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What we know
Overview of HINZ2 avian influenza viruses
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HIONZ2 avian
Influenza
viruses of the
G1l-like lineage
show the
largest
geographic
spread

From Middle
East to Far East

Butt et al. Virology Journal 2010, 7:319
http://www.virologyj.com/content/7/1/319


http://www.virologyj.com/content/7/1/319

HI9N?Z2 geographic range




Land-based birds posses (2,3-gal and

What we know (2,6-gal receptors in the respiratory tract

Species Age Trachea Lung Large intestine
(Week) 2,3 2,6 2,3 2,6 2,3 2,6

Duck 1 + - + + + -
= 2 + - ++ + ++ +
© 4 + - ++ + ++ +
o Goose 1 + - + + + -
< 2 + - + + ++ +
4 + - + - + +
Pheasant 1 ++ + + + + +
2 ++ + + + + +
4 ++ + + + + +
Turkey 1 ++ + + + + -
2 ++ + + + + -
2 4 ++ ++ ++ ++ + -
S | Guinea fowl 1 + + + + + -
2 + + + + + -
4 + + + + + -

Wan and Perez, Virology, 2006
Kimble et al, Virology J. 2010




Only a handful cases of HONZ2 infections have been reported In
humans. Is HON2 causing asymptomatic infections in people?
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Butt et al. Virology Journal 2010, 7:319
http://www.virologyj.com/content/7/1/319




Swine HIN2 infections have more flexibility at position
226 iIn RBS?

| . llEII:I 210 220 . E:BI] 241
AfsiwinefereaS4 22004 WG L F Ry | F L FEPY I GPRPLYNRL i
Afswineserea/S81 /2004 G L F hfiicy | F L FEPY | GPRPLYHNE i
Afsiwineferea 1902004 WG L F Ry | F L FEPY I GPRPLYNR i
Afswineserea/S83/2004 G L F hfiicy | F L FEPY | GPRPLYHNE i
Afsiwineforea 10982004 WG L F Ry | F L FEPY I GPRPLYNR i
AfswinesTaizheu /52000 E L FRAG | F L FEPLIGPRPLYNR i
Afswinesyangzhoeu /172008 E L F Ay | F L FEPLIGPRPLYHNE i
AifswineShandenginas/f 003 GRS | LFRWG | F L FEFPMI GPRPLYNRL i
AfswineShandengmo/2 005 GRS [ LF WG | F L FEPMIGPRP LYHNE i
Aifswine/Guangeli B2 200 GRS | LFRWG | F L FEPLIGPRPLYNR i
Afswine/Guahgel/58 2005 GRS [ LF WG | F L FEPLIGPRPLYHNE i
Afswine/GuangelA1 52005 GRS 1 LFRWG | F W L FEPLIGPRPLYNR i
Afswine/Guangel/511/2005 GRS T LF WG | F L FEPLIGPRPLYHNE i
AlwineHeng Keng /888 GRS | LFRWG | F L FEPY I GPRPLYNRL i
Afwine/Heng Koehgd 088 GRS | LF WG| F L FEPY | GPRPLYHNE i
AlwineHeng Keng/ 0948 GRS | LFRWG | F L FEPY I GPRPLYNR i
Afwine/Heng_¥ong /98 GRS | LFRWG | F L FEPWY I GPRPLYNRL i
AfswinedhandengFHEZ003 BGHES | L F g | F L FEPLIGPRPLYHNE i
Alwdhanllongisl /2007 GRS | LFRWG | F L L FEPLIGPRPLYNLLGG
Afswinedhandengivd /2003 GRS [ LF WG | F A L FEPLIGPRPLYHNELQG
AifswineShandeng /32003 GRS | LFRWG | F L L FEPLIGPRPLYNLDLQG
AfswineShandeng FAINZ00T GRS | LF WG | F A L FEPLIGPRPLYHNELQG
AifswineShandeng AN 2007 BOERS | L F WG | F A L FEPLIGPRPLYNLLQG
AfswineShandeng /82007 GRS | LF WG| F A L FEPLIGPRPLYHNELQG
AifswineShandeng L2003 GRS | LFRWG | F A L FEPLIGPRPLYNLLQG
AfswineShandeng A0 007 BGES | L F G | F A L FEPLIGPRPLYHMNELQG
AiswineHebel 01272008 i L F Ry | F L FEPLIGPRPLYNR i
Afswines/Guangel 82007 i L F R | F L FMPLIGPRPLYNR i
Afswine/Guahgel 102007 i HF Mt G | F L FEPLIGPRPLYHNE i
Afswines/cuangel/2 2007 i L FRAG | F L FEPY IGPRPLYNE i
AfswinesGuahgl/ S 2007 i L F Ay | F L FEPLIGPRPLYHNE i
AlwineHehg_Keng /3287798 BG L F R | F L FEPLIGPRPLYNR i
Afswine/Henan/ 82004 i L F AWy | F L FEPLIGPRPLYHNE i
AiswineHenan/ 52004 i L F Ry | F L FEPLIGPRPLYNR i
Afswine/Henan/ 32004 i L F AWy | F L FEPLIGPRPLYHNE i
AiswinesHenan /2 004 i L F Ry | F L FEPLIGPRPLYNR i
Afswinei/Henan/2 /2004 i L F hAicy | F L FEPLIGPRPLYHNE i
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Amino acid 226 in RBS of HA modulates the glycan binding
profile of HON2 viruses

Contemporary HON2 avian influenza viruses with human-like
receptor specificity (L226) infect mostly nonciliated cells in
HAE cultures.

L226 In the HA HION2 viruses favors infection of nonciliated
cells in HAE cultures with less cytopathic effect than a
typical H3N2 human influenza virus




What we do

Would an avian/human HI9N2 reassortant virus show
iImproved replication and transmission in ferrets?

RGMemphis98 RGWF10 (L226) 2WF10:6M98

The 2WF10:6M98 (H9N2) shows increased virulence In
ferrets compared to the wt WF10 but still cannot transmit
by respiratory droplets

Wan et al, Plos ONE, 2008




Is it possible to generate a HON2 virus that transmits by respiratory droplets in
ferrets? - Implications for pandemic preparedness

2WF10:6M98 Passage 1

Nasal washes used to infect
new set of ferrets

Passage 10

Sorrell et al, PNAS 2009




Five amino acid changes occur during adaptation of the 2WF10:6M98 virus in ferrets
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nd
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W W
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°F Mo amino acid changes detected between the parent and either the RCP10 or the RCP10.,
viruses. ° nd, sequencing not done. * Bold and italicized letter denotes more prominent residue at
particular amino acid position based on electropherograms of sequencing profiles.

Sorrell et al, PNAS 2009




Position T189A: RBS and antigenic profile

2WF10:6M98 <«—— Threonine

Alanine

Sorrell et al, PNAS 2009




What are the chances of
respiratory transmission of an H9
virus in the context of HIN1pdm
genes?




Ferrets infected with H9:pdm reassortants show
signs of disease similar to infections with
seasonal influenza

P10 2P10
Ferret % wt loss St Dev Ferret % wt loss St Dev
Infected 5.976 +0.592 Infected 8.279 +0.902
DC 5.877 +2.654 DC 2.947 +0.336
RC 6.041 +1.652 RC 6.497 +2.523
WF10 2WF10

Infected 3.708 +0.479 Infected 4,298 +2.388
DC 6.340 +6.788 DC 5.406 +0.856
RC - -k RC 4.647 +2.796

* Indicates no weight loss seen.




Ferrets infected with H9:pdm reassortants show
signs of disease similar to infections with
seasonal influenza

P10 2P10

WF10 2WF10




HION2:HI1N1pdm reassortants can be transmitted by respiratory droplets in ferrets

1P10:7pdm 2P10:6pdm

1IWF10:7pdm 2WF10:6pdm

Sorrell et al, PNAS 2009




SUMMARY

Contemporary HON2 avian influenza viruses with human-like receptor specificity infect

mostly nonciliated cells in cultures of human airway epithelium (HAE).

L226 in the HA of HIN2 viruses favors infection of nonciliated cells in HAE cultures with less

cytopathic effect than a typical H3N2 human influenza virus.

L226 containing HI9N2 viruses show efficient direct - but not respiratory droplet -

transmission in ferrets. No signs of disease.

An avian/human H9N2 reassortant shows improved replication in ferrets with no

detectable respiratory droplet transmission.

Respiratory droplet transmission in ferrets of an avian/human H9N2 virus requires few
amino acid changes with major implications in replication, virulence and antibody

recognition profiling.

H9 HA in the context of N2 or N1 NA is compatible with respiratory transmission when the

internal genes are derived from the HIN1pdm virus




Discussion and Future Directions

The transmission potential HON2 viruses (in humans) and its

mechanism remain largely under studied

Giving the characteristics of receptor binding and the mild
presentation of the HON2 infections in humans (and animals), it is
tempting to speculate that HIN2 human infections could be more

frequent than what the epidemiological data suggests

The replication and transmission characteristics of HIN2 strains

needs to be further explored

The epidemiological impact of HON2 infections in humans needs

further analysis




Immediate future steps

- Reassortment studies ongoing between various HON2 strains and
seasonal and H1N1pdm strains.
- Develop reagents (mAbs) to improve HIN2 detection in avian and

mammalian species.

mAbs against HA of H9

Assay/clone AIV-H9-HA-3G8 AIV-H9-HA-1E4 AIV-H9-HA-1E2
(IgG2a) (IgG2a) (1gG1)
|FA + + +
Western blot + + +

HI + + +
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