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Outline 

  

• Introduction to influenza 
 

• Avian influenza 
 

• Swine influenza and influenza in neglected species 
 

• Vaccination of animals (and humans) 

 

• Surveillance and legislation on influenza in Europe 
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Influenza A virus 

• Orthomyxoviridae family 

 

• Single stranded RNA segmented genome 

 

 

 

 

• Subtypes 16 HA, 9 NA major antigenic types in birds 

– H5N1 

– H7N1 

– H1N1 

– Etc. 

 

 

• Non-avian hosts eg.: 

– Swine: H1N1, H1N2, H3N2  

– Human: H1N1, H1N2, H3N2 

– Horse: H3N8 
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Influenza A virus evolution 

• Drift 

– Point mutations, RNA polymerase without proof-reading activity 

 

 

 

 

 

• Shift/reassortment  

 

 

 

 

 

 

• Species jump followed by adaptation 
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Influenza A virus host range 

Mänz B et al. J. Virol. 2013;87:7200-7209 
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Low and highly pathogenic avian influenza A viruses 

Bird flu 

Highly pathogenic influenza (HPAI) result 
in up to 100 % mortality in 48 hours in 
some poultry species 

Low pathogenic influenza (LPAI) often 
result in no or little clinical disease in 
poultry 

H1,H2,H3……H16 H5,H7 
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H5 & H7 AIVs transmissions 

HP 

LP 

LP 

HP 
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Where is avian influenza detected? 
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Wild birds can act as vectors for AI virus 
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Intercontinental spread of HPAI H5N8 viruses 

Lee et al. (2015) Journal of Virology 
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HPAI as a zoonosis 
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Avian Influenza Human Cases 
 
 

 

•  
H5N8 

– No reported cases, but some H5N6 positive human cases in Korea 

http://gamapserver.who.int/mapLibrary/Files/Maps/2003_AvianInfluenza_GlobalMap_01Feb13.png 
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H5 evolution - drift 
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The bloody past of the H5 gd-like viruses   

• 1996  H5N1 China   geese 

• 1997  H5N1 Hong Kong Poultry, wild birds and humans 

• 2004  H5N1 Asia  Poultry and wild birds 

• 2005  H5N1 Quinhai Lake 60.000 dead waterbirds 

• 2006  H5N1 Europe  55 different countries incl. DK 

• 2006-12 H5N1 Only Asia   

 

• 2014  H5N8 S. Korea  19 mill. birds killed 

 

• 2014  H5 clade 2.3.4.4 reassorted with N2, N3, N6 and N8 in 
  China 

 

• 2014-18 H5N8 Europe and N. America……..clade 2.3.4.4  
  H5N2 N. America………………………….clade 2.3.4.4 
  H5N6 Europe………………………………..clade 2.3.4.4  
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Vaccines against avian influenza virus 

• Classical 1st. and 2nd. generation vaccines 
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Vaccines against avian influenza virus 

• 3rd generation vaccines 
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Recombinant viral-vectored vaccines - examples 

• Fowlpox-AIV vaccines 

– Used for H5 LPAI in Mexico 

– Limited transmission to unvaccinated animals 

– Low antibody response as measured by HI test 

– Good cellular response 

– Can be used in 1-day old animals (bypass MDA) 

– DIVA possible (ELISA) 
 

• NDV-AIV 

– China and Mexico against H5 HPAI 

– Primer-boost neccessary  

– Cannot be used in very young animals 

– Transmission to unvaccinated animals 
 

• Alfavirus-AIV (RNA vaccine) 

– Only one replication cycle – no transmission 

– Commercial avilable for swine influenza in USA 

– Stock-piled in the US after the 2014/15 outbreak 
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Vaccines – long range perspectives/sweet dreams 

• One vaccine for all subtypes 

 

– Conserved part of the HA 

 

– NA targeted vaccines 

 

– Vaccines targeting other proteins 

 

– RNA polyvaccines 

 

• Primer-boost vaccine strategy 

 

• VAERD!!! 

 

• It will take years before its available! 

 

• The flu may be too smart! 

Pan-
flu 
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Rational for vaccination 

99% of avian influenza vaccines are used in four countries: China (90 %), 
 Egypt, Vietnam and Indonesia 
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Vaccination against LPAI 

• Vaccination against enzootic LPAI – examples 

 

– Mexico vaccinate chicken against LPAI H5N2  

 

– Has been used temporally for Turkeys in the US and Canada 

 

– Vaccination against LPAI H9 in Asia and Middle East 

 

– H7 vaccines were used in Italy 2000-20002 to eradicate the H7N1 
LPAI virus 
 

• Can LPAI vaccination ”hide” introductions of HPAI? 
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Vaccination against 
LPAI in non-enzootic regions 
 
Which virus? 
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Vaccination against enzootic HPAI H5 

• Vaccination against H5N1 has been performed in several countries in Asia 
and Middle East for a number of years 

 

• Human cases of H5N1 are declining, but still a high number of H5N1 and 
H5 reassortments (H5N8, H5N2, H5N6) detected globally 
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Also in Europe! 
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Will HPAI H5 become enzootic in wild birds in 
Europe? 
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H5 is a moving target –  
making vaccination difficult 

H5N8 2016/17 

H5N8 2014/15 

H5N1 1996-2016 

H5N6 2014-16 

H5N8 May 2016 
Russia 
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Antigenic drift and vaccine efficacy (VE) 
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Vaccination of poultry to prevent human cases: H7N9 

Start of mass vaccination  

What will happen? 
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Vaccination in Europe to prevent HPAI? 

• Impossible to predict which strain that will be next – difficult to prepare 
vaccine stocks up front 

 

• Classical vaccines takes 22-26 weeks to produce – chasing the tail of the 
dog! 

 

 

• If H5XN becomes enzootic in wild birds in Europe it would be easier to 
select a homologeous vaccine strain – but still need for regular updates  

 

 

• Cost-benefit positive or negative? 

– Cost of vaccines 

– Cost of monitoring 

– Trade consequences 
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Monitoring in vaccinated areas (example from Italy 2002) 

Capua et al., 2002 
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Influenza A in swine 

• Important veterinary disease 

 

• Highly prevalent in most countries 

 

• Zoonotic potential 

 

• Available vaccines contains 10-15 years old isolates 

 

 

 

https://youtu.be/78VFragqQTY
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Evolution of influenza A virus 

Point mutations Reassortment 
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Previous human pandemics +/- swine? 

? ? ? 

1 mill    50 mill    2 mill    1 mill    
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Pandemic 2009H1N1 - origin 
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Reassortments 

In Germany – 35 different variants of influenza in swine 

In China more than 100 different variants 

 

Several reports on zoonotic transmission 
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Swine influenza subtypes globally 

Reference: www.offlu.com 
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Live Hog Exports 

Reference: www.offlu.com 
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Influenza in mink 

 

 
 2009 2010 2011 2012 2013 2014 2015 2016 2017 

No of 
submissions 54 9 7 5 18 42 6 25 15 

Positive 
submissions 25 6 1 0 8 30 1 16 7 

Subtype H3N2 H1pdm09 
(n=4) 

H1pdm09 
(n=1) 

- H1pdm09 
(n=6) 

H1pdm09 
(n=22) 
H1N1sw 
(n=1) 

H1N2sw 
(n=2) 

H1pdm09 
(n=12) 
H1N2sw 
(n=1) 

Not 
H1pdm09  

Positive, 
season 

29/9-
30/10 

3/8- 
14/9 

12/10 - 10/9-
6/11 

30/9-
26/11 9/10 

11/5-
22/11 

8/9-
13/10 
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Influenza in mink from humans – also during summer! 

Swine avH1N1, avH1N2 

Mink 2014 + 2016 

 

H1N1pdm 

Mink 2014 + 2016 

Swine 

human 
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Transmissions – human influenza genes found in 
mink 
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Surveillance and legislation in EU 

• Avian influenza 

– Passive surveillance in poultry etc – mandatory 

– Active surveillance in poultry and wild birds – mandatory 

– Active surveillance in wild birds 

• Not mandatory 

• National programs if any 

• No EU coordination nor mandatory reporting system 

– Consequence of detection in poultry etc. 

• Eradication even for LPAI without zoonotic potential 

– Is this necessary/ ethical sound/cost effective? 

 

• Swine influenza and influenza in mink etc. 

– No requirement nor support for surveillance 

– No EU involvement 

– No follow-up on detection of strains with zoonotic potential 

– No formalized system for exchange of data 
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Room for improvement for handling of influenza virus 
in Europe – personal view! 

• Wild bird surveillance – joint EU surveillance with focus on hot spots 

 

• More research on wild bird migrations routes 

 

• Compartmentalization of sectors should be implemented 

 

• EU should support and coordinate surveillance in other species including 
swine 

 

• Detection of influenza virus in animals with human influenza genes 
should be notifiable 

 

• Mandatory sharing of sequence data of influenza virus from all species 
should be mandatory 

 

• EMA should allow fast update of vaccine strains in swine influenza 
vaccines– presently it takes 5 years to change the viral strains 

 

 

 

 



44 DTU Vet, Technical University of Denmark 

Thank you for the attention 
 

 


