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Passive surveillance

Molecular subtyping (N=1887)

WGS (N=290)

Antigenic subtyping
France
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Italy

Germany
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Netherlands

Denmark
United-

Kingdom

Finland

Greece

Belarus
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Russia

Belgium

+ Israel

 13 institutional partners:

AHVLA, Anses, CVI, DTU,

EVIRA, FLI, IZSLER, KVI,

LCV, NVRI, UGhent, UTH,

VDD

 3 medical companies:

IDT Biologika, Merial, Hipra

 sampling: 17 countries

European Surveillance Network for Influenza in Pigs

2010-2013

 regional variations

 23 genetic constellations

 10 genotypes = 88% of 

isolates



swIAVs in Europe (2010-2013)
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Regional variation in the epidemiology of European swIAVs
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23 different gene

constellations
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Diagnostic tools



France - Anses UVIP

NRL for Swine Influenza
Number of strains per lineage

H1N1 H3N2 H1N2

Period

Number of 

herds

investigated

Number of 

Influenza A 

positive cases

Frequency

of positive 

cases (%)

Number of 

subtyped

viruses*

H1avN1 H1N1pdm H1pdmN1 H3N2 H1huN2 H1avN2

2014 273 129 47,25 103 75 3 2 22 1

2015 378 193 51,06 147 101 8 1 32 5

2016 459 218 47,49 153 107 19 1 23 3

2017 342 146 42,69 110 82 2 0 26 0

2018 349 166 47,56 133 89 10 1 0 29 5

2014-2018 1801 852 47,31 646 454 42 1 4 132 14

 Regionalization of the different subtypes – 13 different gene constellations

 Last detection of a H1huN1 reassortant in 2012

 Emergence of a H1hu146-147 variant (drift) in 2011 > H1huN2v versus H1huN2

 Several sub-populations of H1avN2: H1avN1xH1huN2 or H1avN1xH3N2 or H1avN2 

closest to the DK virus or H1avN1x seasonal H3N2

 First reassortants with 1 or more gene(s) from H1N1pdm detected in 2016

 H3N2 with IGC from H1N1pdm

 H1avN2 (with seasonal N2) with Mpdm gene

 Novel swine-divergent (swD) genogroup among H1N1pdm isolates

Serological survey in Corsica

(extensive breeding)

45,8% of pig farms H1N1pdm positive

20.8% of pig farms H1avN1 positive

1.4% of wild boars IAV positive (same subtypes)





United-Kingdom - APHA Number of strains per lineage

H1N1 H3N2 H1N2

Period

Number of 

herds

investigated

Number of 

Influenza A 

positive cases

Frequency

of positive 

cases (%)

Number of 

subtyped

viruses
H1avN1 H1N1pdm H3N2 H1huN2*

2014 184 73 39.7 27 3 11 13

2015 171 44 25.7 16 1 8 7

2016 174 58 33.3 18 3 4 11

2017 133 23 17.3 10 0 2 8

2018 140 70 50.0 17 3 0 14

2014-2018 802 268 33.4 88 10 25 0 53

• *H1huN2 include reassortant viruses with IGC from H1N1pdm

• Several partially subtyped viruses (H?N1 or H?N2): questions about a 

possible drift in H1pdm – to be confirmed



Denmark - DTU Number of strains per lineage (frequencies)

H1N1 H3N2 H1N2

Others
Period

Number of 

herds

investigated

Number of 

Influenza A 

positive cases

Frequency

of positive 

cases (%)

Number of 

subtyped

viruses*

H1avN1 H1N1pdm H3N2 H1huN2 H1avN2

2014 422 199 47.15 80 17.5% 2.5% 68.75% 11.25%

2015 488 256 52.45 176 25.6% 2.8% 64.8% 6.8%

2016 388 204 52.57 123 18.7% 2.4% 70.8% 8.1%

2017 362 195 53.87 147 15.6% 0% 78.2% 6.2%

2018 410 246 60.0 176 14.8% 0.56 % 74.4% 10.24%

2014-2018 2070 1100 53.14 702 0% 18.4 % 1.65 % 0% 71.4 % 8.52%

 H1avN2 enzootic in Danish pigs since 2003 (Trebbien et al., 2013)

 2012: sporadic reassortants? 1 with 7 segments from H1avN1 and a N2 from 

a seasonal H3N2 from mid-90’ (Breum et al., 2013) + 1 with 7 segments from 

H1N1pdm and a N2 gene from H3N2 (H1pdmN2sw) 

 2015: Triple reassortant H3N2 : H3 from a seasonal H3N2 2004-2005 + 

N2sw + IGC from H1N1pdm



Sweden - National Veterinary Institute (SVA) Number of swIAV strains

H1N1 H3N2 H1N2

Period
Surveillance 

program

Number of 

herds

investigated

Number of 

Influenza A 

positive cases

Frequency of 

positive cases 

(%)

Number of 

subtyped

viruses*
H1avN1 H1N1pdm H3N2 H1huN2 H1avN2 H1pdmN2

2014 Passive 18 7 (40 pigs) 38 (27) 40 19 14 7

Active* 10 5 (79 pigs) 50 (9) 79 60 5 14

2015 Passive 8 2 (6 pigs) 25 (22) 6 3 3 0

Active* 10 4 (20 pigs) 40 (2) 20 12 6 2

2016 Passive 7 2 1 pig/herd 2 1 1 0

2017 Passive 9 3 1 pig/herd 3 2 1 0

2018 Passive 9 0 0 0 0 0 0

Total (passive) 51 14 27,45 150 0 97 0 0 30 23

*RT-qPCR subtyping and WGS on selected numbers of representative strains

**In coll. with farmer’s association - 10 vets who selected 10 pig farms representative of the pig production

systems in Sweden. From first week of Feb. 2014 or 2015, the farms were visited every second week for 6

consecutive visits. 15 nasal swabs/farm/visit.

2009: H1avN2 exclusively

2013: clinical outbreak in southern part of Sweden, due to H1N1pdm

2014: detection of a novel H1N2 reassortant, derived from H1N1pdm (HA+ IGC) and H1avN2

(NA) + transmissions of H1pdmN2 to 2 swine farmers (asymptomatic cases) without further

human infections (Who, 2014)



Belgium and Netherlands

Virology, Ghent University
Number of strains per lineage

H1N1 H3N2 H1N2 Others

Period

Number of 

herds

investigated

Number of 

Influenza A 

positive cases

Frequency

of positive 

cases (%)

Number of 

subtyped

viruses1
H1avN1 H1N1pdm H3N2 H1huN2

Co-infections
H3N2 x 

H1avN1

2014 51 23 45 23 10 8 5

2015 11 3 27 3 3 0 0

2016 3 2 2 1 0 1

2017 24 8 33 8 4 2 2

2018 58 21 36 242 10 0 8 3

2014-2018 147 57 39 60 28 0? 10 16 3

2019 18 6 33 6 5 0 1 0

1 Isolates were subtyped by HI assay with 7 distinct hyperimmune sera, NI assays are pending.

For some isolates, comparable HI titers were obtained with sera against H1av viruses and

H1pdm. For now these isolates are included in H1av column, final confirmation of HA lineage is

needed.

Remark: 43 isolates were also subtyped by multiplex PCR at APHA - except for one isolate, HA

lineage was consistent with that in HI assay.

2 Three samples yielded two virus isolates (co-infections with H3N2 and H1avN1).



Poland and Slovakia - NVRI Number of strains per lineage

H1N1 H3N2 H1N2

Country Period

Number of 

herds

investigated

Number of 

Influenza A 

positive 

cases

Frequency

of positive 

cases (%)

Number

of 

subtyped

viruses

H1avN1 H1N1pdm H3N2 H1huN2 H1avN2 H1pdmN2

Poland
2014

50 14 28,00 6 2 3 1 0

Slovakia 10 1 10,00 1 0 1 0 0

Poland
2015

41 6 14,63 4 1 2 0 1

Slovakia 1 0 0,00 0 0 0 0 0

Poland 2016 31 10 32,26 0 0 0 0 0

Poland 2017 15 5 33,33 2 1 1 0 0

Poland 2018 32 11 34,38 1 0 0 1 0

Total 180 47 26,11 14 4 7 0 0 2 1

Animal species Year Number of sera
Number / % of positive sera (>20)

H1av H1hu H3 H1pdm positive for more than 1 serotype*

swine

2015 923 9 / 0,97% 40 /4,33% 7 / 0,76% 61 / 6,61% 29 / 3,14%

2016 2914 174 / 5,97% 5 / 0,17% 47 / 1,61% 22 / 0,75% 239 / 8,20%

2017 1518 23 / 1,51% 5 / 0,33% 8 / 0,53% 44 / 2,90% 105 / 6,92%

2018 4810 106 / 2,20% 12 / 0,25% 94 / 1,95% 67 / 1,39% 71 / 1,48%

wild boar 2017 742 6 / 0,81% 0 / 0,00% 2 / 0,27% 11 / 1,48% 26 /3,50%

*not included in the results for individual serotypes

Further subtyping analyses ongoing



Italy (1) - IZSLER Numbers of strains per lineage

H1N1 H3N2 H1N2

Period

Number of 

herds

investigated

Number of 

Influenza A 

positive cases

Frequency

of positive 

cases (%)

Number of 

subtyped 

viruses*

H1avN1 H1N1pdm H3N2 H1huN2 H1avN2 H1pdmN2

2014 444 110 24,77 48 13 2 10 14 6 3

2015 498 121 24,30 47 10 5 7 16 9 0

2016 568 129 22,71 55 13 8 16 14 4 0

2017 648 194 29,94 86 42 1 15 13 15 0

2018 646 193 29,88 91 38 1 9 26 17 0

2014-2018 2804 747 26,64 327 116 17 57 83 51 3

Period

Number of 

subtyped 

viruses

H1N1 H3N2 H1N2

H1N1 H1N1pdm H3N2 H1N2

2014 102 36 2 13 51

2015 108 40 12 11 45

2016 123 45 13 36 29

2017 175 75 2 26 72

2018 158 56 2 19 81

2014-2018 666 252 31 105 278

*NGS

RT_PCR
 Extremely high genomic 

heterogeneity in Italy in the last 

two decades

 27 different gene constellations

 3 genotypes with the Mpdm gene

in old enzootic swIAVs background



Italy (2) - IZSVE Number of strains per lineage

H1N1 H3N2 H1N2 Other

Period

Number of 

herds

investigate

d

Number of 

Influenza A 

positive 

cases

Frequency

of positive 

cases (%)

Number of 

subtyped

viruses*

H1avN1 H1N1pdm H3N2 H1huN2 H1avN2 H3N1

2014 0 0 9 2 1 1 5 0 0

2015 21 4 19,05 3 3 0 0 0 0 0

2016 26 6 23,08 2 1 1 0 0 0 0

2017 51 19 37,25 15 4 1 1 0 9 0

2018 65 15 23,08 19 2 7 0 3 6 1

2014-2018 163 44 26,99 48 12 10 2 8 15 1

RT-qPCRs (Heinritzi et al., 2016)

NGS : samples with M gene RT-PCR Cq<30

Infographics

Detection of novel reassortants with Mpdm gene



Spain - UAB 

2017-2018

168 outbreaks > 107 positive
17 randomly selected farms
> 14 positive

Subtyping (RT-qPCR) of 116
positives cases

Isolation of 44 swIAV strains

NGS genotyping (Watson et al.,
2015)

> 26 strains for the moment -
ongoing



IDT Biologika

European surveillance 

program (1)

2015-2017

in coll. with FLI, 

Germany

Countries Total number
positive

n %

Σ
samples 18 216 5 522 30.31 %

farms 2 434 1 368 56.20 %

Germany
samples 3 973 1 636 41.17 %

farms 1 529 822 53.76 %

Netherlands
samples 4 468 1 357 30.37 %

farms 270 184 68.14 %

France
samples 3 878 1 218 31.40 %

farms 279 151 54.12 %

Denmark
samples 2 463 605 24.56 %

farms 146 101 69.17 %

United-Kingdom
samples 811 113 13.93 %

farms 49 17 34.69 %

Spain
samples 791 260 32.86 %

farms 61 42 68.85 %

Poland
samples 524 67 12.78 %

farms 13 6 46.15 %

Belgium
samples 410 103 25.12 %

farms 35 15 42.85 %

Ireland
samples 394 99 25.12 %

farms 24 15 62.50 %

Slovakia
samples 199 23 11.55 %

farms 4 3 75.00 %

UK (North Ireland)
samples 146 27 18.49 %

farms 10 6 60.00 %

SER
samples 39 4 10.25 %

farms 3 2 66.66 %

Portugal
samples 33 6 18.18 %

farms 3 2 66.66 %

Luxembourg
samples 25 2 8.00 %

farms 1 1 100.00 %

Austria
samples 20 0 0.00 %

farms 3 0 0.00 %

Sweden
samples 20 0 0.00 %

farms 1 0 0.00 %

REU
samples 19 0 0.00 %

farms 1 0 0.00 %

Switzerland
samples 3 2 66.66 %

farms 1 1 100.00 %

Pigs sampled in 18 

countries



H1avN1av

H1avN2

H1avN1pdm

otherH1av-subtypes

H1av/hu-subtypes

H1huN2

H1huN1av

other H1hu-subtypes

H3N2

H3N1av

H3huN2

other H3-subtypes

H1pdmN1pdm

H1pdmN2

H1pdmN1av

other H1pdm-subtypes

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Σ 2015 Σ 2016 Σ 2017 Σ 2015-
2017

p
e
rc

e
n
ta

g
e
 o

f 
fa

rm
s



0

20

40

60

80

100

120

140

160

BE CH DK ES FR NL PL SER SK UK UK
(NI)

IRL

n
u
m

b
e
r 

o
f 

fa
rm

s

H1avN1av

H1avN2

H1avN1pdm

otherH1av-subtypes

H1av/hu-subtypes

H1huN2

H1huN1av

other H1hu-subtypes

H3N2

H3N1av

H3huN2

other H3-subtypes

H1pdmN1pdm

H1pdmN2

H1pdmN1av

other H1pdm-subtypes

0

100

200

300

400

500

600

700

DE

n
u
m

b
e
r 

o
f 

fa
rm

s

NGS on selected samples

Antigenic characterizations

Analyses in progress



IDT Biologika - European surveillance program (2)
in coll. with IVD GmbH, Germany

Germany - IDT Biologika (IVD GmbH) Number of strains per lineage

H1N1 H3N2 H1N2

Period

Number of 

herds

investigate

d

Number of 

Influenza A 

positive 

cases

Frequenc

y of 

positive 

cases (%)

Number of 

subtyped

viruses*

H1avN1 H1N1pdm H3N2 H1huN2 H1avN2 H1pdmN2

2018 1463 804 59.96 667 358 26 55 114 77 37

Other European countries: data collection in progress



Greece

 Confirmed the presence of H1av, H1hu and H3 swIAVs

 + 4% of pig sera had antibodies against the H1pdm only



Norway

Prevalence of 

H1N1pdm seropositive  

herds has not fallen 

under 40%

> adaptation to the pig 

population



Conclusion
• Four enzootic viruses co-circulating across Europe: H1avN1, H3N2, H1huN2, H1N1pdm

• Increasing frequency at which viral diversification occurs in this viral reservoir

• Antigenic shifts (reassortments) + Antigenic drifts (immune escape, host adaptation)

• Increasing frequencies of (multi) reassortant viruses containing ≥1 gene from H1N1pdm

• Many “sporadic” (?) viruses

• Emergence of a swine-divergent H1N1pdm genogroup (versus seasonal-like H1N1pdm)

• Frequent introductions of HA or NA genes from seasonal human IAVs (H1N1pdm, H3N2)

• Genotypes of public-health interest (ex: reassortant IGC with Mpdm)

• Significant regional variations

> Novel enzootic viruses in some countries (ex: UK, Germany, DK)

> Disappearance of “old” enzootic viruses in some regions

No significant modifications in the global European picture since ESNIP3 but
a still increasing complexity of European swIAVs
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