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Influenza viruses

Orthomyxoviridae

* Most important: Type A Influenza
viruses

Segmented genome:

* Negative-sense sSRNA
e Aand B Group : 8 segments

Symptoms

* Fever, coughing, muscles pains,
diarrhea, vomiting...

In pigs, diseases caused by influenza viruses do not
require declaration




Ecology of influenza A viruses and interspecies transmission

Human
H1N1, H3N2, H1NZ2;
/ (H2N2) \

Terrestrial poultry / Pig
(Chicken, Turkey, Quail) | — = | 41N1: Hane:
H subtypes 4,5,6,7,9,10; HIN2: H3N1

N subtypes 1,2,4,7; /

E.g. HONZ2; HIN1;
H6N1 etc. Waterfowl _
and shorebirds | uul Equine
H1-16; N1-9 H3N8; H7N7

/ /

Sea mammals (Seals; whales)
H7N7; H4N5; H4N6; H3N3
H3N2; H13N9

Canine
H3N8

Peiris, J. S. M. et al. 2007. Clin. Microbiol. Rev. 20(2):243-267

Clinical Microbiology Reviews
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| | Queébec surveillance program

Programme 0222

* Provincial surveillance (MAPAQ)
e Nasal swabs
e Detection and characterization

Came after the avian surveillance (HPAI)
* One health

Inter-species Influenza type A strains
* Genetic mutations



Ll Surveillance at the MDL of the FMV

Influenza virus detection

* Matrix (M) gene is targeted
» Reverse Transcriptase PCR (RT-PCR) Real-Time PCR

Characterization of the positive

* Hemagglutinin (H1 et H3)
* Neuraminidase (N1 et N2)
e RT-PCR

H sequencing (or complete genome)

Pandemic strain specific Real-Time PCR
* Mgene



‘ 2009 HIN1 flu pandemic

March 18th 2009, Mexican authorities announced 59
death and 854 affected individuals in relation with an
influenza-like pneumonia.

°First case declared in Canada: April 2009

*WHO announced on August 2010 the end of the Influenza A/H1IN1
pandemic. However, localized outbreaks of various magnitudes are likely to
continue.

°Final report of the situation: at least 12 200 deaths around the world.



Genesis of swine-origin H1N1 influenza viruses

Classical swine North American  Human (H3N2) Eurasian avian-
avian like swine

PB2 - North American
avian

PB1 - Human H3N2
PA - North American
avian

H1 - Classical swine
NP - Classical swine
N1 - Eurasian avian-
like swine

M - Eurasian avian-like
swine

NS - Classical swine

Influenza A (H1N1)

G Neumann et al. Nature 000, 1-9 (2009) doi:10.1038/nature08157 nature



_I Surveillance at the MDL of the FMV

In December 2009

* type A Influenza virus detection on nasal swabs

* Inoculation of embryonated specific eggs and MDCK cell line

* Characterization of the strain: H3N2

Pandemic M gene!




Type A and H3 positive

Standard Curve Spreadsheet Data

Fluor Well Type Ident. Rep Ct Log SQ SQ SQ Ct Ct Set
SQ Mean SD Mean SD Point
FAM A01 Unkn C- FluA 1 N/A N/A 0.00E+00 0.00E+00 0.00E+00 .00 0.000 N/A
FAM A10 Unkn C-H3 23 N/A N/A 0.00E+00 0.00E+00 0.00E+00 .00 0.000 N/A
FAM BO1 Unkn C+FIuA 2 27.05 N/A 0.00E+00 0.00E+00 0.00E+00 27.05 0.000 N/A
FAM B10 Unkn C+H3 24 27.67 N/A 0.00E+00 0.00E+00 0.00E+00 27.67 0.000 N/A
FAM D02 Unkn 1265553, 12 19.03 N/A 0.00E+00 0.00E+00 0.00E+00 19.03 0.000 N/A
FAM D11 Unkn 1265553 \34 23.14 N/A 0.00E+00 0.00E+00 0.00E+00 23.14 0.000 N/A
\
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M gene
Standard Curve Spreadsheet Data
Fluor Well Type Ident. Rep Ct Log sQ sQ sQ ¢t Ct Set
Q Mean SD Mean SD  Point
FAM A01 Unkn C-Swine 1 A N/A 0,00E+00 0,00E+00 0,00E+00 ,00 0,000 N/A
FAM BO1 Unkn C+Swine 2 27,84 N/A 0,00E+00 0,00E+00 0,00E+00 27,84 0,000 N/A
FAM D01 Unkn 1265553 ¥4 21,16 N/A 0,00E+00 0,00E+00 0,00E+00 21,16 0,000




Homologies

Influenza A viral genes segments

HA NA M PB1 PB2 PA NP NS

pH1N1

H3N2 SIV cluster IV

Afswine/Quebec/
1265553/2010 (H3N2)

reference strains:

A/NewYork/19/2009 (H1N1)
A/Swine/Québec/4001/2005 (H3N2)




Type A Influenza H3N2/pH1N1 triple reassortant

Ses huit génes proviennent de virus apparus a des époques differentes, dans des zones geographiques vanees,
qui s'épanouissent chez le porc, les oiseaux et 'rhomme.

HA : Patrimoine génétique
Hemagglutinine de type 3 % ' (fragments d'ackde ribonuclégue)

(se lie aux récepieurs
ORIGINE

des celules hites)
PB2 :

Avigire nord-ameéricaine

__PB1: o
Humaing {deja present
dans un virus H3-N2 de 1993)

PR

L AT AT AT AT X
3 'memu.-‘ﬂul'll - PA X

4 IR Avigire nord-américains
LPLESNEFLVESLES e
__HA :

5 ARG (High homology to
. - Swine triple-reassortant H3N2 /98)
B Ao VAV ]

- .
d -#wwwull' MNP -

. ) L
g0 \ \rw Forcine nord-ameéricaine

- A

(swine Triple-reassortant H3N2/98)
M :

Porcine eurasienngs

NS :
Porcine nord-ameéncaing

MNA :

Neuraminidase de type * 2
(aide 4 enclencher l'infection)




| SWH3N2/pH1N1

* reshuffling of gene segments has happened between the SIV
North-American triple-reassortant H3N2 of 1998 and the
pandemic HIN1 2009 strains.

* this reassortant possesses two genes related to SIV H3N2 (HA
and NA) and six others related to the pHIN1 (M, PA, PB1, PB2,
NP and NS).

* 10% of the piglets were coughing, the sows had no clinical sign
and several fattening pigs were coughing with nasal discharge.
No increase of death rate was observed.



| ‘ Retrospective study

e Octobre 2010 - Janvier 2011

e Different region of Quebec
* 9/13 H3N2 strains are swH3N2/pH1N1

e Mink tissues

(Provincial laboratory Nova-Scotia)
* swH3N2/pH1N1




Homologies
_— e

Influenza A viral genes segments

pH1N1
Reference strains
H3N2 SIV cluster IV

Alswine/Quebec/
1265553/2010 (H3N2)
swH3N2/pH1N1
reassortant strains
A/mink/Nova Scotia/
1265707/2010 (H3N2)

H3N2 PCR positive |Nine cases over 13 tested
swine diagnostic {from October 2010 until
cases February 2011)




Phylogenetic analysis

Alswine/lowa/569/99 AF251419

Alswine/Minnesota/593/99 AF251427
100

Alswine/Nebraska/209/98 AF251403

AlSwine/lowal8548-1/98 AF153235

A/Swine/Texas/4199-2/98 AF153233

100

Alswine/lllinois/21587/99 AF268124

99

— A/NewYork/150/00 CY 000465

Alswine/Oklahoma/18089/99 AF268125

Afewineitd

bec/150/90 U07146

cluster |

cluster ll

Alswine/Colorado/23619/99 AF263128

cluster Il

A/Swine/Wisconsin/14094/99 AF268126

Alturkey/Minnesota/764-2/03 AY779256

100

Alswine/Quebec/1265553/10 JF703684 -G

A/mink/NovaScotia/1055488/07 EU826551

100 — Alswine/Alberta/14722/05 DQ469970

Alswine/BritishColumbia/28103/05 DQ469978

— A/swine/Manitoba/12707/05 DQ469986

AJswine/Mi ta/02948/09 GU817053

Alswine/Quebec/4001/2005 EU826543

:lsAIDntario-'RV1 273/05 DQ469962

Alswine/Ontario/33853/05 DQ46999%4

100

0.02

Alswine/Quebec/1259260/10 JF411012

A/mink/NovaScotia/1265707/10 JF682717 -~

Alf—

cluster IV



Conclusion

How and when the pig and mink populations of Canada acquired the
new swH3N2/pH1N1 strain is uncertain.

The fact that the strain was found in a sample recovered from a mink
shows the potential of this new virus to cross the species barrier.

Furthermore, the mink case received from Nova Scotia, indicates a
national viral emergence which probably started earlier in 2010.



Conclusion

M detection and H/N characterization does not differentiate between
H3N2 reassortant.

the new swH3N2/pH1N1 virus has failed to be noticed through the
regular surveillance of influenza viruses.

It is likely that more cases are expected to be positive as surveillance
programs adapt their testing.

We recommend regular sequencing (on selected cases) of the entire
Influenza genome as part of a surveillance program.

— “adequate programmes need to be put in place for surveillance of SIV in
the Canadian swine population”

C. Nfon et al. Transboundary and Emerging Diseases, 58: no. doi: 10.1111/j.1865-
1682.2011.01219.x
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