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Widespread use of neuraminidase inhibitors in Japan 
Standard practice 

 

•  During influenza season, all patients with 

influenza-like illness are tested with influenza rapid 

diagnostic tests.  

•  If positive, all of them are treated with 

neuraminidase inhibitors.  

•  Costs are covered by public health insurances. 
	



Widespread use of neuraminidase inhibitors in Japan 
Medical cost: example 

 
A 40-year-old man with ILI visits a clinic.  
Physician’s consultation fee    2820 yen 
Rapid influenza test     2890 yen 
The result is positive, and he is treated 
with Tamiflu two capsules a day for 5 days.  3200 yen 
Other fees       1010 yen 
Total        9960 yen 
 
The patient pays 30% of the total.        2990 yen 
                                                                  (about 25 US$) 
	



•  Oseltamivir ( Tamiflu® ) 
•  Zanamivir 　( Relenza® ) 

•  Laninamivir octanoate ( Inavir® ) 
    Inhaler 

 
•  Peramivir ( Rapiacta® ) 
   Intravenous drip infusion	

Neuraminidase inhibitors approved for use  
in Japan	

Inavir	

Rapiacta	



Laninamivir	
•  Only one inhalation, on the first day of treatment 

•  Compliance is better than with oseltamivir or 
zanamivir.  

•  If inhalation fails, the patient receives no treatment 
at all. 

•  Clinical effectiveness is sometimes low, probably 
because of inhalation failure. 

•  No resistant strains have been reported thus far. 



Laninamivir	



Double-blind, randomized controlled trials 
of Laninamivir versus Oseltamivir in Japan	

•  RCTs comparing Laninamivir with Oseltamivir in children 
and adults were conducted concurrently during the 
2008-09 season.  

•  The main epidemic virus was seasonal influenza A H1N1  
with H274Y mutation.  

•  Pa$ents	  were	  randomly	  assigned	  to:	  

	  	  	  	  Laninamivir	  40-‐mg	  group,	  	  Laninamivir	  20-‐mg	  group,	  	  

	  	  	  	  or	  Oseltamivir	  group.	  	  

Watanabe A, et al. Clin Infect Dis. 2010;51 
Sugaya N, Ohashi Y. Antimicrob Agents Chemother. 2010;54	



Intravenous Peramivir 
Certainty of drug delivery 

	

•  Only one infusion (300 mg) on the first day of 
treatment 

•  Peramivir should be infused within 48 hours 
after the onset of illness for adequate 
effectiveness.   

•  Peramivir is mainly used for hospitalized 
patients. 

•  Peramivir is also used for outpatients who can 
not have oseltamivir orally or inhale zanamivir 
or laninamivir. 



Abnormal behavior and NAIs	

•  The Ministry of Health, Labour and Welfare has issued 

an emergency instruction to suspend the use of 

oseltamivir to treat patients between the ages of 10 and 

19 years in 2007.  

•  In Japan, it is thought that abnormal behavior is caused 

by influenza virus infection. 

•  Abnormal behavior may be an extension of delirium or 

hallucinations caused by the influenza itself.  



Abnormal behavior and NAIs 
Fatal cases (10 to 19 year-old) reported  	

Oseltamivir    8 cases	
2004      1 case	
2005　    2 cases	
2006　    3 cases	
2007　    2 cases	
   
Zanamivir     1 case (2009)	
 	

Laninamivir    1 case (2012) 
 
Influenza patients  1 case (2007) 
not treated with a NAI 
 
 	



Widespread community transmission of H275Y 
oseltamivir-resistant H1N1/09 in 2013-2014	

Sapporo  
29.1% (39/134)　	

Other areas in Japan 
2.3% (47/2087)	

Tokyo	



Susceptibility of influenza A(H1N1)pdm09 
viruses with detected in Sapporo, Japan 

Takashita E, et al. Euro Surveill 19(1) 2014 	

3www.eurosurveillance.org

Figure 2
Phylogenetic analysis of the neuraminidase gene of the six H275Y mutant influenza A(H1N1)pdm09 viruses isolated in 
Sapporo, Japan, and the United States in 2013 and in Australia in 2011

Multiple alignment was constructed using the CLUSTAL W algorithm. The tree was constructed using the neighbor-joining method with 
bootstrap analyses of 1,000 replicates in CLUSTAL W. The H275Y mutant viruses are shown in red. Amino acid substitutions relative to the A/
California/07/2009 virus are shown on the left of the nodes. The gene sequences of the H275Y mutant viruses isolated in the United States 
and Australia were downloaded from the EpiFlu database of the Global Initiative on Sharing All Influenza Data (GISAID).
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Table 2
Susceptibility of five influenza A(H1N1)pdm09 viruses with H275Y substitution to neuraminidase inhibitors, detected in 
Sapporo, Japan, November–December 2013

Isolate name NA  
substitution

IC50 (nM)

Oseltamivir Peramivir Zanamivir Laninamivir

A/SAPPORO/107/2013 H275Y 240.60 35.28 0.50 0.81

A/SAPPORO/114/2013 H275Y 193.05 22.86 0.50 0.63

A/SAPPORO/116/2013 H275Y 257.10 23.97 0.43 0.53

A/SAPPORO/119/2013 H275Y 189.25 23.19 0.43 0.58

A/SAPPORO/120/2013 H275Y 192.44 22.35 0.45 0.54

Reference isolatesa

A/PERTH/261/2009 H275Y 257.88 34.30 0.30 0.35

A/PERTH/265/2009 275H 0.31 0.13 0.30 0.29

IC50: drug concentrations required to inhibit NA activity by 50%; NA: neuraminidase.

a A/PERTH/261/2009 is the H275Y reference virus. A/PERTH/265/2009 is the 275H wild-type influenza A(H1N1)pdm09 reference virus.  



Clinical findings in children of H275Y 
influenza A(H1N1)pdm09 infection 

 
Kakuya F, et al. Pediatric International, 2015 April	

•  10 children were infected with H1N1/09 with H275Y 
    Mean duration of fever after treatment with NAI         

 25.3h 
 
 　4 patients were treated with oseltamivir or peramivir,      

 7.5-21.0 h 
 
    6 patients were treated with zanamivir or laninamivir. 

 20.5-42.0 h 



H275Y oseltamivir-resistant A H1N1/09 in Sapporo 
originated in China	

Sapporo in 2014	

Resistance by mutation	

H275Y oseltamivir-resistant A H1N1/09 in Newcastle	

from immunocompromised patients undergoing oseltamivir
treatment [7–9]. Virtually all of these resistant viruses have
contained the histidine (H) to tyrosine (Y) substitution at po-
sition 275 of the neuraminidase (NA; N1 numbering—the
same substitution is referred to as H274Y based on N2 num-
bering), which confers highly reduced oseltamivir sensitivity
in vitro [10]. This substitution was also present in the oselta-
mivir-resistant variant of the prepandemic seasonal A(H1N1)
subtype that emerged in Europe and then spread globally in
less than a year in 2008 [11, 12]. This demonstrated the capac-
ity of an A(H1N1) virus to overcome the inherently detrimen-
tal fitness effect of the H275Y substitution [13, 14] and
transmit readily between individuals in the absence of drug
selection pressure. Clinical data have shown that the effective-
ness of oseltamivir was significantly reduced during the treat-
ment of the previously circulating seasonal A(H1N1) H275Y
variants [15–18].

Transmission of oseltamivir-resistant H275Y A(H1N1)
pdm09 strains to date has been limited or unsustained. Most
commonly, transmission has occurred in closed, near-contact
settings, such as hospital wards [19–21], or after prolonged
close contact in community settings such as a long train
journey or at a school camp [22, 23]. Oseltamivir-resistant
H275Y variants were detected at a low frequency (<1%) among
community cases during the 2010–2011 northern hemisphere
influenza season [24, 25] and, based on our testing, this contin-
ues to be the case for most countries in the southern

hemisphere during the current 2011 influenza season. In con-
trast, between June and August 2011, in the Hunter New
England region around Newcastle, Australia, we detected a sig-
nificantly increased frequency of H275Y oseltamivir-resistant
A(H1N1)pdm09 viruses in community patients, of whom only
1 patient had been treated with oseltamivir [26]. Following our
initial brief report [26], here we describe the virological and
epidemiological aspects of the cluster of H275Y oseltamivir-re-
sistant A(H1N1)pdm09 influenza and discuss potentially per-
missive NA substitutions that may have enabled the A(H1N1)
pdm09 virus to retain viral fitness in the presence of the
H275Y mutation.

MATERIALS AND METHODS

Sample Collection
Newcastle (population 273 805) is a regional coastal city in
the state of New South Wales (NSW), and the sixth largest
city in Australia, providing tertiary referral specialist services
for northern NSW. It is located approximately 120 kilometers
north of the NSW capital, Sydney (Figure 1). The Hunter
New England (HNE) health district, of which Newcastle is the
major city, stretches from Lake Macquarie in the south to the
Queensland border. The HNE health district is served
by Hunter Area Pathology Services (HAPS), which receive
specimens for influenza testing from emergency departments,
intensive care units, and general practitioners. Respiratory

Figure 1. Map of the Hunter New England (HNE) health district and Australia. HNE health district is colored in red.

Oseltamivir-Resistant A(H1N1)pdm09 • JID 2012:206 (15 July) • 149
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Newcastle in 2011 
 
Hurt AC, et al. J Infect Dis 2012	



Universal use of rapid diagnostic tests  
for influenza in Japan 

	

Sensitivity for seasonal influenza infection has been  
reported to be over 90% in Japan. 	



Oseltamivir against Influenza B • CID 2007:44 (15 January) • 197

M A J O R A R T I C L E

Lower Clinical Effectiveness of Oseltamivir against
Influenza B Contrasted with Influenza A Infection
in Children

Norio Sugaya,1 Keiko Mitamura,3 Masahiko Yamazaki,7 Daisuke Tamura,1 Masataka Ichikawa,8 Kazuhiro Kimura,8

Chiharu Kawakami,2 Maki Kiso,4,9 Mutsumi Ito,4 Shuji Hatakeyama,4,6 and Yoshihiro Kawaoka4,5,9,10

1Department of Pediatrics, Keiyu Hospital, and 2Yokohama City Institute of Health, Yokohama, 3Department of Pediatrics, Eiju General Hospital,
4Division of Virology, Department of Microbiology and Immunology and 5International Center for Infectious Diseases, Institute of Medical Science
and 6Department of Infectious Diseases, Graduate School of Medicine, University of Tokyo, Tokyo, 7Zama Children’s Clinic, Zama, 8Department of
Pediatrics, Isehara Kyodo Hospital, Isehara, and 9Core Research for Evolutional Science and Technology (CREST), Japan Science and Technology
Agency, Saitama, Japan; and 10Department of Pathobiological Sciences, School of Veterinary Medicine, University of Wisconsin–Madison,
Wisconsin

(See the editorial commentary by Wright on page 203)
Background. Recently, many Japanese physicians have claimed that oseltamivir is less effective in children with

influenza B virus infection. This study assesses the effectiveness of oseltamivir against influenza A (H3N2) and
influenza B in children on the basis of the duration of febrile illness.

Methods. We used oseltamivir to treat 127 children with influenza A (H3N2; mean age, 6.97 years [range, 1–
15 years]) and 362 children with influenza B (mean age, 5.16 years [range, 1–15 years]) in outpatient clinics. The
duration of fever after the start of oseltamivir therapy was compared in the influenza A group and the influenza
B group.

Results. The mean duration of fever after the start of oseltamivir therapy was significantly greater in the
influenza B group than in the influenza A (H3N2) group (2.18 days vs. 1.31 days, respectively; ). TheP ! .001
difference was marked in young children (1–5 years old; 2.37 days for the influenza B group vs. 1.42 days for the
influenza A group) but was not significant among older children (11–15 years old). The 50% inhibitory concen-
tration of oseltamivir against influenza B virus was nmol/L and was substantially higher than that for75.4 ! 41.7
type A (H3N2) virus ( nmol/L). Only 3 (1.6%) of 192 influenza B viruses were resistant to oseltamivir.0.3 ! 0.1

Conclusions. Oseltamivir is much less effective against influenza B virus infection in young children, probably
because of the low sensitivity of influenza B viruses to oseltamivir. The effectiveness of oseltamivir against influenza
B is influenced by age and host immunity. A few oseltamivir-resistant influenza B strains were isolated before the
start of oseltamivir therapy.

Dramatic advances in the diagnosis and treatment of

influenza in Japan have been made in recent years [1].

Most patients with an influenza-like illness are now

tested with rapid diagnostic tests and, if the results are

positive, they are treated with the neuraminidase in-

hibitor oseltamivir. The rapid influenza diagnosis kit

was introduced in Japan in time for the 1999–2000

Received 25 June 2006; accepted 21 August 2006; electronically published 14
December 2006.

Reprints or correspondence: Dr. Norio Sugaya, Keiyu Hospital, Dept. of
Pediatrics, 3-7-3 Minatomirai, Nishi-ku, Yokohama, 220-0012 Kanagawa, Japan
(sugaya-n@za2.so-net.ne.jp).

Clinical Infectious Diseases 2007; 44:197–202
" 2006 by the Infectious Diseases Society of America. All rights reserved.
1058-4838/2007/4402-0005$15.00

epidemic; it was estimated that ∼17 million people

(14% of Japan’s population) may have been tested with

it during the 2004–2005 influenza season [2]. The di-

agnostic kits used in Japan are capable of detecting

influenza A or B separately; thus, Japanese clinicians

prescribe oseltamivir with the knowledge of whether

their patients have been infected with the influenza A

or B virus.

Japan currently has the highest amount of neura-

minidase inhibitor use in the world. More than 70%–

80% of the total oseltamivir prescribed throughout the

world every year is used in Japan [2]. Oseltamivir ther-

apy is now routine in Japan, and almost all children

with influenza are treated with oseltamivir, regardless

of their underlying condition.
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 The mean duration of fever after the start of oseltamivir 
therapy was significantly greater in the influenza B group 
than in the influenza A (H3N2) group (2.18 days vs. 1.31 
days). 	

Sugaya N,  et al. 
Clin Infect Dis. 
2007;44:197. 	



Oseltamivir and zanamivir were equally effective in 
reducing the febrile period of children with influenza A 
(H1N1), influenza A (H3N2), and influenza B virus 
infection.  

Comparison of Oseltamivir and Zanamivir • CID 2008:47 (1 August) • 339

M A J O R A R T I C L E

Comparison of the Clinical Effectiveness
of Oseltamivir and Zanamivir against Influenza
Virus Infection in Children
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Clinic, Isehara, 5Division of Virology, Department of Microbiology and Immunology and International Center for Infectious Diseases, Institute of
Medical Science, University of Tokyo, and 6Department of Pediatrics, Eiju General Hospital, Tokyo, and 7Core Research for Evolutional Science
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(See the editorial commentary by Monto on pages 346–8)
Background. We compared the clinical effectiveness of oseltamivir and zanamivir in children with influenza

A (H1N1) virus, influenza A (H3N2) virus, and influenza B virus infections.
Methods. Total febrile period and the duration of fever after the start of treatment were compared between

an oseltamivir-treated group (mean age, 8.9 years; range, 4.0–15.9 years) and a zanamivir-treated group (mean
age, 10.0 years; range, 4.0–15.7 years) in the pediatric outpatient clinics of our hospitals. Oseltamivir was used to
treat 91 children with influenza A (H3N2) infection and 24 children with influenza A (H1N1) infection. Zanamivir
was used to treat 35 children with influenza A (H3N2) infection and 12 children with influenza A (H1N1) infection.
Oseltamivir was also used to treat 128 children with influenza B virus infection, and zanamivir was used to treat
59 with influenza B virus infection.

Results. There was no statistically significant difference in total febrile period or duration of fever after the
start of treatment between the oseltamivir-treated group and the zanamivir-treated group of children with influenza
A (H3N2) infection (mean duration of febrile period, 2.40 days vs. 2.39 days; mean duration of fever after the
start of treatment, 1.35 days vs. 1.40 days), influenza A (H1N1) (mean duration of febrile period, 2.60 days vs.
2.46 days; mean duration of fever after the start of treatment, 1.79 days vs, 1.54 days), or influenza B (mean
duration of febrile period, 2.95 days vs. 2.84 days; mean duration of fever after the start of treatment, 1.86 days
vs. 1.67 days). Oseltamivir was more effective against influenza A (H3N2) than against influenza A (H1N1) or
influenza B.

Conclusions. Oseltamivir and zanamivir were equally effective in reducing the febrile period of children with
influenza A (H1N1), influenza A (H3N2), and influenza B virus infection.

More than 70% of the total amount of oseltamivir pre-
scribed throughout the world each year is used in Japan
[1]. Most patients in Japan with an influenza-like illness
are now tested with rapid diagnostic tests; when results

Received 26 December 2007; accepted 13 March 2008; electronically published
26 June 2008.
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are positive, they are treated with a neuraminidase in-

hibitor, usually oseltamivir [1].

Although oseltamivir is widely used in Japan, there

have been several recent negative reports. First, there

have been reports that oseltamivir-resistant mutants

arise more frequently than should be expected. We iso-

lated resistant influenza A (H3N2) virus from 18% of

specimens obtained from young children treated with

oseltamivir [2], and we isolated influenza B virus with

reduced susceptibility to oseltamivir from 1.4% of spec-

imens obtained from children treated with oseltamivir

[3]. Second, we reported that oseltamivir is much less

effective against influenza B virus than against influenza

A (H3N2) in young children, probably because of the
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Sugaya N,  et al. 
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2008:47;339	



peramivir	 oseltamivir	 laninamivir	

A/H1N1/09 0.75 ±0.27 days 
(n=8) 

1.27 ±0.64  days 
(n=24) 
P<0.01* 

1.5 ±1.19 days 
 (n=13) 
P<0.05* 
 

A/H3N2 
	

0.89 ±0.60 days 
 (n=9) 

1.29 ±0.80 days 
(n=139) 
P>0.05* 

1.98 ±1.52 days 
(n=20) 
P<0.01* 

Comparison between the effectiveness of 3 NAIs 
Mean duration of fever (days ±SD) 

Observational study	

Sugaya N, et al. Antivir Ther. 2014 May 16.	
	

*:The results of log-rank test	



Conclusions 
 

 
Widespread use of NAIs in Japan is based on the routine 
use of rapid diagnostic tests.  
 
Rapid diagnostic tests for influenza are essential for 
proper use of NAIs. 
 
Test-negative case-control design based on the results of 
the rapid diagnostic test has become a standard 
investigatin in a clinical ground. 
 
 
	


