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It has not been an easy year with bird flu
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Markets US Avian Flu Outbreak Worst on Record

With 50 Mllllon Dead Blrds

= Avian influen
= Highly

Worst ever bird flu crisis in Europe raises risks for
next season - EFSA Source: Bloomberg

De La Hamaide

Source: Reuters . - 3
Colombia confirms 22 avian influenza

outbreaks since Oct. 19
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Source: Poultry World

NEWS EXPLAINER |

Why is blrd ﬂu so bad right
now?

The virus is running amok around the world. Possible explanations include an
enhanced ability to replicate or infect more bird species.

Source: Euronews

Source: Nature



Etiology

TAXONOMICAL CLASSIFICATION

= Realm: Riboviria

= Kingdom: Orthornovirge Realm: Riboviria

= Phylum: Duplornaviricote  Kingdom: Orthomavirae

= Phylum: Kitrinoviricoto  Kingdom: Orthornaviroe

= Phylum: Lenarviricota  Kingdom: Orthomavirae

= Phylum: Negarnoviricoto  Kingdom: Orthornaviroe

= Subphylum: Haploviricotina  Phylum: Negarnaviricoto
+ Class: Chungiuviricetes Subphylum: Haploviricotina

= Class: Milneviricetes Subphylum: Hoploviricoting

=+ Class: Monjiviricetes  Subphylum: Haploviricoting

=+ Class: Yunchangviricetes Subphylum: Haploviricoting
= Subphylum: Polyploviricotina  Phylum: Negarnaviricota

=+ Class: Filioviricetes Subphylum: Polyploviricoting

= Class: Insthoviricetes Subphylum: Polyploviricoting

= Order: Articulovirales Class: Insthoviricetes

=+ Family: Amnoonviridoe  Order: Articulovirales
= Family: Orthomyxoviridoe Order: Articuloviroles

= Genus: Alphainfluenzavirus Family: Orthomyxovirids
Species:

+ Genus: Be

+ Genus: De

Family: Orthomyxoviridae
Genus: Alphainfluenzavirus
Specie: Alphainfluenzavirus influenzae
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AlV RESERVOIR

Webster 1978

Picture: Dean Pearson



Ecology

AFFECTED BIRD FAMILIES

Anseriformes Piciformes
Charadriiformes Pelecaniformes

Ciconiiformes Procellariiformes
Galliformes Podicipediformes
Passeriformes Gaviiformes

Columbiformes Gruiformes
Falconiformes

60 % of known bird families
(at least)
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Pictures:
Wikipedia



Ecology HN
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INFLUENZA IN OTHER SPECIES

H10 H4, H7, H13

H1,H2,H3

* H1,H2,H3
. (H5, H7) Wahlgren 2011 Picture: Wikipedia

(H5,H7)

H5,H7,H9 L g



Etiology

M2 protein

Hemagglutinin
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Ecology HEN

INTERNATIONAL

AIV'S SURVIVAL STRATEGY

Always on the run!!!!

PRIMERA TEMPORADA COMPLETA
TOMMY LEE JONES
[ELFUGITIVE
TAYI L : 4 _ .
."..."'J:;._l : r

ROBERT DOWNEY JAR.
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Ecology

Antigenic drift Antigenic shift




Etiology

M2 protein

Hemagglutinin
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Pathogenesis

MAIN PROTEIN SURFACES

Hemaqqlutinin (H

Neuraminidase (N)

Picture: Wikipedia

Picture: Wikipedia

INTERNATIONAL



Pathogenesis
TYPES OF SURFACE ANTIGENS BY ANIMAL SPECIES

Hemagglutinin (H) subt
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Pathogenesis

Influenza virus

Determines which animal

species can be infected
by the virus Determines which organs

Vil O ialic aci species can be infected
attachment .
Host cell by the virus
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Endocytosis Endoplasmic reticulum
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Pathogenesis

Low Pathogenic High Pathogenic
Avian Influenza Avian Influenza

RERRRRKR

Non OIE list OIE list
Mild respiratory disease High mortality
H1-H16 H5 or H7 Wahigren 2011

LPAI HON2 2?7




Clinical signs & lesions

LPAI HON2 LESIONS

(a) Fibrinous tracheitis
with fibrinous plug in
the trachea,

(b) tracheal
bifurcation and

(c) fibrine in bronchi
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Pictures:
M. Salek



Clinical signs & lesions

WORLDWIDE DISTRIBUTION OF LPAI HON2
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Clinical signs & lesions

HPAI HSN1 LESIONS (CHICKENS)

P--
&)

(a) petechiae

In the coelomic fat
(c), haemorrhages in
the proventricular
mucosa

(b) haemorrhages in
the intestinal serosa
and

(d) in the mesentery

Fabian 2022



Clinical signs & lesions

HPAI HS5N1 LESIONS ( TURKEYS )

']

(a) Intestinal serosal
haemorrhage in the
mesentery

(b) intestinal serosal
haemorrhage

(c) haemorrhages in
the proventricular
mucosa

(d) haemorrhagic
tracheitis
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Pictures:
P. Catala



Clinical signs & lesions
GROSS LESION OBSERVED IN BIRDS WITH HPAI H5N1

V-

UK
Skeletal muscle petechiae Gallus gallus
Cell surface petechiae n=96

Proventricular haemorrhage

. Hepatic necrosis
Intestinal serous haemo-

rrhage

Ascites
Renal petechiae
Pancreatic necrosis
Splenic necrosis
Pneumonia
Epicardial petechiae
Hydropericardium
Facial oedema
Cyanosis
@10 20 30 40 50 60 70 80 90 100

Fabian 2022




Is Avian influenza
a zoonotic disease?

- HEN
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Flu in humans

Every winter, H1 - (H2) - H3
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Flu in humans
PANDEMIC FLU

1910

H1N1 Spanish flu

1918

1920

1930

1940

I had a little bird,

And its name was Enza
I opened the window
And in flew Enza

H1IN1 Russian flu

1976
H2N2 Asian flu
1957
H3N2 Hong Kong flu
1968
1950 1960 1970 1980 1990

2000
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Flu in humans

HPAI A(H7N9),
HPAI A(H5N1),
HPAI A(H5N6),
LPAI A(HON2)




Flu in humans
AVIAN FLU IN HUMANS

B H5N1
B pdmHIN1
B H7N9
B Seasonal

Severe
" Moderate

Proportion

e “
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Moderate " Mild
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Age group
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Horman 2019



Etiology

M2 protein

Hemagglutinin
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Epidemiology

INFECTION CYCLE

J

LPAIV
Exhibition (H1-16)
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Epidemiology

FIRST HSN1 DETECTION IN EUROPE

Barbarie
duck

10 65 ELD50
H7N7 ( O/SP)

0 65 ELD50
H5N1 (O/SP)

10 65 ELD50
H5N1 (O/SP)
6 weeks

10 85 ELD5S0
H5N1 (O/SP)
18 weeks

- -

26% mortality
10 dpi

100% mortality
2 dpi

100% mortality
18 dpi

Nervous signs
10dpi

0% mortality
18 dpi Van Borm 2005
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Epidemiology

INITIAL INTRODUCTION INTO AlI-FREE COUNTRY

INTERNATIONAL

Migratory
waterfowl and Poultry
other wild birds

Companion

or pet birds Domestic pigs

Pictures: Wikipedia



Epidemiology

TRANSMISSION FROM MIGRATORY BIRDS
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Epidemiology

TRANSMISSION FROM INFECTED POULTRY

Dead birds

Manure

Direct contact

Airborne
—Dn SN
transmission
e e “
X
Visits Tools Vehicles

& @ e =
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Mechanical transmission
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Epidemiology

HPAI POSITIVE COUNTRIES




Epidemiology

HPAI CASES IN POULTRY BY Jul- Dec 2023
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Epidemiology

HPAI H7 OUTBREAKS IN POULTRY IN 2022
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Epidemiology

HPAI H5 OUTBREAKS IN POULTRY IN 2022
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Epidemiology
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Epidemiology

l EM cases

2005 2007 2009 2011 2013 2015 2017 2019 2021 2023 Ruopeng 2022




Epidemiology

Host

Domestic Birds
Wild Birds

* Human

Region

China
Japan Korea

South Asia

B Southeast Asia
West Asia

. Africa

Europe
Morth America

2002 2006 2010 2014

2021/22
2020/21

2018

AR T

L . 1

20228585
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Epidemiology

Genuine lethal infection of a wood pigeon (Columba
palumbus) with high pathogenicity avian influenza
H5N1, clade 2.3.4.4b, in Germany, 2022

Martin Peters 1, Jacqueline King 2, Peter Wohlsein 3, Christian Grund 2, Timm Harder *




Epidemiology

Viral excretion
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Strigiformes (6)
Suliformes (

Pelecaniformes (17)
B Podicipediformes (2)

- Galliformes (29)

Columbiformes (9) . Gruiformes (2)
| Falconlformes (14) . FPasseriformes (6)

. Accipitriformes (45) . Ciconiiformes (4)

Bird order B Anseriformes (408)

EFSA 2022

Procellariformes (1) . Not identified

B Charadriiformes (59)




Epidemiology HEN
2.3.4.4b H5N1 HPAIV: A NEW GLOBAL PLAYER
Zhang 2014

Gunther 2022



Epidemiology

H 1
ool PCR 3/6

ELISA 0/35
House'2| Pool PCR 0/6 Cloacal PCR 7/60

Tracheal PCR 10/60
Organs PCR 5/5

Cummalytive hicrtahity Eate (%) dade 23,4 9 HAN1 HPAIV miected broiler flock

House 2

ELISA 0/35

Cloacal PCR 0/60

Tracheal PCR 0/60

Organs PCR 1/5 Gobbo 2022




Epidemiology

RESEARCH

Outbreak of highly pathogenic avian influenza A(H5N1)
clade 2.3.4.4b virus in cats, Poland, June to July 2023

Katarzyna Domaiiska-Blicharz! , Edyta Swigtoii? , Agnieszka Swiatalska® , Isabella Monne* , Alice Fusaro®, Karolina Tarasiuk?
. Krzysztof Wyrostek® , Natalia Stys-Fijot* , Aleksandra Giza® , Marta Pi ianca Zechchin*, Ambra Pastori*, tukasz
Adaszek® , Malgorzata Pomorska-Mél¢ , Grzegorz Tomczyk! , Calogero , Stanistaw Winiarczyk*”

Gobbo 2022




AND ... WHAT DO WE DO NOW?

RESISTANCE
IS FUTILE,
MY YOUNG
DUCKLING




Avian influenza control programmes

Education Biosecurity || Diagnosis and || Stamping out Vaccines
Surveillance




Education
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Education

Biosecurity programmes in poultry farms
Adapting biosecurity in periods of high bird flu risk:

4 et b tha ¢ ntaiing b pa iah bird
. Heoweves, the sther pilars of the programems arg
complesent the baasecurity and work in spnegy with
arined L hive & Feal inpact on the birds' health, thay

Avoid contact with wild birds;
dad Ty

Biosecurity <N

in times of _ &8k st
bird flu - rm—

Understanding how
bird flu is transmitted
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Biosecurity HEN
BIOSECURITY LEVELS

Location
Equipment

Operation

Country level County level Farm level
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Biosecurity _ e
FARM LOCATION REALLY MATTERS |

- Picture: Google maps
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Biosecurity =
BIOSECURITY PROGRAMS

Isolatlon
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Biosecurity

INTERNATIONAL

VISITOR POLICY ( The easiest and best to apply )




Biosecurity
A DECISION TREE FOR ACCEPTING VISITORS
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Biosecurity HEN
THE VEHICLES ARE NOT FOR DRIVING ON THE FARM

NNNNNNNNNNNNN

No entrance to all Complete disinfection

avoidable vehicles for all entering
vehicles

External parking
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Biosecurity HEN

INTERNATIONAL

ENTRANCE TO A FARM (IDEALLY)

g A =

Locker Shower
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Biosecurity HEN

INTERNATIONAL

NOT 10 DO FOR POULTRY WORKERS

No visit to other No keeping backyard  No bird related
farms. poultry at home. hobbies.



- - 7\
Biosecurity HEN
WILD BIRDS: THE FLYING RODENTS ( EVEN WORSE)

Poultry houses Do not attract birds Do not allow birds to
MUST be bird-proof by feed spillage or nest in your premises
others



Biosecurity
WATER SOURCE REALLY MATERS

1. Surface
waters

2. Well

3. Public water
network

Microbiological
quality

Chemical
Quality

Pre-treatment
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Biosecurity HEN

DEAD BIRDS ARE NOT A SUB PRODUCT
THEY ARE A BIOLOGICAL RISK

Remove all dead birds ~ Store themin a Destroy them totally
correct container as soon as possible




o . 7\
Biosecurity HEN

MANURE IS A SUB PRODUCT
BUT IT IS STILL A BIOLOGICAL RISK

Remove it from the Treat the manure Do not spread poultry
house as soon as before spreading it manure around other
possible on the fields. poultry houses



Biosecurity

Average ranking of 21 biosecurity measures for avoiding the
introduction on commercial chicken holding with indoor housing

B: Prevent direct wild bird
contact

L: Hygiene lock to production
unit

G: Restricted access to
visitor

Effectiveness

Easy to implement

EFSA 2017



Diagnosis and surveillance

Tracheal swabs
Cecal tonsils
Cloacal swabs

@ diagnosis
@ surveillance

Serology
 ELISA

* HI(H1-H16)
* NI(N1-N9)
Virology

* SPF chicken embryos
* Tissue cultures

Molecular biology
* RT-PCR
* Sequencing

LPAI infections
monitoring programs

Vaccination monitoring

Case confirmation
Clade determination

Epidemiology studies



Diagnosis and surveillance

Predictive risk in wild birds




Stamping out

WORKING FOR BIOCONTAINMENT

RESTRICTIONS SACRIFICES

B Norwich

@ Completely prevent the
N7/ spread of an exotic virus.

C&D
DESTRUCTION PROCEDURE

Time is of crucial importance.
Logistics is the key point.



Vaccination programmes

Vaccination programme - Vaccination programme
against HPAI against LPAI HON2




Vaccination programmes

Inactivated vaccines Recombinants vaccines

Oil emulsified
inactivated
Whole AIV

Recombinant Recombinant Recombinant
fowl pox virus HVT virus ND Virus

Oil emulsified
HA protein




Vaccination programmes

& CAN

Reduce replication of AlV in
respiratory & Gl tract
Prevent illness and death in
poultry

Reduce transmission to
birds and humans

& CAN'T

Infection is still happening
Interferes with monitoring
programmes

Poor protection against AlV
from other serotypes/clades




Vaccination programmes

Vectored HVT-AI
@hatchery 1:32 HIl: Prevents mortality

@ 1:128 HI: Prevents oral shedding

Inactivated Inactivated Inactivated
Whole AIV Whole AIV Whole AIV
@ week 16

Revaccination if less
than 80% population
have protective

titers Inactivated

Whole AIV
@ week 16




Vaccination programmes

2014 2016 2018




Vaccination programmes

AVERAGE Al VACCINE COVERAGE RATE FOR-YEARS
2001-2010 OF USAGE

100
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Optimal coverage
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Minimal coverage
52,3

50

40
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20

o 9,4

0,8

China Egypt Hong Indonesia Kazkhstan Pakistan Russia  Vietnam  swayne 2012
Kong
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Vaccination programmes
VACCINE POTENCY & PROTECTION
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HI Mortality Oral Virus isolation Cloacal Virus isola-
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Vaccination programmes
VACCINE POTENCY & ANTIGENIC SCAPE

1. Update in vaccine seed
strain can be needed
time by time.

2. High titers from
Antigenically relevant
vaccines slow down
antigen escape dynamics.

AlV can scape from vaccines
protection by mutation at
critical antigenic site Sitaras 2020
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Biosecurity HEN
ANTIGENIC SCAPE: VACCINE RESPONSE EVOLUTION IN
EGYPT
14
12
rg Guang 1/96
Yebio
10 ( Clade 0)
«@®=England ( HS5N2)
8 Yebio (
Classical)
6 “@®=Minnesota (H5N2)
Lohmann ( classical)
4 == \|exico( HSN2)
5 Flukem( Classical)
«=®=|taly (H5N9)
: Fatro
°22 2.2.1 2.2.1 2.2.1 2.2.1 10, 2.2.1 2051 ie@ssical Kayali 2016
new clus- new clus- new clus- new clus- new clus- new clus-
ter ter

2006 ter ter ter ter
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Vaccination programmes
VACCINE TRIAL - 2.3.4.4B H5N1 HPAIV

A,

\!‘!‘!‘!\!

Vaccine

HVT- H5
HVT- H5
DNA

Inac ( 1 dose)

2.2 (2006)
282
2.3.4.4a

H5N2 ( LP)

Inoculated birds

100% Mort

0% Mort

0% Mort

70% Mort

50% Mort

YVYVYVYY

Contact birds

100% Mort

0% Mort

0% Mort

70% Mort

50% Mort

R (_Interval method)

3.64 (1.89-6.99)
0 (0-NA)
0 (0-NA)
2.15 (1.03-4.50)

0.92 (0.37-2.27)

INTERNATIONAL

Wageningen
2023



Biosecurity

VACCINATION STRATEGY: THE FRENCH CASE

Targeted species

Targeted areas

Targeted period

Vaccination cost
(millions euros)

Monitoring cost
(millions euros)

Benefits

Ducks, turkeys

High-risk areas

From 1st of Nov
to 30 of April

12-13.5 M€

22.3

Cost/
risk of spread approach

Lack of immunization
coverage

Ducks, turkeys,
layers, capons

All areas and high-risk
areas for capons

Thoughout the year

51 -72.5 M€

87.9

Complete protection
of 3 species

Minimum duration
of 18 months

Ducks, turkeys,
layers, Gallus > 42 D

All areas +
extended high-
risk areas for capons

Thoughout the year
89 —129.4 M€

110.4

Global approach
aiming at reaching
an immunity in high

poultry density areas

Technical and
economical feasability

All poultries except
breeders and some wild
games

Throughout France

Thoughout the year
186.1 - 189.1 M€
139.7

Massive vaccination
ensuring global
protection

Technical and
economical feasability

®

Source: ITAVI



Take home message

1. AlIV is a virus 2. The Al control

with a great programmes are
capacity for based on several
mutation and points.
evolution. This Biosecurity and
must be taken Surveillance are
into account in fundamental.
its control. Vaccination may
be advisable in
some cases.

3. A properly
implemented
vaccination
programme is a
great help in
controlling Al in
endemic areas
but cannot solve
the disease on its
own.



Thank you for your attention
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Patogenia

Desinfectantes Desinfectantes
(Sensible a la ( MUY sensible a la
materia organica) materia organica)
Desoxicolato sodico Aldehidos Fendlicos
Dodecil sulfato sodico) Beta- propiolactona Amonio cuaternario
Etilenimina binaria Agentes oxidantes

Acidos diluidos
Hidroxilamina

Desoxicolato sddico
Dodecil sulfato sodico)
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