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Antigenic subtyping

» regional variations

» 23 genetic constellations

» 10 genotypes = 88% of
isolates
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H1 viruses

Identified in Europe

Human seasonal lineage
1B.1

18.1.1

1812
18121
18122
18123

Eurasian awvian lineage
121
1C2
122
1022

123

ASswine/Ttaly/4675/2003

Alswine/Amsberg 65541975 and
Alswine BelgiumMWVL11973)

Atswinellle et Vilaine' 1455/ 1999]

Europ=an human-like reassortant H1, M2 Ireland, United Kingdom
(derived from Afswine/Scotland 41 0440/04)

France, United Kingdom
Spain, United Kingdom
Belgium, Germany, Italy, Metherlands, Spain

Itahy
France
Avian-like swine H1, N1 (derved from Belgium, Canada, France, Germany, Hong Kong,
Ireland, ltaly, Metherlands, Spain, United Kingdom
Avian-like swina H1, N1 (derived from Belgium, Denmark, Finland, Garmany, faly, Mexico,

Metherlands, Poland, Sweaden

Belgium, Denmark, France, Gemmany, Hungary, italy,
Metherlands, Poland, Russia, Spain

France, Germany, laly, Lusembourg, Netherlands,
Poland, Spain

(China, Czech Republic, France, Hong Kong, Haly,
Poland, South Korea




Pigmeat: slaughterings in the EU Member States, 2016

(% of EU total, based on number of animals)

Other Member States
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Barents Sea

worldatlasbook.com

2014-2018 Europe

Summary of
data
provided by
volunteer
collaborators

Norwegian White Sea

of
Bothnia

ANSES
APHA

DTU North Atlantic 14
IZSLER e
|IZSVE
NVRI

UAB Celtic
Ughent Sea
SVA =
IDT e

Biologika/FLI '

Baltic ﬁ

Sea

RUSSIA

ANBORRA g VATICAN *
PORTUGAL i ﬁ )
‘ ) Mediterranean Sea .. 0 o

+ Peer-
reviewed i W T
pape rS Map not to scale ALGERIA - ‘ CYPRUS .

Copyright © worldatlasbook.com MOROCCO TUNISIA

TRAQ

LIBYA



Diagnostic tools

SCIENTIFIC REPg}RTS

(RITA): An RT-qPCR-based low
_density array for subtyping avian
and mammalian influenza a viruses
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France - Anses UVIP

. Number of strains per lineage
NRL for Swine Influenza P J

HIN1 H3N2 H1N2
Number of [ Number of |Frequency| | Number of
Period herds Influenza A |of positive| | subtyped RPN HIN1pdm [gkEer Nk H3N2 H1,uN2 H1.,/N2
investigated|positive cases| cases (%) viruses*
2014 273 129 47,25 103 75 2 22 1
2015 378 193 51,06 147 101 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
v' Regionalization of the different subtypes — 13 different gene constellations
v' Last detection of a H1, ;N1 reassortant in 2012
v" Emergence of a H1,,A146-147 variant (drift) in 2011 > H1, ,N2v versus H1, /N2
v

Several sub-populations of H1,,N2: H1_,,N1xH1, /N2 or H1_,,N1xH3N2 or H1,,N2
closest to the DK virus or H1, ,N1x seasonal H3N2

First reassortants with 1 or more gene(s) from H1N1pdm detected in 2016
H3N2 with IGC from H1IN1pdm

H1,,N2 (with seasonal N2) with Mpdm gene

Novel swine-divergent (swD) genogroup among H1N1pdm isolates
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Serological survey in Corsica

(extensive breeding)

45,8% of pig farms H1N1pdm positive
20.8% of pig farms H1,,N1 positive
1.4% of wild boars IAV positive (same subtypes)
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bar displaying the 35% highest postarior density (HAD) Intervals of the node heights. The SeL and SwD genogroups were
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Spatiotemporal Distribution and Evolution of the A/HIN1
2009 Pandemic Influenza Virus in Pigs in France from 2009 to
2017: Identification of a Potential Swine-Specific Lineage
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Hemagglutination Inhibltion titer with sera agalnst:

H1, N1 HIN1pdm H1N1pdm

Virus straln (ldentification no.)® Lineage (clade) A/Sw/CA/0388/2009  A/Callfornla/04/2009  A/Sw/Sarthe /0255/2010
A/SwiCotes d'Armor/0388/2009 (1) H1, N1 &40 <10 <10
A/California/04/2009 (2) HINTpdm (3) 40 &40 640
A/SwiFrance/12-160129/2016 (15) HINTpdm (Sel) 20 160 320
A/SwiFrance/35-160233/2016 (16) HINTpdm (Sel) 10 80 80
A/SwiFrance/72-160174/2016 (17) HINTpdm (Sel) 40 160 320
A/SwiFrance/64-150052/2015 (18) HINTpdm (SwD) 10 80 160
A/SwiFrance/65-160089/2016 (19) HIN1pdm (SwD) 10 B0 320
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United-Kingdom - APHA

Number of strains per lineage

H1N1 H3N2 H1N2
Number of Number of Frequency Number of
Period herds Influenza A | of positive subtyped H1l., N1 H1N1lpdm H3N2 H1nuN2*
investigated | positive cases | cases (%) viruses

2014 184 73 39.7 27 3 13

2015 171 44 25.7 16 1 7

2016 174 58 33.3 18 3 11

2017 133 23 17.3 10 0 8

2018 140 70 50.0 17 3 14
2014-2018 802 268 334 88 10 25 0 53

* *H1,,N2 include reassortant viruses with IGC from H1IN1pdm

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

possible drift in H1pdm — to be confirmed

network of expertise on animal influenza




Den m ark - DTU Number of strains per lineage (frequencies)
HIN1 H3N2 H1N2
Number of  Number of Frequency| [ Number of Others
Period herds Influenza A of positive| | subtyped H1aN1 H3N2 H1nuN2 H1aN2
investigated positive cases cases (%) viruses*
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%

v' H1, N2 enzootic in Danish pigs since 2003 (Trebbien et al., 2013)

v’ 2012: sporadic reassortants? 1 with 7 segments from H1, N1 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 (H1lpdmN2sw)

v’ 2015: Triple reassortant H3N2 : H3 from a seasonal H3N2 2004-2005 +
N2sw + IGC from H1IN1pdm

Accepted: 14 February 2017

DOE 10.1111/rv.12451 Inflenza Odfser Bespi Viruses, 2007 11-208-303

SHORT ARTICLE WILEY

Triple-reassortant influenza A virus with H3 of human seasonal
origin, NA of swine origin, and internal A(H1N1) pandemic
2009 genes is established in Danish pigs

Jesper Schak Krog! @ | Charlotte Kristiane Hjulsager' | Michael Albin Larsen?
Lars Erik Larsen?




Sweden - National Veterinary Institute (SVA)

Number of swlAV strains

HIN1 H3N2 HIN2
_ Surveillance Number of  Number of Fre_q_uency of | [Number of
Period orogram | her_ds Inf_IL_Jenza A positive cases su_btyped H1.,,N1 H3N2 | H1,N2 [ H1.N2 [ H1pgmN2
investigated positive cases (%) viruses*

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-gPCR 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: H1,,N2 exclusively

2013: clinical outbreak in southern part of Sweden, due to HIN1pdm
2014: detection of a novel H1IN2 reassortant, derived from HIN1pdm (HA+ IGC) and H1,,N2

(NA) + transmissions of H1,,,N2 to 2 swine farmers (asymptomatic cases) without further
human infections (Who, 2014)

network of expertise on animal influenza




Belgium and Netherlands
Virology, Ghent University

Number of strains per lineage

H1IN1 H3N2 HIN2 | Others
Number of Number of Frequency Number of Co-infections
Period herds Influenza A | of positive subtyped | H1,N1 H3N2 H1,,N2 H3N2 x
investigated | positive cases | cases (%) viruses? H1aN1
2014 51 23 45 23 10 8 5
2015 11 27 3 0 0
2016 3 2 0 1
2017 24 33 4 2 2
2018 58 21 36 247 10 0 8
2014-2018 147 57 39 60 28 0? 10 16
2019 18 6 33 6 5 0 1 0

llsolates 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 H1,, viruses and
H1pdm. For now these isolates are included in H1,, 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.

2Three samples yielded two virus isolates (co-infections with H3N2 and H1,,N1).

network of expertise on animal influenza




Poland and Slovakia - NVRI Number of strains per lineage
HIN1 H3N2 HIN2
Number of IZI?ITebnezrao;\ Frequency Nur;fber
Country Period herds - of positive H1.,,N1 H3N2 [ H1,uN2 | H1aN2 | H1,q4mN2
. . positive subtyped
investigated cases (%) .
cases viruses
Poland 50 14 28,00 6 2 3 1 0
2014
Slovakia 10 1 10,00 1 0 1 0 0
Poland 41 6 14,63 4 1 2 0 1
2015
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
Further subtyping analyses ongoing
_ ] Number / % of positive sera (>20)
Animal species | Year |Number of sera
H1., Hln, H3 Hlpdm positive for more than 1 serotype*
2015 923 9/0,97% 40 /4,33% 7/0,76% 61/6,61% 29/3,14%
swine 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
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Italy (1) - IZSLER Numbers of strains per lineage
*NGS H1N1 H3N2 H1N2
Number of | Number of [Frequency| [ Number of
Period herds Influenza A |of positive| | subtyped RPN HIN1pdm H3N2 H1puN2 H1.,N2 H1,amN2
investigated|positive cases| cases (%) viruses*
2014 444 110 24,77 48 13 2 10 14 3
2015 498 121 24,30 47 10 5 7 16 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 a1 38 1 9 26 17 0
2014-2018 | 2804 747 26,64 327 116 17 57 83 51 3
| | H1N1 H3N2 | HiN2 | » Extremely high genomic
RT_PCR heterogeneity in Italy in the last
Number of
. w
Period ||subtyped | Hini e HND two decades
viruses
» 27 different gene constellations
2014 102 36 13 51
2015 108 40 11 45 .
2016 123 45 36 29 > 3 genotypes with the Mpdm gene
2017 175 75 26 72 in old enzootic swlAVs background
2018 158 56 2 19 81
2014-2018 666 252 31 105 278

DOI: 10.1111/2ph.12378

ORIGINAL ARTICLE WILEY

Genetic analysis of human and swine influenza A viruses
isolated in Northern Italy during 2010-2015

C.Chiapponi®?©@ | E.Ebranati® | E.Pariani® | S.Faccini® | A.Luppi® | L Baioni'? |
R.Manfredi? | V.Carta’ | M.Merenda®® | P.Affanni® | M.E.Colucci® | L.Veronesi® |



ltaly (2) - IZSVE Number of strains per lineage
HIN1 H3N2 H1N2 Other
Number of Number of
herds Influenza A Frequency| |[INumber of
Period |. : L of positive| | subtyped [ H1,N1 H3N2 H1,uN2 | H1,N2 H3N1
investigate positive .
cases (%) | | viruses*
d cases
2014 0 0 2 1 1 5 0 0
2015 21 4 19,05 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-qgPCRs (Heinritzi et al., 2016)
NGS : samples with M gene RT-PCR Cqg<30 m—— .
Infographics LEY
%ﬁ;};z%zgg%a}j:g)‘ls]g;;_tj);\(lipes of HIN2 viruses in a swine farm in @H
Detection of novel reassortants with Mpdm gene e
Table 2
Genetic make-up of genotypes detected.
Virus mumber Date PE2 PE1 PA NP MP N5 HA NA Genotype Reassorants
95791 18-11-2013 EA EA EA EA A[HINT jpdmd 9 EA Sioot] 94 Italy03 Nowel Vi
95X9-70 18-11-2013 EA EA EA EA A[H1INT jpdmd 9 EA Sioot] 94 Italy03 Nowel V2
11546-52 Z7-12-2M3 EA EA EA EA EA EA Sioot] 94 Italy03 F
11546-55 I7-12-20M3 EA EA EA EA EA EA Sicot] 94 Italy03 F
5 0054-2 OB-01-2014 EA EA EA EA A[H1IN1 jpdmid & EA Sicot] 94 ltaly03 Nowel V3
5 0054-3 OB-01-2014 EA EA EA EA A[H1INT jpdmd & EA Scot] 94 ltaly03 Nowel V3
S0206-11 249-01-2014 EA EA EA EA EA EA Soot] 94 Italy03 F
S0206-28 249-01-2014 EA EA EA EA A[HINT jpdmd 9 EA Sioot] 94 Italy03 Nowel V3

EA: Eurasian lineage
Koot B4 Afswine [Sontland)4 10 40) 100 4

1= laed 85T A levsnmes MeEslaed ALTE FRY 4T




Spain - UAB a2

18

HxNXx 18 |
H1huN2 14
HxN2 11
2017-2018 H;NZ B
HipdmNlav/Nlpdm = a
168 outbreaks > 107 positive Hlﬁ'ﬁmi %
17 randomly selected farms L —
o H3N1 1
> 14 positive H3N1/N2 1
HxNlpdm ‘1]
Hlav/H3N2 1
Subtyping (RT-gPCR) of 116 Hla;';';/uz :
positives cases HxNlav 3
Isolation of 44 swlAV strains
Genotype Quantity
NGS genotyping (Watson et al., A 8
2015) B 2
> 26 strains for the moment - € ’
ongoing D 5
M 2




IDT Biologika

European surveillance
program (1)

2015-2017

in coll. with FLI,
Germany

Pigs sampled in 18
countries

network of expertise on animal influenza

positive

Countries Total number - 7

)2 samples 18 216 5522 30.31 %

farms 2434 1 368 56.20 %

samples 3973 1636 41.17 %

Germany farms 1529 822 53.76 %
samples 4468 1 357 30.37 %

Netherlands o 270 184 68.14 %
samples 3878 1218 31.40 %

France farms 279 151 54.12 %
samples 2 463 605 24.56 %

Denmark farms 146 101 69.17 %

c ‘ samples 811 113 13.93 %
United-Kingdom ¢ o 49 17 34.69 %
: samples 791 260 32.86 %

Spain farms 61 42 68.85 %
samples 524 67 12.78 %

Poland farms 13 6 46.15 %

: samples 410 103 25.12 %
Belgium farms 35 15 42.85 %
samples 394 99 25.12 %

Ireland farms 24 15 62.50 %
Slovakia samples 199 23 11.55%
farms 4 3 75.00 %

samples 146 27 18.49 %

UK (North Ireland)farms 10 5 50.00 %
samples 39 4 10.25 %

SER farms 3 2 66.66 %
samples 33 6 18.18 %

Portugal farms 3 2 66.66 %

samples 25 2 8.00 %
Luxembourg 1 1 100.00 %

: samples 20 0 0.00 %

Austria farms 3 0 0.00 %

samples 20 0 0.00 %

Sweden farms 1 0 0.00 %

samples 19 0 0.00 %

REU farms 1 0 0.00 %

: samples 3 2 66.66 %
Switzerland [ 1 1 100.00 %




percentage of farms

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

m H1avN1av
= H1avN2
m H1avN1pdm
m otherH1av-subtypes
®m H1av/hu-subtypes
m HT1huN2
m H1huN1av
m other H1hu-subtypes
H3N2
H3N1av
® H3huN2
other H3-subtypes
m H1pdmN1pdm
m H1pdmN2
m H1pdmN1av

® other H1pdm-subtypes



number of farms

700

600

500

160

N
o
o

140
300

N
N
o

200

-
o
o

number of farms

100 80 .
0 60
40

20 -

m B

BE CH DK

NGS on selected samples

Antigenic characterizations

Analyses in progress

ES

FR.NL PL SER SK UK UK IRL
(ND)

m H1avN1av
H1avN2
m H1avN1pdm
m otherH1av-subtypes
®m H1av/hu-subtypes
m H1huN2
m H1huN1av
m other H1hu-subtypes
H3N2
H3N1av
H3huN2
other H3-subtypes
m H1pdmN1pdm
® H1pdmN2
m H1pdmN1av
other H1pdm-subtypes



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

Germany - IDT Biologika (IVD GmbH)

Number of strains per lineage

H1N1
Number of Number of Frequenc
herds Influenza A of Number of
Period . . L y ol subtyped | H1sN1
investigate positive positive : .
viruses
d cases cases (%)
2018 1463 804 59.96 667 358

H3N2 HIN2
55 114 77 37

Other European countries: data collection in progress




Greece

Toonoses and Public Health
ORIGINAL ARTICLE

Serological Evidence of Pandemic H1N1 Influenza Virus
Infections in Greek Swine

C. 5. Kyriakis', V. G. Papatsiros, L. V. Athanasiou®, G. Valiakos', I. H. Brown?, G. Simon®?,
K. Van Reeth®, 5. Tsiodras’*, V. Spyrou” and C. Billinis'

» Confirmed the presence of H1,_, H1,, and H3 swlAVs

> + 4% of pig sera had antibodies against the Hlpdm only




Norway

Epidemiol. Infect. (2016), 144, 3148-3165. © Cambridge University Press 2016
doi:10.1017/S0950268816001424

Occurrence and spread of influenza A(HIN1)pdm09 virus
infection in Norwegian pig herds based on active
serosurveillance from 2010 to 2014

C. ER'*, E. SKJERVEZ, E. BRUN!, T. FRAMSTAD? anp B. LIUM!

Cumulative 2010 - 2014

2010 2014

Prevalence of
H1N1lpdm seropositive
herds has not fallen
under 40%
> adaptation to the pig £
population Y. ¢

. L [
L { N
:’f}%‘g“ 'S D, A
%fﬁ‘ AP L) ,
By o &h‘ 0 125 250 500 km
t
T e

Fig. 3. Spatial distribution of Norwegian pig herds testing positive for antibodies against influenza A(HINI)pdm09 virus in 2010 [41%, 95% confidence interval (CI) 37-45
seroprevalence]: 2014 (48%, 95% CI 45-51 herd seroprevalence); cumulative 2010-2014 (53%, 95% CI 50-36 herd seroprevalence).




Conclusion =

Four enzootic viruses co-circulating across Europe: H1, N1, H3N2, H1, N2, HIN1pdm

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 HIN1pdm
Many “sporadic” (?) viruses
Emergence of a swine-divergent HIN1pdm genogroup (versus seasonal-like HIN1pdm)
Frequent introductions of HA or NA genes from seasonal human IAVs (HIN1pdm, 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

y
i




Acknowledgements

Anses, Ploufragan,

France

UVIP, NRL Sl
Séverine Hervé
Amélie Chastagner
Céline Deblanc
Stéphane Gorin
Stéphane Quéguiner
Nicolas Barbier

UGVB
Yannick Blanchard
and coll.

UEPISABE
Nicolas Rose
and coll.

g_ coP

. E FRANC
REPUBLIQUE FRANGAISE Pale W(

MINISTERE

DE 'AGRICULTURE (C\;jb GDS

DELAGROALIMENTAIRE
ET DELAFORET - France

CROUPEMENTS TECH

e ues
VETERINAIRES

Ploteforme ESA /o K) o

ADILVA

CoVetlLab

partner institutes

Veterinary Laboratork

S. Brookes, |.H. Brown,
APHA, Weybridge, UK

L.E. Larsen
DTU, Copenhagen, Denmark

T. Harder, D. Henritzi
FLI, Inselms-Riems, Germany

C. Chiapponi, A. Moreno
IZSLER, Parma, Italy

M.S Beato
IZSVE, Padova, Italy

K. van Reeth
UGhent, Ghent, Belgium

K. Urbaniak
NVRI, Pulawy, Poland

G.E. Martin, E. Mateu
UAB, Barcelona, Spain

S. Zohari
SVA, Uppsala, Sweden

S. Wachech, S. Pesch

' ika, Dessau-Rosslau, Germany
._T$



