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Outline of the Work:

Influenza viruses infect not only humans but also other animals including poultry, pigs, and horses. The
H5N1 highly pathogenic avian influenza virus that emerged in 1997 continues to circulate, causing
devastating outbreaks in poultry and wild birds and humans with a fatality rate of approximately 60%. The
H7N9 avian virus, which emerged in 2013, continues to infect humans with a fatality rate of approximately
30%. If these avian viruses acquire the ability to efficiently transmit among humans, this can result in a
pandemic (worldwide epidemic). Thus, avian influenza viruses can be devastating to the poultry industry and
simultaneously pose a serious threat to public health. To effectively control these viruses, a thorough
understanding of their pathogenicity is required.

I. Pathogenesis of highly pathogenic avian influenza viruses

Prof. Yoshihiro Kawaoka demonstrated that a single amino acid change in the viral protein
hemagglutinin (HA) was responsible for the high virulence of an avian influenza virus that caused an
outbreak in the US state of Pennsylvania in 1983'?. In addition, he showed that the sequences of the cleavage
site and nearby N-glycosylation sites of the HA determine avian influenza virus pathogenicity’®. This
discovery, now considered to be a fundamental principle in influenza virology, is applied to attenuate HSN1
virus strains for the production of pre-pandemic vaccine and to rapidly identify highly pathogenic avian
influenza viruses by the US Department of Agriculture and the World Organization for Animal Health.

II. Establishment of a method to generate “designed” influenza viruses and its use for
understanding viral pathogenesis

Prof. Kawaoka developed a novel technology, termed reverse genetics, which can be used to generate an
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influenza virus entirely from plasmids™”. With this technology, Prof. Kawaoka demonstrated that mutations

in the polymerase complex of avian influenza viruses increase pathogenicity in mammals and that only a few
additional amino acid changes are required for these viruses to be transmissible among mammals’™" ). Prof.

Kawaoka found that receptors for avian influenza viruses are present in human lungs, but not in the upper
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airways; therefore, these viruses cause severe pneumonia when they infect humans'*"”’. Prof. Kawaoka used

reverse genetics to generate the Spanish influenza virus (HIN1) and found that aberrant immune responses
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cause severe outcomes associated with this virus'*"®. Moreover, he found that avian influenza viruses similar
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to the Spanish influenza virus continue to circulate in nature and require only few minor changes to be
transmissible in mammals'”. In addition, Prof. Kawaoka reported that the 2009 pandemic virus (HIN1) and
the H7N9 avian virus that emerged in China in 2013 can cause pneumonia in animal models™ . These
findings are essential for determining the pandemic potential of viruses in nature and preparing for future
pandemics.

III. Influenza control
Live attenuated influenza vaccines generated by reverse genetics are used worldwide. Vaccines based on
attenuated H5N1 avian influenza viruses, generated using reverse genetics, are effective in human clinical
trials and are stockpiled worldwide, attesting to Prof. Kawaoka’s contribution to pandemic preparedness.
Prof. Kawaoka discovered oseltamivir-resistance in seasonal and H5N1 viruses, and warned of the
implications of this resistance with regard to public health®”. Furthermore, he reported regarding a new

influenza drug that is effective against the 2009 pandemic and H7N9 avian influenza viruses***>". In
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addition, he has elucidated a mechanism of influenza virus genome packaging " and identified host gene
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products important for influenza virus replication ' These findings form the basis for developing novel

antiviral compounds.

IV. Conclusion

In summary, Prof. Kawaoka established a method to artificially generate influenza viruses and used this
method to further our understanding of influenza pathogenesis, resulting in a global contribution to the control
of influenza. The technology developed by Prof. Kawaoka is used to generate proper virus strains for
pandemic and seasonal influenza vaccines, and contribute to worldwide public health. Prof. Kawaoka is at the
forefront of influenza research and development, with seminal discoveries in basic and applied influenza
research. Therefore, Prof. Kawaoka’s research has made major contributions to the control and prevention of
avian influenza outbreak and pandemics.
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