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• 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

Key developments in HPAI epidemiology since Oct 22
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Global cost 
from HPAI 

57 million birds died/culled 

in last year

$4bn/pa?

3.4% (range 2.6-4.4%) global 

economy

Global impact of HPAI
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Global distribution of Avian Influenza 
1st October 2021- 30th September 2022
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Global distribution of Avian Influenza 
1st October 2023- 26th September 2024
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Introduction into Central and Latin America 
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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 migration rates among the geographic regions of 
clade 2.3.4.4b (2020-2022) 



Global Avian Influenza Viruses situation

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

Source, FAO https://www.fao.org/animal-health/situation-updates/global-aiv-with-zoonotic-potential/en



Declining HPAI trend between Oct 2022- Sep 2023 vs Oct 2023 – Sep 2024

Underlying factors?
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Reducing trend of disease burden in last 2 years
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Transatlantic transmission
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Expansion in wild bird host range:susceptibility?
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Expansion in wild bird host range:susceptibility
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Wild bird species affected: >300 species/25+orders
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Impacts on biodiversity



https://openknowledge.fao.org/server/api/core/bitstrea

ms/9b880198-02d2-4eda-a860-d1a56299bc31/content
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Mortality in worlds largest breeding colony 
of Northern Gannets
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• Africa – Long distance migratory birds and resident birds: e.g. 
Pelicans, Terns, African penguins

Species affected – Wild birds – mortality events
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• Asia: Crane species and

Spoonbill

Species affected – Wild birds – mortality events
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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 (naïve populations)

Increased infectivity in effective bridging species?
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Spread to 
mammals 

• Captive bred animals: mink, foxes

• Wild Scavengers; ie foxes, seals, 
stoat, otter

• Domestic ; cats



H5 detections: Expanded host range



HPAI in mammals - impact on biodiversity

More than 51,000 mammals died in

South America (Oct-22 Nov-23)

Mass mortality events (biodiversity)

More than 10,000 dead South 

American sea lions in Peru

© AFP



Reporting by mammal category 
October 2023 –September 2024

• 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)
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Semi-aquatic mammals in South America
Mammal to mammal transmission

Uhart et al, bioRxiv, 2024
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Separate introductions into 

South Georgia, South 
Sandwich Islands and 
Falkland islands; spread to 
shelf

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

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

Montserrat et al (https://doi.org/10.2807/1560-7917.ES.2023.28.3.2300001)

Outbreaks in captive bred mammals
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• Initial point introductions from wild birds

• Secondary spread between fur farms

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

• Depopulation and other control measures

• Prophylactic vaccination of fur farms workers 

now offered

H5N1 HPAI in fur farms in Finland July-Oct 2023
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• 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 animals, contaminated 
feed or in the milking parlour!

• Captivity die offs ie Large cats in zoos

• Dogs susceptible 

• Very infrequent reports

Companion animals: H5 HPAI
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The 2021-24 H5N1 HPAI is the most infectious and dangerous 
of strains to date

Multiple evolved traits

The virus driving the impact!
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Virological explanations for the unprecedented 2021-
present H5N1 epidemic
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H5N1 HPAI viruses have enhanced survival kinetics 
in the environment

• H5N1-2021 at 4˚C D4 of 9.5 days   (R2 0.93, to 6 weeks)       X=0 at 43.2 days

• H5N1-2021 at 20˚C D20 of 4.5 days (R2 0.87, to 3 weeks)       X=0 at 17.2 days

• H5N1-2021 at 30˚C D30 of 2.3 days  (R2 0.88, to 2 weeks)        X=0 at 8.7 days

• Dt is time taken in days for a 90% 
reduction in viral infectivity, (a 1 
log10 decrease) at temperature t. 

• Survival of H5N1-2021 at 4˚C is 43.2 
days dose adjusted

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
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Genetic analysis of Gs/Gd A(H5) sequences



Extensive genetic heterogeneity: large genotype diversity in Europe
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Further genetic heterogeneity in the America’s



www.pirbright.ac.ukPeacock et al, 2024 (Figure credit Martha Nelson and David VanInsberghe)

Iterative reassortment drove the emergence and 
propagation of the H5N1 panzootic



www.pirbright.ac.uk

Immune pressure in an exposed recovered population 
will shape virus selection

Future changes in the H5 viruses

Immune escape variants of the virus which carry a ‘fitness’ for 

host population can persist and spread
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• 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

• Less virus to find its way through farm defences

• If the virus devises a way to escape wild bird

immunity

= NEW EPIDEMIC STRAIN

• Continued close monitoring required in naïve and

vaccinated populations to assess any changes in

virus; relevance for vaccine strain selection

Why are wild birds spreading less virus?



Spread of H5N1 HPAI 

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

Dairy cattle; infection and epidemiology



Salman et al https://doi.org/10.3168/jdsc.2024-0638.
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Genetic characteristics of H5N1 in dairy cattle
Nguyen et al bioRxiv https://doi.org/10.1101/2024.05.01.591751; t



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
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• 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

• 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

Dairy cattle epidemic; implications for poultry?
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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

Human case summary associated with 
dairy cattle epidemic (16/10/24)

Pasteurisation kills live virus in the milk
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Cattle and goat H5N1 viruses retain affinity for avian-like receptor analogue 3SLN.

Do the cattle and goat H5N1 viruses pose risk to humans?



Do the cattle and goat H5N1 viruses pose risk to humans?

pH stability

Cattle and goat H5N1 viruses retained avian-like phenotype and showed membrane fusion at pH5.9.

Optimum pH fusion 

for human cells: <5.5

Optimum pH fusion 

for Avian cells: >5.5



Have the viruses changed antigenically in last 

two years :relevance for vaccines?

‘Relatively’ stable given 

established across the world
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•Despite transmission between hosts dominant 
2.3.4.4b 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

Multiple clades circulating; antigenic heterogeneity
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• 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

Key Conclusions
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• OFFLU AIM project team (APHA, IZSVe)

• Ash Banyard, Joe James and Caroline 
Warren, APHA

• Lina Awada, WOAH for some graphics

• International partners sharing data
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