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Key developments in HPAI epidemiology since Oct 22

« Exceptional global spread; panzootic most continents affected

* High infection pressure
* Increased spread to domestic birds
 High environmental contamination
* EXposure to greater range of species of wild bird

- Mammalian infections: spillover to scavengers, some M2M
transmission

* Dairy cattle infection in USA: sustained transmission non
respiratory, back spill to domestic birds

« H5 HPAI virus evolving with high fitness traits
* Antigenically clade 2.3.4.4b moderately stable

www.pirbright.ac.uk



Global impact of HPAI

Table 1. Impact of a widening of bird-bird flu

(%o change in GDP, relative to the baseline)

Bird-bird ¥

World total 0.1
High income countries 0.1
Low & Middle-income countries 04
East Asia and Pacific 04
Europe & Central Asia 04
Latin Amenca &the Canbbean 0.7
Middle East & North Africa 04
South Asia 04
57|m|II|on birds died/culled g 4 ciharan Africa 03
In last year Source: World Bank.
" Assumes that 12 percent of domestic birds in cach region dic from the
$4bn/pa? discasc or arc killed 1n cfforts to prevent its spread.

3.4% (range 2.6-4.4%) global
economy
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Global distribution of Avian Influenza
1st October 2021- 30t September 2022
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Confirmed Avian influenza events worldwide from 1 October 2022 to 30 September 2023
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Global distribution of Avian Influenza

1st October 2023- 26" September 2024
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Introduction into Central and Latin America

September - October 2022

November - December 2022

January - February 2023

March - May 2023
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Avian Influenza Outbreak

Type of animal
Poultry or
®  domestic birds
© Wild birds
Mammals

Major flyways
Mississippl
Pacific
West Atlantic
East Atlantic

0 6,000 km
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Sources

- Data: Worid Organization for Animal Health (WOAM) (2023). Retrieved on 12 May 2023
Data extracted by Pan Amencan Health Organzaton. Reproduced with permession
WOAH bears no responsibity for the integnty or accuracy of the data contained heren
but not limited 10, any deleton, manipulation, of reformatting of deta that may have
occurred beyond its control

- Cartography. WHO Detalled ADMO Boundanies, Conservation of At Fiora and Fauna -
Data Service (SHP) Magor fyways of Aric Brds Shapefie Accessed February 2023



Global migration rates among the geographic regions of
clade 2.3.4.4b (2020-2022)
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Bayes factor support
Very strong (>150): s
Strong (20-150); ———
Positive (5-20) ——

W Africa EastAsia W The Middie East
M North America M Europe I Central Asia

v,\ 1

Fusaro et al High pathogenic avian influenza A(H5) viruses of clade 2.3.4.4b in Europe—Why trends of virus evolution are
more difficult to predict, Virus Evolution, Volume 10, Issue 1, 2024, veae027, https://doi.org/10.1093/ve/veae027



Global Avian Influenza Viruses situation

Countries reporting HPAI since 01 October 2023 by subtype (left) and by
region (right) as of 22 May 2024

m H5N1 (49)/H5Nx (7) m Europe

sl U

= H5N6 (2) = Asia & the Pacific
m H5NS (1) —— m Africa

-3 2) 1 u Middle East
HxNx (2) m sub/Antarctic zone

WAZN  Food and Agriculture
FA8/0) organization of the

Source, FAO https://www.fao.org/animal-health/situation-updates/global-aiv-with-zoonotic-potential <= !nted tations




Declining HPAI trend between Oct 2022- Sep 2023 vs Oct 2023 - Sep 2024
Underlying factors?

No. of countries/territories reporting HPAI to WOAH

Oct 2022-Sep 20723 Oct 2023-Sep 2024 (as of 13 Sep)
® HPAlin poultry ™ HPAl in non poultry including wild birds
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Reducing trend of disease burden in last 2 years

No. outbreaks in poultry - Northern hesmisphere No. outbreaks in poultry - Southern
400 hesmisphere
_ il - 78% compared to previous season ‘
300 - B0% compared to previous season o0
- 40 &
30
00 20
10
0 0
S S W@ D § 6 S A& W@ WD §
=—(Ict 2022-Sep 2023 ~ =~[ct 2023-Sep 2024 (as of I3 Sep) = lct 2022-Sep 2023 =—{(ct 2023-Sep 2024 (as of 13 Sep)
No. poultry killed and disposed of reported to No. wild birds dead reported to WOAH (in
WOAH (in millions of heads) - world thousands of heads) - world
100 a7 ‘ Hi] aa .
2] all
al 40
G0 20
40 20 0
70 10 -
0 0

0ot 2022-Sep 2023 0ot 2023-Sep 2026 (as of 13 Sep) Oct 2022-Sep 2023 (ct 2023-Sep 2024 (as of 13 Sep)

- 82% compared to previous season

- 34% compared to previous season (caution : many dead birds go undetected & unreported)




Transatlantic transmission

Putative transmission pathwaysbetween Europe and
Newfoundland via migratory waterfowls/shorebirds
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Expansion in wild bird host range:susceptibility?

migratory species may be
tolerant to infection with
HPAIV in the absence of
disease

www.pirbright.ac.uk



Expansion in wild bird host range:susceptibility

Tertiary: Medium-Low Susceptibility

I——
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Occasionally seen to succumb to infection.

Quaternary: Resistant?

Dalmatian
pelican

European
shag

www.pirbright.ac.uk



Wild bird species affected: >300 species/25+orders

Wild bird orders affected by Gs/Gd H5Nx HPAI

Accipitriformes (n=51)
Anseriformes (n=94)
(n=1)
Casuariiformes (n=1)
(n=2)
Charadriiformes (n=111)
Ciconiiformes (n=6)
Columbiformes (n=7)
Falconiformes (n=13)

Galliformes (n=19)

(n=3)
Gruiformes (n=16)
Passeriformes (n=49)
Pelecaniformes (n=31)
Phoenicopteriformes (n=4)

(n=3)

Podicipediformes (n=8)

Procellariiformes (n=14)

Psittaciformes (n=25)

Rheiformes (n=1)

Sphenisciformes (n=4)
Strigiformes (n=18)
Struthioniformes (n=1)

Suliformes (n=25)

(n=1)
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Impacts on biodiversity
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SCIENTIFIC TASK FORCE ON https://openknowledge.fao.org/server/api/core/bitstrea
AVIAN INFLUENZA AND WILD BIRDS ms/9b880198-02d2-4eda-a860-d1a56299bc31/content

STATEMENT - JULY 2023 §



Mortality in worlds largest breeding colony
of Northern Gannets
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Species affected — Wild birds — mortality events

* Africa — Long distance migratory birds and resident birds: e.g.
Pelicans, Terns, African penguins

vreece SiNI5IERNSY,

Punisi
Morocco 1 Iraq Ir
Algeria :
’ Libya Egypt Saudi
Arabia 0
Mali Niger
Yemen
Sfegal Ehad Sudan
% Nigeria Ethiopia
Cameroon
Kenya
Tanzania
Angola
. Zimbabwe' Madagascar
Namibia
South §
: K
tlantic South Africg
o
Ocean . oo

| but this
2 « are disposed of appropristely. Planning for such
ans and doveloped In ‘peacetime’ iImage credits: FAG

can be undartaken safely it appropriste PPE is
operations should be bullt Inte emergency rex

Photo: CMS FAQ Co-convened Scientific Task Force on &van Influenza and Wild Birds {2023). Scientific Task Foroz on Awan Influenza and VWWild Birds statement on HSM1 hagh pathogenicity avan infuenza in wild bads —
Unprecedentad conservation impacts and urgent needs. Awalable at: hitps fwww cms intenworkinggrouplscientifictask-forc e-awan-infuenz a-and-wild-bards WWW.p irbri g ht.ac.uk



Species affected — Wild birds — mortality events

 Asia: Crane species and

] arus
Spoonbill
Jkraine Kazakhstan :
| Mongolia
lia IS0 )
o
Uzbekistan = 5
s Turkey ° o’ ..°
L]
; 3 . o China o ° ‘
§ I ® ran éghanistan’ g ® ’ .
.‘ o
s Pakistan '.:o. Nepal
g i i .
Sauq| '* ° ‘B‘angladesh 8°
Arabia 5.0 g ndia °
- Laos
- Yemen Vietnam
o Philippines
Ethiopia Sri Lanka
Maldives -
Kenya

Indanaria
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Increased infectivity in effective bridging species?

Charadriiformes: diverse order live near water
Sub group Laridae (gulls, terns, noddies, skimmers, kittiwakes);ubiquitous
100 species from 22 genera many of which have become infected with

H5N1

Genetic changes in virus

High susceptibility and virus shedding

Behavioural, move between habitats (land, sea, remote land masses)
Increasing environmental contamination/exposure (naive populations)

e o

e I
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H5 detections: Expanded host range

Timeline of number of outbreaks of HPAI from 2020 to present
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HPAI in mammals - impact on biodiversity

Mass mortality events (biodiversity)

More than 51,000 mammals died In

i M han 1 h
South America (Oct-22 Nov-23) ot ikl LEOL0 ereetl SO

American sea lions in Peru

retwark of axparise o atenal etfuencs

21 December, 2023

Continued expansion of high pathogenicity avian influenzs HS in wildlife in South America
and incursion into the Antarctic region
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Reporting by mammal category
October 2023 -September 2024

Number of countries/territories reporting HPAI cases

in mammals

]

3
i i Vi
I I I I I I
Americas

Antarctica Europe

® Companion animals

A >
. . Y
® Farmed fur-bearing animals
® Marine mammals
Jo'
m [Jther domestic mammals "
(bovine, goat or alpaca) o
) . D00 MPAL HSNL i mammals reportsd 10 WOAN without geocoondnates
m Terrestrial wild mammals 5 COuntries /4 =
IES/territorip
S

Companion animals : cats and dogs
Farmed fur-bearing mammals : 4 species (American mink, Arctic fox, raccoon dog, sable)
Marine mammals : 4 species (Antarctic fur seal, South American fur seal, South American sea lion,

Southern elephant seal)

Other domestic mammals : 3 species (alpaca, bovine, goat)
Terrestrial wild mammals: 13 species (e.g. raccoon, red fox, Eurasian otter)



Semi-aquatic mammals in South America

Mammal to mammal transmission

HSN1 HPAI detections:

oy o 4 Birds (domestic)
£ o Birds (wild)
i 11-Fob-2023 @ Mammals
7 iR > Fiest detec

| Argenting

22-Now-2022

Fese spi r o

mar

(dolphin in P

21-}an-2023
o ot 15-May-2023

fetection in &

Broed {terns)

rection ar a
swons)
1-Oct-2023
First detection in marnne mommals
in Arezi [sea fions ond fur seals)
2-Sep-2023
First detection In masine manimals
in Uraguay (seo liars ond fur seols)
26-Aug-2023
Multi-species outhreok ot Punta ‘
Bermelo (sea Mons, fur seals ona tesns) .

10-0ct-2023
Multi-species outbreak ot
Peninsula Valdés (elephont \
seals, seo lions and tems)

3-Mar-2023
Spil-over o wild hird

10-Feb-2023
Thicd spill-crawr to morine
mammdis (sea Nans s Chile)
. .2
in Chile (sonderling)
23-Mar-2023
Hurran cuse in Chile

Mar-2023 and Apr-2023
taltiple outbreaks in Chile

(sea hans, parpoises and
dolphins)

14-Jun-2023
Southernmost detection n 8-Aug-2023
Chile (seo fans) First detectan in rmarine

marmmals in Argentina (sea lons)

Uhart et al, bioRxiv, 2024
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Spread to Antarctica

OFFLU ad-hoc group on HPAI H5 in wildlife of South America and Antarctica (2023) Continued expansion of high pathogenicity avian
influenza H5 in wildlife in South America and incursion into the Antarctic region.

$ 1 \; T 5o,
/ S -~ (Sandwich dot =
/ f;"‘? % q .
/ — e

nature communications

Detection and spread of high pathogenicuty
avian influenza virus H5N1 in the
Antarctic Region

e R T TR T

Ashiey C. Baryaed @4 mw‘ Alsxances M. P.ym-'
= Boott M. Rekd’. Jowhue G umonm-n- . Baniemin Motlet ', mun-uv-
Anirinks Posnrs Dot @7, Kim Hall®, Frova s
Murcis Blyth”, m'm-v‘ u-.rm' Elsines M. Fiexchselon”,
fnt M Brown® & Jue Mermes @0

Arcarted: 8 Auguet 2028

[ e T

Separate introductions into
South Georgia, South

Sandwich Islands and
3 Falkland islands; spread to
s shelf

Antarctic fur seal
Highly Pathogenic Avian A (H5N 1) Suspected in panguing and
shags on the Antarctic Peninsula and West Antarctic Coast

tod. Edaw e | Paarrs Looss B, Sobe Cransstant Aprment Hosss
Barrogs The Posdut pass A Vians
20403 36585080

Fadue
Dweel # 2

At tep

whan duwt e wen/

South Georgia shag

Abstract
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Outbreaks in captive bred mammals

Spain ; Oct 22 outbreak in mink farm (52k)

A. Gone componitien of HoM1 A/gull/France/
Powggy i 202 2-4e genotype
D
4 N\
/
[ '.l
= [ 03531
2 ’ AlQuilIFrance’22P015977/2022- ke
u_\ I—— (‘,' H A g ene ¥ 1 g ewint
\ -

Limited adaptive changes in the virus (T271A) in the PB2 gene

Montserrat et al (https://doi.org/10.2807/1560-7917.ES.2023.28.3.23000Q1),

irbright.ac.uk



H5N1 HPAI in fur farms in Finland July-Oct 2023

A. Detection of fur farms with HPAI A(HsN1), by week and municipality B. Location of fur farms with HPAI A(HsNs)
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8 29 30 3 32 33 3% 3% 36 3y 3B 39
Week

« Initial point introductions from wild birds
« Secondary spread between fur farms

« Up to 7 genetic changes associated with mammalian adaptation but not all
viruses

* %,
* Eurosurveillance copes o o e

 Depopulation and other control measures 8 oA+ gt G+t i
 Prophylactic vaccination of fur farms workers ... —

Highly pathogenic avian influenza A(HSNI) virus infections B .
on fur farms connected 1o mass mortalities of black-headed ==

n OW Oﬁe red gulls, Finland, July to October 2023 ) et b wmutmn



Companion animals: H5 HPAI

« H5N1 HPAI infections in cats have been widely reported

« Variable clinical manifestations, including respiratory and neurological
signs, often fatal outcomes.

* Infection via exposure to infected birds, other anlmals contamlnated
feed or in the milking parlour! N 5 = Py
)‘}';Ar_‘

" , v ¥
e B P\ ‘ o
\ “ " ‘A p _ v.’.
\ % =] ‘ i i :
N \‘ E = $ " |
. P : A i Y ) v
\ | | | T

&

 Captivity die offs ie Large cats in zoos

* Dogs susceptible
 Very infrequent reports

www.pirbright.ac.uk



The virus driving the impact!

The 2021-24 H5N1 HPAI is the most infectious and dangerous
of strains to date

Multiple evolved traits

www.pirbright.ac.uk



Virological explanations for the unprecedented 2021-

present H5N1 epidemic

2. Increased fitness in
wild birds enabled
multiple reassortment
events to acquire

optimized internal
gene constellation

1. Acquisition of
N1 NA conferred
fitness in ducks
and wild birds

but possibly not

fitness in 3. Mutations in H5 HA
chickens due to restored thermostability but
long stalk it remains specific for 2,3

sialic acid

Contemporary H5N1 viruses have enhanced fitness to infect,
transmit and persist in birds, but remain un-adapted to humans

www.pirbright.ac.uk



4

Animal & . . . .
pantHeath  HBN1 HPAI viruses have enhanced survival kinetics
Agency in the environment N AGhicken/Wales/053968/2021

e

-A- Control 30'C

Log TCID50/ml
[
o

» D,is time taken in days for a 90% = 30C
reduction in viral infectivity, (a 1 10°
log,, decrease) at temperature t. o]

» Survival of H5SN1-2021 at 4°C is 43.2 100 — o |

days dose adjusted

Time (days)

- H5N1-2021 at4°'C D, of 9.5days (R20.93,to 6 weeks) X=0 at 43.2 days
- H5N1-2021 at 20°'C  D,,of 4.5days (R20.87,to3weeks) X=0 at 17.2 days

« H5N1-2021 at 30°C D,, of 2.3 days (R20.88, to 2 weeks) X=0 at 8.7 days

Warren et al (2024) Assessment of Survival Kinetics for Emergent Highly Pathogenic Clade 2.3.4.4 H5Nx Avian Influenza
Viruses. Viruses 2024, 16, 889. https://doi.org/10.3390/v16060889

.
g9



Genetic analysis of Gs/Gd A(H5) sequences

Region A

Africa D Central America
Ej Western Europe . East Asia
. Central Europe D South Asia

Monitoring viral spread: Collaboration with

el e multi-national laboratories and institutions
. North America . Antarctica

Introductions into continents through long
range migratory birds

Maintenance and secondary spread of the

virus in poultry populations and resident wild
birds

Occasional spillover into mammals

Occasional spillover into humans
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Flest wave
(2020-2021)

T T

Second wave

(2021-2022)

Extensive genetic heterogeneity: large genotype diversity in Europe
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High pathogenic avian influenza A(H5)
viruses of clade 2.3.4.4b in Europe —Why
trends of virus evolution are more difficult
to predict &
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Further genetic heterogeneity in the America’s

L Virology
&N L v " October 2021, 109860

H5N1 highly pathogenic avian influenza
clade 2.3.4.4b in wild and domestic birds:
Introductions into the United States and
reassortments, December 2021-April 2022
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lterative reassortment drove the emergence and

propagation of the H5N1 panzootic

HOSN8 Eurasian 2.3.4.4b
2. 3 44b LPAI N Arsatcan
—‘ = ) /-\PA

Eurasian mmb American
LPA == (832 L \LPA
v Sl
\( — American

234.4b (AB)  Introduced i 234.4b PAl
Gull ada ted to South | === (B3.6) _L g
H13/H16 o E

America' - §
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- 2.3.4.4b (BB) 2.3.4.4b 2344b
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Peacock et al, 2024 (Figure credit Martha Nelson and David Vanlnsberghe) . pirbright.ac.uk



Future changes in the H5 viruses

Immune pressure in an exposed recovered population
will shape virus selection

Immune escape variants of the virus which carry a ‘fithess’ for
host population can persist and spread

In time will carry a selection advantage of previous epizootic strains
The contribution of prior immunity to all influenza A viruses is not understood

www.pirbright.ac.uk




Why are wild birds spreading less virus?

 Immunity is building in the population ie 3-4 years

 Immune birds less susceptible and shed less virus

* Less virus being shed into the environment

e Less virus to find its way through farm defences

 |f the virus devises a way to escape wild bird
Immunity

= NEW EPIDEMIC STRAIN

* Continued close monitoring required in naive and
vaccinated populations to assess any changes in
virus; relevance for vaccine strain selection

www.pirbright.ac.uk




Spread of H5N1 HPAI
to dairy cattle



H5N1 HPAI dairy cattle outbreak 10t March 2024 to present
Cases 300/14 states

. PR




Dairy cattle; infection and epidemiology

» Single spill over of H5N1 HPAI (B3.13 genotype)

* Initial signs are drop in feed intake and milk output
« Mastitis

« Symptoms range from asymptomatic to lethal
 Viral load in milk can be very high

« Almost exclusively lactating cows

* More in older animals

* Replication largely in mammary gland
* Respiratory infection at best transient

« Spread pathways mechanical ie via fomite, or movement of infected
animals but high uncertainties

www.pirbright.ac.uk



Salman et al https://doi.org/10.3168/jdsc.2024-0638.

Affected Non-affected
quarter quarter

Virus RNA in
nasal secretions

Virus shedding in milk

Lethargy/mild respiratory signs
Decreased rumination time

Mastitis/altered milk
Decreased milk production
Virus RNA in milk -

Infectious virus in milk -

Neutralizing antibodies in milk
Neutralizing antibodies in serum
vy

Days

o
0o 1 3 7 14 21 60




Genetic characteristics of H5N1 in dairy cattle

Nguyen et al bioRxiv https://doi.org/10.1101/2024.05.01.591751; t

A Host

‘ Cattle
@ wiid bird o B3 13
‘ Poultry ‘

Domestic mammal
. Wild mammal

B3.6

ac.uk



HPAI H5N1 Spread pathways

l'\

clade 2.3.4.4b g 5
genotype B3.13 Avian species
HPAI H5N1 clade 2.3.4.4b “H \
genotype B3.9 and Minor51 Reassortment _,
*00°00™0" 0
(Colorado)
PB1, PB2, PA, 26 November 2023
HA, NA, NS, M
(B3.9) AMNTTS/23-037501-001/2023 4@ Al
(H5N1)-ike virus — T I

— (Wyoming) —>
% 25 January 2024

HPAI H5N1 (Callfomla)

clade2344b 14 February 2024
(Minors1) ATNSGW23-9402023  genotype B33 =,

(H5N1)-like virus , ' £ ' ,ﬂ\
% Mammalian species

February-March 2024

(New Mexico)
23 February 2024

Caserta, L.C., Frye, E.A., Butt, S.L. et al. Spillover of highly pathogenic avian influenza H5N1
virus to dairy cattle. Nature (2024). https://doi.org/10.1038/s41586-024-07849-4



Dairy cattle epidemic; implications for poultry?

 Dairy farms often close proximity to poultry

» Poorer biosecurity practices

« Shared personnel/household contacts between sectors

» Cattle virus whilst replicating in mammary gland phenotypically avian

* Fully infectious for domestic birds
* Human cases; mild

* No evidence to date for spill over into wild birds of diary cattle B3.13
virus

 Infection confined to USA ] o 14

* Reduction of threat from cattle via vaccination?

* Field Studies with Nonviable, Non-replicating Veterinary Vaccines

Targeting Highly Pathogenic Avian Influenza in Livestock
https://www.aphis.usda.gov/news/program-update/cvb-notice-24-13-field-studies-nonviable-non-
replicating-veterinary-vaccines www.pirbright.ac.uk



Human case summary associated with

dairy cattle epidemic (16/10/24)

State Cattle  Poultry Unknown State Total
California 6 0 0 6

Colorado 1 9 0 10
Michigan 2 0 0 2

Missouri 0 0 1 1

Texas 1 0 0 1

Source Total 10 9 1 20

Pasteurisation kills live virus in the milk

https://www.cdc.gov/bird-flu/situation-
summary/index.html?CDC_AA refVal=https%3A%2F%2F
www.cdc.gov%2Fbird-flu%2Fphp%2Favian-flu-
summary%?2Findex.html




Do the cattle and goat H5N1 viruses pose risk to humans? .2
. Prbnght
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Cattle and goat H5N1 viruses retain affinity for avian-like receptor analogue 3SLN.

www.pirbright.ac.uk



Do the cattle and goat H5N1 viruses poserisk to humans?  uiw

pH stability Cattle Goat Control

pH 5.9

Optimum pH fusion
for human cells: <5.5

Optimum pH fusion
for Avian cells: >5.5

pH 6.0

Cattle and goat H5NL1 viruses retained avian-like phenotype and showed membrane fusion at pH5.9.

www.pirbright.ac.uk



Have the viruses changed antigenically in last
two years :relevance for vaccines?

222010
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2023 2.3.2.1a HSN1  Scuth Asia 83 64 72 50 38
2023 23212 HSN1  South Asia 53 23 58 28 23 | 73
2023 2.3.2.1a HSN1  South Asia 45 39 48 25 48
2023 2.3.4.4b HSNT  Afrca 51 51 53 55 41 el
2023 2.3.4.4b HSN1  Afnca 359 39 85 54 3 37
2023 2.3.4.4b HSN1  Afca 82 58 61 6.0 52 20
2023 2.3.4.4b HSNT  Africa 50 63 B9 60 37 40
2023 2.3.4.4b HSN1  Afnca 48 49 55 43 2.0 43
2023 2.3.4.4b HSN1  Amercas 51 57 81 6.0 36 40
2023 2.3.4.4b HSN1  Amercas 47 49 54 48 26 34
2023 2.3.44b HSN1  Ameecas 50 53 57 57 37 24
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2023 4.4b HSN!  Europe 5.0 53 57 55 35 24
2023 2.3.4.4b HSN1  Europe 51 51 57 43 30 28
2023 2.3.4.4b HSN1  Europe 47 43 51 53 a7 | is
2023 2.34.4b HSN1  Europe 55 58 82 53 39 26
2023 2.3.4.4b HSN1  Europe 49 50 54 5.2 34 20
2023 2.34.4p HSN!  Eurcpe 51 53 58 52 a: 31
2023 2.3.4.4b HSN1  Europs 50 51 54 58 40 |Ngs
2023 2.3.4.4b HSN1  Eurcpe 49 51 55 52 32 24
2023 2.3.4.4b H5N1  Europe 50 54 58 56 35 27
2023 2.3.44b HSNT  Europe a1 51 53 55 41 A
2023 2.3.4.4b HSN1  Europe 51 53 57 58 37 &
2023 2.3.4.4b HSN1  Europs 53 54 58 52 33
2023 2.3.44b HSN1  Europs 45 46 49 5.2 356
2023 2.3.4.4b HSN1  Scuth Asiz 45 44 49 4.3 %7
2023 2.3.4.4b HSN1  Scutheast Asia 48 43 47 47 38
2023 2.3.4.4b HS5N1  Scutheas! Asia 43 55 56 62 4.2
2023 2.3.4.4b HSNS  Eumps 58 57 6.1 5.5 3.6

‘Relatively’ stable given
established across the world
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Multiple clades circulating; antigenic heterogeneity

* Despite transmission between hosts dominant
2.3.4.4D relatively stable

* Host specific adaptive changes not altering antigenic
phenotype YET!

*Variation on how each host see’s virus antigenically?

- Creates an environment for ease of vaccine strain
selection
* Regional variations
* Multiple clades = multivalent

www.pirbright.ac.uk



Key Conclusions

« Exceptional global spread; panzootic most continents affected
« Continues to be a significant threat to biodiversity

* High infection pressure resulting in increased wild bird host
range and continuing if not declining cases in domestic birds

- Mammalian infections: spillover to scavengers, some M2M
transmission

* Dairy cattle infection in USA: continuing outbreak with spread
(14 states); vaccination in future?

« H5 HPAI virus evolving with high fitness traits
* Antigenically clade 2.3.4.4b moderately stable

 Vaccination remains an important tool for prevention/control in
some countries/regions

www.pirbright.ac.uk
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