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Analyse de risque :
« the bottleneck of upper respiratory tract adaptation »




Longue liste de facteurs

Table 2

Known mutations and associated mechanisms of adaptation of zoonotic influenza viruses to human hosts via the crossing of virus-cell interaction barriers.

limitants avant transmission

inter-humaine

Virus-cell interaction barrier Protein Mutation Adaptive mechanism Ref.
Virus attachment HA M1545 Increases «2,6 binding in HS subtype [194]
N182K Increases a6 binding and decreases 02,3 binding in H5 subtype  [194,195]
E190D Increases a 2,6 binding in H1 subtype [86,196]
19z Increases 2,6 binding and decreases n2,3 binding in H5 subtype  [195]
02236 Increases a2, 3 binding in H1 subtype [75.197]
Q2221 Increases a 2,6 binding and decreases n2.3 binding in HS subtype  [194]
5223N Increases 2,6 binding and decreases n2,3 binding in H5 subtype  [194]
52245 Increases 2,6 binding and decreases 2,3 binding in H5 subrype  [194]
G225D Decreases a2,3 binding in H1 and HO subtypes [81,86,196]
Q2261 Increases 2,6 binding and decreases 02,3 binding in H2, H3, H4, [31,86,198,199]
HE5 and HY subtypes
52I7TN Increases a2,6 binding and decreases n2,3 binding in H5 subtype  [200,201]
G2285 Decreases a2, 3 binding in H3 subtype 86,198,201
Increases a2,6 binding in H2 and H5 subtypes
L1208V + A134V Increases a2,6 binding possibly in HS subtype [20Z]
GI139R + N182K Increases a2,6 binding in HS subtype [194]
QI92R+5223N Increases 2,6 binding and decreases n2,3 binding in H5 subtype  [194]
Q2221 +G2245 Increases a2,6 binding and decreases 2.3 binding in HS subtype  [194]
522TN+N5T158 — 150NNA Increases a 2,6 binding in H5 subtype [203]
N1585+()226L+N243D Increases a2, b binding and decreases 02,3 binding in H5 subtype  [194,204]
MN182K+Q222L +G2245 Increases a2,6 binding and decreases 2.3 binding in HS subtype  [194]
QIO2R+0Q222L +G2245 Increases a 2,6 binding and decreases n2 3 binding in H5 subtype  [194]
(222 +5223IN+ 62245 Increases 2,6 binding and decreases n2,3 binding in H5 subtype  [194]
NST158-150NNA +K193R + Q2260 + G2285 Increases a 2,6 binding and decreases 2.3 binding in HS subtype  [205]
NIS2K+(222L+5223N + G2245 Increases a2 6 binding and decreases 2,3 binding in H5 subrype  [194]
QI9Z2R+ Q2221 +5223IN+G2245 Increases 2,6 binding and decreases n2,3 binding in H5 subtype  [194]
NI18ZK+Q192R + Q222L+5223N + G2245  Increases a2,6 binding in HS subtype [194]
Virus—cell fusion HA Single R cleaved site Allows cleavage by extracellular host proteases restricted to [92]
respiratory tract in humans
Multi-basic cleaved site Allows cleavage by ubiquitous intracellular host proteases present [92]
in various tissues in humans
Viral replication PE1+PB2 Unknown Increases polymerase activity of HPAIV HSN1 in human cells [126]
(unknown mechanism)
PE2 E158G Increases polymerase activity of HPAIY HSN1 in human cells [121]
(unknown mechanism)
T271A Increases polymerase activity of LPAIV H3N2 in human cells [124]
(unknown mechanism)
Q51K Increases polymerase of HPAIV HSN1 activity in human cells [120]
(unknown mechanism)
EGZT K Increases polymerase activity by increasing PB2 and NP binding in  [118]
human cells
D253M+ 0291 K Increases polymerase activity of LPAIV HON2 in human cells [122]
(unknown mechanism)
GEO05 +Q501R Increases polymerase activity of 2009 pandemic HIM1 virus in [123]
human cells (unknown mechanism)
PA T5525 Increases polymerase activity of avian influenza viruses in [125]
mammalian cells and increases pathogenicity in mice (unknown
mechanism)
NP +PB2Z NI19K+D7 01N Increases polymerase activity by increasing binding of vRNP to [112]
importin-a1, and shifting nuclear import dependency from
importin-x3 to importin-o? in human and other mammalian cells
Virus release MNa 1275V Increases a 2,6 substrate specificity in N2 subtype [133]
Viral escape from host HA Antigenic shift Escapes pre-existing humoral immunity [134]
immune responses 51 D92E Confers HPAIW HSM1 resistance to [FN-x, IFM-vy and TNF-o [1349]
(unknown mechanism)
P425 Prevents double-stranded RNA-mediated activation of NF-xB and  [140]
[RF-3 pathways during HPAIV H5N1 infection
L1D3F+1106M Allows binding of HPFAIV HSN1 N51 protein and CPSF30 resulting  [141]
in decreased INF-B mRNA production
POE domain ligand in C-terminus Disruption of protein-protein interactions, including impairment  [142-145]
of IFN-stimulated signaling, disruption of tight junctions, and
reduction of apoptosis
PB1-F2 MERS Unknown mechanism associated with apoptosis pathway [150]

regulation



Alerte N° 1 : virus H5

(H5N1, H5N6, H5N8, H5N9)

850 cas / 449 déces



Saisonnalité et distribution des cas rapportes

Number of Confirmed Human H5N1 Cases
by month of onset as of 2011-08-03
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EUO'UtIOI"I Of g } Average “within” group percentage nucleotide divergence of <1.5%

the Asian H5
Hemagglutinin

Average "between” group percentage nucleotide divergence of >1.5%
8 groupp & g Expansion of first, second

and third order clades into
} additional second, third and
Expansion of second fourth order clades
order clades into
additional third order

When discrete monophyletic groups
begin to appear within a specific

clade and those groups meet the clades — 2.3.4.3
nucleotide divergence criteria (as Expansion of clade 2 into
well as having bootstrap values >60), five second order clades

they are split into second order
clades (but still considered part of
the original first order clade). As a 2.3
second order clade continues to

evolve it may reach a similar level of

genetic diversity at which point it 2

may be split into third order clades 2.5
and so on. The same clade *
designation criteria apply to first,
second, and any higher order clade
designations.
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Emergence et distribution des differents clades de

H5N1 en Indonesie
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Ce virus presente des similitudes avec les variants
observes dans la grippe saisonniere humaine

Koel Mbio 2014



De moins en mois de cas H5 en Asie

Table 1: Cumulative number laboratory-confirmed human cases (C) and deaths (D) of influenza A (H5N1) virus infection
reported to WHO (January 2003 to 4 April 2016), Western Pacific Region.
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H5NX

Virus attachement NO

Virus fusion NO

Virus réplication OK

Virus release OK
Immune response OK

Virulence OK

Table 2

Known mutations and associated mechanisms of adaptation of zoonotic influenza viruses to human hosts via the crossing of virus-cell interaction barriers.

Virus-cell interaction barrier Protein Mutation Adaptive mechanism Ref.
Virus attachment HA M1545 Increases «2,6 binding in HS subtype [194]
N182K Increases a6 binding and decreases 02,3 binding in H5 subtype  [194,195]
E190D Increases a 2,6 binding in H1 subtype [86,196]
19z Increases 2,6 binding and decreases n2,3 binding in H5 subtype  [195]
02236 Increases 2,3 binding in H1 subtype [75.197]
Q2221 Increases a 2,6 binding and decreases n2.3 binding in HS subtype  [194]
5223N Increases 2,6 binding and decreases n2,3 binding in H5 subtype  [194]
52245 Increases 2,6 binding and decreases 2,3 binding in H5 subrype  [194]
G225D Decreases a2,3 binding in H1 and HO subtypes [81,86,196]
Q2261 Increases 2,6 binding and decreases 02,3 binding in H2, H3, H4, [31,86,198,199]
HE5 and HY subtypes
52I7TN Increases a2,6 binding and decreases n2,3 binding in H5 subtype  [200,201]
G2285 Decreases a2, 3 binding in H3 subtype 86,198,201
Increases a2, b binding in H2 and HS subtypes
L1208V + A134V Increases a2,6 binding possibly in HS subtype [20Z]
GI139R + N182K Increases a2, 6 binding in HS subtype [194]
QI92R+5223N Increases 2,6 binding and decreases n2,3 binding in H5 subtype  [194]
Q2221 +G2245 Increases a2,6 binding and decreases 2.3 binding in HS subtype  [194]
522TN+N5T158 — 150NNA Increases a 2,6 binding in HS subtype [203]
N1585+()226L+N243D Increases a2, b binding and decreases 02,3 binding in H5 subtype  [194,204]
MN182K+Q222L +G2245 Increases a2,6 binding and decreases 2.3 binding in HS subtype  [194]
QIO2R+0Q222L +G2245 Increases a 2,6 binding and decreases n2 3 binding in H5 subtype  [194]
(222 +5223IN+ 62245 Increases 2,6 binding and decreases n2,3 binding in H5 subtype  [194]
MNET158-150NMA + K193R + 2261 + G2285 Increases a2,6 binding and decreases ©2.3 binding in H5 subtype  [205]
NIS2K+(222L+5223N + G2245 Increases a2 6 binding and decreases 2,3 binding in H5 subrype  [194]
QI9Z2R+ Q2221 +5223IN+G2245 Increases 2,6 binding and decreases n2,3 binding in H5 subtype  [194]
NI18ZK+Q192R + Q222L+5223N + G2245  Increases a 2,6 binding in HS subtype [194]
Virus—cell fusion HA Single R cleaved site Allows cleavage by extracellular host proteases restricted to [92]
respiratory tract in humans
Multi-basic cleaved site Allows cleavage by ubiquitous intracellular host proteases present [92]
in various tissues in humans
Viral replication PE1+PB2 Unknown Increases polymerase activity of HPAIV HSN1 in human cells [126]
(unknown mechanism)
PE2 E158G Increases polymerase activity of HPAIY HSN1 in human cells [121]
(unknown mechanism)
T271A Increases polymerase activity of LPAIV H3N2 in human cells [124]
(unknown mechanism)
Q51K Increases polymerase of HPAIV HSN1 activity in human cells [120]
(unknown mechanism)
EGZT K Increases polymerase activity by increasing PB2 and NP binding in  [118]
human cells
D253M+ 0291 K Increases polymerase activity of LPAIV HON2 in human cells [122]
(unknown mechanism)
GEO05 +Q501R Increases polymerase activity of 2009 pandemic HIM1 virus in [123]
human cells (unknown mechanism)
PA T5525 Increases polymerase activity of avian influenza viruses in [125]
mammalian cells and increases pathogenicity in mice (unknown
mechanism)
NP +PB2Z NI19K+D7 01N Increases polymerase activity by increasing binding of vRNP to [112]
importin-x1, and shifting nuclear import dependency from
importin-x3 to importin-o? in human and other mammalian cells
Virus release MNa 1275V Increases a 2,6 substrate specificity in N2 subtype [133]
Viral escape from host HA Antigenic shift Escapes pre-existing humoral immunity [134]
immune responses 51 D92E Confers HPAIW HSM1 resistance to [FN-x, IFM-vy and TNF-o [1349]
(unknown mechanism)
P425 Prevents double-stranded RNA-mediated activation of NF-xB and  [140]
[RF-3 pathways during HPAIV H5N1 infection
L1D3F+1106M Allows binding of HPFAIV HSN1 N51 protein and CPSF30 resulting  [141]
in decreased INF-B mRNA production
POE domain ligand in C-terminus Disruption of protein-protein interactions, including impairment  [142-145]
of IFN-stimulated signaling, disruption of tight junctions, and
reduction of apoptosis
PB1-F2 MERS Unknown mechanism associated with apoptosis pathway [150]

regulation



Pas de trasmission interhumaine, mais...
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Alerte N° 2 : virus H7N9

790 cas / 378 déces



Assemblage du virus
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Localisation exclusive en Chine, rares cas exportes

Food and Agriculture
Organization of the
United Nations

October 2014 - 20 April 2016
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Saisonnalité et distribution des cas
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H7N9

Virus attachement OK

Virus fusion OK

Virus replication OK

Virus release OK
Immune response OK

Virulence OK

Table 2

Known mutations and associated mechanisms of adaptation of zoonotic influenza viruses to human hosts via the crossing of virus-cell interaction barriers.

Virus-cell interaction barrier Protein Mutation Adaptive mechanism Ref.
Virus attachment HA M1545 Increases «2,6 binding in HS subtype [194]
N182K Increases a6 binding and decreases 02,3 binding in H5 subtype  [194,195]
E190D Increases a 2,6 binding in H1 subtype [86,196]
19z Increases 2,6 binding and decreases n2,3 binding in H5 subtype  [195]
02236 Increases 2,3 binding in H1 subtype [75.197]
Q2221 Increases a 2,6 binding and decreases n2.3 binding in HS subtype  [194]
5223N Increases 2,6 binding and decreases n2,3 binding in H5 subtype  [194]
52245 Increases 2,6 binding and decreases 2,3 binding in H5 subrype  [194]
G225D Decreases a2,3 binding in H1 and HO subtypes [81,86,196]
Q2261 Increases 2,6 binding and decreases 02,3 binding in H2, H3, H4, [31,86,198,199]
HE5 and HY subtypes
52I7TN Increases a2,6 binding and decreases n2,3 binding in H5 subtype  [200,201]
G2285 Decreases a2, 3 binding in H3 subtype 86,198,201
Increases a2, b binding in H2 and HS subtypes
L1208V + A134V Increases a2,6 binding possibly in HS subtype [20Z]
GI139R + N182K Increases a2, 6 binding in HS subtype [194]
QI92R+5223N Increases 2,6 binding and decreases n2,3 binding in H5 subtype  [194]
Q2221 +G2245 Increases a2,6 binding and decreases 2.3 binding in HS subtype  [194]
522TN+N5T158 — 150NNA Increases a 2,6 binding in HS subtype [203]
N1585+()226L+N243D Increases a2, b binding and decreases 02,3 binding in H5 subtype  [194,204]
MN182K+Q222L +G2245 Increases a2,6 binding and decreases 2.3 binding in HS subtype  [194]
QIO2R+0Q222L +G2245 Increases a 2,6 binding and decreases n2 3 binding in H5 subtype  [194]
(222 +5223IN+ 62245 Increases 2,6 binding and decreases n2,3 binding in H5 subtype  [194]
MNET158-150NMA + K193R + 2261 + G2285 Increases a2,6 binding and decreases ©2.3 binding in H5 subtype  [205]
NIS2K+(222L+5223N + G2245 Increases a2 6 binding and decreases 2,3 binding in H5 subrype  [194]
QI9Z2R+ Q2221 +5223IN+G2245 Increases 2,6 binding and decreases n2,3 binding in H5 subtype  [194]
NI18ZK+Q192R + Q222L+5223N + G2245  Increases a 2,6 binding in HS subtype [194]
Virus—cell fusion HA Single R cleaved site Allows cleavage by extracellular host proteases restricted to [92]
respiratory tract in humans
Multi-basic cleaved site Allows cleavage by ubiquitous intracellular host proteases present [92]
in various tissues in humans
Viral replication PE1+PB2 Unknown Increases polymerase activity of HPAIV HSN1 in human cells [126]
(unknown mechanism)
PE2 E158G Increases polymerase activity of HPAIY HSN1 in human cells [121]
(unknown mechanism)
T271A Increases polymerase activity of LPAIV H3N2 in human cells [124]
(unknown mechanism)
Q51K Increases polymerase of HPAIV HSN1 activity in human cells [120]
(unknown mechanism)
EGZT K Increases polymerase activity by increasing PB2 and NP binding in  [118]
human cells
D253M+ 0291 K Increases polymerase activity of LPAIV HON2 in human cells [122]
(unknown mechanism)
GEO05 +Q501R Increases polymerase activity of 2009 pandemic HIM1 virus in [123]
human cells (unknown mechanism)
PA T5525 Increases polymerase activity of avian influenza viruses in [125]
mammalian cells and increases pathogenicity in mice (unknown
mechanism)
NP +PB2Z NI19K+D7 01N Increases polymerase activity by increasing binding of vRNP to [112]
importin-x1, and shifting nuclear import dependency from
importin-x3 to importin-o? in human and other mammalian cells
Virus release MNa 1275V Increases a 2,6 substrate specificity in N2 subtype [133]
Viral escape from host HA Antigenic shift Escapes pre-existing humoral immunity [134]
immune responses 51 D92E Confers HPAIW HSM1 resistance to [FN-x, IFM-vy and TNF-o [1349]
(unknown mechanism)
P425 Prevents double-stranded RNA-mediated activation of NF-xB and  [140]
[RF-3 pathways during HPAIV H5N1 infection
L1D3F+1106M Allows binding of HPFAIV HSN1 N51 protein and CPSF30 resulting  [141]
in decreased INF-B mRNA production
POE domain ligand in C-terminus Disruption of protein-protein interactions, including impairment  [142-145]
of IFN-stimulated signaling, disruption of tight junctions, and
reduction of apoptosis
PB1-F2 MERS Unknown mechanism associated with apoptosis pathway [150]

regulation
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