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SCOPE 
In this document we present a summary of H5, H7 and H9 and Avian 

Influenza A virus events reported from 1st February 2023 to September 
2023 
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Avian Influenza A Viruses 
Introduction, data sources, methods and acknowledgements

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


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information, unpublished data and virus isolates via the OFFLU network.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


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


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

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


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


As of the current reporting period, virus has not been observed in Antarctica nor Oceana, 
however, it is expected to affect the antarctic region in the upcoming season. Despite the 
predominance of H5N1 Gs/Gd lineage HPAI H5N1, H5N2, H5N4, H5N5 H5N6, H5N8 subtypes 
have all been sporadically detected in poultry or wild birds since October 2022.


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


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


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


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


In East Asia H5N6 clade 2.3.4.4b viruses continue to circulate in poultry populations. Additionally 
H5N1 viruses which were introduced in early 2021 and subsequently spread to South Asia, 
Eastern Russia and East Asia continue to circulate. Separate introductions of H5N1 viruses into 
South and South East Asia in 2021 appear to be establishing in poultry populations through 
spillover from local wild birds. They have undergone reassortment with other circulating viruses 
and maintain their presence in geographically segregated regions  
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Clade 2.3.4.4h viruses have been detected in environmental samples in China. Clade 2.3.2.1c and 
clade 2.3.2.1e viruses continue to circulate and diversify in poultry parts of South East Asia and 
clade 2.3.2.1a viruses continue to circulate and diversify in poultry in South Asia. 


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


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


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


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


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


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

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

Table 2: 1st February 2023 to present (last updated 26th September 2023). A/goose/Guangdong/1/96 lineage viruses 
detected as summarised below. Data was collected through WOAH via the WAHIS system including unclosed reports, 
FAO through EMPRES-i and through OFFLU collaborators, within the reporting period. 
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Avian H3 phylogeny
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GISAID|A/duck/Guangxi/3846/2020|2020-12-01

GISAID|A/chicken/Guangdong/34/2022|2022-01-04

GISAID|A/chicken/Guangdong/199/2022|2022-01-09

GISAID|A/chicken/Guangdong/5669/2021|2021-10-21

GISAID|A/chicken/Guangdong/343/2022|2022-01-19

A/euraisan_coot/Novosibirsk_region/3493k/2020

SubS23|A/Domestic-Duck/Georgia/DT-28831/2022-9-28_4

GISAID|A/chicken/Guangdong/489/2022|2022-01-26

GISAID|A/chicken/Jiangxi/6499/2022|2022-01-29

Ref|A/duck/Guangdong/04.16_SZLGWL012/2015

Ref|A/duck/Mongolia/278/2011

GISAID|A/duck/Zhejiang/D1-1/2013|2013-11-14

GISAID|A/mallard/New_Zealand/449-84/2004|2004-01-01

GISAID|A/chicken/Guangdong/475/2022|2022-01-26

SubS23|A/chicken/Bangladesh/CE-115-01-03-09-Du-C/2021_|H3N2|_2021-11-17|HA

GISAID|A/chicken/Jiangxi/8093/2022|2022-02-12

GISAID|A/chicken/Guangdong/898/2022|2022-03-06

A/northern_pintail/Novosibirsk_region/3289k/2020

GISAID|A/chicken/Guangdong/2601/2021|2021-12-07

GISAID|A/chicken/Guangdong/6789/2021|2021-12-29

GISAID|A/Chicken/Guangdong/G155/2019/H3N2|2019-03-04

GISAID|A/chicken/Guangdong/567/2022|2022-04-12

SubS23|A/Mallard/Georgia/DT-28995/2022-10-5_4

GISAID|A/chicken/Guangdong/876/2022|2022-04-19

GISAID|A/chicken/Guangdong/116/2022|2022-02-22

GISAID|A/chicken/Guangdong/6103/2021|2021-11-17

GISAID|A/chicken/Guangdong/3506/2021|2021-11-16

GISAID|A/chicken/Guangdong/333/2022|2022-03-10

GISAID|A/chicken/Jiangxi/6959/2022|2022-02-08

GISAID|A/wild_waterfowl/Queensland/P19-01624-22/2019|2019-04-03

GISAID|A/Gallus_gallus/Belgium/609/2019|2019-01-18

GISAID|A/duck/Chernogolovka/5908/2021|2021-11-07

GISAID|A/chicken/Guangdong/4463/2021|2021-12-25

GISAID|A/chicken/Guangdong/17/2022|2022-01-04

GISAID|A/duck/Norway/1/03|2003-01-01

GISAID|A/chicken/Guangdong/879/2022|2022-04-19

GISAID|A/chicken/Jiangxi/12309/2022|2022-03-12

GISAID|A/chicken/Jiangxi/6485/2022|2022-01-29

Ref|A/chicken/Anhui/FE12/2022

SubS23|A/Anas_platyrhynchos/Belgium/2214_0001_22VIR5840-31/2021|H3N8

Ref|A/chicken/Guangdong/F0210/2022

GISAID|A/egret/Anhui/A1-267/2020|2020-10-01

GISAID|A/chicken/Jiangxi/3758/2022|2022-01-22

GISAID|A/gull/Shandong/W1511/2021|2021-10-10

Ref|A/chicken/Guangdong/F1201/2021

GISAID|A/chicken/Jiangxi/10580/2022|2022-02-26

GISAID|A/chicken/Guangdong/4599/2021|2021-08-04

GISAID|A/chicken/Guangdong/347/2022|2022-01-19

GISAID|A/chicken/Guangdong/401/2022|2022-03-02

GISAID|A/chicken/Guangdong/1369/2022|2022-04-25

GISAID|A/chicken/Guangdong/356/2022|2022-03-10

GISAID|A/chicken/Jiangxi/8047/2022|2022-02-12

GISAID|A/chicken/Guangdong/6145/2021|2021-11-17

GISAID|A/chicken/Jiangxi/6979/2022|2022-02-08

A/Wild_Duck/South_Korea/KNU2020-74/2020

GISAID|A/chicken/Jiangxi/37317/2021|2021-12-18

GISAID|A/chicken/Guangdong/6803/2021|2021-12-29

GISAID|A/chicken/Guangdong/485/2022|2022-01-26

SubS23|A/duck/Ireland/PV21-020707_21VIR7049-2/2021|H3N8

GISAID|A/chicken/Phnom_Penh/OIE16/2015|2014-12-19

GISAID|A/chicken/Jiangxi/11765/2022|2022-03-05

Ref|A/chicken/Jiangsu/A3123/2022

GISAID|A/Anas_platyrhynchos/Belgium/827/2020|2020-01-19

GISAID|A/chicken/Guangdong/3758/2021|2021-12-14

GISAID|A/chicken/Guangdong/297/2022|2022-03-10

GISAID|A/chicken/Guangdong/868/2022|2022-04-19

GISAID|A/chicken/Guangdong/6720/2021|2021-12-22

GISAID|A/chicken/Guangdong/781/2022|2022-04-08

GISAID|A/chicken/Guangdong/5386/2021|2021-10-09

GISAID|A/chicken/Jiangxi/6927/2022|2022-02-08

GISAID|A/chicken/Guangdong/790/2022|2022-04-08

GISAID|A/chicken/Guangdong/14/2022|2022-02-22

GISAID|A/chicken/Jiangxi/1975/2022|2022-01-08

GISAID|A/chicken/Guangdong/6799/2021|2021-12-29

GISAID|A/chicken/Jiangxi/11774/2022|2022-03-05

GISAID|A/chicken/Guangdong/256/2022|2022-02-16

GISAID|A/chicken/Guangdong/778/2022|2022-04-08

Ref|A/chicken/Fujian/F0112/2022

GISAID|A/chicken/Guangdong/47/2022|2022-01-06

GISAID|A/chicken/Guangdong/246/2022|2022-02-24

GISAID|A/chicken/Guangdong/2542/2021|2021-12-07

GISAID|A/chicken/Jiangxi/11740/2022|2022-03-05

GISAID|A/chicken/Guangdong/231/2022|2022-02-16

A/common_teal/Novosibirsk_region/3324k/2020

GISAID|A/chicken/Jiangxi/740/2022|2022-01-01

GISAID|A/chicken/Guangzhou/943/2022|2022-03-06

GISAID|A/chicken/Jiangxi/12303/2022|2022-03-12

GISAID|A/chicken/Guangdong/456/2022|2022-03-29

GISAID|A/chicken/Jiangxi/11741/2022|2022-03-05

Ref|A/duck/Guangdong/455/2000

GISAID|A/turkey/England/1969|1969-01-01

Ref|A/chicken/Anhui/FD3/2022

GISAID|A/Anas_platyrhynchos/Luxembourg/22154646/2022|2022-08-16

GISAID|A/chicken/Jiangxi/12292/2022|2022-03-12

GISAID|A/chicken/Jiangxi/8076/2022|2022-02-12

GISAID|A/chicken/Guangdong/487/2022|2022-03-29

GISAID|A/chicken/Guangdong/971/2022|2022-04-19

Ref|A/Anas_platyrhynchos/Belgium/3950-8/2015

GISAID|A/chicken/Guangdong/677/2022|2022-04-27

GISAID|A/chicken/Guangdong/196/2022|2022-01-12

GISAID|A/chicken/Jiangxi/6935/2022|2022-02-08

Ref|A/mallard/Germany/439/2004

GISAID|A/chicken/Guangdong/6637/2021|2021-12-15

Ref|A/EN/Guangxi/14185/2017

GISAID|A/chicken/Guangdong/6771/2021|2021-12-29

GISAID|A/chicken/Guangdong/4621/2021|2021-08-04

GISAID|A/tufted_duck/Fukui/181120/2017|2017-12-01

GISAID|A/chicken/Jiangxi/8068/2022|2022-02-12

Ref|A/mallard_duck/Netherlands/62/2008

GISAID|A/chicken/Guangdong/52/2022|2022-01-06

GISAID|A/chicken/Jiangxi/6991/2022|2022-02-08

SubS23|A/Anas_platyrhynchos/Belgium/2987_0001_22VIR5840-36/2021|H3N8

Ref|A/duck/China/322D22/2018

A/common_teal/Novosibirsk_region/3515k/2020

GISAID|A/chicken/Guangdong/479/2022|2022-01-26

GISAID|A/chicken/Guangdong/24/2022|2022-02-22

GISAID|A/chicken/Guangdong/5811/2021|2021-10-27

GISAID|A/chicken/Jiangxi/11775/2022|2022-03-05

GISAID|A/chicken/Guangdong/745/2022|2022-02-18

GISAID|A/chicken/Jiangxi/3236/2022|2022-01-15

GISAID|A/duck/Zhejiang/5/2011|2011-06-01

GISAID|A/red-fronted_coot/Chile/5/2013|2013-10-24

GISAID|A/Duck/Bangladesh/BDADAI-3089/2019|2019-08-01
GISAID|A/gadwall/Altai/1324/2007|2007-09-01

GISAID|A/chicken/Guangdong/111/2022|2022-02-22

Ref|A/chicken/Fujian/F0215/2022

GISAID|A/chicken/Guangdong/6735/2021|2021-12-22

A/mallard/Novosibirsk_region/3314k/2020

GISAID|A/wild_bird/Ningxia/1-84/2019|2019-10-01

GISAID|A/chicken/Guangdong/2703/2021|2021-12-23

Ref|A/chicken/Fujian/F0101/2022

GISAID|A/teal/Dagestan/44d/2018|2018-09-15

GISAID|A/chicken/Guangdong/6105/2021|2021-11-17

GISAID|A/chicken/Guangdong/3560/2021|2021-11-23

GISAID|A/chicken/Guangdong/104/2022|2022-01-04

GISAID|A/Duck/Mongolia/2021-MG02/2021|2021-05-01

GISAID|A/common_teal/Chany/889/2018|2018-09-01

GISAID|A/chicken/Jiangxi/10532/2022|2022-02-26

GISAID|A/chicken/Guangdong/2626/2021|2021-12-07

GISAID|A/duck/Korea/LPM56/2005|2005-01-01

Ref|A/chicken/Henan/F0316/2022

GISAID|A/duck/Guangxi/4130/2020|2020-12-15

Ref|A/Henan/4-14CNIC/2022

GISAID|A/chicken/Guangdong/216/2022|2022-02-16

GISAID|A/chicken/Jiangxi/12234/2022|2022-03-12

GISAID|A/chicken/Guangdong/2550/2021|2021-12-07

A/mallard/Novosibirsk_region/3265k/2020

SubS23|A/duck/Ireland/PV15-015712_21VIR7049-4/2021|H3N8

GISAID|A/chicken/Jiangxi/722/2022|2022-01-01

Ref|A/Environment/Henan/4-19/2022

GISAID|A/garganey/Korgalzhyn/865/2004|2004-10-01

Ref|A/mallard_duck/Netherlands/6/2008

A/rook/Novosibirsk/44-2V/2021

GISAID|A/chicken/Guangdong/001/2022|2022-01-06

GISAID|A/chicken/Guangdong/3829/2021|2021-12-14

Ref|A/duck/Mongolia/MN18-13/2018

GISAID|A/Duck/Bangladesh/BDADAI-3086/2019|2019-08-01

GISAID|A/chicken/Guangdong/4181/2021|2021-07-13

Ref|A/Common_Teal/Amur_region/31b/2019

A/duck/Bangladesh/17D1808/2021

GISAID|A/chicken/Guangdong/481/2022|2022-01-26

GISAID|A/chicken/Jiangxi/3711/2022|2022-01-22

GISAID|A/Dendrocygna_viduata/Germany/R2484/2007|2007-01-01

GISAID|A/chicken/Guangdong/4600/2021|2021-08-04

GISAID|A/chicken/Jiangxi/11782/2022|2022-03-05

GISAID|A/chicken/Guangdong/5632/2021|2021-10-21

GISAID|A/chicken/Guangdong/6641/2021|2021-12-15

GISAID|A/chicken/Guangdong/4751/2021|2021-08-11

Ref|A/chicken/Henan/F0308/2022

GISAID|A/chicken/Guangdong/888/2022|2022-04-19

Ref|A/chicken/Anhui/F3123/2022

GISAID|A/chicken/Guangdong/310/2022|2022-03-10

Ref|A/EN/Fujian/02754/2016

A/shoveler/Novosibirsk_region/3465k/2020

GISAID|A/duck/Cambodia/849W25M3/2013|2013-06-18

GISAID|A/chicken/Guangdong/350/2022|2022-01-19

GISAID|A/chicken/Jiangxi/12248/2022|2022-03-12

A/common_teal/Novosibirsk_region/3556k/2020

GISAID|A/chicken/Guangdong/397/2022|2022-03-02

Ref|A/chicken/Guangdong/F0103/2022

GISAID|A/chicken/Guangdong/2524/2021|2021-12-07

GISAID|A/chicken/Guangdong/222/2022|2022-02-16

A/Wild_duck/South_Korea/KNU2020-104/2020

GISAID|A/chicken/Guangdong/856/2022|2022-03-06

GISAID|A/chicken/Guangdong/6717/2021|2021-12-22

GISAID|A/chicken/Jiangxi/10541/2022|2022-02-26

GISAID|A/chicken/Guangdong/349/2022|2022-01-19

Ref|A/duck/Nanchang/1681/1992

GISAID|A/chicken/Jiangxi/8058/2022|2022-02-12

GISAID|A/duck/East_Java/Spg78/2018|2018-01-29

A/Anas_platyrhynchos/Belgium/11294_004/2021

GISAID|A/chicken/Guangdong/6665/2021|2021-12-15

A/MallardAnas_platyrhynchos/South_Korea/KNU2021-17/2021

SubS23|A/Anas_platyrhynchos/Belgium/2499_0006_22VIR5840-32/2021|H3N8

A/duck/Bangladesh/19D1813/2021

GISAID|A/barnacle_goose/Malaysia/VRI-6728/2018|2018-08-28

GISAID|A/chicken/Guangdong/209/2022|2022-02-16

GISAID|A/chicken/Guangdong/6433/2021|2021-12-01

GISAID|A/chicken/Guangdong/114/2022|2022-01-04

Ref|A/Changsha/1000/2022

GISAID|A/chicken/Guangdong/684/2022|2022-04-27

GISAID|A/chicken/Guangdong/4541/2021|2021-08-04

A/common_teal/Novosibirsk_region/3327k/2020

GISAID|A/chicken/Guangdong/5500/2021|2021-10-13

GISAID|A/chicken/Guangdong/6713/2021|2021-12-22

GISAID|A/chicken/Guangdong/93/2022|2022-02-22

GISAID|A/Anas_platyrhynchos/Belgium/00330_0004/2023|2023-01-11

GISAID|A/chicken/Guangdong/496/2022|2022-01-26

GISAID|A/chicken/Jiangxi/8027/2022|2022-02-12

Ref|A/Henan/4-10CNIC/2022

GISAID|A/chicken/Guangdong/6787/2021|2021-12-29

GISAID|A/chicken/Guangdong/6325/2021|2021-11-24

GISAID|A/chicken/Guangdong/443/2022|2022-03-02

GISAID|A/chicken/Jiangxi/6941/2022|2022-02-08

GISAID|A/yellow-billed_pintail/Chile/C2014/2015|2015-10-16

GISAID|A/Guangdong/ZS-23SF005/2023|2023-03-17

Ref|A/mallard_duck/Netherlands/7/2008

GISAID|A/chicken/Guangdong/6129/2021|2021-11-17

GISAID|A/duck/Jiangxi/447/2022|2022-01-12

GISAID|A/chicken/Guangdong/6783/2021|2021-12-29

GISAID|A/chicken/Jiangxi/3269/2022|2022-01-15

GISAID|A/chicken/Guangdong/584/2022|2022-03-22

Figure 2: Avian H3 Maximum likelihood phylogenetic tree. CVVs are coloured red. Human strains are coloured 
pink. Viruses shared within the previous reporting period are coloured light blue.
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site Putative antigenic site
11 L I
14 A T
17 Q L L L L L L
21 G R
23 D G
25 S N N X
28 T K
41 I V
43 K R R R R R R R R R R R R R R R R R R
50 I V V antigenic site C
64 T I R antigenic site E
70 N S S S S S S
74 V I I I I I I I I I I I I I I I I I I
79 D E antigenic site E
81 T K antigenic site E
86 M V V X X V V V antigenic site E
87 L F antigenic site E
94 V I antigenic site E
99 K R

104 V X
108 S N N N
122 A T S antigenic site A
131 S T antigenic site A
133 T A antigenic site A
138 T A antigenic site A
144 A T antigenic site A
153 S G G G G X G G G G G G G G G G G
156 K R antigenic site B
159 P S S S S S S S S S S S S S S S S S antigenic site B
160 A S antigenic site B
187 N S
204 N T T T antigenic site D
243 S P
244 X G G G G G G G G G G G G G G G G G G G G G G G G G G G G G G G G G G G G G G G G
245 R G
246 I V V
255 P A
275 K R R R antigenic site C
277 R Q Q antigenic site C
278 T A antigenic site C
280 R S antigenic site C
285 R K K
289 P A
291 E G
294 I V
315 K R R R R R R R R R R R R R R R R R R
326 K R
328 N D

7 4 5 6 6 4 6 6 6 7 7 7 7 7 6 6 8 6 7 7 5 3 3 3 3 4 3 5 2 3 3 3 3 5 3 5 4 3 3 8
4 0 1 2 1 0 2 1 1 2 2 2 1 1 1 2 1 1 1 1 4 2 0 0 1 1 1 1 0 1 0 0 1 2 1 2 1 0 0 5

Total AA changes
In putative antigenic sites

Table 3: Avian H3 sequence comparison to the within clade CVVs. Changes in putative antigenic sites are 
highlighted grey.



H5 Influenza A viruses


H5 Phylogenetic tree coloured by region


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


H5 2.3.4.4b phylogenetic tree 


Figure 4: Avian H5 clade 2.3.4.4b maximum likelihood phylogenetic tree. Clade changes in putative antigenic sites are 
annotated on branches. Analyses were conducted with reference sequences, sequences shared through the OFFLU 
network and data downloaded from GISAID (14th September 2023). Sequences were coloured by geographic region. 
Leaves within the reporting period were coloured. Positioning of CVVs are denoted with red arrows. 
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CVV or 
proposed CVV

https://nextstrain.org/groups/offlu-private/confidential-H5-TC1?branchLabel=aa&d=tree&f_ReportingPeriod=VCM-F23&m=div&p=full


H5 2.3.4.4b subsampled tree

Figure 5: H5 clade 2.3.4.4b maximum likelihood tree. Including CVVs, mammalian strains and strains antigenically 
characterised in previous reporting periods. Those antigenically characterised by OFFLU this reporting period are 
highlighted yellow. 
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GISAID|A/domestic_cat/Poland/H246-M/2023|2023-06-21

GISAID|A/arctic-fox/Finland/500/2023|2023-07-10

GISAID|A/arctic-fox/Finland/614/2023|2023-07-24

GISAID|A/domestic_cat/Poland/H267-W/2023(H5N1)|2023-06-25

GISAID|A/domestic_cat/Poland/Kot1/2023|2023-06-19

SubS23|A/red_fox/Sweden/SVA230519SZ0276_FB001714/2023|H5N1|2023-05-17

GISAID|A/domestic_cat/Poland/H266-W/2023(H5N1)|2023-06-19

GISAID|A/mink/Finland/1002_23VIR6803-8/2023|2023-07-03

A/turkey/Israel/238/2019/H5N8

A/chicken/Khabarovsk/24-5V/2022
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SubS23|A/common_dolphin/England/040499/2023|2023-02-20

SubS23|A/Ezo_red_fox/Hokkaido/3/2023|H5N1|2023-06-14|

GISAID|A/Ezo_red_fox/Hokkaido/2/2023|2023-04-12

GISAID|A_mink_Finland_471_2023|2023-07-03

SubS23|A/peregrine_falcon/Italy/23VIR2255-1/2023|H5N1|2023-03-08

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

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

GISAID|A/arctic-fox/Finland/616/2023|2023-07-24

GISAID|A/sea_lion/Peru/AQP-SER00K/2023|2023-02-07

A/laying_hen/Moldova/68-1_22VIR638-1/2022
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GISAID|A/arctic-fox/Finland/565/2023|2023-07-17

GISAID|A/arctic-fox/Finland/544/2023|2023-07-14

GISAID|A/Vulpes_vulpes/Belgium/01784_0004/2023|2023-02-27

GISAID|A/Vulpes_vulpes/Belgium/01784_0008/2023|2023-02-27
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A/chicken/Sakhalin/37-2V/2022

GISAID|A/arctic-fox/Finland/660/2023|2023-07-31
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GISAID|A/England/231990002/2023|2023-05-06

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

GISAID|A/arctic-fox/Finland/654/2023|2023-07-27

A/Eurasian_wigeon/Hokkaido/Q71/2022

GISAID|A/domestic_cat/Poland/H247/2023|2023-06-20

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

SubS23|A/fox/France/23P002844/2023|H5N1|2023-02-10

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

GISAID|A/Vulpes_vulpes/Belgium/01784_0010/2023|2023-02-27

A/turkey/Stavropol/211-9V/2022
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GISAID|A/sea_lion/Arica_y_Parinacota/240270-1/2023|2023-03-01

GISAID|A/arctic-fox/Finland/504_23VIR6803-7/2023|2023-07-10

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

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

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

A/Duck/Cambodia/f6T241D4/2021

GISAID|A/Vulpes_Vulpes/Belgium/03703_0003/2023|2023-04-14

SubS23|A/Red_Fox/Wales/017836/2023|2023-01-12

SubS23|A/black-headed_gull/Italy/23VIR2983-2/2023|H5N1|2023-03-15

GISAID|A/Vulpes_vulpes/Belgium/01295_0002/2023|2023-02-10

GISAID|A/Mustela_putorius/Belgium/01421_0001/2023|2023-02-09

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

GISAID|A/arctic-fox/Finland/504/2023|2023-07-10

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

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

GISAID|A/arctic-fox/Finland/567/2023|2023-07-17

GISAID|A/England/231860195/2023|2023-05-04

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

A/turkey/Nepal/458/2021

GISAID|A/canine/China/GX30/2023|2023-04-01

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

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

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

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

SubS23|A/Ezo_red_fox/Hokkaido/2/2023|H5N1|2023-04-12|

GISAID|A/England/232540656/2023|2023-06-21

GISAID|A/domestic_cat/Poland/H255-M/2023(H5N1)|2023-06-21

SubS23|A/red_fox/Sweden/SVA230525SZ0427_FB001769/2023|H5N1|2023-05-24

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

GISAID|A/arctic-fox/Finland/574/2023|2023-07-18

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

GISAID|A/feline/South_Korea/SNU-01/2023|2023-07-04

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

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

A/poultry/Niger/ET3HALAL21VIR2131-33/2021

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

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

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

GISAID|A/raccoon-dog/Finland/623/2023|2023-07-24

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

GISAID|A/Vulpes_vulpes/Belgium/03117_0004/2023|2023-03-29

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

GISAID|A/fox/Finland/610/2023|2023-07-20

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

GISAID|A/arctic-fox/Finland/621/2023|2023-07-24

SubS23|A/sandwich_tern/Italy/23VIR5828-3/2023|H5N1|2023-06-16

SubS23|A/red_fox/Sweden/SVA230522SZ0125/FB001716/AB-2023|H5N1|2023-05-17

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

SubS23|A/red_fox/Sweden/SVA230522SZ0125_FB001717/2023|H5N1|2023-05-17

GISAID|A/arctic-fox/Finland/543/2023|2023-07-14

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

GISAID|A/Vulpes_Vulpes/Belgium/03703_0007/2023|2023-04-14

GISAID|A/mink/Finland/515/2023|2023-07-10

GISAID|A/arctic-fox/Finland/615/2023|2023-07-24

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

A/chicken/Nigeria/709_22VIR3286-15/2021
A/chicken/Nigeria/128_22VIR3286-63/2022

GISAID|A/red-fox/Finland/553/2023|2023-07-17

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

SubS23|A/chicken/Italy/23VIR3799-1/2023|H5N1|2023-04-24

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

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

SubS23|A/red_fox/Sweden/SVA230522SZ0123_FB001715/2023|H5N1|2023-05-21

GISAID|A/lion/Peru/AIS0554/2023|2023-02-08

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

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

GISAID|A/domestic_cat/Poland/H252/2023|2023-06-22

GISAID|A/domestic_cat/Poland/H264-G/2023(H5N1)|2023-06-26

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

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

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

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

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

A/CastillaLaMancha/3869/2022

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

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

GISAID|A/arctic-fox/Finland/620/2023|2023-07-24

SubS23|A/common_dolphin/Wales/040498/2023|2023-02-20

GISAID|A/arctic-fox/Finland/576/2023|2023-07-18

A/duck/Cambodia/f1PPOreu241D3T/2021

GISAID|A/Vulpes_vulpes/Belgium/02359_0002/2023|2023-03-14

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

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

GISAID|A/cat/Poland/Gda1/2023|2023-06-21

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

GISAID|A/domestic_duck/England/049343/2023|2023-03-30

GISAID|A/caracal/Poland/H303-P/2023|2023-06-17

SubS23|A/guinea_fowl/Niger/71-23_23VIR3551-38/2023|H5N1|2023-02-14

A/Colorado/18/2022

GISAID|A/domestic_cat/Poland/H270-W/2023(H5N1)|2023-06-25

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

GISAID|A/sea_lion/Peru/TAC-INS-011/2023|2023-03-07

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

GISAID|A/mute_swan/Slovenia/237_23VIR1977-8/2023|2023-02-20

GISAID|A/feline/South_Korea/SNU-02/2023|2023-07-04

GISAID|A/arctic-fox/Finland/497/2023|2023-07-10

GISAID|A/raccoon-dog/Finland/555/2023|2023-07-17

GISAID|A/mink/Finland/606/2023|2023-07-20

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

SubS23|A/Red_fox/Sweden/SVA230509SZ0605_FB001411-L/2023|H5N1|2023-05-08

SubS23|A/cat/Poland/H264-23_23VIR6711-10/2023_H5N1_2023-06-26

A/Sichuan/26221/2014/H5N6|2.3.4.4a|CVV

GISAID|A/Vulpes_Vulpes/Belgium/04018_0005/2023|2023-04-24

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

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

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

GISAID|A/domestic_cat/Poland/H257-G/2023(H5N1)|2023-06-24

A/pheasant/Kuwait/5/2020

GISAID|A/chicken/England/062635/2023|2023-04-28

GISAID|A/arctic-fox/Finland/619/2023|2023-07-24

A/gyrfalcon/Washington/41088-6/2014/H5N8|2.3.4.4c|CVV

SubS23|A/chicken/Niger/51-23_23VIR3551-32/2023|H5N1|2023-02-02

GISAID|A/Vulpes_Vulpes/Belgium/04016_0001/2023|2023-04-24

GISAID|A/fox/France/23P002844/2023|2023-02-10

GISAID|A/mink/Finland/512-23/2023|2023-07-10

GISAID|A/Red_fox/Germany/51023-124/2023|2023-02-09

GISAID|A/domestic_cat/Poland/H249/2023|2023-06-22

GISAID|A/domestic_cat/Poland/Kot2/2023|2023-06-19

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

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

GISAID|A/arctic-fox/Finland/495/2023|2023-07-10

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

GISAID|A/arctic-fox/Finland/497_23VIR6803-5/2023|2023-07-10

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

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

GISAID|A/arctic-fox/Finland/575/2023|2023-07-18

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

SubS23|A/layer/Niger/40-23_23VIR3551-22/2023|H5N1|2023-01-23

GISAID|A/fox/Finland/602/2023|2023-07-20

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

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

SubS23|A/red_fox/Sweden/SVA230525SZ0427_FB001768/2023|H5N1|2023-05-24

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

GISAID|A/Vulpes_vulpes/Belgium/01924_0003/2023|2023-03-02

GISAID|A/common_dolphin/Wales/040498/2023|2023-02-20

GISAID|A/arctic-fox/Finland/579/2023|2023-07-18

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

GISAID|A/arctic-fox/Finland/536/2023|2023-07-14

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

A/Ecuador/6563/2023

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

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

GISAID|A/domestic_cat/Poland/H253/2023|2023-06-22

GISAID|A/sea_lion/Tarapaca/240524-2/2023|2023-03-07

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

A/chicken/England/053485/2021/H5N1/2021/10/24
A/harbor_seal/Maine/22-020983-002-original/2022

GISAID|A/Red_fox/Germany/51023-261/2023|2023-03-29

A/mute_swan/Romania/16790_21VIR11355/2021

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

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

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

SubS23|A/common_buzzard/Switzerland/V0119_23VIR2596-1/2023|H5N1|2023-02-13

A/chicken/England/034547/2020

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

A/Changsha/1/2022

A/Fujian-Sanyuan/21099/2017/H5N6|2.3.4.4b|CVV

A/turkey/Norway/FU496/2020

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

GISAID|A/fox/Finland/603/2023|2023-07-20

GISAID|A/cat/Poland/Kra1/2023|2023-06-22

SubF2023|HI-H5_22-011347-002

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

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

A/Vietnam/1194/2004|1|CVV

AIV2022-139|A/Domestic_Duck/England/134267/2022_|H5N1|_2022-10-18

A/large-billed_crow/Hokkaido/B003/2022

A/CastillaLaMancha/223739/2022

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

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

GISAID|A/fox/Italy/23VIR3885-1/2023|2023-04-07

GISAID|A/domestic_duck/England/056995/2023|2023-04-11

A/Guangdong/18SF020/2018/H5N6|2.3.4.4h|CVV

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

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

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

GISAID|A/arctic-fox/Finland/542/2023|2023-07-14

GISAID|A/domestic_cat/Poland/H255-M/2023|2023-06-21

SubS23|A/fox/Germany-HH/AI03604/2023|H5N1|2023-04-13

GISAID|A/Mustela_putorius/Belgium/01922_0001/2023|2023-03-02

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

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

A/peregrine_falcon/Kanagawa/1409C001T1/2022

GISAID|A/cat/Nebraska/23-010184-001-original/2023|2023-03-30

GISAID|A/arctic-fox/Finland/622/2023|2023-07-24

SubS23|A/fox/Italy/23VIR3262-2/2023|H5N1|2023-04-03

GISAID|A/Vulpes_vulpes/Belgium/02359_0006/2023|2023-03-14

SubS23|A/cat/Poland/H249-276-23_23VIR6711-5/2023_H5N1_2023-06-22

GISAID|A/domestic_cat/Poland/H263-G/2023(H5N1)|2023-06-26

Feb2023-Sept2023 
Sept2022-Feb2023 
CVV 
Human strain 
HI strain 



H5 2.3.4.4b Amino Acid difference tables and summary

• Most viruses detected within the Americas fall into a sub-clade which is characterised 

by the change in putative antigenic site V210A compared to the Astrakhan CVV (but 
similar to the American Wigeon CVV). Some viruses detected in the US from other 
incursions post 2021 do not have this mutation. 


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


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


• The change T188I compared to the Astrakhan CVV is found in a phylogenetic cluster 
of viruses introduced in South East Asia and East Asia in 2020 which continue to 
circulate.


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


Other sporadic changes in putative antigenic sites can be found in non phylogenically 
clustering and from a broad geographic range. 


Some sporadic changes were found in mammalian or antigenically characterised viruses 
associated with increased adaption to mammals according to the CDC’s H5N1 genetic 
changes inventory.
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Table 3: Avian H5 2.3.4.4b clade sequence comparison to the within clade CVVs. Strains which were antigenically 
characterised in the previous report were included for reference. Sequences from this reporting period are blue, the 
previous reporting period light blue and the CVV red. Strains which have been antigenically characterised are coloured 
yellow and fold changes to the antigenically closest virus are indicated by colour. Changes in putative antigenic sites are 
highlighted grey and changes found in the CDC genetic changes inventory are annotated. 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31 D N X
51 I V
57 V I I I
69 E D
72 R E E E E G G G G G G G G G G G G
74 P X
83 A V D
86 A V V S
88 D G G G G G G G G G G G G G G G G G G G G
94 S R
104 L M M M
114 I T
115 L Q Q
118 P S
123 P S Antigenic Site
128 S T
129 L X Antigenic Site
130 G X
136 P L Q Antigenic Site
140 A T Antigenic Site
146 N S S S
148 V L
154 N D D Antigenic Site 154D: Decreased virulence in mice, transmissable in ferrets
155 D N Antigenic Site 155N: Increased virus binding to α2-6, reduced lethality and systemic spread in mice
156 A T S S S Antigenic Site 156A: Increased virus binding to α2-6 and increased transmission in guineau pigs
163 S N
169 R Q Q Q X
175 L M
188 T I Antigenic Site 188I: Increased pseudovirus binding to α2-6
189 N S Antigenic Site
195 T I N
198 I V
210 V A I A A Antigenic Site
213 I M
214 A X T Antigenic Site
219 V I
222 Q L 222L: increased virus binding to α2–6, replication and contact transmission in ferrets
226 M I
227 D X
231 T A
236 D N N N N
268 G E
282 V I
286 N X
294 I V
312 V I

2 2 3 0 0 1 2 1 3 1 2 2 5 5 5 3 3 3 3 2 3 3 2 2 2 3 3 4 3 3 3 4 3 3 1 2 1 1 5 2 1 1 4
2 1 1 0 0 0 1 0 2 0 0 0 2 1 1 0 1 0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 1 1 0 0 1In antigenic sites

AA changes



H5 2.3.4.4b Antigenic Data

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

Clade Subtype
AA differences compared to Astrakhan

Reference Antigen
A/FUJIAN-SANYUAN/21099/2017 xA/PR/8/1934 2.3.4.4b H5N6 80
A/ASTRAKHAN/3212/2020 2.3.4.4b H5N8 160
A/TURKEY/ITALY/17VIR576-11/2017 2.3.4.4b H5N8 160
A/duck/Cambodia/f1PPOreu241D3T/2021 2.3.4.4b H5N8 160
A/turkey/Israel/238/2019 2.3.4.4b H5N8 160
A/poultry/Niger/ET3/HALAL/21VIR2131-33/2021 2.3.4.4b H5N1 640
A/chicken/Ghana/AVL-763/21VIR7050-39/2021 2.3.4.4b H5N1 640
A/hen/Bulgaria/722-1/22VIR778-1/2021 2.3.4.4b H5N1 320
A/avian/Togo/904/21VIR5115-6/2021 2.3.4.4b H5N1 640

Test antigen
1 A/black-headed_gull/Italy/23VIR2983-2/2023 2.3.4.4.b H5N1 10 40 160 40 160 320 640 160 640 R72E, D88G, L175M
2 A/chicken/Italy/23VIR3799-1/2023 2.3.4.4.b H5N1 <10 10 80 20 40 160 320 40 320 R72E, D88G, D155N
3 A/peregrine_falcon/Italy/23VIR2255-1/2023 2.3.4.4.b H5N1 20 40 320 80 160 1280 640 320 1280 R72E, D88G, V210I
4 A/sandwich_tern/Italy/23VIR5828-3/2023 2.3.4.4.b H5N1 10 40 160 40 80 640 320 160 640 G88D, S128T
5 A/mute_swan/Slovenia/237_23VIR1977-8/2023 2.3.4.4.b H5N1 20 80 160 80 80 1280 640 320 1280 T195I
6 A/little_grebe/Switzerland/V0225_23VIR2596-5/2023 2.3.4.4.b H5N1 <10 40 80 20 40 640 320 160 640 A86V
7 A/common_buzzard/Switzerland/V0119_23VIR2596-1/2023 2.3.4.4.b H5N1 10 20 80 40 80 640 320 160 320 R72G, D88G
8 A/common_tern/Croatia/44-1_23VIR5604-22/2023 2.3.4.4.b H5N1 <10 20 80 40 80 640 640 160 640 E72R, D88G
9 A/cat/Poland/H255-23_23VIR6711-7/2023 2.3.4.4.b H5N1 20 80 320 80 80 1280 320 160 640

10 A/cat/Poland/H249-276-23_23VIR6711-5/2023 2.3.4.4.b H5N1 20 160 320 160 80 1280 640 320 1280
11 A/cat/Poland/H264-23_23VIR6711-10/2023 2.3.4.4.b H5N1 20 160 320 160 80 1280 640 160 640
12 A/arctic-fox/Finland/491_23VIR6803-1/2023 2.3.4.4.b H5N1 <10 20 160 40 40 320 320 80 320 R72G, D88G
13 A/layer/Niger/40-23_23VIR3551-22/2023 2.3.4.4.b H5N1 <10 80 160 160 80 320 320 80 1280 N146S, A156T, R169Q, V219I,D236N
14 A/chicken/Niger/51-23_23VIR3551-32/2023 2.3.4.4.b H5N1 <10 40 80 80 80 320 320 40 320 N146S, A156T, R169Q, N189S,D236N
15 A/guinea fawl/Niger/71-23_23VIR3551-38/2023 2.3.4.4.b H5N1 10 80 160 160 80 320 320 80 640 E69D, N146S, A156T, R169Q,D236N

Clade Subtype
Reference Antigen

A/TURKEY/ITALY/17VIR576-11/2017 2.3.4.4b H5N8 320 320 160 80 160 80 160
A/duck/Cambodia/f1PPOreu241D3T/2021 2.3.4.4b H5N8 160 160 80 20 320 20 160
A/turkey/Israel/238/2019 2.3.4.4b H5N8 160 160 160 80 160 40 160
A/poultry/Niger/ET3/HALAL/21VIR2131-33/2021 2.3.4.4b H5N1 320 320 160 320 320 1280 320
A/chicken/Ghana/AVL-763/21VIR7050-39/2021 2.3.4.4b H5N1 640 640 640 640 640 640 640
A/hen/Bulgaria/722-1/22VIR778-1/2021 2.3.4.4b H5N1 160 320 160 160 160 640 80
A/avian/Togo/904/21VIR5115-6/2021 2.3.4.4b H5N1 640 640 160 640 1280 640 640

Test Antigen
A/americanwigeon/SouthCarolina/22-000345-001/2021 2.3.4.4.b H5N1 160 320 160 160 160 160 160 L104M, V210A

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

A/ASTRAKHAN/3212/2020 2.3.4.4b H5N8 160 640 1280 1280 640 640 640 640 640
A/TURKEY/ITALY/17VIR576-11/2017 2.3.4.4b H5N8 80 160 1280 640 640 1280 1280 1280 1280

A/duck/Cambodia/f1PPOreu241D3T/2021 2.3.4.4b H5N8 160 320 1280 1280 320 1280 1280 1280 1280
A/turkey/Israel/238/2019 2.3.4.4b H5N8 40 80 160 320 320 160 640 160 320

A/poultry/Niger/ET3/HALAL/21VIR2131-33/2021 2.3.4.4b H5N1 20 40 160 40 80 320 320 160 160
A/chicken/Ghana/AVL-763/21VIR7050-39/2021 2.3.4.4b H5N1 40 80 640 640 320 640 1280 320 1280

A/hen/Bulgaria/722-1/22VIR778-1/2021 2.3.4.4b H5N1 160 320 640 640 320 1280 1280 1280 1280
A/avian/Togo/904/21VIR5115-6/2021 2.3.4.4b H5N1 40 160 640 640 320 640 640 320 2560

Test antigen
1 A/domestic duck/Bangladesh/CE-111-04-DB-11-DU-O/2022 2.3.4.4.b H5N1 80 320 320 640 320 1280 1280 320 1280 D154N, I198V, A214T
2 A/domestic_duck/England/056995/2023 2.3.4.4.b H5N1 80 160 320 160 80 2560 1280 1280 1280 I114T, P136L
3 A/chicken/England/062635/2023 2.3.4.4.b H5N1 80 40 320 80 320 640 640 1280 1280 D88G, V282I
4 A/domestic_duck/England/049343/2023 2.3.4.4.b H5N1 40 40 320 80 160 1280 320 1280 1280 R72G, A86S, D88G
5 A/Red_Fox/Wales/017836/2023 2.3.4.4.b H5N1 40 80 320 160 80 1280 640 1280 640
6 A/otter/Scotland/M100366/2022 2.3.4.4.b H5N1 40 160 160 80 80 1280 640 640 640 A86V, V148L
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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 H5N1 H5N1 H5N1 H5N8 H5N1

Ferret ID CVV CVV
Niger 
2131

Bulgari
a 778

Togo 
5115

Ghana 
7050

Semester Clade Subtype ? * #

Reference Antigen

A/FUJIAN-SANYUAN/21099/2017 xA/PR/8/1934 ? 2.3.4.4b H5N6 40 ?

A/turkey/Israel/238/2019 2.3.4.4b H5N8 80 ?R72S, L89I, T188I, E268G

A/TURKEY/ITALY/17VIR576-11/2017 2.3.4.4b H5N8 160 ?E268G

A/ASTRAKHAN/3212/2020 * 2.3.4.4b H5N8 80 *

A/poultry/Niger/ET3/HALAL/21VIR2131-33/2021 2.3.4.4b H5N1 640 *

A/hen/Bulgaria/722-1/22VIR778-1/2021 2.3.4.4b H5N1 320 *I151V

A/avian/Togo/904/21VIR5115-6/2021 2.3.4.4b H5N1 640 *A156S

A/duck/Cambodia/f1PPOreu241D3T/2021 2.3.4.4b H5N8 80

A/chicken/Ghana/AVL-763/21VIR7050-39/2021 # 2.3.4.4b H5N1 320

Test antigen
1 A/gypaetus_barbatus/Spain/1956-25_22VIR6312-19/2022 2.3.4.4b H5N1 10 20 80 20 640 160 640 20 320 *H273N
2 A/ardea_cinerea/Spain/863-1_22VIR6312-5/2022 2.3.4.4b H5N1 <10 20 40 20 640 320 640 <10 320 *T188A
3 A/laying-hen/Spain/3135-17_22VIR10586-1/2022 2.3.4.4b H5N1 <10 <10 20 <10 640 320 1280 <10 640 *
4 A/sea-eagle/Norway/2022-07-198_22VIR3866-2/2022 2.3.4.4b H5N5 20 80 640 80 1280 320 640 640 640
5 A/goose/Cyprus/746-1_22VIR12133-3/2022 2.3.4.4b H5N1 10 80 160 40 1280 320 1280 40 640 *A140V
6 A/chicken/Austria/2514-19_22VIR11382-2/2022 2.3.4.4b H5N1 10 40 160 40 320 80 320 40 160 *A184V
7 A/Mink/Spain/3691-2_22VIR10586-9/2022 2.3.4.4b H5N1 40 640 320 320 320 *
8 A/Mink/Spain/3691-2_22VIR10586-10/2023 2.3.4.4b H5N1 40 640 320 640 320 *

Reference Antigen

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

 A/turkey/Israel/238/2019 2.3.4.4b H5N8 20 640 320 80 320 640 320 160 1280 ?R72S, L89I, T188I, E268G

A/TURKEY/ITALY/17VIR576-11/2017 2.3.4.4b H5N8 160 1280 2560 640 2560 2560 2560 1280 1280 ?E268G

A/ASTRAKHAN/3212/2020 * 2.3.4.4b H5N8 10 320 640 320 160 1280 640 160 160 *

A/poultry/Niger/ET3/HALAL/21VIR2131-33/2021 2.3.4.4b H5N1 10 40 80 40 1280 640 1280 40 320 *

A/hen/Bulgaria/722-1/22VIR778-1/2021 2.3.4.4b H5N1 80 160 640 160 5120 5120 2560 160 2560 *I151V

A/avian/Togo/904/21VIR5115-6/2021 2.3.4.4b H5N1 20 160 160 40 320 160 2560 160 640 *A156S

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

A/chicken/Ghana/AVL-763/21VIR7050-39/2021 # 2.3.4.4b H5N1 20 160 320 80 1280 320 2560 320 2560

Test antigen
1 A/Chicken/England/154150/2022 2.3.4.4b H5N1 20 80 160 40 320 320 640 40 320 *T188K
2 A/Domestic_Duck/England/134267/2022 2.3.4.4b H5N1 80 160 640 160 1280 1280 1280 320 640
3 A/Chicken/Scotland/153380/2022 2.3.4.4b H5N1 20 160 320 160 640 2560 1280 320 1280
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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 2.3.4.4b2.3.4.4b
Subtype H5N6 H5N8 H5N8 H5N8 H5N1 H5N1 H5N1 H5N8 H5N1

Ferret ID CVV CVV
Niger 
2131

Bulgaria 
778

Togo 
5115

Ghana 
7050

Semester Clade Subtype ? * #
Reference Antigen

A/FUJIAN-SANYUAN/21099/2017 xA/PR/8/1934 ? 2.3.4.4b H5N6 80
A/turkey/Israel/238/2019 2.3.4.4b H5N8 160

A/TURKEY/ITALY/17VIR576-11/2017 2.3.4.4b H5N8 160
A/ASTRAKHAN/3212/2020 * 2.3.4.4b H5N8 160

A/poultry/Niger/ET3/HALAL/21VIR2131-33/2021 2.3.4.4b H5N1 640
A/hen/Bulgaria/722-1/22VIR778-1/2021 2.3.4.4b H5N1 320

A/avian/Togo/904/21VIR5115-6/2021 2.3.4.4b H5N1 640
A/duck/Cambodia/f1PPOreu241D3T/2021 2.3.4.4b H5N8 80

A/chicken/Ghana/AVL-763/21VIR7050-39/2021 # 2.3.4.4b H5N1 320
Test antigen

1 A/gypaetus_barbatus/Spain/1950-6_22VIR6312-17/2022 2.3.4.4b H5N1 10 20 40 20 640 160 640 <10 320
2 A/anser_anser/Spain/863-2_22VIR6312-6/2022 2.3.4.4b H5N1 <10 10 40 <10 1280 320 640 <10 320
3 A/laying-hen/Spain/3232-35_22VIR10586-3/2022 2.3.4.4b H5N1 <10 <10 10 <10 640 160 320 <10 320
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Table 5: Antigenic characterisation of H5 clade 2.3.4.4b viruses. CVVs and proposed -like CVV are marked in red. Test 
antigens are coloured by region. Fold changes are colour coded. Amino acid differences compared to the closest CVV 
A/Astrakhan/3312/2020 are annotated and putative antigenic sites are highlighted bold. 



H5 2.3.2.1a phylogenetic tree


Figure 6: Avian H5 2.3.2.1a Maximum likelihood phylogenetic tree. Analyses were conducted with reference sequences 
and data downloaded from GISAID, Genbank and kindly shared through the OFFLU network. Sequences within the 
reporting period (February 2023 to September 2023) are coloured dark blue, those from the previous reporting period 
light blue, CVVs in red and human sequences in pink. Viruses which have been antigenically characterised are yellow. 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0.02

A/duck/Bangladesh/18D1851/2022

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

SubS23|A/domestic_duck/Bangladesh/CE-113-06-DA-01-DU-O/2023_|H5N1|2023_1_29

SubS2022|HI|A/chicken/Nepal/22-02058-0002/2022|H5N1|2022.4

SubS23|A/chicken/Bangladesh/CE-116-01-02-06-Du-O/2021_|H5N1|_2021-11-21

SubS2022|A/chicken/India/01TI01/2022|H5N1|2022-01-00

A/duck/Bangladesh/18D1837/2022

A/crow/Bangladesh/1061/2011|2.3.2.1a|

A/duck/Vietnam/NCVD-1206/2012|2.3.2.1a|

A/duck/Bangladesh/18D1840/2022

SubS2022|HI|A/sonali-chicken/Bangladesh/AV-22-079911/2022

A/chicken/Bangladesh/19D1836/2022

SubS23|A/domestic_duck/Bangladesh/CE-116-04-DA-05-DU-O/2022_|H5N1|2022_09_19

A/chicken/Bangladesh/18B557/2022

A/environment/Hunan/3/2011|2.3.2.1a|

A/duck/Laos/3295/2006|2.3.4|CVV

SubF2023|A/Deshi/Chattogram/AV-22-080029/2021

SubS23|A/domestic_duck/Bangladesh/CE-111-04-DA-06-DU-O/2022_|H5N1|2022_09_17

A/duck/Bangladesh/19D1771/2021

SubS23|A/domestic_duck/Bangladesh/CE-111-04-DA-05-DU-O/2022_|H5N1|2022_09_17

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

SubS23|A/domestic_duck/Bangladesh/CE-115-04-DA-02-DU-O/2022_|H5N1|2022_09_15

A/duck/Bangladesh/17D1844/2022

SubF2023|A/sonali-chicken/Bangladesh/AV-22-079974/2022

A/barn/Swallow/HK/D10-1161/2010|2.3.2.1b|CVV

SubS23|A/chicken/India/02TI01/2023|H5N1|2023-02-03

A/chicken/Nepal/T360/2014

A/Hong/Kong/5923/2012|2.3.2.1b|

SubS23|A/domestic_duck/Bangladesh/CE-113-04-DA-05-DU-O/2022_|H5N1|2022_09_18

A/duck/Bangladesh/19D1859/2022

SubS23|A/chicken/Bangladesh/CE-113-03-02-05-DU-O/2022_|H5N1|_2022-02-07

SubS2022|HI|A/chicken/Nepal/22-02058-0001/2022|H5N1|2022.4

A/chicken/Vietnam/C58/04|PV

SubF2023|A/sonali-chicken/Bangladesh/AV-22-079984/2022

A/duck/Bangladesh/17D1869/2022

A/Cambodia/X0810301/2013|1.1.2|CVV

A/environment/Bangladesh/1019-G/2012|2.3.2.1a|

SubS23|A/domestic_duck/Bangladesh/CE-116-04-DA-02-DU-O/2022_|H5N1|2022_09_19

A/whooper/swan/Hokkaido/2/2008|2.3.2.1|

A/duck/Bangladesh/19D1850/2022

A/duck/Anhui/1/06|PV

SubS23|A/chicken/Bangladesh/CE-115-02-01-03-Du-O/2021_|H5N1|_2021-12-27

SubS23|A/chicken/Bangladesh/CE-111-06-DB-17-BR-O/2023_|H5N2|2023_1_31

A/duck/Hunan/795/2002|2.1.1|CVV

SubS23|A/domestic_duck/Bangladesh/CE-116-06-DA-02-DU-O/2023_|H5N1|2023_1_30

SubS23|A/domestic_duck/Bangladesh/CE-111-04-DA-03-DU-O/2022_|H5N1|2022_09_17

A/chicken/Korea/Gimje/2008|2.3.2.1|

SubS2022|HI|A/chicken/Nepal/22-02058-0007/2022|H5N1|2022.4

A/Anhui/1/2005|2.3.4|CVV

SubS2022|A/chicken/India/02TO04/2022|H5N1|2022-02-00

A/duck/Bangladesh/19D1890/2022

A/chicken/Bangladesh/18B569/2022

A/chicken/Bangladesh/10C463/2022

A/duck/Bangladesh/17D1868/2022

A/chicken/Vietnam/NCVD-700/2011|2.3.2.1a|

A/Goose/Guangdong/1/96|0|

SubS23|A/chicken/India/04TI01/2023|H5N1|2023-03-29

SubS23|A/domestic_duck/Bangladesh/CE-111-06-DB-10-DU-O/2023_|H5N1|2023_1_31

A/duck/Bangladesh/17D1843/2022

A/duck/Guangdong/S1322/2010|PV|||RE6||

SubS23|A/domestic_duck/Bangladesh/CE-115-05-DA-04-DU-C/2022_|H5N1|2022_11_26

A/duck/Bangladesh/18D1853/2022

A/Vietnam/1194/2004|1|CVV

A/duck/Bangladesh/17D1873/2022

A/duck/Vietnam/NCVD-1171/2012|2.3.2.1a|

SubF2023|A/Sonali/Chattogram/AV-22-080007/2021

A/duck/Bangladesh/17D1821/2022

A/common/magpie/Hong/Kong/5052/2007|2.3.2.1|CVV

SubS23|A/domestic_duck/Bangladesh/CE-111-06-DB-15-DU-O/2023_|H5N1|2023_1_31

A/chicken/Bangladesh/42010/2012|2.3.2.1a|

A/duck/Hunan/8/2008|2.3.2.1|

SubS23|A/chicken/Bangladesh/CE-111-06-DB-17-BR-C/2023_|H5N1|2023_1_31

SubS23|A/domestic_duck/Bangladesh/CE-116-04-DA-03-DU-O/2022_|H5N1|2022_09_19

A/duck/Bangladesh/17D1865/2022
SubS23|A/chicken/Bangladesh/CE-113-01-02-08-Du-O/2021_|H5N1|_2021_11_18|

SubS23|A/chicken/India/04TI03/2003|H5N1|2023-04-16

A/duck/Vietnam/NCVD-1210/2012|2.3.2.1a|

SubF2023|A/sonali-chicken/Bangladesh/AV-22-079983/2022

SubS23|A/domestic_duck/Bangladesh/CE-116-06-DA-05-DU-O/2023_|H5N1|2023_1_30

A/duck/Bangladesh/17D1845/2022

A/duck/Bangladesh/17D1854/2022

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

A/chicken/Bangladesh/19D1833/2022

A/Vietnam/1203/2004|1|CVV

A/India/SARI-4571/2021

SubS23|A/chicken/Bangladesh/CE-113-04-CB-25-BR-O/2022_|H5N1|2022_09_18

A/waterfowl/Bangladesh/31935/2011|2.3.2.1a|

SubF2023|A/broiler-chicken/Bangladesh/AV-22-079981/2022

A/environment/Chang/Sha/25/2009|2.3.2.1a|

SubF2023|A/Exotic-broiler/Chattogram/AV-22-080034/2021

SubS23|A/domestic_duck/Bangladesh/CE-111-04-DA-05-DU-C/2022_|H5N1|2022_09_17

SubS23|A/domestic_duck/Bangladesh/CE-115-04-DA-05-DU-O/2022_|H5N1|2022_09_15

A/Cambodia/R0405050/2007|1.1|CVV

A/Hubei/1/2010|2.3.2.1a|CVV

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

A/duck/Bangladesh/32077/2012|2.3.2.1a|

SubS23|A/domestic_duck/Bangladesh/CE-116-04-DA-06-DU-O/2022_|H5N1|2022_09_19

A/chicken/Guiyang/1153/2016|2.3.2.1d|CVV

SubS23|A/domestic_duck/Bangladesh/CE-111-04-DA-04-DU-O/2022_|H5N1|2022_09_17

SubF2023|A/sonali-chicken/Bangladesh/AV-22-079982/2022

Feb2023-Sept2023 
Sept2022-Feb2023 
CVV 
Human strain 
HI strain 



H5 2.3.2.1a amino acid difference table


Table 6: Avian H5 2.3.2.1a clade sequence comparison to the within clade CVVs. Sequences from this reporting period 
are blue, the previous reporting period light blue and the CVV red. Strains which have been antigenically characterised 
are coloured yellow and fold changes to the antigenically closest virus are indicated by colour. Changes in putative 
antigenic sites are highlighted grey and changes found in the CDC genetic changes inventory are annotated. 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14 K E E E X E E E
16 V A X X I
17 D H X
20 M V X
21 E K X
22 K R
23 N R X
24 V X I X
25 T S
31 D N
36 T K X
38 N P
39 G N
40 K M X M Antigenic site C
42 C E Antigenic site C
45 N D
48 K I X Antigenic site E
51 I V
71 I T
83 A V
86 A V
88 G D D
94 N S

120 D N E
123 S P Antigenic site B 123P: Increased virus binding to α2-6
124 D N N N N E N N N N N N N N N N N N
127 A V
136 P S Antigenic site A
140 N K K H X Antigenic site A
141 S P P P P P Antigenic site A

154 N D D D D D D D D D D X D D D D D Antigenic site B
154D: Decreased virulence in mice, 154N 
Increased virus binding to α2-6

156 A T S T S S Antigenic site B 156A: Increased virus binding to α2–6
175 L M M M M M X
183 D N Antigenic site B
189 R K Q Q N N N N Q Q Q Antigenic site B 189R: Increased virus binding to α2-6
200 I V V
210 V I I I Antigenic site D 210I: Increased virus binding to α2-6
212 K R R R R R R R R
217 S P
218 K R
234 K N X
240 H X Q
273 N D D D D D
276 T A A

2 7 5 7 6 3 2 4 7 10 11 4 12 9 5 5 2 2 5 3 2 3 3 4 2 2 3 3
1 2 1 4 2 1 1 2 1 4 6 1 4 3 1 1 0 1 1 1 1 1 1 2 1 1 2 1in putative antigenic Sites

AA changes



H5 2.3.2.1a Antigenic data


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

Semester Clade Subtype *

Reference Antigen AADiffs compared to closest CVV *
A/HUBEI/1/2010 2.3.2.1a H5N1 5120 5120 80
A/DUCK/BANGLADESH/19097/2013 2.3.2.1a H5N1 5120 5120 640
A/DUCK/BANGLADESH/17D1012/2018 * 2.3.2.1a H5N1 1280 1280 2560

Test antigen
1 A/Deshi/Chattogram/AV-22-080029/2021 2.3.2.1a H5N1 160 160 320
2 A/Sonali/Chattogram/AV-22-080007/2021 2.3.2.1a H5N1 640 640 20
3 A/broiler-chicken/Bangladesh/AV-22-079981/2022 2.3.2.1a H5N1 640 640 640

Reference Antigen
A/HUBEI/1/2010 2.3.2.1a H5N1 640 640 <20
A/DUCK/BANGLADESH/19097/2013 2.3.2.1a H5N1 320 320 <20
A/DUCK/BANGLADESH/17D1012/2018 * 2.3.2.1a H5N1 160 160 1280

Test antigen
1 A/chicken/Nepal/22-02058-0001/2022 2.3.2.1a H5N1 <20 <20 <20
2 A/chicken/Nepal/22-02058-0002/2022 2.3.2.1a H5N1 20 40 <20

3 A/chicken/Nepal/22-02058-0007/2022 2.3.2.1a H5N1 20 <20 <20

Reference Antigen
A/DUCK/BANGLADESH/17D1012/2018 * 2.3.2.1a H5N1 1280

Test antigen
1 A/Sonali-chicken/Bangladesh/AV-22-079911/2022 2.3.2.1a H5N1 2560 K35N, L233I

ACDP 
Feb22-
Sep22

K14E, Q15K, D43N, I51V, S141P, A156S, R189N, V210I, K212R
D129N, N154D, D309N
K14E, D43N, L129Q, I51V, S141P, A156S, R189N, V210I, K212R

APHA 
Feb22- 
Sep22

APHA 
Sep22-
Feb23

H180P, R189K, T276A
H8Y, N154D, Y164C
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Clade 2.3.2.1a 2.3.2.1a 2.3.2.1a
Subtype H5N1 H5N1 H5N1
Ferret ID

Semester Clade Subtype
Reference Antigen AA differences compared to Bangladesh/17D1012/18

A/HUBEI/1/2010 2.3.2.1a H5N1 5120 2560 160

A/DUCK/BANGLADESH/19097/2013 2.3.2.1a H5N1 5120 10240 320

A/DUCK/BANGLADESH/17D1012/2018 2.3.2.1a H5N1 320 320 640

Test antigen
1 A/chicken/Bangladesh/CE-113-01-02-08-Du-O/2021_|H5N1|_2021_11_18 2.3.2.1a H5N1 2560 1280 40 9HY, P136S, N154D
2 A/chicken/Bangladesh/CE-116-01-02-06-Du-O/2021_|H5N1|_2021_11_21 2.3.2.1a H5N1 640 640 1280 R189K, T276A
3 A/chicken/Bangladesh/CE-113-04-CB-25-BR-O/2022_|H5N1|2022_09_18 2.3.2.1a H5N1 640 640 640 T36K, S141P, A156S, R189N, V210I, K212R
4 A/domestic duck/Bangladesh/CE-115-04-DA-02-DU-O/2022_|H5N1|2022_09_15 2.3.2.1a H5N1 80 320 40 K40M, D124N, I200V
5 A/domestic duck/Bangladesh/CE-111-04-DA-05-DU-O/2022_|H5N1|2022_09_17 2.3.2.1a H5N1 80 40 80 D124N, N154D
6 A/domestic duck/Bangladesh/CE-111-04-DA-05-DU-C/2022_|H5N1|2022_09_17 2.3.2.1a H5N1 160 40 320 V16A, D17H, D124N, N154D
7 A/domestic duck/Bangladesh/CE-113-04-DA-05-DU-O/2022_|H5N1|2022_09_18 2.3.2.1a H5N1 1280 640 40 M20V, E21K, K22R, N23R, V24I, D124N, N154D
8 A/domestic duck/Bangladesh/CE-116-04-DA-03-DU-O/2022_|H5N1|2022_09_19 2.3.2.1a H5N1 640 320 1280 K14E, L175M, R189Q, 
9 A/domestic duck/Bangladesh/CE-116-04-DA-05-DU-O/2022_|H5N1|2022_09_19 2.3.2.1a H5N1 640 640 1280 K14E, K48I, L175M, R189Q, K212R, N273D
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H5 2.3.2.1e and 2.3.2.1c phylogenetic tree


Figure 7: Avian H5 2.3.2.1e and c Maximum likelihood phylogenetic tree. CVVs are coloured red, strains selected for 
antigenic characterisation are coloured yellow, strains collected in the previous reporting period are coloured light blue 
and from this reporting period dark blue. 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SubS23|A/duck/Cambodia/h3PPChba241D9T/2023|H5N1|2023-01-27

SubS23|A/chicken/Cambodia/h4PV232C3T/2023|H5N1|2023-02-03

A/chicken/East_Java/Av1955/2022

SubS23|A/Duck/Cambodia/h3PPChba241D6T/2023|H5N1|2023-01-27

A/environment/Chongqing/20363/2013|2.3.2.1f|

A/duck/Vietnam/NCVD-1544/2012|2.3.2.1c|

SubF2023|A/avian/Timor-Leste/22-04238-0030-01/2022|H5N1|2022-09-16.6

SubS23|A/environment/Cambodia/h3T241WW5C/2023|H5N1|2023-01-27

A/chicken/Banten/Serang/1772/2022

SubS2022|A/duck/Cambodia/g16K241D10/2022_H5N1

SubS2022|A/duck/Cambodia/f8K241D9/2021_Throat_H5N1

A/chicken/Burkina/Faso/15VIR1774-1/2015|2.3.2.1f|

A/chicken/EastJava/Jombang/1563/2020

SubS2022|A/duck/Cambodia/f3PPChba241D1/2021_H5N1

A/Cambodia/NPH230032_2/2023

A/chicken/Vietnam/C58/04|PV

SubS23|A/chicken/Cambodia/h5PV221C4T/2023|H5N1|2023-03-07

SubS23|A/duck/Cambodia/h4PPChba241D9T/2023|H5N1|2023-02-03

SubS23|A/Duck/Cambodia/h2PPOreu241D8C/2023|H5N1|2023-01-17

A/Indonesia/NIHRD17109/2017|2.3.2.1e|

A/chicken/SouthKalimantan/TanahLaut/1515/2020

A/Vietnam/14011801/2014|2.3.2.1c|

SubS2022|A/duck/Cambodia/f8K241D10/2021_Throat_H5N1

A/chicken/Lampung/1366/2020

A/chicken/Ghana/15VIR2588-10/2015|2.3.2.1f|

SubS23|A/duck/Cambodia/h3PPChba241D3T/2023|H5N1|2023-01-27

SubF2023|A/avian/Timor-Leste/22-04238-0030-01/2022|H5N1|2022-09-16.5

SubS2022|A/duck/Cambodia/g11PPOreu241D9/2022_H5N1

SubS23|A/Duck/Cambodia/h2K241D2C/2023|H5N1|2022-01-20

A/chicken/WestJava/Subang/1652/2021

A/chicken/Lampung/1986/2023

A/chicken/SouthSulawesi/Makassar/1507/2020

SubS23|A/Chicken/Cambodia/g1K222C1T/2022|H5N1|2022-12-23

SubS2022|A/chicken/Cambodia/f8PPChba241C2/2021_Cloacal_H5N1

A/duck/CaMau/0238/2015|2.3.2.1c|

A/chicken/East/Java/Av168/2014/H5N1|2.3.2.1e|

A/chicken/WestJava/Cirebon/1603/2021

A/duck/Hunan/795/2002|2.1.1|CVV

A/muscovyduck/WestJava/Subang/1387/2020

SubS23|A/Duck/Cambodia/g1PPOreu241D8T/2022|H5N1|2022-12-23

SubS23|A/Duck/Cambodia/f3PV232D5T/2021|H5N1|2021-10-08

A/chicken/WestJava/Sukabumi/1779/2022

A/mynah/Indonesia/13064792-010/2013

A/Vietnam/1203/2004|1|CVV

SubS2022|A/duck/Cambodia/g10PPOreu241D1/2022_H5N1

A/muscovy/duck/East/Java/Av98/2013/H5N0|2.3.2.1e|

GISAID|A/Cambodia/2302009/2023|2023-02-23

SubS23|A/Duck/Cambodia/g1PPOreu241D7T/2022|H5N1|2022-12-23

A/duck/Vietnam/QN4220/2017

SubS2022|A/duck/Cambodia/f1PPOreu241D4/2021_H5N1

GISAID|A/nativechicken/WestJava/Subang/1971/2023|2023-03-11

A/chicken/Lampung/SouthLampung/1439/2020

GISAID|A/chicken/CentralJava/Pati/1985/2023|2023-03-28

SubS2022|A/duck/Cambodia/f1PPOreu241D6/2021_H5N1

SubS2022|A/duck/Cambodia/f2K241D2/2021_H5N1

SubS2022|A/duck/Cambodia/g11K241D1/2022_H5N1

SubS2022|A/environment/Cambodia/g15T241Cage1/2022_H5N1

A/quail/Sukoharjo/04152003/2015|2.3.2.1e|

A/chiken/Lampung/BandarLampung/1403/2020

SubF2023|A/avian/Timor-Leste/22-04238-0030-01/2022|H5N1|2022-09-16.7

SubS2022|A/duck/Cambodia/g11PPChba241D7/2022_H5N1

SubS23|A/chicken/Cambodia/h4PV232C2T/2023|H5N1|2023-02-03

A/chicken/Riau/Pekanbaru/1529/2020

A/chicken/Bulgaria/5409/15|2.3.2.1f|

A/chicken/Lampung/Utara/03160218/2016|2.3.2.1e|

SubS2022|A/chicken/Cambodia/g12PV221C5/2022_H5N1

SubS23|A/Duck/Cambodia/h4K241D2C/2023|H5N1|2023-02-03

SubS23|A/duck/Cambodia/g9PPChba241D2C/2022|H5N1|2022-01-06

SubS2022|A/duck/Cambodia/f8K241D5/2021_Throat_H5N1

A/Goose/Guangdong/1/96|0|

SubS23|A/Chicken/Cambodia/f1T241C16T/2021|H5N1|2021-09-16

A/duck/Nigeria/VRD16/2015|2.3.2.1f|

A/chicken/Lampung/Pesawaran/1442/2020

A/chicken/NorthSumatra/Medan/1509/2020

A/chicken/Minahasa/BBVM/6202/2013|2.3.2.1e|

GISAID|A/chicken/EastJava/Lamongan/1992/2023|2023-04-08

A/Vietnam/1194/2004|1|CVV

A/rook/Sartlan/42/2015|2.3.2.1f|

A/chicken/Ghana/20/2015|2.3.2.1f|CVV

SubS23|A/environment/Cambodia/h4T241WW4C/2023|H5N1|2023-02-02

SubS23|A/Chicken/Cambodia/g1PPChba241C4T/2022|H5N1|2022-12-23

SubS23|A/duck/Cambodia/h4PPChba241D5T/2023|H5N1|2023-02-03

SubS23|A/Duck/Cambodia/h3PPChba241D8T2023|H5N1|2023-01-27

A/chicken/WestJava/Cianjur/1768/2022

A/duck/Vietnam/HN3656/2017

A/Cambodia/X0810301/2013|1.1.2|CVV

A/Japanese/white-eye/Taoyuan/Q454/2012/H5N1|2.3.2.1e|

A/duck/Vietnam/NCVD-1584/2012|2.3.2.1c|CVV

GISAID|A/chicken/CentralJava/Pati/1984/2023|2023-03-27

SubS23|A/Duck/Cambodia/h8PPChba241D1T/2023|H5N1|2023-04-21

A/Alberta/01/2014|2.3.2.1f|

SubS2022|A/duck/Cambodia/f3PPChba241D2/2021_H5N1

A/chicken/Nigeria/VRD49/2015|2.3.2.1f|

SubS2022|A/duck/Cambodia/f3PPOreu241D2/2021_H5N1

A/duck/India/11CA08/2014|2.3.2.1f|

A/chicken/Nigeria/VRD777/2015|2.3.2.1f|

SubF2023|A/duck/Timor-Leste/22-04034-0130-01/2022|H5N1|2022-08-27.4

A/Cambodia/R0405050/2007|1.1|CVV

A/chicken/Sleman/04141596/2014|2.3.2.1e|

SubS2022|A/duck/Cambodia/f3PPChba241D4/2021_H5N1

SubS2022|A/duck/Cambodia/f2K241D4/2021_Throat_P2e2_H5N1

SubS23|A/Chicken/Cambodia/f1T241C15T/2021|H5N1|2021-09-16

A/Cambodia/2302009/2023

SubS2022|A/duck/Cambodia/f4K241D2/2021_H5N1

A/peafowl/Kirkuk/1/2015|2.3.2.1f|

A/duck/Tanah/Datar/BPPVRII/242/2013|2.3.2.1e|

A/chicken/WestJava/Sukabumi/1756/2022

A/quail/Pekalongan/BBVW-1769-11/2012|2.3.2.1e|

A/duck/Vietnam/HN3810/2017

GISAID|A/Cambodia/NPH230032_2/2023|2023-02-21

A/chicken/WestJava/Purwakarta/1582/2021

A/duck/Vietnam/HN3590/2017

A/duck/Kulon/Progo/04141074-06/2014|2.3.2.1e|

SubS2022|A/duck/Cambodia/f4PPChba241D4/2021_H5N1

SubS2022|A/duck/Cambodia/f3PPChba241D9/2021_H5N1

SubS23|A/duck/Cambodia/h5PPOreu241D4T/2023|H5N1|2023-03-10

A/chicken/SouthSulawesi/Makassar/1663/2021

A/chicken/Vietnam/NCVD14-A501/2014|2.3.2.1c|

SubS23|A/Duck/Cambodia/h3T241D5T/2023|H5N1|2023-01-27

SubS2022|A/environment/Cambodia/g16T241WW3E/2022_H5N1

SubS23|A/Chicken/Cambodia/h3T241C12T/2023|H5N1|2023-01-27

SubS2022|A/environment/Cambodia/g12T241WW1E/2022_H5N1

A/duck/Vietnam/HN3801/2017

A/chicken/Banten/Serang/1383/2020

A/chicken/Lampung/Tanggamus/1497/2020

SubS23|A/environment/Cambodia/h5T241WW3C/2023|H5N1|2023-03-07

SubS23|A/duck/Cambodia/h4PPChba241D7T/2023|H5N1|2023-02-03

A/chicken/WestJava/Cianjur/1380/2020

SubS2022|A/duck/Cambodia/g12PPChba241D4/2022_Throat_H5N1

SubS23|A/duck/Cambodia/h4PPChba241D8C/2023|H5N1|2023-02-03

GISAID|A/chicken/Lampung/1986/2023|2023-04-03

SubS23|A/Duck/Cambodia/h8PPChba241D2T/2023|H5N1|2023-04-21

SubS2022|A/chicken/Cambodia/g9T241C20/2022_H5N1

SubS2022|A/duck/Cambodia/f8K241D8/2021_Throat_H5N1

A/chicken/WestJava/Purwakarta/1517/2020

SubS23|A/Duck/Cambodia/g11PPOreu241D6T/2022|H5N1|2022-02-10

A/chicken/Lampung/CentralLampung/1460/2020

SubS2022|A/chicken/Cambodia/f2K241C10/2021_H5N1

A/duck/Sukoharjo/BBVW-1428-9/2012|PV

A/Cambodia/NPH230032/2023

A/whooper/swan/Henan/SMX3/2015/|2.3.2.1f|

SubS2022|A/duck/Cambodia/g11PPChba241D1/2022_H5N1

A/duck/Vietnam/HN3790/2017

SubS2022|A/duck/Cambodia/g12PPChba241D4/2022_Cloacal_H5N1

A/duck/EastJava/Pasuruan/1752/2022

A/chicken/Gorontalo/1555/2020

A/duck/Lamongan/04160434/2016|2.3.2.1e|

A/chicken/WestJava/Subang/1653/2021

A/chicken/CentralJava/Pati/1984/2023

SubS23|A/duck/Cambodia/h3T241D1T/2023|H5N1|2023-01-27

A/chicken/Vietnam/NCVD14-A383/2014|2.3.2.1c|

A/chicken/CentralJava/Pati/1985/2023

SubS23|A/chicken/Cambodia/h4PPOreu241C6T/2022|H5N1|2023-02-03

A/nativechicken/WestJava/Subang/1971/2023

A/chicken/SouthSulawesi/Makassar/1725/2021

SubS23|A/chicken/Cambodia/g1PPChba241C7T/2022|H5N1|2022-12-23

GISAID|A/Cambodia/NPH230032/2023|2023-02-21

A/chicken/NorthSumatra/Medan/1524/2020

SubS2022|A/duck/Cambodia/g11K241D9/2022_H5N1

SubS23|A/duck/Cambodia/h3PPChba241D5T/2023|H5N1|2023-01-27
SubS23|A/Duck/Cambodia/h8PPChba241D8T/2023|H5N1|2023-04-21

SubS2022|A/duck/Cambodia/f3PPChba241D5/2021_H5N1

A/duck/Vietnam/LS101/2013|2.3.2.1c|

A/chicken/EastJava/Lamongan/1992/2023

SubS2022|A/duck/Cambodia/g12PPChba241D9/2022_H5N1_H_H5

SubS23|A/Duck/Cambodia/g10PPOreu241D8T/2022|H5N1|2022-01-27

SubS23|A/duck/Cambodia/h4PPChba241D6T/2023|H5N1|2023-02-03

SubS23|A/duck/Cambodia/h4PPChba241D4T/2023|H5N1|2023-02-03

A/chicken/WestJava/Subang/1651/2021

Feb2023-Sept2023 
Sept2022-Feb2023 
CVV 
Human strain 
HI strain 
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185 A T Putative Antigenic site
188 T I I Putative Antigenic site 188I: Increased pseudovirus binding to α2-6
189 K R N Putative Antigenic site
195 T S S S S S S S S S S S S S F S S S S S S S S
198 I V V V V V V V V V V V V V V V V V V V V V V
208 R K
210 V I Putative Antigenic site 210I: Increased virus binding to α2-6
213 I V
221 G E
236 N H
249 A S S
257 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
272 G S
285 I L
288 S N
292 H T
293 N T
299 I V
320 S N

4 10 9 8 10 10 11 9 7 8 8 9 8 10 7 9 9 8 9 9 8 11 13 8
2 0 0 0 0 1 1 0 0 0 0 0 0 3 0 1 1 0 1 1 1 2 2 0

Table 8: Avian H5 2.3.2.1e clade sequence comparison to the within clade CVVs. Sequences from this reporting 
period are blue, the previous reporting period light blue and the CVV red. Strains which have been antigenically 
characterised are coloured yellow and fold changes to the antigenically closest virus are indicated by colour. 
Changes in putative antigenic sites are highlighted grey and changes found in the CDC genetic changes inventory 
are annotated.



H5 2.3.2.1e antigenic analysis


Table 9: Antigenic characterisation of H5 2.3.2.1e viruses from previous reporting period. CVVs are marked in red. Fold 
changes are colour coded.  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Homologous
2 fold
4 fold
8 fold
<16 fold

Clade 2.3.2.1a 2.3.2.1a 2.3.2.1c
Subtype H5N1 H5N1 H5N1
Ferret ID

Semester Clade Subtype
Reference Antigen

A/HUBEI/1/2010 2.3.2.1a H5N1 1280 20 1280
A/DUCK/BANGLADESH/17D1012/2018 2.3.2.1a H5N1 80 2560 640

A/duck/Vietnam/NCVD-1584/2012 2.3.2.1c H5N1 640 20 640
Test antigen

1 A/duck/Timor-Leste/22-04034-0130-01/2022 2.3.2.1e H5N1 20 20 80
2 A/avian/Timor-Leste/22-04238-0030-01/2022 2.3.2.1e H5N1 20 20 80
3 A/avian/Timor-Leste/22-04238-0038-01/2022 2.3.2.1e H5N1 20 20 80
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H5 2.3.2.1c amino acid difference table 
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71 T I
84 N K K Putative Antigenic site
86 A V V V V V V V V V V V
94 N S S

120 D N N N N N N N T N N N N N N N N N N N N N N N N N N N
124 D G
134 A T X
137 Y H H H Putative Antigenic site
151 I V Putative Antigenic site
154 D N N N N N N N N N N N N N N N N N N N N N Putative Antigenic site 154D: Decreased virulence in mice, transmissable in ferrets
155 N S D Putative Antigenic site 155N: Increased virus binding to α2-6, reduced lethality and systemic spread in mice
156 A V V V Putative Antigenic site 156A: Increased virus binding to α2-6 and increased transmission in guineau pigs
159 T I
163 G D D D D D D D D D D D D D D D D D D D D D D D D D D D
174 I V
175 L M M
183 D N Putative Antigenic site
185 A T Putative Antigenic site 188A+189R: Enhanced replication in ferrets, transmitted via aerosols among ferrets
188 T M Putative Antigenic site
189 R K K K K Putative Antigenic site 188A+189R: Enhanced replication in ferrets, transmitted via aerosols among ferrets
204 T A A
212 K R R R R R R R R R R R R R R R R R R R R R R R R R R
217 S P P P P P P P P P P P P P P P P P P P P P P P P P P P
257 V I I
269 V A
270 E 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 Q
273 N D Putative Antigenic site
309 N S S S S S S S S S S S S S S S S S S S S S S S S S S S

13 13 11 10 11 10 10 10 12 13 10 10 10 10 10 9 8 8 9 9 9 9 9 11 8 9 10
1 1 1 1 2 0 1 1 2 3 2 1 1 1 2 1 1 1 1 2 2 1 1 3 0 2 2

Table 10: Avian H5 2.3.2.1c clade sequence comparison to the within clade CVVs. Sequences from this reporting 
period are blue, the previous reporting period light blue and the CVV red. Strains which have been antigenically 
characterised are coloured yellow and fold changes to the antigenically closest virus are indicated by colour. Changes 
in putative antigenic sites are highlighted grey and changes found in the CDC genetic changes inventory are 
annotated.
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Feb2023-
Sept2023 
Sept2022-
Feb2023 
CVV 

0.09

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

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

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

GISAID|A/Quail/HeN/621/2022|2022-06-23

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

SubF2023|A/chicken/Coahuila/CPA-03166-22/2022/HA

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

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

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

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

SubF2023|A/avian/Mexico/CPA-32176-22/2022/HA

GISAID|A/Chicken/SX/B1323-1/2022|2022-12-15

SubS23|A/blue-winged_teal/Florida/23-003844-006/2023|H7N3|original

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

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

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

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

GISAID|A/Chicken/BJ/732-1/2022|2022-07-27

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

SubS23|A/northern_shoveler/Texas/23-007479-010/2023|H7N3|original

GISAID|A/Chicken/SC/468-2/2022|2022-05-28

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

SubF2023|A/turkey/Utah/22-014130-002/2022|H7N3|2022-05-12

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

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

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

SubS23|A/mallard/Wisconsin/22-039761-004/2022|H7N9|original

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

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

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

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

GISAID|A/Chicken/HeB/B14-1/23|2023-01-17

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

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

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

ref|A/Mexico/InDRE7218/2012/H7N3

CVV/A/Canada/rv444/2004/H7N3

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

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

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

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

SubF2023|A/avian/Mexico/CPA-06070-22/2022/HA

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

GISAID|A/Chicken/HeB/526/2022|2022-06-02

SubF2023|A/chicken/Guanajuato/CPA-01914-22/2022/HA

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

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

SubF2023|A/avian/Mexico/CPA-05297-22/2022/HA

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

SubS23|A/mallard/New_York/23-004808-013/2023|H7N7|original

GISAID|A/chicken/Durango/CPA-03865-22/2022|2022-04-28

CVV/A/Hunan/02650/2016/H7N9

A/duck/Bangladesh/51658/2021

GISAID|A/Chicken/BJ/470-6/2022|2022-05-19

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

CVV/A/Shanghai/02/2013/H7N9

SubF2023|A/chicken/Puebla/CPA-02247-22/2022/HA

GISAID|A/Duck/HeB/976-2/2022|2022-10-10
GISAID|A/Chicken/YN/415-2/2022|2022-05-06

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

SubF2023|A/chicken/Guanajuato/CPA-01819-22/2022/HA

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

CVV/IDCDC-RG56N/H7N9

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

SubF2023|A/avian/Mexico/CPA-00056-22/2022/HA

SubF2023|A/avian/Mexico/CPA-00049-22/2022/HA

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

SubS23|A/northern_shoveler/California/23-000225-003/2022|H7N3|original

GISAID|A/Chicken/SX/B22-2/2023|2023-02-01

SubF2023|A/mallard/Vermont/22-029066-024/2022|H7N7|2022-09-08

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

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

GISAID|A/Environment/Henan/02/2023|2023-02-06

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

SubS23|A/northern_shoveler/California/23-000225-004/2022|H7N3|original

GISAID|A/chicken/Durango/CPA-03922-22/2022|2022-04-28

SubS23|A/mallard/Pennsylvania/23-007093-021/2023|H7N3|original

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

GISAID|A/Environment/Henan/01/2023|2023-02-06

ref|A/duck/Zhejiang/DK10/2013/H7N3

SubF2023|A/avian/Mexico/CPA-00072-22/2022/HA

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

SubS23|A_Canada_Goose_ON_FAV934-38_2022|H7N4|2022-08-25

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

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

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

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

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

GISAID|A/Chicken/LN/976-3/2022|2022-10-27

CVV/A/Anhui/1/2013/H7N9

SubF2023|A/mallard/Michigan/22-028827-005/2022|H7N3|2022-09-08

ref|A/pigeon/Wenzhou/559/2013/H7N7

SubS23|A/chicken/Minnesota/23-013280-002/2023|H7N3|07-05-2023

GISAID|A/Quail/HeN/782-2/2022|2022-08-04

GISAID|A/Chicken/HeB/363-4/2022|2022-04-28

GISAID|A/chicken/Durango/CPA-03872-22/2022|2022-04-28

GISAID|A/Environment/Henan/03/2023|2023-02-06

SubF2023|A/chicken/Jalisco/CPA-01178-22/2022/HA

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

SubF2023|A/mallard/Netherlands/22013359-002/2022

SubS23|A/northern_shoveler/California/23-003133-015/2023|H7N3|original

SubF2023|A/turkey/Puebla/CPA-02527-22/2022/HA

GISAID|A/chicken/Durango/CPA-03482-22/2022|2022-04-26

SubF2023|A/Canada/goose/ON/FAV1650-25/2022|H7N5|2022-12-12/HA

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

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

GISAID|A/Mallard/Alberta/543/2022|2022-08-23

ref|A/turkey/Oregon/1971/H7N3

ref|A/cinnamon/teal/Bolivia/4537/2001/H7N3

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

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

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

SubF2023|A/avian/Jalisco/CPA-02681-22/2022/HA

SubF2023|A/chicken/San_Luis

SubS23|A/mallard/Pennsylvania/23-007093-004/2023|H7N3|original

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

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

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

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

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

GISAID|A/chicken/Durango/CPA-03739-22/2022|2022-04-27

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

ref|A/Mallard/Sweden/91/2002/H7N9
CVV/A/mallard/Netherlands/12/2000/H7N3

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

SubF2023|A/mallard/QC/FAV1267-62/2022|H7N2|2022-08-23/HA

SubF2023|A/avian/Guanajuato/CPA-03095-22/2022/HA

GISAID|A/Chicken/JSu/B14-3/23|2023-01-17

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

SubS23|A/northern_shoveler/California/23-000947-009/2022|H7N3|original

SubF2023|A/duck/BC/FAV934-38/2022|H7N4|2022-09-14/HA

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

ref|A/chicken/Chile/184240-2/2002/H7N3

SubS23|A/northern_pintail/Georgia/23-002084-001/2023|H7N3|original

CVV/A/chicken/Jiangsu/1/2018/H7N4

GISAID|A/Chicken/HeB/368-4/2022|2022-04-28

GISAID|A/chicken/Coahuila/CPA-03703-22/2022|2022-04-27

Figure 8: Avian H7 maximum likelihood phylogenetic tree. CVVs are coloured red, strains selected for antigenic 
characterisation are coloured yellow, strains collected in the previous reporting period are coloured light blue and 
from this reporting period dark blue.
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site
9 A S S S S S S S S S S S S S S S S S S

12 N Y
20 T S
22 R K K K K K K K K K K K K K K K K K K
37 N T T T S
47 R K K K K K K K K K K K K K K K K K
48 T R
49 V I A
53 Q R
68 Q K K K K K
71 E K K K K K K K K K T K K K K K K K K
74 A H
78 I V V V V V V V V V V V V V V V V V V
82 E G
84 S N N N D N
93 V M M M M M

111 E K K K K K K K K
112 P S S S S S S S S S S S S S S S S S S Putative antigenic site
116 T I I I K R R R R K N E E E E E E K E
118 N D D D D D D D D D D D D D E D D
119 E G G G G G G G G G G G G G G G G G G Putative antigenic site
123 N D D D D
125 V T T T T T T T T T T T T T T T T T T Glycosylation
127 S R R R R R R R R R R
130 R M M M M M M M M
132 S A A A T T T T T T T Putative antigenic site
133 G E E E R R R R R R R E E E E E E E
141 K R R R R R
146 N K K K T K
147 T K A
151 A T T T T T T T T T P T T T T T T T T Putative antigenic site
157 K R Putative antigenic site
160 K R
162 T I
163 K R R R R R R R R R R R R R R R R R R
164 E G D G
169 I V V V V V V V V V V V V V V V V V V
177 V I I I
179 T I I I
190 N D D D D D
196 G E E E E E E E E E E E E E E E E E
205 V I
213 Q K
227 I V V V
237 S N N N N N N N N N N N N
241 A V
261 R G G G G G G G G G G G G G G G G G G
264 V I
266 A P P P P P P
271 D N

Table 11: Avian H7 Amino acid difference tables compared to the CVV.  Sequences from this reporting period are 
blue, the previous and the CVVs red. Changes in putative antigenic sites are highlighted grey.



Table 12: Avian H7 Amino acid difference tables compared to the CVV. Changes in putative antigenic sites are 
highlighted grey. 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130 R T Putative antigenic site
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270 E D
276 S N
294 V I
307 L M
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H9 Influenza A viruses 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G1


Y280


Feb2023-Sept2023 
Sept2022-Feb2023 
CVV 
Human strain 
HI strain 

0.03

SubF2023|A/hybrid-chicken/Vietnam/AV-22-021669/2022

SubS23|A/chicken/Bangladesh/CE-116-04-CB-25-BR-O/2022_|H9N2|2022_09_19

SubS23|A/chicken/Bangladesh/CE-113-01-06-21-BR-O/2021_|H9N2|_2021-11-18

A/Hunan/00468/2021

A/duck/Bangladesh/54974/2022

7not_release_-_host_x_isolate_name_not_match

ref|A/avian/Bangladesh/PV305/2016

SubF2023|A/chicken/Mali/22-A-02-123/2022

ref|A/chicken/Vietnam/NCVD-NA3V3S4/2018

SubS23|A/chicken/Bangladesh/CE-116-06-DA-07-BR-O/2023_|H9N2|2023_1_30

SubS23|A/chicken/Bangladesh/CE-111-06-DB-16-BR-O/2023_|H9N2|2023_1_31

ref|A/chicken/Israel/635/2013

A/chicken/Egypt/v1896/2022

SubS23|A/chicken/Bangladesh/CE-111-01-05-17-SO-O/2021_|H9N2|_2021-11-20

SubS23|A/chicken/Bangladesh/CE-113-04-CA-19-SO-O/2022_|H9N2|2022_09_18

SubS23|A/chicken/Bangladesh/CE-111-06-DA-09-BR-O/2023_|H9N2|2023_1_31

SubF2023|A/hybrid-chicken/Vietnam/AV-22-021539/2022

ref|A/chicken/China/333/2017

SubS23|A/chicken/Bangladesh/CE-116-03-05-18-SO-O/2022_|H9N2|_2022-02-08

SubS23|A/Chicken/Cambodia/h3K241C4T/2023|H9N2|2023-01-26

SubS23|A/chicken/Bangladesh/CE-116-04-DB-18-BR-O/2022_|H9N2|2022_09_19

SubS23|A/chicken/Bangladesh/CE-113-01-05-17-SO-O/2021_|H9N2|_2021-11-18

SubF2023|A/hybrid-chicken/Vietnam/AV-22-021650/2022

A/environment/Bangladesh/55184/2022

SubS23|A/chicken/Bangladesh/CE-115-01-05-19-SO-O/2021_|H9N2|_2021-11-17

A/chicken/Guangdong/F93/2022

SubS23|A/chicken/Bangladesh/CE-116-04-DB-17-BR-O/2022_|H9N2|2022_09_19

SubS23|A/chicken/Bangladesh/CE-113-01-06-23-BR-O/2021_|H9N2|_2021-11-18

ref|A/turkey/Egypt/1341V/2013

ref|A/chicken/Guangxi/KMIII/1999

ref|A/chicken/Sngi/1106-65/2017

ref|A/chicken/Guangdong/FLS/2011

SubF2023|A/hybrid-chicken/Vietnam/AV-22-021544/2022

SubS23|A/chicken/Bangladesh/CE-111-05-CA-20-BR-O/2022_|H9N2|2022_11_28

SubF2023|A/chicken/Mali/22-A-02-143/2022

A/chicken/Egypt/V739/2020

SubF2023|A/broiler-chicken/Vietnam/AV-22-021613/2022

SubS23|A/chicken/Bangladesh/CE-113-01-05-19-SO-O/2021_|H9N2|_2021-11-18

ref|A/chicken/Henan/323/2009
ref|A/chicken/Osaka/aq58/2001

SubS23|A/chicken/Bangladesh/CE-115-04-CB-23-BR-O/2022_|H9N2|2022_09_15

ref|A/chicken/Vietnam/NCVD-BD5V2S6/2016

ref|A/chicken/Iran/SS5/2009

A/chicken/Egypt/v2091/2020

ref|A/chicken/Guangxi/2389/2005

SubS23|A/chicken/Bangladesh/CE-113-06-CB-22-BR-O/2023_|H9N2|2023_1_29

A/chicken/Bangladesh/55110/2022

ref|A/poultry/Pakistan/SI36/2017/H9N2

SubS23|A/chicken/Bangladesh/CE-111-01-06-21-BR-O/2021_|H9N2|_2021-11-20

GISAID|A/Duck/Egypt/22-3/2022|2022-09-01

ref|A/quail/Jiangsu/WX3/2013

ref|A/environment/Bangladesh/23571/2014

2not_release_-_host_x_isolate_name_not_match

SubF2023|A/broiler-chicken/Vietnam/AV-22-105935/2022

ref|A/chicken/Israel/623/2013

ref|A/Oman/2747/2019/H9N2/2019-03-21_G1_CVV

ref|A/chicken/Henan/SQ/2011

SubS23|A/chicken/Bangladesh/CE-113-06-CA-19-SO-O/2023_|H9N2|2023_1_29

ref|A/quai l /Dubai/302/2000

SubF2023|A/hybrid-chicken/Vietnam/AV-22-021662/2022

SubF2023|A/hybrid-chicken/Vietnam/AV-22-021554/2022

SubS23|A/chicken/Bangladesh/CE-116-06-CA-20-BR-O/2023_|H9N2|2023_1_30

GISAID|A/broiler/Niger/35-23_23VIR3551-20/2023|2023-01-24

A/Cambodia/21020301/2021

SubF2023|A/broiler-chicken/Vietnam/AV-22-021593/2022

A/chicken/Egypt/V654/2020

ref|A/chicken/Bangladesh/21-P-16/2018
SubS23|A/chicken/Bangladesh/CE-115-01-05-17-SO-O/2021_|H9N2|_2021-11-17

SubS23|A/chicken/Bangladesh/CE-116-06-CA-21-BR-O/2023_|H9N2|2023_1_30

SubS23|A/chicken/Bangladesh/CE-111-06-DB-18-BR-O/2023_|H9N2|2023_1_31

ref|A/chicken/Guangdong/LGQ03/2014

A/Fujiansiming/19/2021

SubS23|A/chicken/Bangladesh/CE-116-02-04-14-DE-O/2021_|H9N2|_2021-12-28

SubS23|A/chicken/Bangladesh/CE-115-04-DA-08-BR-O/2022_|H9N2|2022_09_15

ref|A/duck/Bangladesh/1009/2009

A/chicken/Egypt/V649/2020

ref|A/chicken/Saudi/Arabia/F-36365/2006

SubF2023|A/hybrid-chicken/Vietnam/AV-22-021568/2022

ref|A/chicken/Libya/13VIR7225-2/2013

A/chicken/China/Ningxia3/2022

ref|A/chicken/TayNinh/0200/2014

5not_release_-_host_x_isolate_name_not_match

SubF2023|A/chicken/Mali/22-A-02-152/2022

SubF2023|A/hybrid-chicken/Vietnam/AV-22-021647/2022

SubS23|A/chicken/Bangladesh/CE-113-06-DB-17-BR-O/2023_|H9N2|2023_1_29

ref|A/duck/Bangladesh/10-P-86/2018

ref|A/chicken/Osaka/aq48/97

1not_release_-_host_x_isolate_name_not_match

SubS23|A/chicken/Bangladesh/CE-111-02-05-18-SO-O/2021_|H9N2|_2021-12-26

A/chicken/Egypt/V644/2020

ref|A/mallard/California/6585/2009

A/chicken/Egypt/V72/2020

ref|A/Anhui-Lujiang/39/2018_Y280_CVV

SubF2023|A/hybrid-chicken/Vietnam/AV-22-105970/2022

ref|A/chicken/Bangladesh/12-P-22/2018

A/chicken/Egypt/V3293/2020

A/Guizhou/13392/2020

SubS23|A/Chicken/Cambodia/g1K222C2T/2022|H9N2|2022-12-23

SubS23|A/chicken/Bangladesh/CE-115-06-DA-08-BR-O/2023_|H9N2|2023_1_28

ref|A/environment/Bangladesh/177/2010

ref|A/Duck/Hong/Kong/366/78

SubS23|A/chicken/Bangladesh/CE-116-04-CA-20-BR-O/2022_|H9N2|2022_09_19

SubS23|A/chicken/Bangladesh/CE-111-01-06-24-BR-O/2021_|H9N2|_2021-11-20

ref|A/duck/Malaysia/91/1997

ref|A/chicken/Nepal/B181/2018/H9N2

A/Guangdong/11172/2020

A/chicken/Shandong/Taian29/2022

SubS23|A/chicken/Bangladesh/CE-111-02-04-16-DE-O/2021_|H9N2|_2021-12-26

SubS23|A/chicken/Bangladesh/CE-113-06-CB-24-BR-O/2023_|H9N2|2023_1_29

ref|A/duck/Vietnam/Raho6-Dl3V2S2/2018

ref|A/chicken/Kuwait/9/2004

ref|A/quail/Lebanon/272/2010

SubS23|A/chicken/Cambodia/h7PPOreu241C6T/2022|H9N2|2023-04-10

ref|A/chicken/Bangladesh/15-P-42/2018

ref|A/chicken/SnDong/413ZDM/2017

SubS23|A/chicken/Bangladesh/CE-116-06-CB-23-BR-O/2023_|H9N2|2023_1_30

ref|A/chicken/Nepal/D299/2018/H9N2

A/chicken/China/Ningxia7/2022

ref|A/chicken/Vietnam/NCVD-HN1V1S1/2016

SubS23|A/chicken/Bangladesh/CE-113-06-DB-18-BR-O/2023_|H9N2|2023_1_29

SubF2023|A/hybrid-chicken/Vietnam/AV-22-021649/2022

SubS23|A/chicken/Bangladesh/CE-113-04-CA-20-SO-O/2022_|H9N2|2022_09_18

ref |A/duck/Hong/Kong/644/79

SubS23|A/chicken/Bangladesh/CE-116-02-06-22-BR-O/2021_|H9N2|_2021-12-28

A/chicken/Bangladesh/55169/2022

SubS23|A/Chicken/Cambodia/g1K222C5T/2022|H9N2|2022-12-23

ref|A/chicken/Hong/Kong/NT155/2008

ref|A/chicken/Vietnam/NCVD-H5C18KDLS50/2018

ref|A/quail /Sntou/365/2002

ref|A/chicken/India/IVRI-0004/2010

ref|A/chicken/Bangladesh/BM25C339/2016

SubF2023|A/hybrid-chicken/Vietnam/AV-22-105891/2022

ref|A/chicken/Vietnam/NCVD-NDC751/2015

ref|A/chicken/HongKong/TP38/03

SubF2023|A/chicken/Mali/22-A-02-128/2022

SubS23|A/Chicken/Cambodia/g1T241C15T/2022|H9N2|2022-12-21

ref|A/chicken/Israel/11/2016

A/chicken/China/Ningxia1/2022

A/chicken/Egypt/V3303/2020

SubF2023|A/hybrid-chicken/Vietnam/AV-22-021588/2022

A/environment/Bangladesh/52797/2022

SubS23|A/Chicken/Cambodia/h8PPChba241C4T/2023|H9N2|2023-04-21

ref|A/chicken/Jiangsu/01/2007

SubS23|A/chicken/Bangladesh/CE-115-04-CB-24-BR-O/2022_|H9N2|2022_09_15

A/Hubei-Fangxian/218/2021

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

A/Jiangsu/602/2021

SubS23|A/chicken/Bangladesh/CE-115-06-CA-21-BR-O/2023_|H9N2|2023_1_28

SubS23|A/chicken/Bangladesh/CE-113-01-06-22-BR-O/2021_|H9N2|_2021-11-18

SubS23|A/Chicken/Cambodia/h2T241C8T/2023|H9N2|2023-01-19

A/Guangdong/02591/2021

A/Fuj ian-siming/1348/2020

SubS23|A/chicken/Bangladesh/CE-113-05-DB-16-BR-O/2022_|H9N2|2022_11_27

ref|A/chicken/Nepal/C263/2018/H9N2

SubF2023|A/broiler-chicken/Vietnam/AV-22-021573/2022

ref|A/avian/Bangladesh/PV857/2016

ref|A/chicken/Vietnam/NCVD-BD1V1S1/2016

SubS23|A/chicken/Bangladesh/CE-116-06-CB-24-BR-O/2023_|H9N2|2023_1_30

SubS23|A/chicken/Bangladesh/CE-113-03-04-15-DE-O/2022_|H9N2|_2022-02-07
SubS23|A/chicken/Bangladesh/CE-115-06-DB-16-BR-O/2023_|H9N2|2023_1_28

SubS23|A/Chicken/Cambodia/h8K223C2T/2023|H9N2|2023-04-20

GISAID|A/environment/India/05NA01-05/2023|2023-05-16

SubS23|A/chicken/Bangladesh/CE-115-04-CB-22-BR-O/2022_|H9N2|2022_09_15

A/chicken/Guangdong/F94/2022

SubS23|A/chicken/Bangladesh/CE-115-01-05-20-SO-O/2021_|H9N2|_2021-11-17

SubF2023|A/hybrid-chicken/Vietnam/AV-22-105894/2022

ref|A/Guangzhou/333/1999

ref|A/quail/Bangladesh/RB2940/2015

ref|A/chicken/Israel/642/2013

ref|A/chicken/Iran/Markazi/2013

SubS23|A/chicken/Bangladesh/CE-111-03-06-23-BR-O/2022_|H9N2|_2022-02-06

SubF2023|A/hybrid-chicken/Vietnam/AV-22-021666/2022

ref|A/chicken/Siberia/03/2018/H9N2

SubF2023|A/chicken/Mali/22-A-02-139/2022

A/chicken/Shandong/Weifang31/2022

ref|A/chicken/Hong/Kong/1997_G9_CVV

SubF2023|A/broiler-chicken/Vietnam/AV-22-021623/2022

ref|A/chicken/Egypt/F10993B/2015

ref|A/chicken/Saudi/Arabia/D-36363/2010

SubS23|A/chicken/Bangladesh/CE-115-06-DB-18-BR-O/2023_|H9N2|2023_1_28

SubS23|A/chicken/Bangladesh/CE-113-01-06-24-BR-O/2021_|H9N2|_2021-11-18

A/chicken/China/Ningxia8/2022

ref|A/Guangdong/W1/2004

GISAID|A/Duck/Egypt/22-1/2022|2022-09-01

SubS23|A/chicken/Bangladesh/CE-116-04-CA-19-BR-O/2022_|H9N2|2022_09_19

ref|A/chicken/Saudi/Arabia/EPD-22-01/2002

SubS23|A/Chicken/Cambodia/f6PV231C1T/2021|H9N2|2021-11-20

4not_release_-_host_x_isolate_name_not_match

A/Guangdong/SF16348/2020

SubS23|A/chicken/Bangladesh/CE-116-06-CA-19-BR-O/2023_|H9N2|2023_1_30

A/Guangdong/Zhuhai/20SF8034/2020

ref|A/chicken/Henan/LH/2012

SubS23|A/Chicken/Cambodia/h8K223C9T/2023|H9N2|2023-04-20

SubS23|A/chicken/Bangladesh/CE-115-05-DA-08-BR-O/2022_|H9N2|2022_11_26

SubS23|A/chicken/Bangladesh/CE-116-05-CA-19-BR-O/2022_|H9N2|2022_11_29

ref|A/chicken/Sichuan/LFY/2016
ref|A/chicken/Vietnam/NCVD-NA2V3S2/2018

SubF2023|A/broiler-chicken/Vietnam/AV-22-105884/2022

SubS23|A/chicken/Bangladesh/CE-111-04-CB-25-BR-O/2022_|H9N2|2022_09_17

ref|A/Swine/Hong/Kong/9/1998

SubS23|A/chicken/Cambodia/h5K222C5T/2023|H9N2|2023-03-06

GISAID|A/Duck/Egypt/22-2/2022|2022-09-01

SubS23|A/chicken/Bangladesh/CE-116-06-DA-09-BR-C/2023_|H9N2|2023_1_30

A/Broiler_chicken/Iran/UT-Marjan_Mehr/2022

SubS23|A/chicken/Bangladesh/CE-111-01-06-22-BR-O/2021_|H9N2|_2021-11-20

SubS23|A/chicken/Bangladesh/CE-116-05-CB-23-

SubS23|A/duck/Cambodia/h6PPOreu241D10T/2023|H9N2|2023-04-06

ref|A/chicken/Chongqing/K7/2011

SubF2023|A/chicken/Mali/22-A-02-158/2022

SubS23|A/Chicken/Cambodia/h8T241C8T/2023|H9N2|2023-04-19

SubS23|A/chicken/Bangladesh/CE-113-01-05-20-SO-O/2021_|H9N2|_2021-11-18

SubS23|A/environment/India/04NA149-153/2023|H9N2|2023-04-13

A/Guangdong/00470/2021

SubS23|A/chicken/Bangladesh/CE-116-04-DA-08-BR-O/2022_|H9N2|2022_09_19

SubS23|A/chicken/Bangladesh/CE-113-04-DA-09-SO-O/2022_|H9N2|2022_09_18

ref|A/chicken/Zhejiang/SIC40/2015

ref|A/chicken/India/02CL788/2018/H9N2

ref|A/chicken/Bangladesh/01-P-28/2018

ref|A/Hong/Kong/308/2014_Y280_CVV

ref|A/avian/Libya/RV35D/2006

SubF2023|A/broiler-chicken/Vietnam/AV-22-105885/2022

A/chicken/China/Ningxia9/2022

ref|A/chicken/Hunan/1/2012

A/chicken/Guangdong/F92/2022

SubS23|A/chicken/Bangladesh/CE-116-05-CB-22-SO-O/2022_|H9N2|2022_11_29

ref|A/turkey/Neve/I lan/90710/00

ref|A/canine/Guangxi/1/2011

GISAID|A/layer/Niger/13-23_23VIR3551-13/2023|2023-01-12

ref|A/quail/Bangladesh/29997/2016

A/Hunan/11173/2020

SubS23|A/chicken/Bangladesh/CE-111-05-CA-21-BR-O/2022_|H9N2|2022_11_28

SubS23|A/Chicken/Cambodia/g1K222C10T/2022|H9N2|2022-12-23

ref|A/duck/Egypt/C9787/2014

ref|A/chicken/Bangladesh/21940/2014

A/chicken/China/Ningxia4/2022

SubS23|A_chicken_Ghana_NCFAD36-604_2023|H9N2|2023-04-14

ref|A/chicken/Hong/Kong/CRA45/2010

A/Guangdong/20SF15010/2020

ref|A/swine/Henan/Y1/2009

ref|A/chicken/Uganda/MUWRP-200162/2017

SubF2023|A/hybrid-chicken/Vietnam/AV-22-105906/2022

A/chicken/Guangdong/F99/2022

ref|A/environment/GZ/424/2015
ref|A/chukkar/Sntou/22116/2005

A/chicken/Egypt/V3506/2020

SubS23|A/chicken/Bangladesh/CE-116-05-CA-20-BR-O/2022_|H9N2|2022_11_29

SubF2023|A/hybrid-chicken/Vietnam/AV-22-105892/2022

ref|A/Hong/Kong/1073/1999

SubF2023|A/hybrid-chicken/Vietnam/AV-22-021659/2022

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

SubS23|A/chicken/India/04TR505-509/2023|H9N2|2023-04-04

ref|A/mallard/California/3370/2012

ref|A/chicken/Bangladesh/21C804/2015

ref|A/Hong/Kong/33982/2009_G1_CVV

ref|A/environment/Bangladesh/124/2010

SubF2023|A/hybrid-chicken/Vietnam/AV-22-021643/2022

ref|A/chicken/HoChiMinh/0181/2013

ref|A/Bangladesh/0994/2011_G1_CVV

SubS23|A/chicken/Bangladesh/CE-116-03-06-24-BR-O/2022_|H9N2|_2022-02-08

ref|A/Hong/Kong/1073/1999_G1_CVV

SubS23|A/chicken/Bangladesh/CE-116-06-DA-08-BR-O/2023_|H9N2|2023_1_30

SubF2023|A/broiler-chicken/Vietnam/AV-22-105936/2022

SubS23|A/Chicken/Cambodia/h3K222C9T/2023|H9N2|2023-01-26

SubS23|A/chicken/Cambodia/h5K222C2T/2023|H9N2|2023-03-06

A/chicken/Egypt/v2092/2020

SubS23|A/Duck/Cambodia/g1T241D15T/2022|H9N2|2022-12-21

SubF2023|A/chicken/Mali/22-A-01-113/2022

ref|A/chicken/Bangladesh/10-C-263/2018

SubS23|A_backyard_chicken_Ghana_NCFAD36-375_2023|H9N2|2023-03-24
ref|A/chicken/Morocco/HC1/2016

A/Fuj ian-siming/19/2021

SubS23|A/chicken/Bangladesh/CE-111-05-CB-22-BR-O/2022_|H9N2|2022_11_28

SubS23|A/chicken/Bangladesh/CE-116-05-CA-21-BR-O/2022_|H9N2|2022_11_29

ref|A/chicken/Jordan/436-2/2010

SubS23|A/chicken/Bangladesh/CE-116-03-06-23-BR-O/2022_|H9N2|_2022-02-08

ref|A/chicken/Hong/Kong/G9/1997

SubS23|A/chicken/Bangladesh/CE-111-05-CA-19-BR-O/2022_|H9N2|2022_11_28

ref|A/chicken/Bangladesh/03-P-60/2018

SubS23|A/chicken/Bangladesh/CE-116-06-DA-09-BR-O/2023_|H9N2|2023_1_30

SubS23|A/chicken/Bangladesh/CE-111-03-06-22-BR-O/2022_|H9N2|_2022-02-06

SubS23|A/chicken/Bangladesh/CE-115-05-DA-09-BR-C/2022_|H9N2|2022_11_26

SubF2023|A/broiler-chicken/Vietnam/AV-22-105901/2022

ref|A/quail/Bangladesh/20177/2013

ref|A/chicken/Guangxi/521/2005

A/Jiangxi/00346/2021

GISAID|A/Duck/Egypt/22-4/2022|2022-09-01

SubS23|A/chicken/Bangladesh/CE-113-06-DB-16-BR-O/2023_|H9N2|2023_1_29

ref|A/chicken/Bangladesh/33338/2017

3not_release_-_host_x_isolate_name_not_match

ref|A/chicken/Vietnam/NCVD-LS219/2016

SubS23|A/chicken/Bangladesh/CE-111-01-05-18-SO-O/2021_|H9N2|_2021_11_20|

SubS23|A/chicken/Bangladesh/CE-115-05-CB-23-BR-O/2022_|H9N2|2022_11_26

ref|A/Hebei/218/2010

A/environment/Bangladesh/55069/2022

A/chicken/Egypt/V77/2020

ref|A/avian/Jordan/7-Y1/2004

SubF2023|A/hybrid-chicken/Vietnam/AV-22-105873/2022

SubS23|A/chicken/Bangladesh/CE-115-05-DA-07-BR-O/2022_|H9N2|2022_11_26

SubS23|A/chicken/Bangladesh/CE-113-04-DA-08-SO-O/2022_|H9N2|2022_09_18

SubS23|A/Chicken/Cambodia/h7PPOreu241C2T/2023|H9N2|2023-04-10

SubS23|A/Chicken/Cambodia/h3T241C4T/2023|H9N2|2023-01-27

ref|A/duck/Hong/Kong/784/1979

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

SubS23|A/chicken/Bangladesh/CE-116-04-CA-21-BR-O/2022_|H9N2|2022_09_19

ref|A/chicken/Jiangsu/J2432/2018/H9N2

SubF2023|A/hybrid-chicken/Vietnam/AV-22-021661/2022

A/chicken/China/Ningxia2/2022

6not_release_-_host_x_isolate_name_not_match

SubF2023|A/duck/Bangladesh/2018-03-22

SubS23|A/Chicken/Cambodia/g1T241C8C/2022|H9N2|2022-12-21

ref|A/chicken/Hong/Kong/NT10/2011

SubS23|A/chicken/Bangladesh/CE-115-05-DA-09-BR-O/2022_|H9N2|2022_11_26

ref|A/chicken/Vietnam/NCVD-18-167-3/2018

ref|A/chicken/Yokoma/aq134/2002

ref|A/chicken/Ningxia/NX1347/2018

SubS23|A/chicken/Bangladesh/CE-111-01-05-20-SO-O/2021_|H9N2|_2021-11-20

ref|A/chicken/Karaj/G/2017

ref|A/quail/Bangladesh/32935/2017

SubS23|A/Chicken/Cambodia/f8PV221C2C/2021|H9N2|2021-12-15

SubS23|A/chicken/Bangladesh/CE-113-01-05-18-SO-O/2021_|H9N2|_2021-11-18

A/chicken/China/Ningxia6/2022

SubS23|A/Chicken/Cambodia/f1T241C3C/2021|H9N2|2021-09-16

A/chicken/Egypt/v2252/2020

SubS23|A/chicken/Bangladesh/CE-113-06-CB-23-BR-O/2023_|H9N2|2023_1_29

ref|A/quail/Saudia/Arabia/10136-NAMRU3/2006

A/chicken/China/Ningxia5/2022

ref|A/chicken/Nanjing/02/2001
ref|A/chicken/Beij ing/3/1999

SubF2023|A/hybrid-chicken/Vietnam/AV-22-105925/2022

ref|A/chicken/Nepal/2490/2009

A/chicken/China/Ningxia10/2022

SubS23|A/chicken/Bangladesh/CE-113-05-DB-17-BR-O/2022_|H9N2|2022_11_27
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Figure 9: Avian H9 time resolved Maximum likelihood phylogenetic tree. Leaves are coloured by clade. CVVs 
are coloured red, strains selected for antigenic characterisation are coloured yellow, strains collected in the 
previous reporting period are coloured light blue and from this reporting period dark blue.



H9 Y280 phylogenetic tree


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

OFFLU avian data package for the vaccine composition meeting September 2023	 Page  28

0.03

A/Hubei-Fangxian/218/2021

ref|A/chicken/Guangxi/521/2005

SubF2023|A/hybrid-chicken/Vietnam/AV-22-021544/2022

ref|A/chicken/TayNinh/0200/2014

ref|A/duck/Vietnam/Raho6-Dl3V2S2/2018

ref|A/chicken/Jiangsu/01/2007

ref|A/chicken/Vietnam/NCVD-LS219/2016

ref|A/chicken/Nanjing/02/2001

ref|A/chicken/Guangdong/FLS/2011

SubF2023|A/hybrid-chicken/Vietnam/AV-22-021647/2022

SubF2023|A/hybrid-chicken/Vietnam/AV-22-021669/2022

A/chicken/Shandong/Weifang31/2022

ref|A/chicken/Jiangsu/J2432/2018/H9N2

ref|A/quail /Sntou/365/2002

SubS23|A/Chicken/Cambodia/h8K223C2T/2023|H9N2|2023-04-20

ref|A/chicken/SnDong/413ZDM/2017

ref|A/chicken/Hong/Kong/G9/1997

A/chicken/Guangdong/F94/2022

A/Guangdong/11172/2020

SubS23|A/Chicken/Cambodia/g1T241C15T/2022|H9N2|2022-12-21

ref|A/chicken/Ningxia/NX1347/2018

SubF2023|A/broiler-chicken/Vietnam/AV-22-105884/2022

ref|A/chicken/Vietnam/NCVD-HN1V1S1/2016

ref|A/mallard/California/6585/2009

ref|A/chicken/Beij ing/3/1999

SubF2023|A/broiler-chicken/Vietnam/AV-22-105885/2022

A/Cambodia/21020301/2021

ref|A/Swine/Hong/Kong/9/1998

A/Fujiansiming/19/2021

SubS23|A/Chicken/Cambodia/h8PPChba241C4T/2023|H9N2|2023-04-21

SubF2023|A/hybrid-chicken/Vietnam/AV-22-105892/2022

A/Fuj ian-siming/19/2021

ref|A/duck/Hong/Kong/784/1979

ref|A/chicken/HongKong/TP38/03

SubF2023|A/broiler-chicken/Vietnam/AV-22-105935/2022

ref|A/chicken/Chongqing/K7/2011

SubS23|A/Chicken/Cambodia/f1T241C3C/2021|H9N2|2021-09-16

ref|A/swine/Henan/Y1/2009

ref |A/duck/Hong/Kong/644/79

ref|A/chicken/Henan/LH/2012

SubF2023|A/hybrid-chicken/Vietnam/AV-22-021659/2022

ref|A/chicken/Vietnam/NCVD-NA3V3S4/2018

ref|A/duck/Malaysia/91/1997

A/Guangdong/00470/2021

SubS23|A/Chicken/Cambodia/f6PV231C1T/2021|H9N2|2021-11-20

A/chicken/China/Ningxia10/2022

ref|A/canine/Guangxi/1/2011

SubS23|A/Chicken/Cambodia/f8PV221C2C/2021|H9N2|2021-12-15

SubS23|A/Chicken/Cambodia/h8T241C8T/2023|H9N2|2023-04-19

SubF2023|A/hybrid-chicken/Vietnam/AV-22-105894/2022

ref|A/Guangzhou/333/1999

SubS23|A/chicken/Cambodia/h7PPOreu241C6T/2022|H9N2|2023-04-10

SubS23|A/Chicken/Cambodia/h3K241C4T/2023|H9N2|2023-01-26

SubF2023|A/hybrid-chicken/Vietnam/AV-22-105873/2022

SubS23|A/chicken/Cambodia/h5K222C2T/2023|H9N2|2023-03-06

ref|A/chicken/Zhejiang/SIC40/2015

SubF2023|A/hybrid-chicken/Vietnam/AV-22-021643/2022

ref|A/chicken/China/333/2017

SubF2023|A/broiler-chicken/Vietnam/AV-22-021623/2022

A/Guizhou/13392/2020

ref|A/chicken/Hunan/1/2012

SubS23|A/Chicken/Cambodia/g1K222C2T/2022|H9N2|2022-12-23

ref|A/chicken/Vietnam/NCVD-18-167-3/2018

ref|A/Duck/Hong/Kong/366/78

SubS23|A/Chicken/Cambodia/g1K222C5T/2022|H9N2|2022-12-23

SubF2023|A/hybrid-chicken/Vietnam/AV-22-021649/2022

SubF2023|A/hybrid-chicken/Vietnam/AV-22-105906/2022

ref|A/chicken/Yokoma/aq134/2002

SubF2023|A/hybrid-chicken/Vietnam/AV-22-105891/2022

ref|A/chicken/Vietnam/NCVD-BD1V1S1/2016

SubS23|A/Chicken/Cambodia/h8K223C9T/2023|H9N2|2023-04-20

SubS23|A/duck/Cambodia/h6PPOreu241D10T/2023|H9N2|2023-04-06

ref|A/chicken/Sichuan/LFY/2016

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

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

A/chicken/China/Ningxia8/2022

ref|A/Hong/Kong/308/2014_Y280_CVV
A/Guangdong/02591/2021

ref|A/Hebei/218/2010

SubF2023|A/hybrid-chicken/Vietnam/AV-22-021666/2022

SubF2023|A/broiler-chicken/Vietnam/AV-22-021593/2022

A/chicken/Shandong/Taian29/2022

SubF2023|A/hybrid-chicken/Vietnam/AV-22-021650/2022

A/Jiangsu/602/2021

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

A/chicken/China/Ningxia7/2022

SubF2023|A/hybrid-chicken/Vietnam/AV-22-021539/2022

ref|A/chicken/Vietnam/NCVD-BD5V2S6/2016

SubS23|A/Duck/Cambodia/g1T241D15T/2022|H9N2|2022-12-21

ref|A/chicken/Henan/323/2009

SubF2023|A/broiler-chicken/Vietnam/AV-22-105936/2022

SubF2023|A/broiler-chicken/Vietnam/AV-22-021573/2022

SubF2023|A/hybrid-chicken/Vietnam/AV-22-105970/2022

SubS23|A/Chicken/Cambodia/g1T241C8C/2022|H9N2|2022-12-21

ref|A/chicken/Guangdong/LGQ03/2014

ref|A/chicken/Guangxi/KMIII/1999

ref|A/chicken/Hong/Kong/CRA45/2010

A/chicken/China/Ningxia1/2022

ref|A/chicken/Osaka/aq48/97

ref|A/chicken/Guangxi/2389/2005

SubS23|A/Chicken/Cambodia/h2T241C8T/2023|H9N2|2023-01-19

ref|A/Guangdong/W1/2004

ref|A/chicken/Sngi/1106-65/2017

A/chicken/China/Ningxia2/2022

SubF2023|A/hybrid-chicken/Vietnam/AV-22-021661/2022

A/Guangdong/20SF15010/2020

SubF2023|A/hybrid-chicken/Vietnam/AV-22-021662/2022

ref|A/chicken/Vietnam/NCVD-NDC751/2015

SubF2023|A/broiler-chicken/Vietnam/AV-22-105901/2022

SubS23|A/chicken/Cambodia/h5K222C5T/2023|H9N2|2023-03-06
SubS23|A/Chicken/Cambodia/h3K222C9T/2023|H9N2|2023-01-26

SubS23|A/Chicken/Cambodia/h7PPOreu241C2T/2023|H9N2|2023-04-10

A/Guangdong/SF16348/2020

A/Fuj ian-siming/1348/2020

SubF2023|A/hybrid-chicken/Vietnam/AV-22-021588/2022

A/chicken/China/Ningxia5/2022

ref|A/chicken/Vietnam/NCVD-NA2V3S2/2018

ref|A/chicken/Hong/Kong/NT155/2008

ref|A/chicken/HoChiMinh/0181/2013

A/chicken/Guangdong/F93/2022

A/Guangdong/Zhuhai/20SF8034/2020

ref|A/chicken/Henan/SQ/2011

SubF2023|A/hybrid-chicken/Vietnam/AV-22-105925/2022

A/chicken/Guangdong/F92/2022

ref|A/chicken/Osaka/aq58/2001

ref|A/Anhui-Lujiang/39/2018_Y280_CVV

A/Hunan/11173/2020

SubF2023|A/hybrid-chicken/Vietnam/AV-22-021554/2022

SubS23|A/Chicken/Cambodia/g1K222C10T/2022|H9N2|2022-12-23

SubS23|A/Chicken/Cambodia/h3T241C4T/2023|H9N2|2023-01-27

A/Jiangxi/00346/2021

A/chicken/Guangdong/F99/2022

A/chicken/China/Ningxia4/2022

ref|A/chicken/Hong/Kong/1997_G9_CVV

A/Hunan/00468/2021

SubS23|A/chicken/Cambodia/h5PPOreu241C4T/2023|H9N2|2023-03-10

A/chicken/China/Ningxia9/2022

SubF2023|A/hybrid-chicken/Vietnam/AV-22-021568/2022

ref|A/chicken/Vietnam/NCVD-H5C18KDLS50/2018

SubF2023|A/broiler-chicken/Vietnam/AV-22-021613/2022

A/chicken/China/Ningxia3/2022

ref|A/mallard/California/3370/2012

A/chicken/China/Ningxia6/2022



H9 Y280 amino acid difference table


Table 12: Avian H9 Y280 clade sequence comparison to the closest within clade CVV. Antigenic sites have been 
coloured in light grey, absence of sequence is coloured dark blue. Sequences within the reporting period (February 2023 
to September 2023) are coloured dark blue, those from the previous reporting period light blue and the CVV red. Strains 
which have been antigenically characterised are coloured yellow and fold changes compared to the closest CVV are 
indicated by colour underneath the strain name. A navy box indicates no sequence was available at this position.  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H9 Y280 Antigenic Data


Table 13: Antigenic characterisation of H9 Y280 lineage viruses. CVVs are coloured in red. Fold changes are colour 
coded. Amino acid differences compared to the closest CVV are annotated.  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Homologous
2 fold
4 fold
8 fold
> 16 fold

Clade Y280 Y280 Y280
Subtype H9N2 H9N2 H9N2
Ferret ID

Semester Clade Subtype
Reference Antigen

A/chicken/Hong/Kong/1997 Y280 H9N2 320 10 20
A/Hong/Kong/308/2014 Y280 H9N2 80 5120 640
A/Anhui-Lujiang/39/2018 Y280 H9N2 80 640 2560

Test antigen
1 A/hybrid-chicken/Vietnam/AV-22-021539/2022 Y280 H9N2 80 640 2560
2 A/hybrid-chicken/Vietnam/AV-22-105880/2022 Y280 H9N2 40 320 1280
3 A/hybrid-chicken/Vietnam/AV-22-105965/2022 Y280 H9N2 160 640 2560
4 A/broiler-chicken/Vietnam/AV-22-105904/2022 Y280 H9N2 20 160 640
5 A/hybrid-chicken/Vietnam/AV-22-105873/2022 Y280 H9N2 40 80 160
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H9 G1 phylogenetic tree (nucleotide)


 Figure 11: Avian H9 maximum likelihood phylogenetic tree midpoint rooted. Analyses were conducted with reference 
sequences and data downloaded from GISAID, Genbank and kindly shared through the OFFLU network. 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GISAID|A/broiler/Niger/35-23_23VIR3551-20/2023|2023-01-24

A/chicken/Egypt/D19486A/2020

A/chicken/Egypt/S19326D/2020

SubS23|A/chicken/Bangladesh/CE-116-04-DA-08-BR-O/2022_|H9N2|2022_09_19

A/chicken/Morocco/10_4437_21RS1333-10/2020

SubS23|A/chicken/Bangladesh/CE-116-06-CB-24-BR-O/2023_|H9N2|2023_1_30

SubS23|A/chicken/Bangladesh/CE-113-01-06-23-BR-O/2021_|H9N2|_2021-11-18

ref|A/chicken/Siberia/03/2018/H9N2

SubS23|A/chicken/Bangladesh/CE-116-05-CA-20-BR-O/2022_|H9N2|2022_11_29

A/chicken/Egypt/H9N2/2021

SubS23|A/chicken/Bangladesh/CE-111-05-CB-22-BR-O/2022_|H9N2|2022_11_28

SubF2023|A/deshi-chicken/Bangladesh/AV-22-006383/2021

A/duck/Egypt/D19288B/2020

A/chicken/Morocco/26-2_917_21RS1333-32/2021

A/chicken/Egypt/S19326A/2020

ref|A/chicken/India/02CL788/2018/H9N2

SubS23|A/chicken/Bangladesh/CE-111-06-DB-18-BR-O/2023_|H9N2|2023_1_31

SubS23|A/Chicken/Egypt/FAO/SG3/2023

A/chicken/Egypt/N19764B/2021

A/chicken/Benin/20-A-03-2026-E_20VIR6511-12/2020

A/duck/Bangladesh/43418/2020

SubS23|A/chicken/Bangladesh/CE-116-04-CA-20-BR-O/2022_|H9N2|2022_09_19

ref|A/environment/Bangladesh/23571/2014

A/chicken/Egypt/V3506/2020

A/pigeon/Egypt/D19471/2020

A/chicken/Israel/392465/2021

SubS23|A/chicken/Bangladesh/CE-113-01-05-17-SO-O/2021_|H9N2|_2021-11-18

SubS23|A/chicken/Bangladesh/CE-115-05-DA-09-BR-O/2022_|H9N2|2022_11_26

SubF2023|A/Chicken/Bangaldesh/268O-DES-1/2016-03-23

ref|A/avian/Bangladesh/PV857/2016

SubS23|A/chicken/Bangladesh/CE-116-06-DA-07-BR-O/2023_|H9N2|2023_1_30

A/chicken/Morocco/11_4438_21RS1333-11/2020

A/chicken/Ismail ia/88/2021

SubS23|A/Chicken/Egypt/F404/2023

SubS23|A/chicken/Bangladesh/CE-116-06-DA-08-BR-O/2023_|H9N2|2023_1_30

A/chicken/Israel/390477/2021

A/Broiler_chicken/Iran/YAHG_903/2020

ref|A/chicken/Bangladesh/BM25C339/2016

SubF2023|A/deshi-chicken/Bangladesh/AV-22-006338/2021

SubS23|A/chicken/Bangladesh/CE-113-01-06-21-BR-O/2021_|H9N2|_2021-11-18

SubS23|A/chicken/Bangladesh/CE-113-01-05-20-SO-O/2021_|H9N2|_2021-11-18

ref|A/chicken/Israel/623/2013

A/chicken/Morocco/18_6657_21RS1333-20/2020

SubS23|A/chicken/Bangladesh/CE-113-06-CB-22-BR-O/2023_|H9N2|2023_1_29

GISAID|A/layer/Niger/13-23_23VIR3551-13/2023|2023-01-12

A/chicken/Egypt/N19598A/2021

ref|A/chicken/Egypt/F10993B/2015

A/chicken/Egypt/N19766D/2021

A/chicken/Egypt/N19600A/2021

A/POULTRY/India/101_ANUPPUR/2020

SubF2023|A/sonali-chicken/Bangladesh/AV-22-006331/2021

SubS23|A/chicken/Bangladesh/CE-113-05-DB-17-BR-O/2022_|H9N2|2022_11_27

SubF2023|A/sonali-chicken/Bangladesh/AV-22-006469/2021

SubS23|A/chicken/Bangladesh/CE-116-02-06-22-BR-O/2021_|H9N2|_2021-12-28

SubF2023|A/Chicken/Bangaldesh/209O-DES-4/2016-03-10

A/chicken/Egypt/V1220/2020

SubF2023|A/Chicken/Bangaldesh/210O-DES-2/2016-03-29

SubS23|A/chicken/Bangladesh/CE-115-06-DA-08-BR-O/2023_|H9N2|2023_1_28

SubS23|A/chicken/Bangladesh/CE-111-01-06-24-BR-O/2021_|H9N2|_2021-11-20

SubS23|A/chicken/Bangladesh/CE-115-04-CB-22-BR-O/2022_|H9N2|2022_09_15

ref|A/Oman/2747/2019/H9N2/2019-03-21_G1_CVV

ref|A/chukkar/Sntou/22116/2005

SubF2023|A/chicken/Mali/22-A-02-143/2022

SubS23|A/chicken/Bangladesh/CE-116-02-04-14-DE-O/2021_|H9N2|_2021-12-28

A/chicken/Jordan/JOVAC2026/2020

SubS23|A/chicken/Bangladesh/CE-115-04-CB-23-BR-O/2022_|H9N2|2022_09_15

A/Poultry/India/121_SAT_MP_2020/2020

SubS23|A/chicken/Bangladesh/CE-113-04-DA-09-SO-O/2022_|H9N2|2022_09_18

SubS23|A/chicken/Bangladesh/CE-113-01-05-19-SO-O/2021_|H9N2|_2021-11-18

ref|A/chicken/Bangladesh/01-P-28/2018

SubS23|A/chicken/Bangladesh/CE-116-06-CA-20-BR-O/2023_|H9N2|2023_1_30

A/chicken/Egypt/D19486B/2020

A/chicken/Egypt/N19599A/2021

SubS23|A/chicken/Bangladesh/CE-111-01-05-20-SO-O/2021_|H9N2|_2021-11-20

A/chicken/Egypt/FW1/2020

ref|A/chicken/Morocco/HC1/2016

ref|A/avian/Jordan/7-Y1/2004

ref|A/turkey/Egypt/1341V/2013

ref|A/Hong/Kong/1073/1999

SubF2023|A/Chicken/Bangaldesh/203C-SUN-2/2016-03-27

SubS23|A/chicken/Bangladesh/CE-113-06-CA-19-SO-O/2023_|H9N2|2023_1_29

ref|A/duck/Bangladesh/1009/2009

A/chicken/Morocco/17_6650_21RS1333-19/2020

SubF2023|A/Chicken/Bangaldesh/254O-BRO-1/2016-03-16

SubS23|A/chicken/Bangladesh/CE-113-06-DB-16-BR-O/2023_|H9N2|2023_1_29

A/chicken/Morocco/16-2_6595_21RS1333-18/2020

SubS23|A/chicken/Bangladesh/CE-116-06-DA-09-BR-C/2023_|H9N2|2023_1_30

ref|A/chicken/Libya/13VIR7225-2/2013

SubS23|A/chicken/Bangladesh/CE-111-01-05-17-SO-O/2021_|H9N2|_2021-11-20

A/chicken/Morocco/22-1_72_21RS1333-24/2021

A/chicken/Egypt/Menoufia/2021

A/quail/Bangladesh/46103/2020

SubF2023|A/deshi-chicken/Bangladesh/AV-22-006597/2021

A/chicken/Egypt/S19712/2021

SubF2023|A/broiler-chicken/Bangladesh/AV-22-006579/2021

ref|A/chicken/Bangladesh/21940/2014

SubS23|A/chicken/Bangladesh/CE-111-01-05-18-SO-O/2021_|H9N2|_2021_11_20|

SubS23|A/chicken/Bangladesh/CE-111-01-06-22-BR-O/2021_|H9N2|_2021-11-20

ref|A/environment/GZ/424/2015

SubF2023|A/broiler-chicken/Bangladesh/AV-22-006392/2021

A/chicken/Kenya/440560/2021

SubF2023|A/chicken/Mali/22-A-02-152/2022

SubS23|A/chicken/Bangladesh/CE-111-05-CA-20-BR-O/2022_|H9N2|2022_11_28

ref|A/chicken/Israel/642/2013

A/Broiler_chicken/Iran/YAHG_22247/2020

A/chicken/Egypt/D19293/2020

A/Broiler_chicken/Iran/M2_2020/2020

SubS23|A/chicken/Bangladesh/CE-111-02-04-16-DE-O/2021_|H9N2|_2021-12-26

SubS23|A/chicken/Bangladesh/CE-115-04-CB-24-BR-O/2022_|H9N2|2022_09_15

SubS23|A/chicken/Bangladesh/CE-113-04-CA-19-SO-O/2022_|H9N2|2022_09_18

GISAID|A/Duck/Egypt/22-4/2022|2022-09-01

SubS23|A/chicken/Bangladesh/CE-111-01-06-21-BR-O/2021_|H9N2|_2021-11-20

A/chicken/Egypt/S18527/2020

A/chicken/Egypt/v1896/2022

SubS23|A/chicken/Bangladesh/CE-116-04-DB-17-BR-O/2022_|H9N2|2022_09_19

A/chicken/Egypt/D18579A/2020

A/environment/Bangladesh/43513/2020

SubF2023|A/sonali-chicken/Bangladesh/AV-22-006684/2021

A/chicken/Morocco/14-1_4636_21RS1333-14/2020

A/chicken/Egypt/S19714/2021

SubS23|A/chicken/Bangladesh/CE-113-06-CB-24-BR-O/2023_|H9N2|2023_1_29

ref|A/chicken/Nepal/B181/2018/H9N2

ref|A/chicken/Iran/SS5/2009

A/chicken/Morocco/25-2_3155_21RS1333-30/2021

SubS23|A/chicken/Bangladesh/CE-111-06-DB-16-BR-O/2023_|H9N2|2023_1_31

SubS23|A/chicken/Bangladesh/CE-116-04-CA-19-BR-O/2022_|H9N2|2022_09_19

ref|A/chicken/Kuwait/9/2004

A/chicken/Ismail ia/82/2021

SubS23|A/chicken/Bangladesh/CE-111-03-06-23-BR-O/2022_|H9N2|_2022-02-06

ref|A/environment/Bangladesh/177/2010

SubS23|A/chicken/Bangladesh/CE-113-01-05-18-SO-O/2021_|H9N2|_2021-11-18

SubF2023|A/Chicken/Bangaldesh/302O-SUN-2/2016-03-15

SubS23|A/chicken/India/04TR505-509/2023|H9N2|2023-04-04

A/chicken/Egypt/D18592/2020

SubS23|A/chicken/Bangladesh/CE-115-01-05-20-SO-O/2021_|H9N2|_2021-11-17

SubS23|A/chicken/Bangladesh/CE-115-05-CB-23-BR-O/2022_|H9N2|2022_11_26

A/quail/Bangladesh/45745/2020

A/chicken/Egypt/V1015/2020

ref|A/avian/Bangladesh/PV305/2016

A/chicken/Israel/393681/2021

A/Broiler_chicken/Iran/Mix_R2_2020/2020

A/chicken/Morocco/9_4410_21RS1333-9/2020

ref|A/duck/Malaysia/91/1997

A/chicken/Egypt/S63/2020

ref|A/chicken/Nepal/D299/2018/H9N2

SubS23|A/chicken/Bangladesh/CE-115-05-DA-07-BR-O/2022_|H9N2|2022_11_26

SubF2023|080060_4

SubF2023|A/chicken/Mali/22-A-02-139/2022

A/environment/Bangladesh/43514/2020

SubS23|A/chicken/Bangladesh/CE-116-04-CA-21-BR-O/2022_|H9N2|2022_09_19

GISAID|A/Duck/Egypt/22-3/2022|2022-09-01

ref|A/chicken/Saudi/Arabia/F-36365/2006

A/chicken/Egypt/S18755D/2020

A/chicken/Egypt/S19326C/2020

A/chicken/Egypt/N19600C/2021

A/chicken/Egypt/N19604D/2021

A/quail/Bangladesh/45741/2020

SubS23|A/chicken/Bangladesh/CE-116-06-CB-23-BR-O/2023_|H9N2|2023_1_30

SubF2023|A/broiler-chicken/Bangladesh/AV-22-006633/2021

SubS23|A/chicken/Bangladesh/CE-113-01-06-24-BR-O/2021_|H9N2|_2021-11-18

A/chicken/Israel/348652/2020

SubF2023|A/sonali-chicken/Bangladesh/AV-22-006471/2021

A/chicken/Egypt/N19598C/2021

SubS23|A/chicken/Bangladesh/CE-116-03-06-24-BR-O/2022_|H9N2|_2022-02-08

A/chicken/Egypt/S18755C/2020

SubS23|A_backyard_chicken_Ghana_NCFAD36-375_2023|H9N2|2023-03-24

ref|A/turkey/Neve/I lan/90710/00

SubS23|A/environment/India/04NA149-153/2023|H9N2|2023-04-13

ref|A/chicken/India/IVRI-0004/2010

SubF2023|A/Chicken/Bangaldesh/301O-BRO-3/2016-02-08

A/chicken/Egypt/A19669/2021

A/chicken/Jordan/JOVAC-2023/2020

A/chicken/Ismailia/F13/2021

SubF2023|A/broiler-chicken/Bangladesh/AV-22-006459/2021

SubF2023|A/broiler-chicken/Bangladesh/AV-22-006379/2021

ref|A/quail/Saudia/Arabia/10136-NAMRU3/2006

A/chicken/Morocco/21_4374_21RS1333-23/2020

A/chicken/Ismail ia/92/2021

A/chicken/Jordan/JOVAC-2025/2020

ref|A/chicken/Bangladesh/33338/2017

SubS23|A/chicken/Bangladesh/CE-113-04-CA-20-SO-O/2022_|H9N2|2022_09_18

ref|A/chicken/Uganda/MUWRP-200162/2017

ref|A/chicken/Israel/635/2013

A/Poultry/India/202_SP_MP_2020/2020

SubF2023|A/Chicken/Bangaldesh/210O-DES-3/2016-03-29

ref|A/chicken/Bangladesh/21C804/2015

SubS23|A/chicken/Bangladesh/CE-116-06-DA-09-BR-O/2023_|H9N2|2023_1_30

SubF2023|A/Chicken/Bangaldesh/201O-BRO-2/2016-02-15

SubS23|A/Chicken/Egypt/FAO/SI8/2023

SubS23|A/chicken/Bangladesh/CE-116-06-CA-19-BR-O/2023_|H9N2|2023_1_30

ref|A/chicken/Iran/Markazi/2013

SubS23|A/chicken/Bangladesh/CE-113-06-DB-17-BR-O/2023_|H9N2|2023_1_29

SubF2023|A/broiler-chicken/Bangladesh/AV-22-006455/2021

A/chicken/Egypt/S18755A/2020

ref|A/chicken/Bangladesh/12-P-22/2018

ref|A/Hong/Kong/33982/2009_G1_CVV

A/chicken/Jordan/JOVAC-2024/2020

A/chicken/Benin/20-A-03-2027-E_20VIR6511-11/2020

A/chicken/Egypt/N19604C/2021

SubS23|A/chicken/Bangladesh/CE-111-05-CA-19-BR-O/2022_|H9N2|2022_11_28

ref|A/environment/Bangladesh/124/2010

GISAID|A/environment/India/05NA01-05/2023|2023-05-16

SubF2023|A/chicken/Mali/22-A-02-128/2022

ref|A/chicken/Saudi/Arabia/D-36363/2010

SubS23|A/chicken/Bangladesh/CE-115-06-DB-18-BR-O/2023_|H9N2|2023_1_28

SubF2023|A/sonali-chicken/Bangladesh/AV-22-006309/2021

SubF2023|A/broiler-chicken/Bangladesh/AV-22-006629/2021

ref|A/chicken/Bangladesh/21-P-16/2018

SubS23|A/chicken/Bangladesh/CE-116-05-CB-22-SO-O/2022_|H9N2|2022_11_29

SubS23|A/chicken/Bangladesh/CE-113-04-DA-08-SO-O/2022_|H9N2|2022_09_18

ref|A/Hong/Kong/1073/1999_G1_CVV

A/chicken/Egypt/N19606C/2021

A/environment/Bangladesh/43464/2020

SubS23|A/chicken/Bangladesh/CE-111-06-DA-09-BR-O/2023_|H9N2|2023_1_31

SubS23|A/chicken/Bangladesh/CE-116-05-CA-21-BR-O/2022_|H9N2|2022_11_29

SubS23|A/chicken/Bangladesh/CE-113-06-DB-18-BR-O/2023_|H9N2|2023_1_29

SubF2023|A/chicken/Mali/22-A-02-123/2022

A/chicken/Egypt/D19292/2020

ref|A/duck/Egypt/C9787/2014

A/Broiler_chicken/Iran/YAHG_22248/2020

ref|A/chicken/Hong/Kong/NT10/2011

ref|A/Bangladesh/0994/2011_G1_CVV

SubF2023|A/Chicken/Bangaldesh/209O-SUN-3/2016-03-10

SubS23|A/chicken/Bangladesh/CE-115-05-DA-08-BR-O/2022_|H9N2|2022_11_26

SubF2023|A/deshi-chicken/Bangladesh/AV-22-006408/2021

SubS23|A/chicken/Bangladesh/CE-116-05-CA-19-BR-O/2022_|H9N2|2022_11_29

A/chicken/Egypt/S19708B/2021

A/chicken/Egypt/S19338D/2020

A/chicken/Egypt/V739/2020

A/chicken/Morocco/25-1_3155_21RS1333-29/2021

A/chicken/Egypt/N19600D/2021

SubF2023|A/deshi-chicken/Bangladesh/AV-22-006494/2021

ref|A/quail/Lebanon/272/2010

SubF2023|A/sonali-chicken/Bangladesh/AV-22-006470/2021

SubF2023|A/Chicken/Bangaldesh/301O-SUN-1/2016-02-08

A/chicken/India/07OR172021/2021

A/chicken/Egypt/v2091/2020

SubS23|A/chicken/Bangladesh/CE-115-06-CA-21-BR-O/2023_|H9N2|2023_1_28

SubS23|A/chicken/Bangladesh/CE-115-05-DA-09-BR-C/2022_|H9N2|2022_11_26

A/chicken/Egypt/D19481/2020

ref|A/chicken/Bangladesh/10-C-263/2018

SubF2023|A/deshi-chicken/Bangladesh/AV-22-006492/2021

A/chicken/Morocco/16-1_6595_21RS1333-17/2020

ref|A/quail/Bangladesh/RB2940/2015

ref|A/quail/Jiangsu/WX3/2013

GISAID|A/Duck/Egypt/22-2/2022|2022-09-01

SubF2023|A/broiler-chicken/Bangladesh/AV-22-006374/2021

SubF2023|A/chicken/Mali/22-A-02-158/2022

1not_release_-_host_x_isolate_name_not_match

A/chicken/Egypt/S19338A/2020

SubS23|A/chicken/Bangladesh/CE-115-04-DA-08-BR-O/2022_|H9N2|2022_09_15

A/chicken/Egypt/N19598D/2021

SubF2023|A/broiler-chicken/Bangladesh/AV-22-006294/2021

ref|A/avian/Libya/RV35D/2006

A/chicken/Morocco/12_4476_21RS1333-12/2020

A/chicken/Egypt/S18755B/2020

A/chicken/Morocco/24_520_21RS1333-28/2021

SubS23|A/chicken/Bangladesh/CE-115-01-05-19-SO-O/2021_|H9N2|_2021-11-17

A/chicken/Egypt/D19479/2020

A/chicken/Egypt/S19326B/2020

A/chicken/Egypt/D19290A/2020

SubS23|A/chicken/Bangladesh/CE-116-03-05-18-SO-O/2022_|H9N2|_2022-02-08

ref|A/quai l /Dubai/302/2000

ref|A/chicken/Jordan/436-2/2010

ref|A/chicken/Israel/11/2016

SubS23|A_chicken_Ghana_NCFAD36-604_2023|H9N2|2023-04-14

A/chicken/Egypt/S18523C/2020

A/chicken/Egypt/v2252/2020

SubS23|A/chicken/Bangladesh/CE-116-04-DB-18-BR-O/2022_|H9N2|2022_09_19

A/quail/Bangladesh/45755/2020

SubS23|A/chicken/Bangladesh/CE-116-03-06-23-BR-O/2022_|H9N2|_2022-02-08

SubF2023|A/Chicken/Bangaldesh/301O-DES-3/2016-02-08

A/chicken/Bangladesh/50529/2021

ref|A/chicken/Saudi/Arabia/EPD-22-01/2002

SubF2023|A/Chicken/Bangaldesh/309O-BRO-1/2016-03-08

GISAID|A/Duck/Egypt/22-1/2022|2022-09-01

A/chicken/Morocco/13_4562_21RS1333-13/2020

SubF2023|A/chicken/Mali/22-A-01-113/2022

SubS23|A/chicken/Bangladesh/CE-115-01-05-17-SO-O/2021_|H9N2|_2021-11-17

A/chicken/Egypt/S19338B/2020

SubS23|A/chicken/Bangladesh/CE-116-06-CA-21-BR-O/2023_|H9N2|2023_1_30

SubS23|A/Chicken/Egypt/F537/2023

A/chicken/Egypt/FAO-S33/2021

SubS23|A/chicken/Bangladesh/CE-116-04-CB-25-BR-O/2022_|H9N2|2022_09_19

SubS23|A/chicken/Bangladesh/CE-113-01-06-22-BR-O/2021_|H9N2|_2021-11-18

SubF2023|A/Chicken/Bangaldesh/262O-DES-4/2016-03-21

SubF2023|A/Chicken/Bangaldesh/207O-BRO-1/2016-03-03

SubS23|A/chicken/Bangladesh/CE-115-06-DB-16-BR-O/2023_|H9N2|2023_1_28

SubS23|A/chicken/Bangladesh/CE-111-03-06-22-BR-O/2022_|H9N2|_2022-02-06

SubS23|A/chicken/Bangladesh/CE-111-04-CB-25-BR-O/2022_|H9N2|2022_09_17

SubF2023|A/sonali-chicken/Bangladesh/AV-22-006481/2021

A/chicken/Egypt/D19290D/2020

SubS23|A/chicken/Bangladesh/CE-113-06-CB-23-BR-O/2023_|H9N2|2023_1_29

A/chicken/Egypt/N19764C/2021

SubS23|A/chicken/Bangladesh/CE-113-03-04-15-DE-O/2022_|H9N2|_2022-02-07

SubS23|A/Chicken/Egypt/CV16G/2023

SubS23|A/chicken/Bangladesh/CE-113-05-DB-16-BR-O/2022_|H9N2|2022_11_27

A/chicken/Egypt/D19290C/2020

SubS23|A/chicken/Bangladesh/CE-116-05-CB-23-

ref|A/chicken/Karaj/G/2017

A/environment/Bangladesh/43509/2020

ref|A/chicken/Bangladesh/15-P-42/2018

SubS23|A/chicken/Bangladesh/CE-111-05-CA-21-BR-O/2022_|H9N2|2022_11_28

A/chicken/Egypt/FAO-S16/2020

Feb2023-Sept2023 
Sept2022-Feb2023 
CVV 
HI strain 



H9 G1 amino acid difference table


Table 14: Avian H9 G1 clade sequence comparison to the closest CVV. Antigenic sites have been coloured in light grey, 
absence of sequence is coloured dark blue. Sequences within the reporting period (February 2023 to September 2023) 
are coloured dark blue, those from the previous reporting period light blue and the CVV red. Strains which have been 
antigenically characterised are coloured yellow and fold changes compared to the closest CVV are indicated by colour 
underneath the strain name.  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HI Putative antigenic sites
site

17 D N X N N N N
20 T S
22 T N S S S S N N N X S S S S S S S S S X S S S S S S S S S S S N N N N S S S N
23 N S
27 T N
28 Q H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H
29 A I
36 E D D D D D D D D D N D D D D D D D D D D D D D D D D D D D D D D D D N D D D D D D D Antigenic Site C
40 M X K Antigenic Site C
43 A S S S S S S X S Antigenic Site C
45 N K K
46 L X
48 R H H H H Q Q H H H H H H Q Q Q Q Q Q Q Q Q X Q Q Q Q Q Q Q Q Q Q Q Q Q X Q H Q Q Q H H X X Antigenic Site D
49 P E
50 L I
52 L S
54 T K X
56 T N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N
57 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 V V V V V X
58 E R
59 G R
61 I V
65 P T
66 S L
69 M L L L L L L S S S S S S L L L L L L L L L L L L L L L L L L L L L L L L X L L L L S S L A L
74 R G K
77 S A A A A
83 P S
86 V A T
89 T X M
95 V I I I I I I

103 T S Antigenic Site E
104 L F F F F F
108 S A
109 S R R R R R R R R R R R R R R R R R X R N
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 R
114 V I X I I I I I I I I I I
115 Q L L L L L L K L X Antigenic Site A
116 L I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I Antigenic Site A
120 S T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
127 T S S S S S S Antigenic Site A
132 S A Antigenic Site A
135 D G G G E E N Antigenic Site A
140 N S Antigenic Site A
146 Q H Antigenic Site B
148 N S S S G S Antigenic Site B
149 G S S S S S S S S S S S S S S S S S S S S S S S S S N Antigenic Site B
150 G N N N N N N N S L N N L Q Q L L L L Q X 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 L Q L Q Q S Antigenic Site B
153 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 V V V V V V V V V V V V V V V V V Antigenic Site B
158 Y F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F
159 T I I Antigenic Site A
161 N T T T T X T Antigenic Site D
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 Q Q Q E Antigenic Site D
163 G K E E Antigenic Site D
164 K X E E
165 D N
168 F Y
169 V M
176 P S S S X X Antigenic Site B
177 T S S S X Antigenic Site B
178 D N X Antigenic Site B
179 T D D D X Antigenic Site B
180 A V Q Q Q E Antigenic Site B
186 T K Antigenic Site B
187 X R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R K Antigenic Site B
188 T A Antigenic Site B
191 T M
194 V I I I I
198 T N N N N N N N N N N N N N N N N N D N N N N N N N N N N N N N N N N N N N N N N N N D N X N D
199 L X I
200 D N
202 T N X
206 L V X V
216 L X Q R Q Antigenic Site D
217 I L Q Antigenic Site D
221 N D
226 V I I I T
238 N S
246 F Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
249 V I
253 E D
260 R 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 K K K K K K K K K K K
262 D N N N N N N N N N N S S S N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N X N
264 S N N N N T R R N N N N N N N N N N N N N N N N N N N D N N N N N N N N N N N N N N N N N N N N N N N N N N N N Antigenic Site D
265 S I N N N K R
267 N D Antigenic Site D
269 V I I I M Antigenic Site D
276 K R R R R R X
281 S T
282 T X X
283 M L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L X
286 H Q
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 V V V V L V V V
295 T D D D D N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N X
297 P D
298 K I R
302 V I X
315 H P P P P P P P P P P P P P
317 R 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 K K K K K
318 S A

9 13 13 12 12 10 10 14 22 34 33 30 25 26 25 28 28 29 26 29 25 26 26 26 27 26 27 26 27 25 24 24 25 25 25 25 25 26 25 24 26 24 26 27 26 26 27 26 17 25 26 18 34 31 27 46
3 6 6 6 6 3 4 6 7 14 14 14 9 9 10 11 11 12 11 12 8 9 9 9 10 9 10 9 10 9 8 8 9 9 8 8 9 8 8 8 8 8 9 10 9 9 10 8 6 8 9 6 13 11 10 19

AA changes
Antigenic sites



H9 G1 Amino acid difference table
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site
23 N G G G G G
36 D E E E E E Antigenic Site C
40 M K K K K K Antigenic Site C
48 H N N N N N
56 N T T T T T

103 T I I I I I Antigenic Site E
114 I V
116 I M M M M M Antigenic Site A
128 T S S S S S Antigenic Site A
133 S A A Antigenic Site A
152 L N N N N N Antigenic Site B
160 F Y Y Y Y Y Antigenic Site B
163 N T T T T T Antigenic Site B
167 D N N N N N
196 V I I I I I
200 N S S S S S
218 L Q Q Antigenic Site D
219 I A A
228 V I
248 Y F F F F F
264 N D D D D D
267 S N
287 F S

17 18 16 20 19
8 8 8 10 10

AA diff

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



H9 G1 Antigenic Data 


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

A/Oman/2747/2019 G1 H9N2 1280 320

A/Bangladesh/0994/2011 G1 H9N2 640 2560

Test antigen
1 A/chicken/Bangladesh/CE-113-01-05-20-SO-O/2021_|H9N2|_2021_11_18 G1 H9N2 1280 320 T22S, H48Q, Q112I, D135E, L150Q, R162Q 
2 A/chicken/Bangladesh/CE-113-01-05-18-SO-O/2021_|H9N2|_2021_11_18 G1 H9N2 2560 320 T22S, H48Q, Q112K, I114V, D135E, L150Q, R162Q, I288V, P315H

3 A/chicken/Bangladesh/CE-113-01-06-24-BR-O/2021_|H9N2|_2021_11_18 G1 H9N2 1280 640 T22S, H48Q, Q112K, D135E, L150Q, R162Q, I288V

4 A/chicken/Bangladesh/CE-113-01-05-17-SO-O/2021_|H9N2|_2021_11_18 G1 H9N2 2560 320 T22S, H48Q, Q112K, D135E, L150Q, R162Q, I288V

5 A/chicken/Bangladesh/CE-113-01-06-23-BR-O/2021_|H9N2|_2021_11_18 G1 H9N2 1280 320 T22S, H48Q, S109R,Q112K, G149S, L150Q, R162Q
6 A/chicken/Bangladesh/CE-111-01-05-18-SO-O/2021_|H9N2|_2021_11_20 G1 H9N2 640 320 T22S, H48Q, S109R, Q112K, L150Q, R162Q, I288V

7 A/chicken/Bangladesh/CE-111-02-05-18-SO-O/2021_|H9N2|_2021_12_26 G1 H9N2 640 160 M40K, T54K, G149S, N198D, V226T, I288V

8 A/chicken/Bangladesh/CE-116-04-DA-08-BR-O/2022_|H9N2|2022_09_19 G1 H9N2 2560 320 T22S, H48Q, S109R, Q112K, G149S, L150Q, R162Q, I288V

9 A/chicken/Bangladesh/CE-116-04-CA-19-BR-O/2022_|H9N2|2022_09_19 G1 H9N2 640 160 H48Q, Q112K, L150Q, R162Q, K276R, I288V

10 A/chicken/Bangladesh/CE-111-03-06-23-BR-O/2022_|H9N2|_2022_02_06 G1 H9N2 640 160 H48Q, S109R, Q112K, G149S, L150Q, R162Q, I288V

Reference Antigen
A/Oman/2747/2019 G1 H9N2 1280

A/Bangladesh/0994/2011 G1 H9N2 320

Test antigen
1 A/layer/Niger/13-23_23VIR3551-13/2023 G1 H9N2 1280 80 N45K, S77A, L104F, T127S, G150N, X187R, D262N, S265I, R317K
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