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It has not been an easy year with bird flu ...

Source: Bloomberg

Source: Reuters

Source: Euronews
Source: Nature

Source: Poultry World



Etiology
TAXONOMICAL CLASSIFICATION

Family: Orthomyxoviridae

Genus: Alphainfluenzavirus

Specie: Alphainfluenzavirus influenzae

Picture: Wikipedia



Ecology 

AIV RESERVOIR

Picture: Dean Pearson

10 8,7 virus particles per gram of infected 

duck faeces Webster 1978 



Ecology 

AFFECTED BIRD FAMILIES

Anseriformes

Charadriiformes

Ciconiiformes

Galliformes

Passeriformes

Columbiformes

Falconiformes

Piciformes

Pelecaniformes 

Procellariiformes

Podicipediformes

Gaviiformes

Gruiformes 

60 % of known bird families 

(at least)
Pictures: 

Wikipedia



Ecology 

INFLUENZA IN OTHER SPECIES

H3, H7 H10 H4, H7, H13

H1 – H16

H5

H5,H7,H9

(H5,H7)

(H7?)
H1,H2,H3

H1,H2,H3 

(H5, H7) Wahlgren 2011 Picture: Wikipedia



Etiology

AIV STRUCTURE

Segmented RNA

M1 protein

Neuraminidase

Hemagglutinin

Lipid envelope Picture: Wikipedia

M2 protein



Ecology 

AIV'S SURVIVAL STRATEGY

Always on the run!!!!



Ecology

A BREAKAWAY ARTIST ...

Antigenic drift Antigenic shift

RDRP

+

+ 252 posibilidades



Etiology

AIV STRUCTURE

Segmented RNA

M1 protein

Neuraminidase

Hemagglutinin

Lipid envelope Picture: Wikipedia

M2 protein



Pathogenesis

MAIN PROTEIN SURFACES

Hemagglutinin (H) Neuraminidase (N)

Picture: WikipediaPicture: Wikipedia



Pathogenesis

TYPES OF SURFACE ANTIGENS BY ANIMAL SPECIES

Neuraminidasa (N) Subtipos:

Hemagglutinin (H) subtypes:

Porcine

Equine

Human

Avian

1   2    3   4   5    6    7    8    9   10   11  12    13   14  15  16  
++ +

++ +

1    2   3   4   5    6    7    8    9

Porcine

Human

Avian

Equine

+

+



Pathogenesis

CELL INFECTION CYCLE

Dou 2017

HA Cleavage

Determines 

Determines which animal 

species can be infected 

by the virus Determines which organs 

species can be infected 

by the virus



Pathogenesis

LPAI vs HPAI 

Low Pathogenic 

Avian Influenza 

High Pathogenic 

Avian Influenza 

HA1 HA2
HA1 HA2

RETR RERRRRKR

Non OIE list

Mild respiratory disease

H1-H16

OIE list

High mortality

H5 or H7

LPAI H9N2 ??
Wahlgren 2011



Clinical signs & lesions

LPAI H9N2 LESIONS

(a) Fibrinous 

tracheitis with 

fibrinous plug in the 

trachea, 

(b) tracheal 

bifurcation and 

(c) fibrine in bronchi

a) b)

c)

Pictures:

M. Salek



Clinical signs & lesions

WORLDWIDE DISTRIBUTION OF LPAI H9N2

Peacock 2019



Clinical signs & lesions

HPAI H5N1 LESIONS (CHICKENS)

(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 H5N1 LESIONS ( TURKEYS )

(a) Intestinal serosal

haemorrhage in the

mesentery

(b) intestinal serosal

haemorrhage

(c) haemorrhages in 

the proventricular

mucosa  

(d) haemorrhagic

tracheitis

A) B)

C) D)

Pictures:

P. Catala



Clinical signs & lesions

GROSS LESION OBSERVED IN BIRDS WITH HPAI H5N1

0 20 40 60 80 100

Cyanosis

Facial oedema

Hydropericardium

Epicardial petechiae

Pneumonia

Splenic necrosis

Pancreatic necrosis

Renal petechiae

Ascites

Intestinal serous haemorrhage

Hepatic necrosis

Proventricular haemorrhage

Cell surface petechiae

Skeletal muscle petechiae

Fabian 2022

UK

Gallus gallus

n=96

%



Is Avian influenza 

a zoonotic disease?
Picture: 

Wikipedia



Flu in humans

SEASONAL FLU

Every winter, H1 - (H2) - H3

Source: HSE



Flu in humans
PANDEMIC FLU

H1N1 Spanish flu

1918           

H2N2  Asian flu 
1957           

H1N1 Russian flu 
1976           

1968           

1910           1920           1930           1940           1950           1960           1970           1980           1990           2000           

H3N2 Hong Kong flu 



Flu in humans

BIRD-TO-HUMAN TRANSMISSION OF INFLUENZA

α 2-3

α 2-3

α 2-6

α 2-6

HPAI A(H7N9), 

HPAI A(H5N1), 

HPAI A(H5N6),

LPAI A(H9N2) 



Flu in humans 

AVIAN FLU IN HUMANS

Horman 2019



Etiology

AIV STRUCTURE

Segmented RNA

M1 protein

Neuraminidase

Hemagglutinin

Lipid envelope Picture: Wikipedia

M2 protein



Epidemiology

INFECTION CYCLE

LPAIV

(H1-16)
HPAIV

(H5/H7)

LPAIV

(H1-16)Exhibition

Adaptation

HA mutation

HPAI H5Nx ??



Epidemiology

FIRST H5N1 DETECTION IN EUROPE

Laying

hens

10 6,5 ELD50

H7N7 ( O/SP)

0 6,5 ELD50

H5N1 (O/SP)
100% mortality

2 dpi

26% mortality

10 dpi

10 6,5 ELD50

H5N1 (O/SP)

6 weeks 

100% mortality

18 dpi

Barbarie

duck
10 6,5 ELD50

H5N1 (O/SP)

18 weeks

Nervous signs 

10dpi

0% mortality

18 dpi Van Borm 2005



Epidemiology

INITIAL INTRODUCTION INTO AI-FREE COUNTRY

Companion 

or pet birds

Migratory 

waterfowl and 

other wild birds

Poultry Domestic pigs 

Pictures: Wikipedia



Epidemiology

TRANSMISSION FROM MIGRATORY BIRDS

Fecal

droppings

Mechanical transmission



Epidemiology

TRANSMISSION FROM INFECTED POULTRY

Visits     Tools   Vehicles

Dead birds

Manure



Epidemiology

HPAI POSITIVE COUNTRIES

WOAH



Epidemiology

HPAI CASES IN POULTRY BY 2022

WOAH



Epidemiology

HPAI H7 OUTBREAKS IN POULTRY IN 2022

WOAH



Epidemiology

HPAI H5 OUTBREAKS IN POULTRY IN 2022

WOAH



2.3.4.4b H5N1 HPAIV

Karo-karo 2022

Epidemiology



2.3.4.4b H5N1 HPAIV

Epidemiology

Ruopeng 2022



CLADE H5Nx EVOLUTION

Epidemiology

Ruopeng 2022



EVOLUTION OF ISOLATED SUBTYPES IN EUROPE

Epidemiology

Picture: Wikipedia

EFSA 2022



2.3.4.4b H5N1 HPAIV:  SILENT INFECTIONS

House 1

House 2

Pool PCR 3/6

Pool PCR 0/6

House 1

ELISA 0/35

Cloacal PCR 7/60

Tracheal PCR 10/60

Organs PCR 5/5

House 2

ELISA 0/35

Cloacal PCR 0/60

Tracheal PCR 0/60

Organs PCR 1/5 Gobbo 2022

Epidemiology



Epidemiology

2.3.4.4b H5N1 HPAIV:  INFECTIONS IN PHEASANTS AND CHICKENS

Mortality

Oral
Viral excretion 

Liang 2022



Epidemiology

NEWLY INFECTED SPECIES?



Epidemiology

HPAI-ISOLATED BIRD FAMILIES IN EUROPE 2022

EFSA 2022



AND ... WHAT DO WE DO NOW?

RESISTANCE 

IS FUTILE,     

MY YOUNG 

DUCKLING



Avian influenza control programmes

Education    Biosecurity Diagnosis and

Surveillance
Stamping out Vaccines



Education

Or

Polandball -Gesundheit Hongkong Government



Education



Biosecurity

BIOSECURITY LEVELS

Country level County level Farm level

Location

Equipment

Operation



Biosecurity

FARM LOCATION REALLY MATTERS

200 m

?

Picture: Google maps



Isolation

Pest 
control

Feed and 
water

Pullet 
replacem

ent 

Waste 
disposal

Staff 
training

C&D 
procedure

s

Biosecurity

BIOSECURITY PROGRAMS



Biosecurity

VISITOR POLICY ( The easiest and best to apply )



A DECISION TREE FOR ACCEPTING VISITORS

Biosecurity

Is the visit totally 
necessary?

YES

Has the visitor not visited 
poultry farms on the day?

YES

Is the visitor agreed to comply 
with the visiting rules?

YES NO

NO

NO

VISIT 

GRANTED

VISIT 

DENIED



Biosecurity

THE VEHICLES ARE NOT FOR DRIVING ON THE FARM

External parking
No entrance to all 

avoidable vehicles

Complete disinfection 

for all entering 

vehicles



Biosecurity

ENTRANCE TO A FARM (IDEALLY)

Logbook ShowerLocker Farm Cloths Hygiene block



Biosecurity

TOOLS AND PERSONAL BELONGINGS STAY OUT

Leave your personal 

belongings 

outside…

Disinfect any items 

before bringing them 

into the farm.

Stuff coming from 

other farms MUST 

be rejected



Biosecurity

NOT TO DO FOR POULTRY WORKERS

No visit to other 

farms.

No keeping backyard 

poultry at home.
No bird related 

hobbies.



RODENTS: WE CANNOT COEXIST!

Erysipelas 
(Meerburg 2012)

Salmonellosis
(Meerburg 2012)

Fowl Cholera
(Meerburg 2012)

…

+
Mechanical  

transmission

Biosecurity



GETTING RID OF RODENTS

Passive control Active control

Biosecurity



Biosecurity

WILD BIRDS: THE FLYING RODENTS ( EVEN WORSE)

Do not attract birds 

by feed spillage or 

others

Do not allow birds to 

nest in your premises

Poultry houses 

MUST be bird-proof



Biosecurity

WATER SOURCE REALLY MATERS

1. Surface 

waters

2. Well

3. Public water 

network

Microbiological

quality

Chemical

Quality

Pre-treatment

1.

2.

3.



Biosecurity

DEAD BIRDS ARE NOT A SUB PRODUCT

THEY ARE A BIOLOGICAL RISK

Remove all dead birds 

from the  house daily

Store them in a 

correct container 
Destroy them totally

as soon as possible



Biosecurity

MANURE IS A SUB PRODUCT

BUT IT IS STILL A BIOLOGICAL RISK

Remove it from the 

house as soon as 

possible

Treat the manure 

before spreading it        

on the fields.

Do not spread poultry 

manure around other 

poultry houses



Diagnosis and surveillance

Blood

@ Flock 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

SAMPLING FLOCKS



Diagnosis and surveillance

PREDICTIVE RISK MAPS



Stamping out

RESTRICTIONS SACRIFICES DESTRUCTION
C&D 

PROCEDURE

Completely prevent the 

spread of an exotic virus.
Time is of crucial importance. 

Logistics is the key point.

Source: DEFRA

WORKING FOR BIOCONTAINMENT



Vaccination programmes

Vaccination programme 

against HPAI
Vaccination programme 

against LPAI H9N2



Vaccination programmes

TYPES OF AVIAN INFLUENZA VACCINES

Oil emulsified

inactivated

Whole AIV

Recombinant 

HVT virus
Recombinant 

fowl pox virus

Oil emulsified

HA protein

Recombinant 

ND Virus

Inactivated vaccines Recombinants vaccines



Vaccination programmes

WHAT TO EXPECT FROM AI VACCINATION ?

• Reduce replication of AIV in 

respiratory & GI tract

• Prevent illness and death in 

poultry

• Reduce transmission to 

birds and humans

• Infection is still occurring to 

infection

• Interferes with monitoring 

programmes

• Poor protection against AIV 

from other serotypes/clades

CAN CAN’T



Vaccination programmes

Vaccination programmes

Inactivated

Whole AIV

@ week 1

Inactivated

Whole AIV

@ week 6

Inactivated

Whole AIV

@ week 16

Vectored  HVT-AI 

@hatchery

+
Inactivated

Whole AIV

@ week 16

1:32 HI: Prevents mortality

1:128 HI: Prevents oral shedding

Revaccination if less 

than 80% population

have protective titers  



2014 2016 2018

Vaccination programmes

MEXICO: H7N3 VACCINATION PROGRAMME 



Vaccination programmes

AVERAGE AI VACCINE COVERAGE RATE FOR YEARS 

2001-2010 OF  USAGE

47.1

69.9

86.2

14

5.2
0.8

9.4

52.3

0

10

20

30

40

50

60

70

80

90

100

China Egypt Hong Kong Indonesia Kazkhstan Pakistan Russia Vietnam

Optimal coverage

Swayne 2012

Minimal coverage



Vaccination programmes

VACCINE POTENCY & PROTECTION

Swayne 1999

0

1

2

3

4

5

6

7

8

9

10

HI
( log2)

Mortality
(%)

Oral Virus isolation
3 DPC (log EID/ml)

Cloacal Virus
isolation     3 DPC

(log EID/ml)

0.005 µg 0.05 µg 0.5 µg 5 µg



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. 

AIV can scape from vaccines 
protection by mutation at  
critical antigenic site Sitaras 2020



Biosecurity

ANTIGENIC SCAPE: VACCINE RESPONSE EVOLUTION IN 

EGYPT

Kayali 2016
0

2

4

6

8

10

12

14

2.2
2006

2.2.1
2009

2.2.1
new cluster

2010

2.2.1
new cluster

2011

2.2.1
new cluster

2012

2.2.1
new cluster

2013

2.2.1
new cluster

2014

2.2.1
new cluster

2014

rg Guang 1/96
Yebio ( Clade 0)

England ( H5N2)
Yebio ( Classical)

Minnesota (H5N2)
Lohmann ( classical)

Mexico( H5N2)
Flukem( Classical)

Italy (H5N9)
Fatro (classical)

rg Egy/M7217B/2013
(Clade 2.2.1 new
cluster)



Vaccination programmes

VACCINE TRIAL - 2.3.4.4B H5N1 HPAIV

Vaccine

No

HVT- H5

HVT- H5

DNA

Inac ( 1 dose)

H5

-

2.2 ( 2006)

2.3.2

2.3.4.4a

H5N2 ( LP)

Inoculated birds

100% Mort

0% Mort

0% Mort

70% Mort

50% Mort

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) Wageningen 

2023



Take home message

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

2. The AI control 
programmes are 
based on several 
points. 
Biosecurity and 
Surveillance are 
fundamental. 
Vaccination may    
be advisable in 
some cases. 

1. AIV is a virus 
with a great 
capacity for 
mutation and 
evolution. This 
must be taken 
into account in 
its control.



Follow us on LinkedIn

H&N International GmbH

Find out more about

KAI farming assistant

H&N International – Making your success the center of our

universe

Thank you for your attention



Patogenia

PRINCIPALES SUPERFICIES PROTEÍNAS

Desoxicolato sódico

Dodecil sulfato sódico)

Disolventes 

orgánicos

Aldehídos 

Beta- propiolactona

Etilenimina binaria

Desinfectantes
(Sensible a la 

materia organica)

Fenólicos 

Amonio cuaternario

Agentes oxidantes

Ácidos diluidos

Hidroxilamina

Desinfectantes
( MUY sensible a la 

materia organica)

Desoxicolato sódico

Dodecil sulfato sódico)

Disolventes 

orgánicos


