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Influenza A Viruses
All influenza A virus subtypes are detected in aquatic 
birds

Aquatic birds

Dogs

Humans Pigs HorsesPoultry

Cats

Aquatic
mammals

• H1 - H16
• N1 - N9

Pandemic potential routes

Birds

H5Nx

Humans

Species barrier

Different receptor specificity 

infection
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Sialic  acid

α2,6

N-Acetylglucosamine

Galactose

α2,3

Avian flu viruses preferentially bind SAα2,3Gal receptors 

in avian intestinal tracts and in human lungs 

Seasonal flu viruses preferentially bind SAα2,6Gal receptors 

in human upper respiratory tracts

SAα2,3Gal receptors predominantly detected in the 

surface of duck intestine

SAα2,6Gal receptors predominantly detected in upper 

respiratory tract cells

Shinya et al., Nature 2006

Nasal

Red, α 2,3;    Green, α 2,6

Trachea

Green, α 2-3 Green, α 2-6

Ito et al., J Virol 1998

Intestine Intestine
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Shinya: Virus, 56 (2006)

Receptor distribution in human respiratory tracts

Nasal mucosa

bronchiole

alveolar-type II cell

Birds

Humans

transmission

infection
α 2-3

Avian flu viruses cannot sustainably transmit among 
humans
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When avian flu viruses acquired mutation(s) to 

preferentially recognize human type receptors, 

pandemic potential by the virus increases 

Birds

Humans

transmission

infection
α 2-6

Zoonotic Influenza A viruses currently detected in 

Animals and Humans in the World (since Sept 2016)

 Avian viruses

H5Nx :

H5N1 (poultry, wild birds, human（6）)(860)

H5N2 (poultry, wild birds)

H5N5 (wild birds)

H5N6 (poultry, wild birds, human （16）)

H5N8 (poultry, wild birds)

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

H7N2 : (poultry)

H9N2 : (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

Since 2003,

Since 2013,
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Zoonotic Influenza A viruses currently detected in 

Animals and Humans in the World (since Sept 2016)

 Avian viruses

H5Nx :

H5N1 (poultry, wild birds, human（6）)(860)

H5N2 (poultry , wild birds)

H5N5 (wild birds)

H5N6 (poultry, wild birds, human （16）)

H5N8 (poultry, wild birds)

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

H7N2 : (poultry)

H9N2 : (environment, human(4))

 Swine viruses

H1N1v (pig)

H1N2v (human(2), pig)

H3N2v (human(31), pig)

Since 2003,

Since 2013,

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

Evolution of A(H5) HA genes

Bangladesh, India
Cambodia, China, Vietnam, Cote d’Ivoire, Ghana, Nigeria  
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A(H5) activity - birds since 27 September 2016

2.2.1.2

2.3.2.1a

2.3.2.1c

2.3.4.4

2.3.2.1c

http://www.who.int/influenza/human_animal_interface/2017_07_25_tableH5N1.pdf?ua=1
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Available H5Nx CVVs provided by WHO CCs/ERLs

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

WHO GISRS network

ワクチン候補野生株の分与

感染研GMP facilityでワクチン製造株の作製

動物への感染等で安全性試験
品質試験確認試験

無償配布

RG法で弱毒化したワクチン
高増殖株の開発

国内外のワクチン製造所
研究機関
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Zoonotic Influenza A viruses currently detected in 

Animals and Humans in the World (since Sept 2016)

 Avian viruses

H5Nx :

H5N1 (poultry, wild birds, human（9）)(859)

H5N2 (poultry , wild birds)

H5N5 (wild birds)

H5N6 (poultry, wild birds, human （4）)

H5N8 (poultry, wild birds)

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

H7N2 : (poultry)

H9N2 : (environment, human(9))

 Swine viruses

H1N1v (pig)

H1N2v (human(5), pig)

H3N2v (human(18), pig)

Since 2003,

Since 2013,

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

Data provided by China CDC
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(H7N9)

(H7N9)

(H7N9)

(H5N1)

(H1N1)

affinity to a2-6 RB

H7N9 virus can partially transmit mammalian (Ferret) 
by droplets

H7N9

H5N1

H1N1pdm09
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Data provided by China CDC

 Pandemic potential with H7N9 viruses is not low

 Sustained H-to-H transmission is limited so far

Age distribution of infected cases with

A(H7N9) and A(H5N1) viruses

>45 years old: 75% of cases
<20 years old: 7% of cases

<20 years old: 50% of cases
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Phylogenetic relationships of H7N9 virus HA genes

Data provided by China CDC

Provinces detected H7N9 viruses

Summary of A(H7N9) human cases reported to WHO 
since 27 September 2016

• 758 human cases of A(H7N9) virus infection (288 fatal) in 5th W

• Total cases since 2013 = 1564 with 610 deaths

• Chinese Taipei, Hong Kong Special Administrative Region 
and Macau Special Administrative Region reported travel-
associated cases

• CFR in reported cases = 39%

• 68% exposed to live poultry or contaminated environments

• 40 clusters confirmed, but not sustained human-to-human 
transmission

• The majority of A(H7N9) viruses detected in poultry and in 
humans are low pathogenic

• Since 2016 high pathogenic A(H7N9) viruses were detected in 
poultry and in human (28 cases)

• Most of H7N9 viruses recovered from patients were susceptible 
to antivirals of NA inhibitors
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http://www.who.int/influenza/vaccines/virus/201703_zoonotic_vaccinevirusupdate.pdf?ua=1

Yangtze river delta-lineage viruses (predominant-lineage)

High-path virus

Low-path virus

Available H7N9 CVVs provided by WHO CCs/ERLs

To obtain CVVs and to use CVV for research 

and vaccine/diagnostic production, member 

states, industries, and stakeholders are 

required compliance of pandemic influenza 

preparedness (PIP)-FW
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http://www.who.int/influenza/pip/en/

(https://youtu.be/RMsR9ZbYN7I)

WHO PIP-Framework is for;

 To get PIP-CVVs and reference viruses, members and 

stakeholders need to contract with WHO by S・MTA2

Virus sharing

Equally access to vaccines and other benefits

 Under the S・MTA2, members and stakeholders are required 

to response partnership contribution

 Partnership contribution is used for equal access of 

pandemic vaccine and for strengthen of pandemic 

preparedness

(https://youtu.be/7M031gg1AnQ)

https://youtu.be/RMsR9ZbYN7I
https://youtu.be/7M031gg1AnQ
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Split vaccine, Two doses
(15 mg@)

85% 81%

H7N9+MF59

0%
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H7N9 VLP
ISCOMATRIX

Two doses
(5 mg@)

89%

6%

H7N9 vaccine is low immunogenic in humans

Griffin MR et al. PLosOne (2011)
Goodwin et al. MMWR (2013)
http://www.Novartis.com
NEJM (2014)

Comparison of T cell epitope score among 
influenza vaccines

EpiMatrix protein score by immunoinformatic analysis:

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

+18.22

+14.30

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

http://www.novartis.com/
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(15 mg@)
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Immunogenicity of H7N9 vaccine can be improved by 
adding suitable adjuvants

Griffin MR et al. PLosOne (2011)
Goodwin et al. MMWR (2013)
http://www.Novartis.com
NEJM (2014)

JAMA. 2015;314(3):237-246. 

Effect of Varying Doses of a Monovalent H7N9 Influenza 

Vaccine With and Without AS03 and MF59 Adjuvants on 

Immune Response in Randomized Clinical Trial

＋AS03

Without adjuvant

＋MF59

http://www.novartis.com/
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Mt. Fuji from 
Murayama-campus, 
NIID, Tokyo

Thank you


