Bangladesh/CE-113-09-CA-19-SO-O/2024|H9Nx

SubS2024|A/Exotic-broiler/Bangladesh/CE-116-08-DA-09-BR-O/2023|H9N2|2023-11-22

A/chicken/India/07OR172021/2021|G5.7

A/chicken/Gujarat/3724/2004|G5.7

A/pigeon/Guangdong/Y83/2013|G4

A/chicken/Bangladesh/CEIRS-58368/2023||2023-06-23|EPI_ISL_18729453

A/chicken/Bangladesh/13916/2011|G5.7

ref|A/chicken/Bangladesh/12-P-22/2018

SubS2024|A/domestic-duck/Bangladesh/CE-113-07-DA-04-DU-C/2023|H9N2|2023-9-24

ref|A/quail/Bangladesh/29997/2016

SubS2024|A/avian/Bangladesh/CE-116-09-DB-17-BR-C/2024|H9Nx

SubF2024|A/environment/India/10NA124-127/2023|H9N2|2023-09-29

SubS2024|A/avian/Bangladesh/CE-115-09-DB-14-DU-O/2024|H9Nx

ref|A/chicken/Bangladesh/03-P-60/2018

ref|A/chicken/Bangladesh/21940/2014

A/chicken/Bangladesh/15-C-497/2022|2022-09-22|A_/_H9N2|HA|

A/chicken/Bangladesh/26223/2015|G5.7

ref|A/chicken/Bangladesh/01-P-28/2018

ref|A/chicken/Bangladesh/21-P-16/2018

A/chicken/Bangladesh/CEIRS-58222/2023||2023-05-23|EPI_ISL_18729457

SubF2024|A/chicken/Bangladesh/CE-111-01-05-17-SO-O/2021|H9N2|2021-11-20

SubF2024|A/chicken/Bangladesh/CE-113-01-05-18-SO-O/2021|H9N2|2021-11-18

SubS2024|A/avian/Bangladesh/CE-111-09-DA-07-BR-O/2024|H9Nx

SubF2024|A/chicken/Bangladesh/CE-116-04-CA-20-BR-O/2022|H9N2|2022_09_19

A/chicken/Hong/Kong/NT449/2007|G4

A/environment/Bangladesh/21-E-89/2021|2021-08-17|A_/_H9N2|HA|

SubF2024|A/chicken/Bangladesh/CE-113-04-DA-08-SO-O/2022|H9N2|2022_09_18

SubS2024|A/avian/Bangladesh/CE-113-08-CB-23-SO-O/2023|H9Nx

ref|A/avian/Bangladesh/PV305/2016

ref|A/chicken/Kuwait/9/2004

SubS2024|A/Exotic-broiler/Bangladesh/CE-113-09-DB-18-BR-O/2024|H9N2|28-01-2024

ref|A/duck/Bangladesh/1009/2009

SubS2024|A/Exotic-broiler/Bangladesh/CE-116-09-DA-07-BR-O/2024|H9N2|29-01-2024

A/chicken/Bangladesh/CEIRS-58384/2023||2023-06-23|EPI_ISL_18729448

SubF2024|A/chicken/Bangladesh/CE-111-01-06-22-BR-O/2021|H9N2|2021-11-20

SubS2024|A/chicken/Bangladesh/CE-116-07-DA-07-BR-O/2023|H9N2|2023-9-27

SubF2024|A/chicken/India/10TR323-327/2023|H9N2|2023-10-00

ref|A/chicken/Bangladesh/BM25C339/2016

EPI_ISL_19420510|A/chicken/Bangladesh/61872/2024|2024-02-23|A_/_H9N2|HA|

A/chicken/Bangladesh/19B558/2022

SubS2024|A/avian/Bangladesh/CE-116-09-DA-09-BR-O/2024|H9Nx

A/environment/Bangladesh/10-E-87/2021|2021-06-01|A_/_H9|HA|

A/poultry/India/12R/2019|G5.7

SubF2024|A/chicken/Bangladesh/CE-115-04-DA-08-BR-O/2022|H9N2|2022_09_15

A/chicken/Bangladesh/40818/2019|G5.7

A/chicken/Bangladesh/55110/2022

ref|A/Hong/Kong/1073/1999_G1_CVV

A/chicken/Bangladesh/CEIRS-58269/2023||2023-05-23|EPI_ISL_18729456

SubS2024|A/avian/Bangladesh/CE-113-08-DB-18-SO-O/2023|H9Nx

SubF2024|A/chicken/Bangladesh/CE-113-04-CA-20-SO-O/2022|H9N2|2022_09_18

SubF2024|A/chicken/Bangladesh/CE-115-04-CB-24-BR-O/2022|H9N2|2022_09_15

A/quail/Bangladesh/59025/2023|2023-10-24|A_/_H9N2|HA|

ref|A/chicken/India/IVRI-0004/2010

SubF2024|A/chicken/Bangladesh/CE-115-01-05-19-SO-O/2021|H9N2|2021-11-17

A/environment/Bangladesh/10-E-111/2023|2023-06-13|A_/_H9N2|HA|

A/mallard_duck/Bangladesh/59268/2023|2023-11-17|A_/_H9N2|HA|

A/chicken/Bangladesh/CEIRS-58316/2023||2023-06-23|EPI_ISL_18729455

SubF2024|A/chicken/Bangladesh/CE-113-01-06-24-BR-O/2021|H9N2|2021-11-18

A/environment/Bangladesh/41351/2019|G5.7

SubS2024|A/avian/Bangladesh/CE-111-09-DA-07-BR-C/2024|H9Nx

A/chicken/Bangladesh/58628/2023|2023-08-19|A_/_H9N2|HA|

A/environment/Bangladesh/12-E-100/2022|2022-07-20|A_/_H9N2|HA|

A/environment/Bangladesh/12-E-90/2021|2021-09-01|A_/_H9N2|HA|

ref|A/chicken/Bangladesh/21C804/2015

A/environment/Bangladesh/35631/2018|G5.7

SubF2024|A/chicken/Bangladesh/CE-111-02-05-18-SO-O/2021|H9N2|2021-12-26

ref|A/chicken/Nepal/B181/2018/H9N2

A/chicken/Bangladesh/CEIRS-58381/2023||2023-06-23|EPI_ISL_18729451

SubS2024|A/avian/Bangladesh/CE-113-08-CB-25-SO-O/2023|H9Nx

SubF2024|A/chicken/Bangladesh/CE-111-03-06-22-BR-O/2022|H9N2|2022-02-06

ref|A/chicken/Nepal/D299/2018/H9N2

A/environment/Bangladesh/15-E-98/2022|2022-05-11|A_/_H9|HA|

ref|A/quail/Bangladesh/20177/2013

A/chicken/Bangladesh/CEIRS-55832/2023||2023-02-21|EPI_ISL_18408327

SubS2024|A/avian/Bangladesh/CE-111-09-DA-08-BR-O/2024|H9Nx

A/chicken/Bangladesh/CEIRS-58136/2023||2023-05-23|EPI_ISL_18729458

A/chicken/Bangladesh/59243/2023|2023-11-17|A_/_H9N2|HA|

SubF2024|A/chicken/Bangladesh/CE-113-03-04-15-DE-O/2022|H9N2|2022-02-07

ref|A/chicken/Bangladesh/33338/2017

SubS2024|A/avian/Bangladesh/CE-115-09-CB-22-BR-O/2024|H9Nx

SubF2024|A/chicken/Bangladesh/CE-116-04-DB-17-BR-O/2022|H9N2|2022_09_19

SubF2024|A/chicken/Bangladesh/CE-115-01-05-17-SO-O/2021|H9N2|2021-11-17

A/chicken/Bangladesh/CEIRS-57006/2023||2023-03-21|EPI_ISL_18408323

SubS2024|A/domestic-duck/Bangladesh/CE-111-07-DA-06-DU-C/2023|H9N1|2023-9-26

SubS2024|A/avian/Bangladesh/CE-115-08-CA-21-BR-O/2023|H9Nx

SubF2024|A/chicken/Bangladesh/CE-111-02-04-16-DE-O/2021|H9N2|2021-12-26

ref|A/chicken/Bangladesh/15-P-42/2018

SubF2024|A/chicken/Bangladesh/CE-116-03-06-24-BR-O/2022|H9N2|2022-02-08

A/environment/Bangladesh/17-E-87/2021|2021-06-13|A_/_H9N2|HA|

SubS2024|A/chicken/Bangladesh/CE-116-07-CA-19-BR-C/2023|H9N2|2023-9-27

Figure 11: H9 phylogenetic tree. Analyses were conducted with reference sequences, data downloaded from 
GISAID, Genbank and shared from HKU, CDC and the OFFLU network. Sequences are coloured according to 
collection date. Sequences from humans are pink and CVVs are red. Branches of the G4.7 clade according to the 
Proposal for a Global Classification and Nomenclature System for A/H9 Influenza Viruses, are coloured blue.



H9 G1 (G5.7) amino acid difference table


Table 8: Amino acid comparison of the HA1 compared to within-clade CVVs. Putative antigenic sites are highlighted in 
grey. 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40 M K Antigenic
43 A S S S S Antigenic
48 H Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Antigenic
54 T K K K
56 N T
57 V I I I
69 L P S S I S I P X I S I S S S
73 G E E
74 R K
95 V I

103 T I Antigenic
109 S R R R R X R R R R R R R R R R R R R R R R
110 S A
112 Q K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K
114 I V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V
115 Q K L L L L Antigenic
120 T S S A
135 D E E E E Antigenic
136 S T T X T T Antigenic
149 G S S S S S S S S S S S S X S S S S S S S S S S S S S S S S S Antigenic
150 L A Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Antigenic
152 P N
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162 R Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Antigenic
177 T S Antigenic
198 N D T T T T D D
226 V T I I
245 W R
262 N D D S S X S S D D
264 N K X Antigenic
269 V I I I M I I Antigenic
271 Q H Antigenic
276 K R R R R R
288 I V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V V
315 P H H H H H H H H H H H H H H Q Q H Q Q H H H H H Q H H H H H H H H H
319 S K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K K

Aadiffs from CVV 14 11 10 11 9 10 12 10 10 10 9 11 12 11 11 10 11 11 11 11 12 14 11 10 11 11 11 13 10 12 12 11 11 11 11 10 9 11 10 10 12 11
Putative antigenic sites 7 4 3 4 2 3 5 4 3 4 3 4 4 4 4 4 5 4 4 4 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 2 4 2 4 5 4



H9 G1 (G5.7) antigenic data


Table 10: Avian H9 G5.7 antigenic characterisation of viruses against CVV and reference post infection antisera from 
February 2023. Fold changes are coloured. 
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Homologous
2 fold
4 fold
8 fold
> 16 fold

Clade G1 G1
Subtype H9N2 H9N2
Ferret ID

Semester Clade Subtype
Reference Antigen

A/Oman/2747/2019 G1 H9N2 640 40
A/Bangladesh/0994/2011 G1 H9N2 320 1280

Test antigen
1 A/chicken/Bangladesh/CE-111-02-04-16-DE-O/2021 G1 H9N2 320 40
2 A/chicken/Bangladesh/CE-113-04-CA-19-SO-O/2022 G1 H9N2 160 20
3 A/chicken/Bangladesh/CE-111-06-DB-16-BR-O/2023 G1 H9N2 160 80
4 A/chicken/Bangladesh/CE-116-03-06-24-BR-O/2022 G1 H9N2 320 40
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H9 G1 (G5.5) phylogenetic tree
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0.03

EPI_ISL_19390317|A/chicken/Jordan/24-01/2024|2024-05-12|A_/_H9N2|HA|

A/duck/Guangxi/LAD9/2009|G4

GISAID|A/broiler/Niger/35-23_23VIR3551-20/2023|2023-01-24

A/Guinea_fowl/Upper_East_PLM/AI-T-1271/2021|2021-09-07|A_/_H9N2|HA|

A/avian/Nigeria/VRD23-216E_24VIR4055-345/2023|H9N2_SubS2024

A/chicken/Israel/291337/2017|G5.5
ref|A/chicken/Israel/642/2013

Hu|A/Oman/2747/2019|2019-03-21|EPI_ISL_353983

A/quail/United/Arab/Emirates/1819/2006|G5

A/quail/Jiangsu/K167/2013|G4

EPI_ISL_19390373|A/chicken/Jordan/24-06/2024|2024-05-12|A_/_H9N2|HA|

A/chicken/Hong/Kong/NT449/2007|G4

A/chicken/Benin/19-A-06-803-E/20VIR6511-39/2019|G5.5

A/chicken/Shanghai/S2277/2017|G4
A/pigeon/Jiangsu/K161/2013|G4

A/chicken/Iran/THLBM862/2007|G5.2

A/chicken/Israel/406833/2021|G5.5

A/chicken/Dubai/463/2003|G-l ike

Hu|A/Senegal/0243/2019|2019-02-12|EPI_ISL_406471

Hu|A/Ghana/FS-24-2641/2024|2024-05-15|EPI_ISL_19266347

A/chicken/Israel/402037/2021|G5.5

ref|A/chicken/Saudi/Arabia/F-36365/2006

A/chicken/Israel/304604/2018|G5.5

A/duck/Jiangsu/K178/2013|G4

EPI_ISL_19390433|A/chicken/Jordan/24-10/2024|2024-05-12|A_/_H9N2|HA|

A/chicken/Israel/POHL-446787/2023|2023-06-29|A_/_H9N2|HA|

_

ref|A/Hong/Kong/33982/2009_G1_CVV

A/Chicken/Greater_Accra/AI-T-22-0060a/2022|2022-11-08|A_/_H9N2|HA|
A/Guinea_Fowl/Northern/AI-T-22-1150/2022|2022-12-05|A_/_H9N2|HA|

A/chicken/Upper_West_WLM/AI-T-1326/2021|2021-09-11|A_/_H9N2|HA|
A/avian/Nigeria/VRD24-07B_24VIR4055-348/2024|H9N2_SubS2024

A/pigeon/Guangdong/Y83/2013|G4

A/chicken/Saudi/Arabia/08vir3489-51-as366/2008|G5

EPI_ISL_19390323|A/chicken/Jordan/24-02/2024|2024-05-12|A_/_H9N2|HA|

A/chicken/Jordan/MQA-N-5/2022||2022-02-02|EPI_ISL_18228692

EPI_ISL_19390364|A/chicken/Jordan/24-04/2024|2024-05-12|A_/_H9N2|HA|

ref|A/chicken/Saudi/Arabia/D-36363/2010

ref|A/Hong/Kong/1073/1999_G1_CVV

ref|A/avian/Libya/RV35D/2006

A/quail/Jiangsu/K124/2013|G4

EPI_ISL_19390384|A/chicken/Jordan/24-08/2024|2024-05-12|A_/_H9N2|HA|

A/avian/Nigeria/VRD24-07C_24VIR4055-349/2024|H9N2_SubS2024

A/chicken/Upper_East_ZBP/AI-T-1234/2021|2021-09-06|A_/_H9N2|HA|

A/quail /Hong/Kong/A28945/1988|Y-l ike

GISAID|A/layer/Niger/13-23_23VIR3551-13/2023|2023-01-12

EPI_ISL_19390370|A/chicken/Jordan/24-05/2024|2024-05-12|A_/_H9N2|HA|

ref|A/chicken/Iran/SS5/2009

A/avian/Nigeria/VRD23-216F_24VIR4055-346/2023|H9N2_SubS2024

A/avian/Guinea/F1B2EC1_24VIR4686-18/2024|H9N2_SubS2024

Hu|A/Hong_Kong/1074/1999|1999-01-01|EPI_ISL_302716

A/greater/f lamingo/Tunisia/121/2014|G5.5

ref|A/chicken/Israel/11/2016

ref|A/chicken/Libya/13VIR7225-2/2013

A/chicken/Upper_East_BLM/AI-T-1236/2021|2021-09-06|A_/_H9N2|HA|

A/Chicken/Upper_East/AI-T-1384/2022|2022-12-12|A_/_H9N2|HA|

EPI_ISL_19390380|A/chicken/Jordan/24-07/2024|2024-05-12|A_/_H9N2|HA|

A/chicken/Jordan/MQA-N-2/2022||2022-01-04|EPI_ISL_18228689

EPI_ISL_19390359|A/chicken/Jordan/24-03/2024|2024-05-12|A_/_H9N2|HA|

A/chicken/Saudi/Arabia/E-36364/2006|G5

ref|A/chicken/Morocco/HC1/2016

A/chicken/Jordan/JOVAC2026/2020|G5.5

A/chicken/Upper_West_WLM/AI-T-1325T/2021|2021-09-11|A_/_H9N2|HA|

A/Chicken/Upper_East/AI-T-22-1406/2022|2022-12-12|A_/_H9N2|HA|

EPI_ISL_19390439|A/chicken/Jordan/24-12/2024|2024-05-12|A_/_H9N2|HA|

EPI_ISL_19390452|A/chicken/Jordan/24-14/2024|2024-05-12|A_/_H9N2|HA|

EPI_ISL_19390428|A/chicken/Jordan/24-09/2024|2024-05-12|A_/_H9N2|HA|

EPI_ISL_19390445|A/chicken/Jordan/24-13/2024|2024-05-12|A_/_H9N2|HA|
EPI_ISL_19390458|A/chicken/Jordan/24-15/2024|2024-05-12|A_/_H9N2|HA|

A/Quail/Hong/Kong/AF157/1992|Y-l ike

A/chicken/Upper_East_BG/AI-T-1212/2021|2021-09-06|A_/_H9N2|HA|

A/duck/Jiangsu/K180/2013|G4

Figure 12: H9 phylogenetic tree. Analyses were conducted with reference sequences, data downloaded from 
GISAID, Genbank and shared from HKU, CDC and the OFFLU network. Sequences are coloured according to 
collection date. Sequences from humans are pink and CVVs are red. Branches of the G4.5 clade according to 
the Proposal for a Global Classification and Nomenclature System for A/H9 Influenza Viruses, are coloured 
green.



H9 G1 (G5.5) amino acid difference table

Table 11: Amino acid comparison of the HA1 compared to within-clade CVVs. Putative antigenic sites are highlighted in 
grey. 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112 Q K
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121 I X Antigenic
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135 D G Antigenic
148 N S Antigenic
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153 I V V Antigenic
158 Y F F Antigenic
161 N K Antigenic
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264 S K K N N Antigenic
265 S N I I X
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H9 G1 (G5.5) Antigenic data  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Homologous

2 fold

4 fold

8 fold

> 16 fold

Clade G1 G1

Subtype H9N2 H9N2

Ferret ID
Semester Clade Subtype

Reference Antigen
A/BANGLADESH/0994/2011 G1 H9N2 320 40

A/Oman/2747/2019 G1 H9N2 320 320

Test antigen
1 A/avian/Nigeria/VRD23-216B_24VIR4055-342/2023 G1 H9N2 80 640

2 A/avian/Nigeria/VRD23-216D_24VIR4055-344/2023 G1 H9N2 80 640

3 A/avian/Guinea/F1B2P_24VIR4686-16/2024 G1 H9N2 20 160

IZSVe Sep 
23 - Feb 24

REFERENCE FERRET ANTISERA A/
O

m
an

/2
74

7/
20

19

A/
BA

N
G

LA
D

ES
H

/0
99

4/
20

11

Table 11: H9 G5.5 antigenic characterisation of viruses against CVV and reference post infection antisera. Fold 
changes are coloured.



H10


Figure 13: Avian H10 maximum likelihood phylogenetic tree midpoint rooted. Analyses were conducted with sequences 
and data downloaded from GISAID and shared with OFFLU. Sequences are coloured according to collection date. 
Sequences from humans are pink and CVVs are red. 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0.03

HA|A/Eurasian_teal/South_Korea/JB32-15/2019|2019-11-20|EPI_ISL_4072162

HA|A/blue-winged_teal/Texas/UGAI18-986/2018|2018-03-29|EPI_ISL_505964

A/Wild_bird/South_Korea/Q19-1707/2019|2019-12-03|EPI_ISL_18900488

SubS2024|A/Duck/Cambodia/h7T241D7T/2023_|__2023-04-12_|_A_/_H10N4__|_HA_|__|_2024-03-07

HA|A/Northern_shoveler/Ohio/16OS5078/2016|2016-11-17|EPI_ISL_294154

HA|A/duck/Bangladesh/44494/2020|2020-02-22|EPI_ISL_4073193

HA|A/Northern_Shoveler/Nevada/D1615770/2016|2016-12-13|EPI_ISL_378306

SubS2024|A/Duck/Cambodia/i6T241D7T/2024_|__2024-02-06_|_A_/_H10N7__|_HA_|__|_2024-06-07

A/Mallard/South_Korea/K20-408/2020|2020-03-15|EPI_ISL_18900507

A/duck/Bangladesh/58589/2023|2023-08-19|EPI_ISL_19066770

SubS2024|A/Duck/Cambodia/i7T241D3T/2024_|__2024-02-15_|_A_/_H10N7__|_HA_|__|_2024-06-07

A/Wild_bird/South_Korea/Q23-437-3/2023|2023-10-26|EPI_ISL_18900626

HA|A/Mallard/Ohio/19OS0095/2019|2019-03-26|EPI_ISL_503782

HA|A/duck/Bangladesh/44500/2020|2020-02-22|EPI_ISL_4073191

A/emu/Victoria/21-03712/2021|2021-08-19|EPI_ISL_19226440

HA|A/environment/Bangladesh/42635/2020|2020-01-27|EPI_ISL_4071623

HA|A/duck/Miyagi/NIES794/2019|2019-09-01|EPI_ISL_14867041

HA|A/Anser_albifrons/South_Korea/163-5/2022|2022-01-11|EPI_ISL_16886897

A/Sydney/2/2010|2010-03-26|EPI_ISL_75222

HA|A/duck/Bangladesh/44491/2020|2020-02-22|EPI_ISL_4073126

HA|A/duck/Tochigi/NIES1408/2021|2021-09-01|EPI_ISL_14867048

SubS2024|A/duck/Cambodia/i9T241D18T/2024_|__2024-04-03_|_A_/_H10N7__|_HA_|__|_2024-07-11

HA|A/mallard/Korea/H37-1/2019|2019-04-26|EPI_ISL_483053

A/Duck/Bangladesh/CE-115-03-03-10-Du-O/2022|H10N1|2022-02-05

SubS2024|A/Chicken/Cambodia/h5PPOreu241C2T/2023_|__2023-03-10_|_A_/_H10N4__|_HA_|__|_2024-03-07

HA|A/mallard/Korea/KNU-8/2023|2023-03-06|EPI_ISL_18698931

HA|A/northern_pintail/Alaska/UGA17-4720/2017|2017-09-06|EPI_ISL_14767426

HA|A/bean_goose/Korea/KNU-10/2022|2022-01-25|EPI_ISL_18698958

HA|A/duck/Bangladesh/44478/2020|2020-02-22|EPI_ISL_4073124

A/Tawny_frogmouth/Western_Australia/AS-21-1823/2021|2021-06-28|EPI_ISL_19226466

A/chicken/Taizhou/498/2019|2019-06-01|EPI_ISL_19340968

HA|A/environment/South_Carolina/UGAI17-2378/2017|2017-05-10|EPI_ISL_307697

HA|A/Mallard/Ohio/18OS1035/2018|2018-03-20|EPI_ISL_393482

HA|A/Common_Goldeneye/Wisconsin/18OS3210/2018|2018-11-23|EPI_ISL_393441

A/Tawny_frogmouth/Western_Australia/AS-21-1823-0007/2021|2021-06-28|EPI_ISL_19226465

SubS2024|A/duck/Cambodia/i7T241D14C/2024_|__2024-02-15_|_A_/_H10N7__|_HA_|__|_2024-07-11

A/wild_waterfowl/Western_Australia/AS-22-0673-0006/2022|2022-01-19|EPI_ISL_19226467

HA|A/duck/Bangladesh/18D1824/2022|2022-02-25|EPI_ISL_13157449

HA|A/mallard/Ohio/16OS0620/2016|2016-03-16|EPI_ISL_254833

SubS2024|A/Duck/Cambodia/i7T241D18T/2024_|__2024-02-15_|_A_/_H10N7__|_HA_|__|_2024-06-07

HA|A/Common_Goldeneye/Wisconsin/18OS2943/2018|2018-11-28|EPI_ISL_393447

HA|A/Anser_fabalis/China/D211/2020|2020-10-01|EPI_ISL_15063442

A/Common_teal/South_Korea/K20-350-4/2020|2020-03-04|EPI_ISL_18900509

HA|A/Green-Winged_Teal/Southcentral_Alaska/18MB01702/2018|2018-04-29|EPI_ISL_388041

HA|A/mallard/Ohio/13OS5191/2013|2013-12-04|EPI_ISL_222142

A/duck/Bangladesh/17-D-2268/2023|2023-11-19|EPI_ISL_19187895

HA|A/Anser_albifrons/South_Korea/163-1/2022|2022-01-11|EPI_ISL_16886894

HA|A/mallard/Ohio/13OS5188/2013|2013-08-06|EPI_ISL_222138

HA|A/environment/Kagoshima/KU-J4/2021__H10N4_|2021-11-22|EPI_ISL_17655594
HA|A/environment/Kagoshima/KU-J2/2021__H10N4_|2021-11-22|EPI_ISL_17655593

HA|A/environment/Bangladesh/42636/2020|2020-01-27|EPI_ISL_4071513

A/mallard_duck/Bangladesh/59338/2023|2023-11-17|EPI_ISL_19215498

HA|A/environment/South_Carolina/UGAI17-2450/2017|2017-05-11|EPI_ISL_307696

A/China/0428HA/2021|2021-04-28|EPI_ISL_14775256

A/Wild_bird/South_Korea/Q23-465-4/2023|2023-10-31|EPI_ISL_18908499

A/Jiangsu/428/2021|2021-04-28|EPI_ISL_2380100

HA|A/duck/Bangladesh/44480/2020|2020-02-22|EPI_ISL_4073180

A/Jiangsu/428/2021|2021-04-28|EPI_ISL_2379892

HA|A/black-tailed_gull/Shandong/W1496/2020|2020-03-15|EPI_ISL_14770160

HA|A/Common_Goldeneye/Wisconsin/18OS2962/2018|2018-11-28|EPI_ISL_393443

A/mallard/Minnesota/23-028684-045-original/2023|2023-09-14|EPI_ISL_19224060

SubS2024|A/Duck/Cambodia/i7T241D19T/2024_|__2024-02-15_|_A_/_H10N7__|_HA_|__|_2024-06-07

HA|A/mallard/Korea/KNU-2/2023|2023-02-20|EPI_ISL_18698936

HA|A/Mallard/Missouri/18OS2459/2018|2018-12-03|EPI_ISL_393454

A/mallard/Dagestan/004/2018|2018-09-15|EPI_ISL_18794371

HA|A/mallard_duck/Illinois/16OS4899/2016|2016-12-20|EPI_ISL_294009

HA|A/environment/Kagoshima/KU-G10/2022__H10N4_|2022-01-10|EPI_ISL_17655679

A/Sydney/1/2010|2010-03-29|EPI_ISL_75221

HA|A/mallard_duck/Tennessee/17OS0706/2017|2017-01-25|EPI_ISL_294046

HA|A/Mallard/Ohio/19OS0172/2019|2019-04-03|EPI_ISL_503784

A/Mallard/South_Korea/K20-381-1/2020|2020-03-04|EPI_ISL_18900508

A/swine/Hubei/10/2008|2008-04-30|EPI_ISL_129071

A/chicken/New_South_Wales/M21-10080-0006/2021|2021-07-02|EPI_ISL_19226442

A/duck/Tochigi/090114/2022|2022-01-18|EPI_ISL_18720801

A/duck/Italy/4481/2014|2014-07-22|EPI_ISL_19213564

HA|A/Long-tailed_Duck_/Wisconsin/18OS2996/2018|2018-11-30|EPI_ISL_701619

A/wild_bird/South_Korea/K19-525-5/2019|2019-11-27|EPI_ISL_18900468

HA|A/mallard/Wisconsin/17OS4049/2017|2017-11-11|EPI_ISL_376261

HA|A/Common_Goldeneye/Wisconsin/18OS3144/2018|2018-11-27|EPI_ISL_701724

HA|A/Taiga_bean_goose/South_Korea/JB36-65/2019|2019-12-18|EPI_ISL_4072075

HA|A/Mallard/Ohio/19OS0083/2019|2019-03-26|EPI_ISL_503785

A/Zhejiang/CNIC-ZJU01/2023|2023-12-15|EPI_ISL_18846022

A/Yunnan/0110/2024|2024-03-08|EPI_ISL_19067870

HA|A/Anser_fabalis/China/D369/2020|2020-10-01|EPI_ISL_15063526

A/Wild_bird/South_Korea/K19-556-1/2019|2019-12-24|EPI_ISL_18900505

A/Wild_bird/Russia/RU19-2/2019|2019-01-01|EPI_ISL_18900517

A/Wild_bird/South_Korea/Q23-597/2023|2023-11-10|EPI_ISL_18900630

HA|A/Unknown/Zhejiang/ZJU01/2023|2023-12-07|EPI_ISL_18632772

A/Chicken/Netherlands/24010003-006010/2024|2024-06-11|EPI_ISL_19281517

Feb2024-Sept2024 
Sept2023-Feb2024 
Human 
CVV 



Annex 

2.3.4.4b: HA1 site 136 - sequences from this reporting period and submitted to OFFLU 
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2.3.4.4b: HA1 site 156 - sequences from this reporting period and submitted to OFFLU 
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2.3.4.4b: HA1 site 154 - sequences from this reporting period and submitted to OFFLU 

2.3.4.4b: HA1 site 188 - sequences from this reporting period and submitted to OFFLU 
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2.3.4.4b: HA1 site 189 - sequences from this reporting period and submitted to OFFLU 

2.3.4.4b: HA1 site 189 - sequences since 2020
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