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Evolution of
the Asian H5
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additional second, third and
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C.2.2 I(:I:/jl\ Expansion of second fourth order clades 1 —
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CIECIE I I LIS additional third order C. 2.3.4.4@%
begin to appear within a specific
clade and those groups meet the C.1 E(AN L clades

nucleotide divergence criteria (as Expansion of clade 2 into
well as having bootstrap values >60), five second order clades
they are split into second order
clades (but still considered part of
the original first order clade). As a
second order clade continues to
evolve it may reach a similar level of
genetic diversity at which point it
may be split into third order clades
and so on. The same clade
designation criteria apply to first,
second, and any higher order clade
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Detections of High Path Avian Influenza EA H5N1 in Mammals, May 2022 to Present
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) Red fox
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== American mink

ESJ Fisher

+ North American
river otter

@ Raccoon

% skunk spp.
Virginia opossum

gg Abert's squirrel

National Wildlife Disease Program
USDA/APHIS/Wildlife Services
Updated October 22, 2024

Data Source: State Agencies, USDA
Map created by: Jourdan Ringenberg
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Emergence and Evolution of

H5N1 BIRD FLU

1996-1997 H5N1 bird flu virus first detected

™~

| In 1996, highly pathogenic avian influenza HSN1 virus is first
‘identified in domestic waterfowl in Southern China. The virus is
named A/goose/Guangdong/1/1996. In 1997, H5N1 poultry
outbreaks happen in China and Hong Kong with 18 associated
human cases (6 deaths) in Hong Kong. This virus would go on to cause
more than 860 human infections with a greater than 50% death rate.

H5N1 spreads 2003-2005 -

For several years, HSN1 viruses were not-widely detected; however, a2
in 2003, H5N1 re-emerges in China and several other countries to —~g 1
cause widespread poultry outbreaks across Asia. In 2005, wild birds <9
spread H5N1 to poultry in Africa, the Middle East and Europe. The -5
hemagglutinin (HA) gene of the virus diversifies into many genetic ——
groups (clades). Multiple genetic lineages (genotypes) are detected. | 4

https://archive.cdc.gov/www_cdc_gov/flu/avianflu/communication-resources/bird-flu-origin-infographic.html

2014-2016 H5N6 and H5N8 viruses emerge

@e-swapping of H5 viruses from poultry and wild birds leads to
emergence/detection of HSN6 and HS5NS8 virus subtypes. HA diversifies
further into clade 2.3.4.4 in Asia, Africa, Europe, the Middle East and
North America. H5 viruses with various neuraminidase (NA) genes
continue to be detected, including in U.S. wild birds and poultry.

—— 23445
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2.3.4.4b viruses spread widely 2018-2020 ol

sy
7 - 2202
2221

H5N6 and H5N8 viruses become predominant globally, replacing TN
the original HSN1 viruses. As of 2022, there have been more than oAl

70 H5N6 human infections and 7 HSN8 human infections reported. et it
The H5 HA diversifies further into clade 2.3.4.4b which becomes =

predominant in Asia, Africa, Europe, and the Middle East. 7

H5NA clade 2.3.4.4b 2021-2023 H5N1 found in Canada, US

A new H5N1 virus belonging to clade 2.3.4.4b with a wild bird
adapted N1 NA gene emerges. Clade 2.3.4.4b H5N1 viruses become
predominant in Asia, Africa, Europe, and the Middle East by the end of
2021. The virus is detected in wild birds in Canada and the United States
in late 2021. In February 2022, the virus begins causing outbreaks in U.S.
commercial and backyard poultry. Rare, sporadic human infections with
this H5N1 virus are detected, as well as sporadic infections in mammals.
More information is available:
https://www.cde.gov/flu/avianflu/inhumans.htm. e .

https://archive.cdc.gov/www_cdc_gov/flu/avianflu/communication-resources/bird-flu-origin-infographic.html
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HPAI H5N1
clade 2.3.4.4b
genotype B3.13

Avian species

HPAI H5N1 clade 2.3.4.4b

genotype B3.9 and Minor51 Reassortment
o~ (Colorado)
‘ PB1, PB2, PA, 26 November 2023
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=/
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Leonardo C Caserta, et al. Nature. 2024 Oct;634(8034):669-676.
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HPAI H5N1 Spread pathways
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PB2 E627K Mammalian host adaptation

D701N Increase polymerase activity and viral replication in mammalian cells

L89V  Enhanced polymerase activity, increased virulence in mice

G309D

T339K

A588V  Mammalian host adaptation

PB1-F2 N66S  Increases virulence, replication efficiency, and the antiviral response in mammals

PA V100A Contributed to the virulence and mammalian adaptation

S409N

A515T Increased polymerase activity, increased virulence in mammals and birds
HA E198D Enhanced mammalian receptor binding

Q234L Preferential binding to human Sialic acid a2-6 receptor

G236S

I1155T Enhanced mammalian receptor binding
NA E119V  Oseltamivir resistance

H275Y

R293K

N295S
M2 L26P  Reduced susceptibility to amantadine

V27A/1V
A30T
__S3IN

G34E
NS1 P42S Increased virulence and pathogenicity in mammals

D92E

V149A

Rabeh El-Shesheny, et al. Pathogens. 2022 Dec 26;12(1):36
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