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Swine Influenza A Virus (swIAV)
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• swIAV circulate globally and seasonally 

independent in pig populations

• Respiratory disease with high morbidity (80%), 

but low mortality (<1%) in swine

• Swine as a „mixing vessel“

 Co-infections of influenza viruses     

with avian, human or swine origin

 Transmission of IAV from human

to swine possible at any time

(reverse zoonosis)



Influenza in pigs – European situation

Four major reassortant swIAV lineages emerged and co-circulate in European 

domestic pig populations

Anderson et al. 

(2016)
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H1avN1av mainly in central 

Europe, not in UK and IRE

H1avN2 dominates in DK

H1pdmN1pdm starts competing 

(very strong in UK)

 Increasing incidence of 

reassortants of H1pdm

 H1pdmN2

Little known about eastern Europe

swIAV-subtypes are geographically restricted

European swIAV surveillance, 2015-2019

Henritzi et al., 2020; Cell, host & microbe; PMID: 32721380
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18.313 Einzelproben

2.457 Betriebe

swIAVs are widespread in holdings with respiratory disease

Einzelproben Betriebe



The PRDC pathogen network and potential new players

• Synergistic interactions

enhance clinical signs

• New players on the field

• Porcine respirovirus

• Porcine ortho-pneumo-

virus



Graphic produced with biorender.com

A global perspective of swIAv epidemiology
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Re-entering the cycle

U.S.A. >400 human cases 

caused by swIAV 

reassortants carrying the 

pdm „M“ segment (variant 

strains)

Re-assortment machineRe-assortment machine

Reverse-zoonotic

transmission



Antigenic drift and shift

• Antigenic drift: 

 Accumulation of mutations in hemagglutinin 

protein (HA)

 Modified HA can evade host immunity

• Antigenic shift: 

 Co-infection with different Influenza viruses leads 

to progeny with reassorted genomes 

- exchange of viral genome segments

Created with biorender.com

Virus A                     Virus B

Novel reassortant virus 3)



Missing correcting functions
of the viral replication machinery (RdRp)

Clonal virus If sloopy 

replication

would continue

unrestrictedly

Selection

pressure:

(e.g. immunity, 

host species

jumps)

Fitness horizon:

Restricts the

number

of replications-

competent

variants

Molecular mechanisms elucidate a continuing emergence of influenza viruses

Sloppy genome

replication 

produces 

clouds of 

genetically

similar but not 

identical virus

genomes

Selection

pressure +

fitness horizon

=

antigenic

drift



Segmented genome enables reassortments

White and Lowen, J. General Virology 

2018;99:3–16; DOI 10.1099/jgv.0.000989

Irregularly packaged 

ribonucleocapsids allow 

the formation of RNA 

nooses

Intersegmental RNA:RNA 

pairings define „matching“ 

segments

Molecular mechanisms elucidate a continuing emergence of influenza viruses



In case HA (no. 4) and/or NA (no. 6) are 

reassorting an

antigenic shift

occurs.

Segmented genome enables reassortments

White and Lowen, J. General Virology 

2018;99:3–16; DOI 10.1099/jgv.0.000989

Molecular mechanisms elucidate a continuing emergence of influenza viruses



Genetic drift produces genome constellations

Molecular mechanisms elucidate a continuing emergence of influenza viruses



IAV quasispezies in the real world

Alpha 2-3 receptor

Alpha 2-6 receptors

Alpha 2-3 + 2-6 receptors

Sialic acid receptor preference

Is a step towards adaptation to

a new host species

Bat flu (H17, H18)

MHC-II receptor



Avian IAV in swine: Sporadic encounters



More than one „mixing vessel“

Direct transmission with adaptation or 

ressortments between human and other 

IAV are at the basis of the emergence of 

new zoonotic and pandemic IAV.



Why may swIAV diagnosis be useful?

1. Does the holding have an influenza problem?

Generic influenza RT-qPCRs

2. Which subtypes are relevant?

SwIAV subtyping RT-qPCRs



Nasal virus excretion
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- Snout swabs work

- Quantitatively snout swabs are less

sensitive by a factor of 10 compared to

deep nasal swabs

- Qualitatively no difference

- Udder wipes, environmental samples?



swIAV surveillance – intricate diagnostic tools



swIAV subtyping requires frequent updating of PCRs



Why do we do swIAV diagnosis?

1. Does the holding have an influenza problem?

Generic influenza RT-qPCRs

2. Which subtypes are relevant?

SwIAV subtyping RT-qPCRs

3. Are the available vaccines effective in this holding?

Can not be effectively answered by molecular diagnostics!

- HA sequencing

- Antigenic cartography

- Vaccination-challenge experiments



Why do we do swIAV diagnosis?

1. Does the holding have an influenza problem?

2. Which subtypes are relevant?

3. Are the available vaccines effective in this holding?

4. Do the relevant strains have zoonotic potential?



Assessing zoonotic potential of swIAVs

1. Resistance against huMxA 

2. Aerosol-driven transmission

3. Escape from human population immunity

huMxA

 Ferret model

 Neutralising serum antibodies

 Human MxA-transgenic mice

Some isolates

with full, many

with partial 

resistance

1 isolate (ferret 

transmission)

No escape-

mutants with

tested adult 

sera



HuMxA resistance of swIAV huMxA

6th World One Health Congress| 2nd November 2020

v
ir

a
l 
lu

n
g

 t
it

e
rs

[l
o

g
1
0

p
fu

/m
l]

R
1
7
3
8
/1

0

S
IR

9
1
6
/1

7

S
IR

4
2
1
2
/1

7

S
IR

4
2
1
4
/1

7

S
IR

4
2
1
5
/1

7

A
R

1
8
5
5
/1

5

A
R

2
2
7
9
/1

6

A
R

3
0
0
6
/1

6

3

4

5

6

7

8

B6

MxAtg/tg

* *** **** *** *** ***ns

A
R

3
3
3
5
/1

6

A
R

6
9
7
3
/1

6

ns ***

full resistance partial resistance weak resistance

100

75

50

25

0
48 53 98 99 100 313

fr
e
q
u
e
n
c
ie

s
 (

%
)

amino acid positions

Q D K K

I V

VK E R R

R

F

av pdm nr other

100

10-1

10-2

re
la

ti
v

e
 r

a
ti

o

[l
u

n
g

 t
it

e
rs

 B
6
/M

x
A

tg
/t

g
]

R
1
7
3
8
/1

0

S
IR

9
1
6
/1

7

S
IR

4
2
1
2
/1

7

S
IR

4
2
1
4
/1

7

S
IR

4
2
1
5
/1

7

A
R

1
8
5
5
/1

5

A
R

2
2
7
9
/1

6

A
R

3
0
0
6
/1

6

A
R

3
3
3
5
/1

6

A
R

6
9
7
3
/1

6

 MxA lends innate resistance against IAV 

replication in the human host

 MxA resistance is encoded on the NP protein:

 - Q48, K98, K99 in avian origin NP

 - D53, I100, V313 in pandemic H1/2009

(Dornfeld et al., 2018)
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Virus ID HA NA PB2 PB1 PA NP M NS

R1738/10 av av av av av av av av

AR2279/16 pdm pdm pdm pdm pdm pdm pdm pdm

AR3335/16 av av av av av av av av

SIR916/17 hu N2g av av av av av av

SIR4215/17 av av av av av av av av

SIR4212/17 av av av av av av pdm av

AR1855/15 pdm pdm pdm pdm pdm pdm pdm pdm

SIR4214/17 av N2g pdm pdm pdm pdm pdm pdm

AR6973/16 av N2g av av av av av av

AR3006/16 av N2g pdm pdm pdm pdm av av



swIAV transmission in the ferret model

swIAV

6th World One Health Congress| 2nd November 2020

Direct contact and aerosol-driven 

transmission in ferrets
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Reactivity of adult human sera against swIAV

How would children’s 

sera have reacted?



Seasonality of human influenza

Season in Europe: „Christmas to Eastern“

Daten, RKI, Jahrbuch Influenza



The main cause of seasonality: Antigenic drift

Phylogenetic analyses, HA H3
https://bedford.io/projects/phylodynamics-lecture/flu.html#/11

Antigenic cartography, HA H3
ad_cm_ai_nrl-annual-meetings-14_pres-10.pdf



Endemic swIAV infections in holdings foster antigenic drift



Endemic swIAV infections in holdings foster antigenic drift



Effects of endemic swIAV infections in reality



How to find the best possible vaccine virus?

• Field and vaccine virus must 

show a sufficiently high 

antigenic match.

• Antigenic cartography

depicts antigenic matches 

graphically.

• Antigenic distances can be 

quantified.

• Distances > 2 units signal 

less favourable antigenic 

matches.



Overcoming poor antigenic matches

• The aim is to broaden 

protective immunity in a 

way that all relevant strains 

are covered:

• Use of potent adjuvants

• Use of heterologous 

boosting schemes

• Exchange/update of vaccine 

strains (local, regional 

vaccines)

• Use of universal vaccines



PIGIE – new EU project on endemic swIAV infections

• Dr. G. Simon, ANSES, France (coordinator)

• Prof. L. Larsen, Univ Copenhagen, Denmark

• Dr. C. Chiapponi, IZSLER, Parma, Italy

• Dr. H. Everett, APHA, Weybridge, UK

• Prof. E. Mateo de Antonio, Univ Barcelona, 

Spain

• Prof. T. Harder, FLI, Prof. E. große Beilage, 

TiHo, Germany

April 2021

to

March 2024



„Frozen evolution“ in swIAV may also be dangerous

Reverse zoonotic transmission 

to pigs
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Zoonotic transmission to men

Souza CK et al. J Virol. 

2022; 96: e0137421

Problem for human population born 

after 1995: No sufficient 

population immunity, because 

of on-going antigen drift in human 

but not in porcine population!



Potentially susceptible human populations

Children and/or immuno-

compromised people may 

play an important role as a 

first line of susceptibles for 

zoonotic swIAV.



Data source: Epidemiolgisches Bulletin, RKI

Human-Swine interface in Germany

How frequent are 

zoonotic and 

reverse–zoonotic 

transmissions of 

influenza viruses 

effectively?

Created with biorender.com



Active-passive swIAV surveillance: Testing nasal swabs of pigs and men

Sampling material 

being sent on 

request

Nasal swabbing of staff and pigs at the same day

Graphic produced with biorender.com

Free transport to FLI Free testing for swIAV

Repeated sampling requested: 
Monthly, quarterly or when fresh respiratory

symptoms are detected



Zoonotic pressure of swIAV – the risks

- There is an intimate interface 

between pigs and men.

- Pigs as mixing vessels can be infected 

with IAV of different species and they

do act as reassortment machines.

- Most swIAV originated from revers 

zoonotic transmissions of human IAV.

- Changing herd structures create new 

reservoires fostering endemic circu-

lation and on-going evolution of swIAV

- Genetic building blocks of pre-pandemic

IAV circulate in swine populations

R

Henritzi et al., 2020 (PMID: 32721380); Sun et al. 2020 (PMID: 32601207)



Zoonotic pressure of swIAV – keep cool but act

- swIAV can be controlled by biosecurity,

herd management and vaccination

Henritzi et al., 2020 (PMID: 32721380); Sun et al. 2020 (PMID: 32601207)

https://www.pinterest.fr/pin/14988611233910470/



What happened to human seasonal flu during COVID?

https://www.who.int/teams/global-influenza-programme/surveillance-and-monitoring/influenza-surveillance-outputs

Dr. S. Buda

https://www.who.int/teams/global-influenza-programme/surveillance-and-monitoring/influenza-surveillance-outputs


Re-newed emergence of human seasonal flu after lifting COVID restrictions

https://www.who.int/teams/global-influenza-programme/surveillance-and-monitoring/influenza-surveillance-outputs

Dr. S. Buda

https://www.who.int/teams/global-influenza-programme/surveillance-and-monitoring/influenza-surveillance-outputs


Zoonotic pressure of swIAV – keep cool but act

- swIAV can be controlled by biosecurity,

herd management and vaccination

- Other mixing vessels exist, other (avian)

IAV have zoonotic potential (highly 

pathogenic AIV, H9N2) 

- Pigs have proven to be involved in 1 out 

of 5 human influenza pandemics

- Vaccines may need improvement

(local, regional, universal types)

- Vaccination schemes and application

pathways may need updating (targeting 

local immunity of suckling piglets and 

endemically infected herds)

Henritzi et al., 2020 (PMID: 32721380); Sun et al. 2020 (PMID: 32601207)

https://www.pinterest.fr/pin/14988611233910470/


