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Influenza A Viruses

All influenza A virus subtypes are detected in aquatic
birds

Pandemic potential routes




Zoonotic Influenza A viruses currently detected in
Animals and Humans in the World (since Sept 2016)

® Avian viruses
— HSNx : Since 2003,
H5N1 (poultry, wild birds, human (6))(860)
H5N2 (poultry, wild birds)
H5N5 (wild birds)
o H5N6 (poultry, wild birds, human (16))
T H5N8 (poultry, wild birds)

Since 2013,
H7N9 : (poultry, human(758), environment) (1564)

H7N2 : (poultry)
_ HI9N2 : (environment, human(4))

® Swine viruses

H1N1v (pig)

H1N2v (human(2), pig)
H3N2v (human(31), pig)

http://www.who.int/influenza/vaccines/virus/201709_zoonotic_vaccinevirusupdate.pdf?ua=1



Zoonotic Influenza A viruses currently detected in
Animals and Humans in the World (since Sept 2016)

® Avian viruses
— HSNx : Since 2003,
H5N1 (poultry, wild birds, human (6))(860)
H5N2 (poultry , wild birds)
H5N5 (wild birds)
ot H5N6 (poultry, wild birds, human (16))
T H5N8 (poultry, wild birds)

http://www.who.int/influenza/vaccines/virus/201709_zoonotic_vaccinevirusupdate.pdf?ua=1



Evolution of A(H5) HA genes

China, China HK SAR, Vietnam, Laos, Korea

Bangladesh, India

Cambodia, China, Vietnam, Cote d’lvoire, Ghana, Nigeria

Egypt
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Global distribution of H5NXx virus clades
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A(HS5) activity - birds since 27 September 2016

A H5 HPAI

® H5 HPA

® H5N1 HPA
A H5N1 HPA
A H5N2 HPAI
© H5N2 HPAI
@ H5N5 HPAI
A H5N5 HPA
A H5N6 HPA
@ H5N6 HPAI
@ H5NS HPAI
A H5NS HPAI
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Cumulative number of confirmed human cases for avian influenza
A(H5N1) reported to WHO, 2003-2017

Country 2003-2009* 2010-2014** 2015 2016 2017 Total
cases deaths | cases deaths cases deaths | cases deaths cases deaths | cases deaths
Azerbaijan 8 5 8 3]
Bangladesh 1 6 1 1 8 1
Cambodia 9 7 47 30 56 37
Canada 1 1 1 1
China 38 25 9 5 6 1 53 31
Djibouti 1 1
Egypt 90 27 120 50 136 39 10 3 3 1 359 120
Indonesia 162 134 35 31 2 2 199 167
Iraq 3 2 3 2
Lao People's
Democratic Republic 2 2 2 2
Myanmar 1 1
Nigeria 1 1 1 1
Pakistan 3 1 3 1
Thailand 25 17 25 17
Turkey 12 4 12 4
Viet Nam 112 57 15 7 127 64
Total 468 282 233 125 145 42 10 3 3 1 859 453
Fatality rate = 53%

Z N\

g‘i‘{r)\?\ﬁ World Health http://www.who.int/influenza/human_animal_interface/2017_07_25_tableH5N1.pdf?ua=1
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Recent human infection cases with A(H5NXx) viruses

Sept. 2016~Feb. 2017

4 new reported cases, ,
China Egypt

i i
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Sept Oct Nov Dec Jan Feb

Mar. ~Sept. 2017
ar. =sep 860 A(H5N1) cases/453 fatal
2 new A(H5N1) cases 16 A(H5NG6) cases/11 fatal

Egypt Indonesia
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New CVV of A/H5NG (cl 2.3.4.4) from zoonotic virus library in NIID is
available for distribution

A.‘ChlEkel’\thejla /209/20161 H5N2
Al/duck/Hube’SZY250/2016(H:
Aiduck/Beiji nngTDI!ZOId H5N8)
rfalcon/Washington/41088-6/2014(H5N8)
A.’cmnefKagoshamaﬂ(U /2014(H5N8
Alchicken/Taiwan/x37/. [)16(5 SN8)
Alturkey/lowa/14318-1/2015(H5N. [”
B NmallardimaskalAHDO BSBSIZOIS(HSNZ]
A/Chicken/Kumamoto/1- 7!20141 %
A/baikal teal/Korea/Donglim3/2014(H5N3)

Alduck/Koreal 16A02/2016(H5N)
Alchicken/Netherlands/14015531/20 14(H 8)

|_;i:NuucktEnglandl36254f|4(H

. Alenv/Kago/KU-ngr-H20 Id(HSNB)

16/17 season isolates R I :

. . SIAm [ wan/iwate/1/z HEN

in Japan in blue B per Swan/Fukusnima/y/2016(HNE)

Algreat egret/Hong Kong/00032/2016(H5N6)

—Al m‘-covy duck Aornorl 2-2T/2016{H5NG)

A

Candidate vaccine viruses
in red
* CVV in preparation

Bold: HI reference and
test viruses :l—

NEumsmn eagle cw!fKorea.iSEOf'zO IG(HSNS)
ncnlcken Nllg'l!‘) l 1T 201G1H5NG

mucm'rarwam:{uznmwn;Z(Hsne) )
ey g Hyogo

A chlcken‘Hukk:’u(!o‘ 1-1 i’.‘2C 201 6(H5NE)

—Ahlﬁck swan mut:z 1 2016(H5NG)

A./'ducley 0/1/2016 Hsus)
NduckaoreQﬁlSiQmS(H%NS « WHO -new CVV
Alchicken/Korea/H23/2016(H5N6
A/mandarin duck/Korea/WB246/2016( H:»Nl:i?\I
A/whooper swal n.’Korea/Ganﬁjsnma!ZOiS(HS 6)
Ncmcken{AljoreaiHN 1/2016¢

6(H
A/Mandarin duck/Korea/K16-187-3/2016(H5N6)
A:mandﬂnnduck!KOreaJTm? 1/2016(HSN6G; | |
billed ducic/KoceaJWB 41/2016(H5N6)
AffellnPJGuan don 1/2015(H5N6)
A/Guangdong/ZQ874/2i 15(H5NG)

uckaubElfW’H 18/2015(H5N6)
AlrhickanZhaiiana/d 04N &AL

Table 1. Status of influenza A(HS) candidate vaccine virus development
Candidate vaccine viruses Clade Institution* Available
A/Sichuan/26221/2014 (IDCDC-RG42A) (HSN6) 2344 CDC/CCDC Yes
Algyrfalcon/'Washington/41088-6/2014 (IDCDC-RG43A) (HINS) 2344 CDC Yes

@ A/duck/Hyogo/1/2016 (NHD 001) (HNN6) .3.4.4 NIID Yes

NCVD AEaSaIIN 1 SIHSENS | | [}

* Institutions developmg and/or dlstrlbutmg the candidate vaccine viruses
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Available H5Nx CVVs provided by WHO CCs/ERLs

Table 2. Status of influenza A(HS) candidate vaccine virus development

Candidate vaccine viruses Clade Institution™ Available
A/Viet Nam/1203/2004 (CDC-RG: SIRG-161052) 1 CDC and SJICRH Yes
A/Viet Nam/1194/2004 (NIBRG-14) 1 NIBSC Yes
A/Cambodia/R0405050/2007 (NIBRG-88) 1.1 NIBSC Yes
A/Cambodia/X0810301/2013 (IDCDC-RG34B) 112 CDC Yes
A/duck/Hunan/795/2002 (SJIRG-166614) 2.1.1 SJCRH/HKU Yes
A/Indonesi1a/5/2005 (CDC-RG2) 2.1.3:2 CcDC Yes
A/Indonesia/NIHRD11771/2011 (NIIDRG-9) 2.1.32a NIID Yes
A/bar-headed goose/Qinghai/1A/2005 (SJRG-163222) 2.2 SICRH/HKU Yes
A/chicken/India/NIV33487/2006 (IBCDC-RG7) 2.2 CDC/NIV Yes
A/whooper swan/Mongolia/244/2005 (SJRG-163243) 2.2 SICRH Yes
A/Egypt/2321-NAMRU3/2007 (IDCDC-RGI11) 2.2:1 CDC Yes
A/turkey/Turkey/1/2005 (NIBRG-23) 2.2.1 NIBSC Yes
A/Egypt/N03072/2010 (IDCDC-RG29) 22,1 CDC Yes
A/Egypt/3300-NAMRU3/2008 (IDCDC-RG13) 2:2.1.1 CDC Yes
A/Egypt/N04915/2014 (NIBRG-306) 2.2.1.2 NIBSC Yes
A/common magpie/Hong Kong/5052/2007 (STRG-166615) 2:3.2. SJICRH/HKU Yes
A/Hubei/1/2010 (IDCDC-RG30) 2.32.1a CDC Yes
A/duck/Bangladesh/19097/2013 (SJ007) 2.3.2.1a SICRH Yes
A/barm swallow/Hong Kong/DD10-1161/2010 (SJ003) 2.3.2.1b SICRH/HKU Yes
A/duck/Viet Nam/NCVD-1584/2012 (NIBRG-301) 23.2.1¢c NIBSC Yes
A/chicken/Hong Kong/AP156/2008 (SJ002) 234 SICRH/HKU Yes
A/Anhui/1/2005 (IBCDC-RGO6) 2.3.4 CDC Yes
A/duck/l.a0s/3295/2006 (CBER-RG1) 2.34 FDA Yes
A/Japanese white eye/Hong Kong/1038/2006 (SITRG-164281) 2.3.4 SJICRH/HKU Yes
A/chicken/Bangladesh/111s1984-30/2011 (IDCDC-RG36) 2342 CDC Yes
A/Guizhou/1/2013 (IDCDC-RG35) 2.3.4.2 CDC/CCDC Yes
A/Sichuan/26221/2014 (IDCDC-RG42A) (H5N6) 2344 CDC/CCDC Yes
Algyrtalcon/Washington/41088-6/2014 (IDCDC-RG43A) (H5NS) 2344 CDC Yes
A/goose/Guiyang/337/2006 (SIRG-165396) 4 SICRH/HKU Yes
A/chicken/Viet Nam/NCVD-016/2008 (IDCDC-RG12) 7.1 CDC Yes
A/chicken/Viet Nam/NCDV-03/2008 (IDCDC-RG25A) 71 CDC Yes
A/environment/Hube1/950/2013 T2 CDC/CCDC Yes
Candidate vaccine viruses in preparation Clade Institution Availability
A/chicken/Guiyang/1153/2016-like 2.3.2:1¢c SJICRH/HKU Pending
A/chicken/Ghana/20/2015-like 2.3.2.1c CDC Pending
A/chicken/Viet Nam/NCVD-15A59/2015-like (H5N6) 2344 SICRH Pending
A/Hube1/29578/2016-like (H5N6) 2344 cCDC Pending
A/duck/Hyogo/1/2016-like (H5NG6) 2.3.44 NIID Pending

http://www.who.int/influenza/vaccines/virus/201703_zoonotic_vaccinevirusupdate.pdf?ua=1



Zoonotic Influenza A viruses currently detected in
Animals and Humans in the World (since Sept 2016)

® Avian viruses

—

Since 2013,
H7N9 : (poultry, human(758), environment) (1564)

http://www.who.int/influenza/vaccines/virus/201709_zoonotic_vaccinevirusupdate.pdf?ua=1



Epi-curve of human H7N9 cases by date of iliness onset
19 Feb, 2013 to 31 Aug, 2017 (N=1531)
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Iliness Onset Time
First wave Second wave Third wave Forth wave Fifth wave Cumulative counts
(2013.2~) (2013.10~) (2014.10~) (2015.10~) (2016.10~)
Province
Number Deatlis Number et Number Pt Number Desthic Number Deailis Number Deatlis Fatality
of cases of cases of cases of cases of cases of cases rate(%)
Total 134 4 306 128 219 100 116 47 756 285 1531 604 39.5

Data provided by China CDC



Phylogenetic relationships of H7N9 virus HA genes
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Family clusters of human H7N9 cases

Route of transmission NO.
Possibility of Human-to-human transmission 19+1
Co-exposure 3+4
Possibility of Human-to-human transmission or Co-exposure 9+4

40

Total

*New family clusters since Sep,2016 in red.

Data provided by China CDC

® Pandemic potential with H7N9 viruses is not low

® Sustained H-to-H transmission is limited so far



HPAI-H7N9 viruses emerged in 2017 and cocirculated
with LPAI-H7N9 viruses in China
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® 758 human cases of A(H7N9) virus infection (288 fatal) in 5th W
® Total cases since 2013 = 1564 with 610 deaths (fatality rate = 39%)
® Since 2017 HPAI-H7N9 viruses were detected in poultry and
in 28 human cases (14 fatal)
® Most of LPAI- and HPAI-H7N9 viruses are susceptible to antiviral of NAls



Cell Host & Microbe
HPAI-H7N9 isolated from humans

A Highly Pathogenic Avian H7N9 Influenza Virus
Isolated from A Human Is Lethal in Some Ferrets
Infected via Respiratory Droplets

Masaki Imai,'-®* Tokiko Watanabe,'-® Maki Kiso,':® Noriko Nakajima,?® Seiya Yamayoshi,'-® Kiyoko lwatsuki-Horimoto,:?
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Yuelong Shu,® James C. Paulson,® Hideki Hasegawa,? and Yoshihiro Kawaoka'-37:%."

HPAI-H7N9 isolated from chickens

Op en Cell Research (2017) :1-13.
ORIGINALARTICLE www.nature.com/cr

H7N9 virulent mutants detected in chickens in China pose
an increased threat to humans

Jianzhong Shi" ", Guohua Deng" *, Huihui Kong" *, Chunyang Gu" . Shujie Ma" ", Xin Yin" ", Xianying Zeng',
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Jinkai Zang', Wenli Gu', Shuyu Han', Yangming Song', Yuzhen Hu', Zeng Wang', Linlin Gu', Wenyu Yang',
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Available H7N9 CVVs provided by WHO CCs/ERLs

Table 2. Status of influenza A(H7N9) candidate vaccine virus development

Candidate vaccine virus Type Institution* Available
A/Anhui/1/2013 (IDCDC-RG33A) Reverse genetics CDC Yes
A/Anhui/1/2013 (NIBRG-268) Reverse genetics NIBSC Yes
A/Anhur/1/2013 (NIIDRG-10.1) Reverse genetics NIID Yes
A/Anhuy/1/2013 ( SJ005) Reverse genetics SICRH Yes
A/Shanghai/2/2013 (NIBRG-267) Reverse genetics NIBSC Yes
A/Shanghai/2/2013 (CBER-RG4A) Reverse genetics FDA Yes
A/Shanghai/2/2013 (IDCDC-RG32A) Reverse genetics CDC Yes
A/Shanghai/2/2013 (IDCDC-RG32A.3) Reverse genetics CDC Yes
IDCDC-RG56B (A/Hong Kong/125/2017-like) Reverse genetics CDC Yes
Candidate vaccine viruses in preparation Type Institution Availability
@® A/Guangdong/17SF003/2016-like Reverse genetics LUDG,CUL, Pending
= . FDA, NIBSC &
@® A/Hunan/2650/2016-like Reverse genetics CCDC Pending

* Institutions distributing the candidate vaccine viruses:
Yangtze river delta-lineage viruses (predominant-lineage)
® High-path virus

® |ow-path virus
http://www.who.int/influenza/vaccines/virus/201709_zoonotic_vaccinevirusupdate.pdf?ua=1



H7N9 vaccine is low immunogenic in humans
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Split vaccine, Two doses
(15 pg@)

Griffin MR et al. PLosOne (2011)
Goodwin et al. MMWR (2013)
http://www.Novartis.com

NEIM (2014)



Comparison of T cell epitope score among
influenza vaccines

H7 HA
Immunogenic Potential
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EpiMatrix protein score by immunoinformatic analysis:

Above zero: higher potential for immunogenicity
Blow zero: lower potential for immunogenicity

DeGroot AS et al. (2013) Human Vaccines&
Immunotherapeutics 9: 5



Immunogenicity of H7N9 vaccine can be improved by

adding suitable adjuvants
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Effect of Varying Doses of a Monovalent H7N9 Influenza
Vaccine With and Without AS03 and MF59 Adjuvants on
Immune Response in Randomized Clinical Trial
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