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The evolution of avian influenza surveillance and 
control in a One Health perspective

•From poultry farms to the most remote areas of the 
planet
•Inclusion of new species and new ecosystems
•Multidisciplinary approach



HPAI (H5 of the gs/Gd/96 lineage, clade 2.3.4.4b)

2021-2025

The first documented panzootic caused by an HPAI virus since 1878, the year when a highly pathogenic form of influenza was first 
identified in poultry by Edoardo Perroncito.





Chapter 1: HPAI H5N1-Challenging the dogma
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«New challenge: 

Wild waterbirds as reservoir and 
victims of HPAI»

Paradigm
«Wild waterbirds

are natural
reservoir of LPAI»

Picture from Shutterstock

HPAI: Challenging dogma



https://www.bbc.com/future/article/20240425-how-dangerous-is-bird-flu-spread-to-wildlife-and-humans

Supplied: Peter Johnstone

https://www.abc.net.au/news/2025-07-22/avian-influenza-not-the-cause-of-coral-bay-bird-deaths/105546660

Unprecedented conservation impacts on wild birds between 2021-2025



Unprecedented conservation impacts on wild birds between 2021-2025

Mass mortality events reported in 
Peruvian and Brown Pelicans, 

Guanay cormorants, Inca terns, 
Peruvian Boobies, Royal terns, 

Humboldt penguins, Magellanic
penguins

Mass mortality events reported in 
Caspian Terns, Snow Geese, Bald 

Eagles, Eider Ducks, Northern 
Gannets, California Condor

Mass mortality events reported in 
Great Skuas, Barnacle geese, 

Norhern Gannets, Terns, Black-
headed gulls, Dalmatian pelican, 

Common Crane 

Mass mortality events 
reported in Great White 

Pelicans, Royal Terns, African 
Penguins, Cape Cormorants

Mass mortality events 
reported in Common 

Crane

Mass mortality events 
reported in Demoiselle 
Cranes, Hooded Cranes



Illustration created using ChatGPT (OpenAI), based on the author’s prompt.



«New challenge: 

Infection of a broad range of 
mammals »

Paradigm

«Sporadic 

HPAIV spillover 

into mammals»

HPAI: Challenging dogma



EFSA Journal, Volume: 23, Issue: 1, First published: 29 January 2025, DOI: (10.2903/j.efsa.2025.9191) 

HPAI H5Nx: Unprecedented impacts on mammals

91 species affected 

H5 HPAI shows features of a host-range generalist within birds, 
with expanding spillover to mammals



Clusters of infection in 
mammals caused by 

2.3.4.4b H5 HPAI

Fur farms in Spain (n. 1) 
and in Finland (n.76)

35 cats (+1 caracal and 1 dog) in Poland 
in distinct locations; 2 shelter cats in 
South Korea; 3 cats in Icelands; 2 in Italy; 
2 in Belgium.

Multiple events in the USA linked to 
cases in Dairy herds and poultry.

Mass mortality event in a zoo in Vietnam 
(47 tigers, 3 lions, 1 leopard)

Thousands of sea lions and elephant
seals in Latin America.

Livestock (1049 Dairy 
herds)



Sustained mammal to 
mammal transmission

Fur farms in Spain (n. 1) 
and in Finland (n.76)

35 cats (+1 caracal and 1 dog) in Poland 
in distinct locations; 2 shelter cats in 
South Korea; 3 cats in Icelands; 2 in Italy; 
2 in Belgium.

Multiple events in the USA linked to 
cases in Dairy herds and poultry.

Mass mortality event in a zoo in Vietnam 
(47 tigers, 3 lions, 1 leopard)

Thousands of sea lions and elephant
seals in Latin America.

Livestock (1049 Dairy 
herds)



Conservation Biology, First published: 31 May 2025, DOI: (10.1111/cobi.70052) 

-species extinction
-breakdown of predatory–prey interactions,
-modification of nutrient cycling



Sustained mammal to 
mammal transmission

Fur farms in Spain (n. 1) 
and in Finland (n.76)

35 cats (+1 caracal and 1 dog) in Poland 
in distinct locations; 2 shelter cats in 
South Korea; 3 cats in Icelands; 2 in Italy; 
2 in Belgium.

Multiple events in the USA linked to 
cases in Dairy herds and poultry.

Mass mortality event in a zoo in Vietnam 
(47 tigers, 3 lions, 1 leopard)

Thousands of sea lions and elephant
seals in Latin America.

Livestock (1049 Dairy 
herds)



.



https://www.aphis.usda.gov/livestock-poultry-disease/avian/avian-influenza/hpai-detections/hpai-confirmed-cases-livestock Accessed 16/11/2025

https://www.aphis.usda.gov/livestock-poultry-disease/avian/avian-influenza/hpai-detections/hpai-confirmed-cases-livestock


In dairy cattle, H5N1 spread appears to be driven primarily by:
-milking practices;
-a milk-mediated mammary–oral transmission route, closely 
linked to suckling behaviours
-no efficient respiratory cow-to-cow transmission



Cornelis Escher. Aereo di riempimento II, 1957. Litografia. mm. 370 x 315

“Continuum”



https://nextstrain.org/avian-flu/h5n1-cattle-outbreak/genome

Genotype B3.13 has not been identified only in dairy cattle premises but also across multiple poultry premises and other 
mammals such as a number of cats, racoons and alpacas..and even humans with 41 cases reported associated with exposure to 

diary herds



New challenge: 

1-Mammals are no longer dead-end hosts

2-New paths (e.g. new bridging species) for virus 
dissemination (other than poultry and wild birds)

3-New ecological niches for virus evolution and 
potential changes in risk profile also for humans

Paradigm

«Mammals are 

dead-end hosts

for HPAI»

HPAI: Challenging dogma



Distribution of reported human cases of A(H5N1) virus infection by year of onset or detection and reporting 
country from 1997 to 7 March 2025

https://www.chp.gov.hk/en/resources/29/332.html



The more birds and mammals it infects, the more opportunities 

H5N1 has to mutate to further expand its host range



Chapter 2: Expect the Unexpected



Detect

Characterize

Connect

Empower

Prevent

Staying Prepared Requires a One Health Approach



Detect

Connect

Empower

Prevent

Surveillance stipulated 
by law (mainly 

commercial holdings)

Surveillance in wild 
birds

Surveillance in domestic 
and wild mammals and 

the environment

Change in virus ecology: new surveillance needs

New biological and 
environmental matrices



AI molecular diagnostic methods

29

Changes in AI ecology require to extend the field of application of diagnostic methods
designed for birds, to new matrices:

Zoonotic influenza 
and surveillance of 
exposed personnel

Ecology studies

Foodborne
influenza?

Wildbirds

surveillance

Livestock
surveillance

- LoD determination and 
repeatability in human swabs, 
bulk milk, and milk from cows
with mastitis

- Analytical specificity to assess any
cross-reactivity with mammalian
viruses

- Diagnostic specificity employing
specimens from wild and 
domestic mammals, and 
experimental samples

Valentina Panzarin, SCS5, IZSVE
Icons from Biorender



AI molecular diagnostic methods
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SOPs and declaration of validation available at:
https://www.izsvenezie.com/reference-laboratories/avian-influenza-newcastle-disease/diagnostic-protocols/



Optimize the performance of serological diagnostic assays. 

Provision of reference reagents to the EU NRLs to render them independent: serum from cattle 
immunised with an inactivated HPAI H5N1 (clade 2.3.4.4b) virus for use as a positive control 
serum.

IZSVe (WOAH/EU RL) tested thousands of dairy cattle and small ruminants from high 
risk areas for the presence of antibodies against H5N1. 

All sera tested were negative.

What about serosurveillance?



MARKERS OF INTEREST
 Zoonotic potential

 Increased virulence

 Resistance toward antiviral drugs

More information:
https://izsvenezie-virology.github.io/FluMut

Real Time Sequencing and use of bionformatic tools: a diagnostic imperative

Characterize

Giussani E, et al. Virus Evol. 2025 Mar 7;11(1): doi: 10.1093/ve/veaf011. PMID: 40093844; PMCID: PMC11908534.

How dangerous is this virus for mammals?



Phenotype characterization to evaluate zoonotic/virulence potential

Rapid phenotyping tools for HPAI in a one health context

Cell-based infectivity and replication assays
•Use of continuous cell lines (Calu-3, Caco-2)
•Primary airway epithelial cells from birds, cattle and humans
(ALI cultures)
Organoids and explant models
•Avian and human respiratory organoids
•Ex vivo explants to study tissue tropism and replication kinetics



Cross-sector collaboration in action

Scientific Opinions:

-Drivers for a pandemic due to avian influenza and options for One Health mitigation measures

(https://efsa.onlinelibrary.wiley.com/doi/10.2903/j.efsa.2024.8735) (https://doi.org/10.2903/j.efsa.2025.9191);

-Preparedness, prevention and control related to zoonotic avian influenza

(https://www.efsa.europa.eu/en/efsajournal/pub/9191)

-Risk posed by the HPAI virus H5N1, Eurasian lineage goose/Guangdong clade 2.3.4.4b. genotype B3.13, currently

circulating in the US

-Vaccination of poultry against highly pathogenic avian influenza – part 1 and 2.

https://doi.org/10.2903/j.efsa.2024.8755

https://doi.org/10.2903/j.efsa.2023.8271

ECDC, EFSA, DG Sante and EURL: Avian Influenza simulation exercise (SIMEX) on avian influenza, Brussels on the 10th

and 11th December 2024

Connect

Empower

https://efsa.onlinelibrary.wiley.com/doi/10.2903/j.efsa.2024.8735
https://doi.org/10.2903/j.efsa.2025.9191
https://www.efsa.europa.eu/en/efsajournal/pub/9191
https://doi.org/10.2903/j.efsa.2024.8755
https://doi.org/10.2903/j.efsa.2023.8271


Cross-sector collaboration in action



Animal data feed into VCM (selection of candidate vaccine 
viruses for zoonotic risk), while AIM aligns poultry vaccine
antigens with field strains



•Data are not constantly fully integrated – animal, human and environmental 
information should flow into a single, real-time One Health risk picture.

•Limited One Health use of Proficiency testing schemes in the human health 
sector rarely include zoonotic H5 strains, and reference materials reflecting 
current animal-origin viruses are often missing.

One Health in Action: 
Key gaps and priorities



•Surveillance: big gaps in wild birds and mammals (dairy cattle, companion 
animals, wildlife) and in many low-resource settings (limited info from 
multiple continents.. International cooperation needs to be supported.. and 
be aware that there are other viruses we also need to keep under control such 
as H9N2, H3N8…)

•Management of the Wild-Domestic Interface: 
-management strategies that favor spatial and ecological separation of wild 
birds and poultry habitats.
-continue surveillance of wildlife populations to inform and adapt 
conservation plan

One Health in Action: 
Key gaps and priorities
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