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Zijn vaccins de oplossing voor de toekomst?
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Vroeger, nu, de toekomst?

AI Regelgeving en (non-vaccinatie) beleid zijn gebaseerd op ‘vroeger’
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Avian influenza virus: ecologie/epidemiologie (modified from D. Swayne, Feb 2022) 

Rol van wilde watervogels in

ecologie/epidemiologie van LPAI 

sinds 1960’s
LPAIV

(H1-16)
Primordial
reservoir

Exposure 
adaptation

Terrestrial poultry Terrestrial poultry

LPAIV
(H1-13)

H5/7 HA

mutation
HPAIV



4

Avian influenza virus: ecology/epidemiology (modified from D. Swayne, Feb 2022) 

Rol van wilde watervogels in

ecologie/epidemiologie van LPAI 

sinds 1960’s
LPAIV

(H1-16)
Primordial
reservoir

Exposure 
adaptation

Terrestrial poultry Terrestrial poultry

LPAIV
(H1-13)

H5/7 HA

mutation
HPAIV

Lokale uitbraak van  HPAI: 
ruimen van besmet 
pluimvee was tevens het 
uitroeien van de HPAI stam 
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2003 H7N7 uitbraken

Stegeman et al, JID 2004

• Eind februari tot begin mei

• 255 besmette koppels (incl hobby)

• Ongeveer 5 miljoen dieren

• Preventieve ruiming 1255 bedrijven en 17421 
hobbykoppels

• Ongeveer 30 miljoen dieren
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Bekende HPAI uitbraken in de wereld 1959-2021
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Dutch HP H7N7

Lokale uitbraak van  HPAI: 
ruimen van besmet 
pluimvee was tevens het 
uitroeien van de HPAI stam 
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Avian influenza virus: ecology/epidemiology (modified from D. Swayne, Feb 2022) 

Rol van wilde watervogels in

ecologie/epidemiologie van LPAI 

sinds 1960’s
LPAIV

(H1-16)
Primordial
reservoir

Exposure 
adaptation

Terrestrial poultry Terrestrial poultry

LPAIV
(H1-13)

H5/7 HA

mutation

LPMs

H5Nx
Gs/GD
HPAIV Wild 

aquatic 
birds

HPAIV

Around 2002
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Game changer

Advances in Virus Research, 2018



III - What is the role of wild birds? 
Long-distant spread of HPAIVs

9
Lee et al 2015 Journal of Virology

Caliendo et al 2021 BioRix

St Johns, 
Canada 2021

HPAIV H5N8

2-step spread

Verhagen 2022
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Avian influenza virus: ecology/epidemiology (modified from D. Swayne, Feb 2022) 

Rol van wilde watervogels in

ecologie/epidemiologie van LPAI 
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Bekende HPAI uitbraken in de wereld 1959-2021
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Appearance of the Goose/Guadong H5Nx 

Lokaal dieren ruimen roeit het virus niet meer uit! 
= Dweilen met de kraan open!



Parameter

Frequency HPAI outbreaks

Size outbreak 

Eradication HPAI strain post culling

HP in wild (migratory) birds (mammals)

Illness/mortality in humans

Housing chickens

Image/understanding of public, 
politicians, media

Trade problems

Vaccines

Mass application

DIVA monitoring possible
12

Vroeger, nu, toekomst?

Before 1996 From 1996, last years

Rare Frequent

Yes 
(mainly in developing countries)

Increasing free range/organic

Decreasing 

More often, 
longer

Also new technology, genetically 
modified live vector vaccines, 

RNA vaccines (replication)

Mostly no 
(hatchery injection)

Countries/continents, 
endemic in big areas

No, only locally

Yes

No

Inside

Understanding

Relatively limited 
(frequency, size)

Only inactivated vaccines, 
complete virus, 
drift, homology

No 
(2x injection in field)

Small area, 
short period

Yes

No

Hardly, 
very complicated, limited

Yes 
(new technology vaccines)



Doel van vaccinatie, eis aan vaccins

• Bescherming tegen
• ziekte/sterfte
• Besmetting/transmissie (R<1)

• DIVA (opsporen veenbrand/aantonen vrij zijn): zoonotische kant en handel

• Liefst ook met test die niveau van aanslaan/bescherming aangeeft

• Geschikt voor gewenste diersoorten (kip, kalkoen, eend?)

• Gewenste snelheid en lengte van bescherming

• Werken in aanwezigheid van MDA?

13



Susceptibility of non-vaccinated vs vaccinated layers

• Non-vaccinated birds: highest

susceptibility to H5N1 at W48

• Vaccinated birds needed 1000-

10,000x more virus to get infected

Rudolf et al. Longitudinal 2 years field study of conventional vaccination against highly 
pathogenic avian influenza H5N1 in layer hens Vaccine 2010, 6832-6840

14

C1, 2, 3, 4, 5: H5N1, clade 2.2 challenge at 
week 23, 27, 48, 74 and 101



Several examples of vaccination induced reduced HPAIv
transmission R < 1 in experiments

Subtype 𝑯𝒐𝒔𝒕 𝑅𝟎 Reference

H7N7 chicken 0.03-0.2 Van der Goot et al. PNAS 2005

H5N1 ducks 0.2-0.6 Van der Goot et al. Virology 2008

H5N1 chicken 0.12 Sitaras et al., J. R Soc Int, 2016

H5N1 chicken 0.0 Poetri et al., Res Vet Sci 2017

H5N1 turkey 0.0 Bos et al., Vaccine, 2008



Using inactivated vaccines, the homologous HI titer (HI≥3) seems crucial for 
protection against infection and such titers are difficult to obtain in the field

Subtype 𝑻𝒊𝒕𝒆𝒓 𝑅𝑣 Reference

H5N1 <3 (field) 3.1 Poetri et al., Res. Vet Sci 2014

H7N7 <3 (field) >1 Koch et al., unpublished

H5N1 <3 6.6 Sitaras et al., J. R Soc Int, 2016

H5N1 <3 1.7 Poetri et al., Res Vet Sci 2017



Humoral and/or cellular protection, inactivated vs replicating vaccines

Inactivated antigens induce ‘only’ antibodies (MHC-2), mainly humoral

• Titres in HI test are well correlated with protection (homologous antigen)

‘Replicating antigens’ (produced inside a host cell, MHC-1) induce antibodies and a T-

cell response (cytotoxic T-cells)

• Positive titres in HI test are well correlated with protection (homologous antigen)

• Negative HI titres less predictive

17



Vaccines for AI

No live, attenuated AIV vaccines (not safe)

Inactivated vaccines (classical vaccines)

• Complete virus: induces antibodies against all virus proteins (HA, NA, M, Np, etc)

Subunit vaccines (HA protein), 

• Selected protein of AIV

Recombinant live vector vaccines, 

• Live vector vaccine (HVT, Fowl Pox, NDV, ILTV, ADENO, Salmonella, Duck enteritis virus, Alphavirus etc)

• Only part of AI virus (HA gene)

mRNA, DNA (HA mRNA), ‘expressed by cells’

18



DIVA response

Differentiating Infected from Vaccinated Animals 

• Field infections must induce detectable levels of antibodies to a protein that is not
present in the vaccine(s) that has/have been used
• So, when antibodies against a protein of AIV that is not in the vaccine are detected: proof of 

field infection

• Detection of field strain itself (RT-PCR, virus isolation, antigen-test, …)
• Non-replicating vaccines not detectable
• Replicating vaccines: target is gene that is not in the vaccine (M-gene)

• Use test that can reliably detect these antibodies (or virus)

19



Present H5 vaccines, present DIVA options

• Vaccines
• Inactivated complete virus

• Subunit vaccine, 

• Live vectored vaccines (HVT, Pox, others), 

• mRNA, DNA, RNA particles, …… 

• Tests
• RT-PCR, virus isolation, staining, on-site, ELISA (general), ELISA (specific proteins), genotype 

specific ELISA, HI-test, AGPT

Only antibody response against insert (e.g.) H5
Not against other proteins (M, Np, …..)

Find a suitable DIVA combination



Conventional inactivated vaccines, general aspects

• Complete AIV virus as antigen: not only HA

• No replication, stimulates the antibody response very well, but no/hardly the cytotoxic T cell responses 
• Systemic immunity, especially humoral

• Long lasting protection

• Application in presence of MDA lowers humoral response

• No spreading, injection

• Suitable for boosting as well 

• DIVA complicated

21Draft Harder et al, in preparation



Duration of protection by inactivated vaccine

22Rudolf et al. Longitudinal 2 years field study of conventional vaccination against HPAI H5N1 in layer 
hens. Vaccine 2010-6832-6840

27w

52w

100w



Effect of MDA against AIV at the age of vaccination

Low levels of MDA 

already interfere with

(inactivated) vaccine 

efficacy

23
Maas et al,, Maternal immunity against avian influenza H5N1 in chickens: lilited
protection and interference with vaccine efficacy. Avian Pathology, 2011, 87-92 



Subunit vaccines

As conventional vaccines: 

• Vaccine with selected protein(s) as antigen(s)

• Proteins produced in insect cells (Baculovirus), bacteria (e.g. E coli)
• Glycosylation of protein depending on host cell (insect (yes) or bacteria (no))

• DIVA supporting

24



Vectored live vaccines

• Replication stimulates the immune response of all kind of cells                                     
(cytotoxic T cells, all T helper cells, B cells)

• Systemic immunity

• Local immunity (variable, mucosal replication?)

• Induce protection against the inserted gene (protein) and against vector

• Protection against vector decreases efficacy of vaccination

• DIVA possible

25



General aspects of HVT as vector

• B- and T-cell immunity against Marek’s and against the insert

• Supports DIVA
• Individual application (in ovo or s.c. at D0) 

• Very long lasting replication (natural boosting), gradual rise in H5 antibody titres

• Low influence of MDA against vector and insert

• For chicken and turkey

• No spreading or shedding in chicken (miss is a miss)
• No combining of HVT-vaccines unless proven otherwise

• Suitable as priming as well



HVT-H5 vaccine, broader protection?

• HPAI gene clade 2.2

• Average protection similar for
clades 1, 2.1, 2.2, and 2.3

• Role of T-cells?

27Gardin et al. Experimental and Field Results Regarding Immunity Induced by a Recombinant Turkey Herpesvirus H5 
Vector Vaccine Against H5N1 and Other H5 HPAI Virus Challenges, Avian Diseases 2016, 232-237



General aspects of Fowl Pox as vector

• B- and T-cell immunity against Fowl Pox and against the insert
• Supports DIVA

• Individual application (in ovo or s.c. at D0 or later in non-FP challenged birds) 

• Suitable as primer or boost 

• Low influence of MDA, influence on insert? 

• For chicken and ducks
• No spreading or shedding in chicken and ducks (miss is a miss)

• HI response often low, often negative when heterologous H5 antigen is used

• Role of cell mediated immune response 



Fowl Pox vector, example

29Swayne et al,. Protection against diverse highly pathogenic H5 avian influenza viruses in chickens immunized 
with a recombinant fowl pox vaccine containing an H5 AI HA gene insert. Vaccine 2000, 1088-1095

Positive correlation between the sequence similarity of the HA and the 
ability to reduce virus titers shed from the oropharynx (rs=0.78, P = 0.009)



Vector vaccines, other vectors

Newcastle Disease virus 

Duck Enteritis Virus
• Herpes virus of ducks, replicates in chicken as well

Salmonella Gallinarum

Replication restricted Alphavirus with HA insert. 
• Viral packaging in cell not completed (lacks several genes)
• Induces humoral and cell mediated immunity (‘replication in cell’)

etc

30



Others: mRNA, DNA, …

mRNA, cDNA of HA gene: expressed in cells

Chicken, turkey, duck, ….

31



Vaccinatie tegen AIV

Diverse types vaccins ‘beschikbaar’ met bewezen effectiviteit (experimenteel), DIVA geschikt, voor kip, kalkoen en eend

• Effectiviteit onder veldomstandigheden kan lager zijn (zie ook andere pathogenen)

Behoefte aan meer gegevens over de mate van reductie van de transmissie (dier-dier maar zeker ook onder 
veldomstandigheden van stal-stal, bedrijf-bedrijf) voor de nieuwe generaties vaccins

• HAR titers erg behulpzaam voor evaluatie maar geven waarschijnlijk een onderschatting van de bescherming bij 
de ‘replicerende vaccins”

• R waardes tevens zeer informatief voor de eisen aan het aanslaan van de vaccins op koppelniveau

Vaccins gelukkig ook te gebruiken in combinaties (verhoging, verlenging, verbreding bescherming, verdere verlaging R?)

Inzet van prime and boost lijkt (erg) verstandig voor langer levende dieren

• Zie ook ervaringen buitenland

32



DIVA vaccination programmes Layers, Parents, GP

Examples

• Hatchery (D0 or in-ovo) HVT-H5

• Hatchery HVT-H5,  Week 8: Fowl Pox H5 vector (boost, wingweb)

• Hatchery HVT-H5,  W14: Subunit H5 vector (boost, injection)

• Hatchery HVT-H5,  W8: Fowl Pox H5 vector,  (boost, wingweb),  W14: Subunit H5 vector

• FP-H5, subunit as boost

• 2x subunit

33



Conclusie

Alleen vaccinatie tegen HPAI kan AI niet 100% voorkomen

Waardevolle toevoeging aan:

• biosecurity, Grondige schoonmaak/desinfectie

• surveillance and monitoring met geschikte diagnostiek
• Controle aanslaan vaccins
• DIVA
• Controleren evolutie veldstammen/doorbraken

• Ruiming besmette koppels (anti verspreiding en evolutie, zoonotisch risico) 

34



Zijn vaccins de oplossing voor de toekomst?
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Met HPAI endemisch in de natuur: 

Is er toekomst zonder vaccinatie?
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Vaccination against AIV

37

Vaccination can be a useful tool for prevention and control, but its use 
is prohibited or severely restricted in many countries worldwide. Wider 
use of avian influenza vaccination would increase sustainable poultry 
production, improve animal welfare, reduce economic damage, reduce
human infections, and contribute to consumers and animal welfare 
acceptance of control programs.

A harmonised vaccination strategy with updated vaccine strains and 
innovative vaccine technologies, combined with appropriate
diagnostics, surveillance, and disease management, can offer a better
approach than stamping-out alone.



Vaccination against AIV

38

Vaccination can be a useful tool for prevention and control, but its use 
is prohibited or severely restricted in many countries worldwide. Wider 
use of avian influenza vaccination would increase sustainable poultry 
production, improve animal welfare, reduce economic damage, reduce
human infections, and contribute to consumers and animal welfare 
acceptance of control programs.

A harmonised vaccination strategy with updated vaccine strains and 
innovative vaccine technologies, combined with appropriate
diagnostics, surveillance, and disease management, can offer a better
approach than stamping-out alone.

Negative DIVA results means free status 



Dank voor uw aandacht
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