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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)

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.
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HPAI: Challenging dogma

Paradigm
«Wild waterbirds

«New challenge:

Wild waterbirds as reservoir and
victims of HPAI»

are natural
reservoir of LPAl»

Picture from Shutterstock



Unprecedented conservation impacts on wild birds between 2021-2025
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Unprecedented conservation impacts on wild birds between 2021-2025
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HPAI H5N1: cascading across the food web
&

Top predators
at the end of chain

Scavengers feeding on
sick or dead birds "’

:
Core waterbird hosts *
(ducks, geese, gulls) 4.



HPAI: Challenging dogma >

Paradigm «New challenge:

«Sporadic Infection of a broad range of
HPAIV spillover UENIIELSS

INnto mammals»




HPAI H5Nx: Unprecedented impacts on mammals

Leporidae; 1; 0%
Ursidae; 13; 2%

Procyonidae; 22; __ Sciuridae; 1; 0%
3% Phocoenidae; 4; 1%

Phocidae; 32; 4% Bovidae; 96; 13%

Camelidae ; 1; 0%
Otariidae; 82; 11%

91 SpeCieS aﬁected Odobenidae; 1; 0%

Mustelidae; 40; 6%

|

Delphinidae; 6; 1%

Muridae; 1; 0%

Mephitidae; 50; 7%

Canidae; 290; 41%

Felidae; 70; 10%

Didelphidae; 4; 1%

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

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



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

35 cats (+1 caracal and 1 dog) in Poland
Livestock (1049 Dairy in distinct locations; 2 shelter cats in
herds) South Korea; 3 cats in Icelands; 2 in Italy;
2 in Belgium.

Multiple events in the USA linked to

Clusters of infection in o
cases in Dairy herds and poultry.

mammals caused by

2.3.4.4b H5 HPAI B € Mass mortality event in a zoo in Vietham
(47 tigers, 3 lions, 1 leopard)

Thousands of sea lions and elephant
seals in Latin America.




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

35 cats (+1 caracal and 1 dog) in Poland
Livestock (1049 Dairy in distinct locations; 2 shelter cats in
herds) South Korea; 3 cats in Icelands; 2 in Italy;
2 in Belgium.

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

mammal transmission
Mass mortality event in a zoo in Vietham

(47 tigers, 3 lions, 1 leopard)

Thousands of sea lions and elephant
seals in Latin America.




Venezuela
(Dec 2022)
170 pelicans

Colombia
(Feb—Jul 2023)
370 pelicans

Ecuador
(Nov 2023)

7000 frigatebirds /

Peru
(Dec 2022 —Dec 2023)
557,350 seabirds
(cormorants, boobies, pelicans,
terns, gulls, penguins)

10,460 sea lions

Trimester
@® Oct-Dec 2022

@ Jan—-Mar 2023
@ Apr-jun 2023
© Jul-Sep 2023

O Oct-Dec 2023

Host
O Bird

O Mammal

Southeast Brazil
(May —Jul 2023)
950 terns

Chile

South Brazil & Uruguay

1750 sea lions & fur seals

(Oct—Dec 2023)

(Dec2022—Nov2023) |~ —

29,250 seabirds

(cormorants, boobies, gulls,
pelicans, penguins, terns)

20,110 sea lions & fur seals

Central Argentina

(Aug —Dec 2023)
17,400 elephant seals
2400 terns & gulls

1370 sea lions & fur seals

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

0 500 1000 km
| W T T —

-species extinction
-breakdown of predatory—prey interactions,
-modification of nutrient cycling
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Fur farms in Spain (n. 1)
and in Finland (n.76)

35 cats (+1 caracal and 1 dog) in Poland
Livestock (1049 Dairy in distinct locations; 2 shelter cats in
herds) South Korea; 3 cats in Icelands; 2 in Italy;
2 in Belgium.

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

mammal transmission
Mass mortality event in a zoo in Vietham

(47 tigers, 3 lions, 1 leopard)

Thousands of sea lions and elephant
seals in Latin America.




Article

Spillover of highly pathogenic avian
influenza H5N1virus todairy cattle
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Choose time period

Choosze species Click for International Exports
Total Outbreak - Situational Update

In the Total Outbreak, in Cattle, there were:
1,082 Confirmed Cases in 18 States

Legend
Number of Confirmed Cases in Cattle by State, BE 0 B 261050
Total Outbreak PBiwvio WilwTs
Wiuw2s W=

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
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H5N1 virus invades the mammary glands of dairy S
cattle through “mouth-to-teat” transmission 3 i

MAL-II

Jianzhong Shi, Huihui Kong , Pengfei Cui, Guohua Deng , Xianying Zeng, o m

NeuSAc Gal GalNac|

Yongping Jiang, Xijun He , Xianfeng Zhang , Lei Chen, Yichao Zhuang ... Show more

SNA

Author Notes 26 P14
¢ — —

NeuS5Ac Gal GicNac

National Science Review, nwaf262, https://doi.org/10.1093/nsr/nwaf262

Teat

Published: 01 July 2025 © w1 MRS o e e Bt g iy B epiun
3 - _‘J.' - Yy 5 .
In dairy cattle, H5N1 spread appears to be driven primarily by: 53500 %0 B
’ » v’ !
-milking practices; g
Abstract ) &P ) ! _ s s < TP
-a milk-mediated mammary—oral transmission route, closely

H5NI1 influenza outbreaks have been repo: linked to suckling behaviours

across 17 states in the US. Damage to the nn . . . . .
-no efficient respiratory cow-to-cow transmission

in milk were common features of the infe
virus initially invades the mammary glands, and no control strategy is currently

available. Here, we found that cattle oral tissues support H5N1 virus binding and
replication, and virus replicating in the mouth of cattle transmitted to the
mammary glands of dairy cattle during sucking. We also found that an H5

inactivated vaccine or a hemagglutinin-based DNA vaccine induced sterilizing
immunity in cows against challenges with different H5N1 viruses. Our study
provides insights into H5N1 virus transmission and control in cattle.

MAL-II MAL-I

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




Phylogeny

Host A

[l Avian | | CATTLE, DOMESTIC

D Nonhuman Mammal [:] PET FOOD

. Human [:] Raw Pet Food

D Cattle D Pet Food
OPOSSUM [ Galliformes

[ _._—.,. -

2024-Feb 2024-Oct 2025-Feb

2025-Jun 2025~
Date

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




HPAI: Challenging dogma >

New challenge:

1-Mammals are no longer dead-end hosts

Paradigm

2-New paths (e.g. new bridging species) for virus
« Mam ma‘IS are dissemination (other than poultry and wild birds)
dead-end hosts

3-New ecological niches for virus evolution and

for H PAI » potential changes in risk profile also for humans




Cases

1¢¢-

Distribution of reported human cases of A(H5N1) virus infection by year of onset or detection and reporting

Avian influenza overview lune—5eptember 2025

country from 1997 to 7 March 2025

M Licxico
B United States o° Ameriza
W Azerhsijan
[ Bang sdes-
Camhevlia
China
India
Indonesla

@/ﬁ? c B8 JOURNAL

E——)

Year Cases Deaths Case fatality rate
2003 4 4 100%
2004 46 32 69.6%
2005 98 43 43.9%
2006 115 79 68.7%
2007 88 59 67.0%
2008 44 33 75.0%
2009 73 32 43.8%
2010 48 24 50.0%
2011 62 34 54.8%
2012 32 20 62.5%
2013 39 25 64.1%
2014 52 22 42.3%
2015 145 42 29.0%
2016 10 3 30.0%
2017 4 2 50.0%
2018 0 0 0%
2019 | | 100%
2020 | 0 0%
2021 2 | 50.0%
2022 6 | 16.7%
2023 12 4 33.3%
2024* 81 4 4.9%
2025 29 11 37.9%
Overall 992 476 48.0%

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 Unexp




Staying Prepared Requires a One Health Approach ANy

Characterize
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Change in virus ecology: new surveillance needs

Surveillance stipulated
by law (mainly
commercial holdings)

New biological and

environmental matrices . .
Surveillance in wild

birds

Surveillance in domestic
and wild mammals and
the environment




Al molecular diagnostic methods

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

Zoonotic influenza | - LoD determination and

and surveillance of repeatability in human swabs,
exposed personnel

bulk milk, and milk from cows
with mastitis

L|ve§tock - Analytical specificity to assess any
surveillance .. . .
cross-reactivity with mammalian
viruses

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

Wildbires hoodooine experimental samples
surveillance influenza? | |

Valentina Panzarin, SCS5, IZSVE @ 29

Icons from Biorender




Al molecular diagnostic methods

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

European Union Reference Laboratory (EURL) for Avian Influenza
and Newcastle Disease

Fajl

Fayl]

nfluenza - Meuraminsdase Inhibition Test

Detection of antibodies to type A influenza virus by agar el immurodiffusian assay |

Fajld

Refeased on 23,40

s by haemgglutination

Z5un
vianinfloens | oy SO vale 3
. g on of type A i ot 2 N .
The Istituto Zooprofilattico Sperimentale delle Venezie (IZ5Ve] was designated as National Reference Centre for Refoamed on =5 e
Avian Influenza (Al) and Newcastle disease (ND) by the Italian Ministry of Health in 1999. On January 1st, 2019 the
1ZSVe has taken over the role of European Union Reference Laboratory (EURL) for Avian Influenza (Al] and | (Refeased on o enp——
Newcastle Disease (ND)
N s Detection aof Eurasian HS dian influenza virus by real time BT PCH {Slomka ot al., 2007) N
A/ND EURL aims a well perfoeming netwo theouphout the Eurcpean Union by ensu N - FAl
€ c Refeased 4l
of high quality me awding scientific and technical assistance and bleshing and mamtadn
reagents Detection of Eurasian H nindluenza virus b re
the hemaggltinin cleavage site (Slamika ot 2 e
4+ Mandate and activities of the EURL for Avian Influenza and Newcastie Disease .
Detection af Eurasian HT dwian influenza virus by real time BT PCH {Slomka ot al., 2 - .
Z5e SO8 WIK 184

o421)

Refeozed oo 0

+ Activities, services and diagnestic capabilities

Van Barm et al_.

i indluenza virus by reall time &
21)

Detection af Eur
madificd) fReleo:

(Z2SVe-EURL ALND Platform » Detection of Eurasian HT Avian influenza virus by One stop KT #0H and Sanger sequencing of -
the hemag gltinin cleavage » e
T5e SO% WIK 014

1ZSVe-EURL staff Research and projects Publications e SO VIR

andintem Publcaban n PCH using a unwersal primer set N .

ving the Al/ND by memb e e

Read more Sutton ot al., 2015

b 2, 28 reve 508 VIR

by ane shep HT PCH and

National Reference Laboratories

Al guencing af the fusian protein cleavage site | d raald

and ND

ping af Orthe
inct al 3

ISvp S0 VIR 1!




2SV What about serosurveillance?

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.

sesen

All sera tested were negative.

KAPPAFIL D)



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

Characterize

How dangerous is this virus for mammals?

MARKERS OF INTEREST

Zoonotic potential
https://izsvenezie-virology.github.io/FluMut Increased virulence
Resistance toward antiviral drugs

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



Phenotype characterization to evaluate zoonotic/virulence potential

Rapid phenotyping tools for HPAI in a one health context

Cell-based infectivity and replication assays

eUse of continuous cell lines (Calu-3, Caco-2)

ePrimary airway epithelial cells from birds, cattle and humans
(ALI cultures)

Organoids and explant models

eAvian and human respiratory organoids

*Ex vivo explants to study tissue tropism and replication kinetics




Cross-sector collaboration in action ANy

f& ecdc *EJOURNAL

ilulu Zu |. |
St-:u mantalad

Scientific Opinions:

-Drivers for a pandemic due to avian influenza and options for One Health mitigation
(https://efsa.onlinelibrary.wiley.com/doi/10.2903/j.efsa.2024.8735) (https://doi.org/10.2903/j.efsa.2025.91¢

-Preparedness, prevention and control related to zoonotic avian
(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


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

m @) e st @ mesaningicne . Cross-sector collaboration in action

M for Animal Health Organization of the

United Nations

Avian Influenza

2025

+ OFFLU statement on the development of a global consensus H5 Influenza genotyping framework (26 February)

2024

« OFFLU statement on HPAI in dairy cows (2 April)

‘ « Public health resource pack for countries experiencing influenzas in animals (20 March)
» Updated OFFLU Statement on high pathogenicity avian influenza in dairy cows (13 May)
« Diagnostic guidance: HPAI dairy cattle (13 May)

« OFFLU avian influenza teleconference for sharing epidemiological and genetic information (12 December)

2023

« Continued expansion of HPAI H5 in wildlife in South America and incursion into the Antarctic region (OFFLU statement) (21 December)
« OFFLU call to discuss Avian Influenza in the Latin America and Caribbean Region (9 November)

» OFFLU statement on HPAI H5 in wildlife in South America (23 August)

« Scientific Task Force on Avian Influenza and Wild Birds statement on H5SN1 HPAI in wild birds (July)

« OFFLU statement on Infections with Avian Influenza A(H5N1) virus in cats in Poland (28 June)

« Global consultation on highly pathogenic avian influenza (HPAI) (2-4 May)

» OFFLU Statement on high pathogenicity avian influenza caused by viruses of the H5N1 subtype (17 March)

» OFFLU call to discuss Avian Influenza events in mammals (2 March)

2022

« OFFLU update of wild bird Al events in Canada, UK, Israel and other Europe countries (12 January)
« Influenza A Cleavage site update 2022 (4 January)

2021

» OFFLU zoom call for avian influenza global situation update summary (8 November)



OFFLU Summary Report from the WHO Influenza Vaccine Composition Meeting

September 2025

sty ol apertee B R e

Avian Influenza Matching
(AIM) Pilot
The goal of OFFLU Avian Influenza Matching

(AIM) project (OFFLU-AIM) is to provide
improved information on antigenic

WHO Vaccine Composition
Meeting (VCM)

The need to update candidate vaccine viruses
which may be prepared as part of the
pandemic response for zoonotic influenza is
assessed during the VCM. OFFLU brings
important data from the animal health
community.

characteristics of avian influenza viruses to

support vaccination programs against avian
influenza.

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




One Health in Action:
Key gaps and priorities

*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.

oooooooooooooooooooo
Sperimentale delle Venezie



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 HON2, H3NS...)

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

oooooooooooooooooooo
Sperimentale delle Venezie
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