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Neuraminidase inhibitor (NAI) Prescriptions in Japan�

Data from MOHLW, Japan.���
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Drug resistant mutations in NA�



Isolates: without RNA extraction 
Clinical specimens: required RNA extraction�
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Allele-specific RT-PCR to detect H275Y�
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Y275 PC (A/Denmark/528/2009) 
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Positive controls: 
a: 3.16 x 10 1 TCID50/reaction 
b: 3.16 x 10 0 TCID50/reaction 
c: 3.16 x 10-1 TCID50/reaction 
d: 3.16 x 10-2 TCID50/reaction�
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Detection of 275Y and 275H/Y  
by Allele-specific RT-PCR�
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Sentinel hospitals and clinics�

Virus isolation 
Allele-specific RT-PCR or NA gene sequencing 
to detect H275Y substitution for A(H1N1)pdm09�

NA inhibition assay, NA gene sequencing�

Local public health institutes�

Clinical specimens�

Influenza virus surveillance system in Japan�

National Institute of  
Infectious Diseases 

isolates�
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Influenza"
season�

A(H1N1)pdm09� A(H3N2)� B�

No./of/
viruses/
detected/

No./of/
viruses/
tested/

Resistant�
(%)a�

No./of/
viruses/
detected/

No./of/
viruses/
tested/

Resistant�
(%)b�

No./of/
viruses/
detected/

No./of/
viruses/
tested/

Resistant�
(%)�

2008/2009� 9,869� 2,168� 10�
(0.5%)� 2,665� 195� 0� 2,039� 141� 0�

2009/2010� 22,142� 6,005� 69�
(1.1%)� 157� 49� 0� 194� 113� 0�

2010/2011� 6,262� 3,844� 78�
(2.0%)� 3,865� 135� 1�

(0.7%)� 1,848� 147� 0�

2011/2012� 19� 11� 0� 5,148� 300� 1�
(0.3%)� 2,043� 265� 0�

2012/2013� 163� 111� 2�
(1.8%)� 5,047� 300� 0� 1,466� 337� 0�

2013/2014� 3,493� 2,524� 105�
(4.2%)� 1,720� 285� 0� 2,956� 297� 0�

Detection of NA inhibitor-resistant viruses in Japan 

a/All/resistant/A(H1N1)pdm09/viruses/possessed/an/H275Y/subsMtuMon./
b/All/resistant/A(H3N2)/viruses/possessed/an/R292K/subsMtuMon.�



Distribution of A(H1N1)pdm09 viruses  
with H275Y substitution in Japan�

H275Y viruses 
275H viruses�

Hokkaido�
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Detection of A(H1N1)pdm09 viruses with 
the H275Y substitution in Japan �

Hokkaido�

2013� 2014�

Outside Hokkaido�

H275Y 
viruses 
 39/139 
(28%)�

2013� 2014�

H275Y 
viruses 

 66/2,385 
(2.8%)�
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Susceptibility of H275Y mutant viruses 
to NA inhibitors�
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Hokkaido cluster 
(n = 44) 

Sporadic cases 
(n = 40)�
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Phylogenetic analysis of NA genes�

0.001

A/SAPPORO/16/2014 
A/SAPPORO/83/2014 
A/SAPPORO/19/2014 

A/SAPPORO/40/2014 
A/HOKKAIDO/9/2014 
A/SAPPORO/7/2014 

A/SAPPORO/107/2013 
A/SAPPORO/116/2013 
A/SAPPORO/45/2014 

A/MIE/27/2013 
A/HOKKAIDO/2/2014 
A/SAPPORO/9/2014 

A/YAMAGATA/158/2013 
A/YAMAGATA/157/2013 

A/SAPPORO/6/2014 
A/SAPPORO/2/2014 
A/SAPPORO/5/2014 

A/HOKKAIDO/3/2014 
A/SAPPORO/24/2014 
A/SAPPORO/33/2014 

A/HOKKAIDO/18/2014 
A/SAPPORO/29/2014 
A/SAPPORO/4/2014 
A/SAPPORO/114/2013 

A/SAPPORO/119/2013 
A/SAPPORO/125/2013 
A/SAPPORO/120/2013 

A/SAPPORO/32/2014 
A/SAPPORO/23/2014 

A/KANAGAWA/152/2013 
A/SAPPORO/126/2013 
A/SAPPORO/18/2014 

A/SAPPORO/22/2014 
A/SAPPORO/21/2014 
A/SAPPORO/65/2014 
A/SAPPORO/13/2014 
A/HOKKAIDO/4/2014 
A/KANAGAWA/146/2013 
A/SAPPORO/25/2014 
A/SAPPORO/TH1/2013 
A/TOKYO/32556/2014 
A/SAPPORO/62/2014 
A/SAPPORO/1/2014 
A/SAPPORO/3/2014 
A/SAPPORO/59/2014 

A/Sichuan-Wuhou/SWL2259/2013 
A/Sichuan-Qingyang/SWL1599/2013 

A/GIFU-C/21/2014 
A/Hubei-Wuchang/SWL1322/2013 

A/Beijing-Xicheng-Nan-Pian/SWL11619/2013 
A/Shanghai-Changning/SWL1621/2013 

A/Chongqing-Banan/SWL1690/2013 
A/SAPPORO/35/2014 

A/KAWASAKI/62/2013 
A/GIFU-C/18/2014 

A/SHIZUOKA/30/2014 
A/KOBE/274/2014 
A/ISHIKAWA/38/2014 
A/TOKYO/32668/2014 
A/YOKOHAMA/24/2014 
A/OSAKA-C/43/2014 

A/TOKYO/32026/2014 
A/SAITAMA/49/2014 

A/YAMAGATA/88/2014 
A/WAKAYAMA-C/76/2014 

A/SAPPORO/17/2014 
A/EHIME/5/2014 
A/SAPPORO/43/2014 
A/MIE/2/2014 

A/SAPPORO/54/2014 
A/SAPPORO/71/2014 

A/KOCHI/3/2014 
A/SAPPORO/42/2014 
A/SAPPORO/69/2014 

A/MIE/13/2014 
A/SAKAI/23/2013 

A/OSAKA/8/2014 
A/HYOGO/1190/2014 

A/Mississippi/11/2013 
A/Mississippi/28/2013 

A/KOCHI/1/2014 
A/CHIBA-C/49/2013 
A/SAITAMA/134/2013 

A/SAPPORO/63/2014 
A/KOCHI/5/2014 

A/MIE/1/2014 
A/HOKKAIDO/5/2014 
A/YAMAGUCHI/2/2014 

A/EHIME/1/2014 
A/KOCHI/2/2014 

A/Louisiana/01/2014 
A/Louisiana/08/2013 
A/Louisiana/10/2013 
A/Louisiana/07/2013 

A/Louisiana/13/2013 
A/Louisiana/37/2013 

A/SAPPORO/75/2014 
A/Louisiana/36/2013 

A/Mississippi/29/2013 

A/Pennsylvania/05/2014 
A/Pennsylvania/02/2014 
A/Pennsylvania/04/2014 
A/Pennsylvania/03/2014 

A/Newcastle/37/2011 
A/Newcastle/132/2011 
A/Newcastle/151/2011 
A/Newcastle/89/2011 
A/Newcastle/82/2011 
A/Newcastle/17/2011 

A/Perth/261/2009 
A/Perth/265/2009 

A/NARITA/1/2009 
A/California/07/2009 

H275Y  
Hokkaido�

H275Y 
China�

H275Y 
United States�

H275Y cluster 
Australia in 2011�
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H275Y  
outside Hokkaido 

Japan�



Viral 
protein�

Amino acid 
position�

Reference 
California/
07/2009�

Newcastle 
Australia 

2011�

United 
States 

2013-14 �

Hokkaido 
Japan 

2013-14 �

NA�

241� V� I� I� I�

275� H� Y� Y� Y�

369� N� K� K� K�

386� N� S� N� K�

Characteristic NA amino acids of 
H275Y mutant viruses�
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Summary 

•  A large cluster of influenza A(H1N1)pdm09 virus occurred 
prior to the main influenza epidemic in Hokkaido, Japan. 
After wild-type virus invaded Hokkaido, the mutant virus 
disappeared. 

•  The structure of the mutant NA molecule was less stable 
than that of the wild-type virus.  

•  Given that NA inhibitor-resistant viruses in the community 
have the potential to be readily transmitted among 
humans, surveillance of these viruses must continue in 
order to protect public health and aid in clinical 
management. 
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