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Pandemics of influenza
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How to make a pandemic virus?



Genetic reassortment in pigs, an old story



Cepas 
Humanas

Cepas 
Suinas

Linaje Americano

Cepas 
Suinas

Linaje Eurasiático

A/swine/Spain/54008/2004 H3N2

A/California/04/09 EPI176482

A/swine/England/191973/92 H1N7
A/Roma/1949 H1N1
A/USSR/92/77 H1N1
A/ChristHospital/157/1982 H1N1
A/Siena/10/1989 H1N1

A/Denmark/40/2001 H1N1
A/Siena/14/1995 H1N1
A/Denmark/47/2006 H1N1

A/StPetersburg/8/2006 
H1N1A/Denmark/16/2004 

H1N1A/England/493/2006 
H1N1A/Denmark/49/2006 H1N1

A/Denmark/122/2008 H1N1
A/Denmark/21/2008 H1N1

A/England/19/1955 H1N1
A/USSR/46/1979 H1N1
A/Kiev/59/79 H1N1

A/swine/Finisterre/127/99 H3N2
A/Denmark/13/2003 H3N2

A/Leningrad/360/ 
1986 H3N2

A/Siena/5/1991 H3N2
A/swine/Cambridge/1/1935 H1N1
A/swine/Cambridge/39 H1N1

A/swine/NorthernIreland/38 H1N
A/WilsonSmith/1933 H1N1

A/swine/CotesArmor/1488/99 H1N

A/swine/Spain/42386/2002 H3N2
A/swine/Doetlingen/IDT4735/200

A/swine/Italy/2064/99 H1N2
A/swine/Spain/33601/2001 H3N2

A/Swine/Spain/50047/2003 H1N1
A/swine/Bakum/1832/2000 H1N2

A/Aragon/RR3218/08
A/swine/Spain/51915/2003 H1N1

A/swine/Spain/53207/2004 H1N1
A/Swine/CoteArmor/3633/84 H3N1
A/swine/Netherlands/12/1985 H1

A/swine/Germany/2/1981 H1N1
A/wildboar/Germany/WS169/2006

A/swine/Germany/S043/2002 H3N2
A/swine/Spain/39139/2002 H3N2

A/Swine/Oedenrode/7C/96 H3N2
A/swine/Germany/Vi3161/95 H3N2
A/swine/Germany/8533/91 H1N1

A/swine/CotesArmor/604/99 H1N2
A/swine/England/195852/1992 H1

A/swine/Italy/839/1989 H1N1
A/swine/Italy/141/1981 H1N1

A/swine/Italy/147/1981 H1N1
A/swine/Italy/437/1976 H1N1
A/swine/Italy/2/1979 H1N1

A/swine/Nebraska/1/1992 H1N1
A/swine/Alberta/56626/03 H1N1

A/swine/Ontario/23866/04 H1N1
A/swine/Ontario/48235/04 H1N2

A/swine/Ontario/57561/03 H1N1
A/Swine/Wisconsin/464/98 H1N1

A/Swine/Iowa/930/01 H1N2
A/Swine/NthCarolina/00619/05 H

A/SW/MN/34893/01 H1N2

A/CastillaLaMancha/1/09
A/Swine/Illinois/100084/01 H1N

A/swine/Missouri/2124514/2006
A/swine/Ontario/33853/2005 H3N
A/SW/MI/PU243/04 H3N1

A/swine/Minnesota/00395/04 H3N
A/swine/Ohio/24366/07 H1N1
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Le calendrier des évenements
• Janvier 2009 à Avril 2009

– Quelques cas de grippe A (H1N1)swl aux USA (Californie et Texas)

• 17 Avril 2009
– Deux nouveaux cas en Californie

• 21 – 23 avril 2009
– Description de nombreux cas groupés au Mexique; les virus sont 

similaires a ceux détectés au USA

• 24 Avril 2009
– Alerte OMS grippe mexicaine



Mécanisme d’émergence du virus



Genetic Composition of Influenza A(H1N1)v viruses
 
Segment Closest Match Years* 
PB2 Swine, North American lineage 1998-2007
PB1 Swine, North American lineage 1993-2007
PA Swine, North American lineage 1998-2007
HA Swine H1N2, North American lineage 1985-2007
NP Swine, North American lineage 1985-2007
NA Swine H1N1, Eurasian lineage 1973-2007
M Swine, Eurasian lineage 1980-2005
NS Swine, North American lineage 1998-2007
 
* Period of known circulation of viruses with similar genetic sequences.

Comparison between H1N1 swine genotypes in recent U.S. Cases







HA MNA

Genetic Similarity of Influenza A(H1N1)v viruses



Antigenic analyses of influenza A(H1N1)v viruses

Viruses          Passage A/NJ2 A/sw/Iowa A/NJ A/Cal A/Cal A/Cal A/Cal A/Bris
          History 8/76 15/30 8/76 4/09 4/09 7/09 7/09 59/07

R15/79 F16/82 F34/82 CDC 81/09 C4/F14/09 CDC 89/09 NIBSC F11/09 F6/08

REFERENCE VIRUSES

A/Iowa/15/30 Ex 2560 640 < < < < < <
A/New Jersey/8/76 Ex >5120 160 320 160 160 320 320 <
A/California/4/2009 C1,M1,E1 5120 < 160 2560 2560 1280 2560 <
A/California/7/2009 E1+1 2560 < 80 1280 1280 1280 2560 <
A/Brisbane/59/2007 E9 < < < < < < < 320

A/swine/Wisconsin/238/97 Ex 2560 80 160 320 640 320 ND <
A/swine/Ontario/11112/04 Ex 2560 40 40 160 160 320 ND <

A/Catalonia/122/2009 Mx+1 2560 < 80 1280 1280 1280 2560 <
A/Catalonia/127/2009 Mx+1 2560 < 80 1280 1280 1280 2560 <
A/Catalonia/148/2009 Mx+1 2560 < 80 1280 1280 1280 2560 <
A/Catalonia/154/2009 Mx+1 2560 < 80 1280 1280 1280 2560 <
A/England/195/2009 MDCK4 2560 < 160 1280 2560 1280 ND <
A/Netherland/602/2009 MDCK1/1 2560 < 80 1280 1280 1280 ND <
A/Norway/1168/2009 MDCK2 2560 < 80 1280 1280 1280 2560 <
A/Norway/1177/2009 MDCK3 2560 < 80 1280 1280 1280 2560 <
A/Israel/276/2009 MDCK3 2560 < 80 1280 2560 1280 2560 <
A/Israel/644/2009 MDCK4 2560 < 160 1280 1280 1280 ND <
A/Auckland/3/2009 Ex+1 2560 < 160 1280 1280 1280 ND <
A/Auckland/3/2009 MDCK1/1 2560 < 80 1280 1280 1280 ND <
A/Auckland/1/2009 MDCK1/1 2560 < 80 1280 1280 1280 ND <

NIBRG-121 (A/California/7/2009 Ex 2560 < 160 2560 2560 2560 2560 <

1. < = 40;   2. hyperimmune rabbit serum; ND=not done

Haemagglutination inhibition titre1

Post infection ferret sera

*

*
*

*
*
*

*

*
*

*

HGR RG
CSL: IVR-153 CDC: RG15 (A/Texas/05/09)
NYMC: X-179A NIBSC: NIBRG-121



Situation in the USA (01 June 2009 report)

For week ending 23 May 2009:
51 States reported cases
10,053 Cases
17 Deaths
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