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To assess the extent of susceptibility to the four most commonly used neuraminidase inhibitors (NAIs) in
the viruses epidemic in the 2016—17 Japanese influenza season, we measured the 50% inhibitory con-
centration (ICsp) of these NAls for influenza virus isolates from patients and compared them with the
results from the 2010—11 to 2015—16 seasons.

Viral isolation was done with specimens obtained prior to treatment, and the type and subtype was
determined by RT-PCR using type- and subtype-specific primers. The IC5o was determined by a neur-
aminidase inhibition assay using a fluorescent substrate.

A total of 276 virus isolates, 6 A (H1N1)pdmO09 (2.2%), 249 A (H3N2) (90.2%), and 21 B (7.6%), had the
ICso measured for the four NAls. B isolates included 11 (52.4%), 9 (42.9%), and one (4.8%) of the Victoria,
Yamagata, and undetermined strains, respectively.

No A (H1N1)pdmO09 with highly reduced sensitivity for oseltamivir was found in the 2016—17 season.
No isolate with highly reduced sensitivity to the four NAls have been found for A (H3N2) or B from the
2010—11 to 2016—17 seasons. No significant trend of increase or decrease was found in the geometric

mean ICsps of the four NAIs during the seven studied seasons.

These results indicate that the sensitivity to the four commonly used NAls has been maintained and
that any change in the effectiveness of these NAls would be minute. Common usage of NAls for patient
treatment has not been a driving force in the selection of NAI resistant viruses.

© 2018 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.

Published by Elsevier Ltd. All rights reserved.

1. Introduction

Treatment of influenza with the neuraminidase inhibitors (NAIs)
oseltamivir phosphate (Tamiflu®, oseltamivir), zanamivir hydrate
(Relenza®, zanamivir), peramivir hydrate (Rapiacta®, peramivir),
and laninamivir octanoate hydrate (Inavir®, laninamivir) has
become common among Japanese primary care providers [1—3].
Thus, the possible emergence of resistant virus to any of the NAls is
of great concern for physicians. A prolonged duration of fever after
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the administration of oseltamivir was confirmed in patients who
had been infected with oseltamivir resistant A (H1N1) viruses in
the Japanese 2008-09 season [4,5]. The presence of oseltamivir
resistant A (H1IN1)pdmO9 from the 2009—10 season has been re-
ported by National Institute of Infectious Diseases in Japan [1]. Our
long-term survey of virus sensitivity to NAls from the 2010-11
season found oseltamivir resistant A (H1N1)pdmO09 virus in 2 of 185
(1.1%), 2 of 172 (1.2%), and 2 of 210 (0.95%) patients in the 2010—11,
2013—2014 and 2015—16 seasons, respectively [6—11]. The fre-
quency of oseltamivir resistant A (H1N1) increased to almost 100%
in the 2008-09 season, but A (H1N1)pdmO09 did not.

Global surveillance of the susceptibility of human influenza vi-
rus to NAls is important [12,13]. However, the background of the
medical conditions of other countries, such as antiviral usage, may
be different from that of the clinical setting in Japan where NAIs are
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commonly used. In this study, we investigate the ICs5ps of the
2016—2017 season using virus isolated from influenza patients who
visited the clinic participating this study and compare the results
with those we have reported for the previous six influenza seasons,
from 2010 to 11 to 2015—16.

2. Patients and methods
2.1. Patients

This study was done as part of a post-marketing surveillance of
laninamivir according the rules of the Ministry of Health and Labor
of Japan. A total of 28 clinics and 1 hospital from 13 prefectures
participated (Fukushima, Tokyo, Chiba, Saitama, Kanagawa, Gunma,
Gifu, Ishikawa, Hyogo, Kagawa, Tokushima, Fukuoka, Kumamoto),
which was almost identical to the previous seasons. Patients were
enrolled from November 2016 to April 2017. Specimen for viral
isolation were collected with informed consent from patients who
showed a positive result with a rapid influenza antigen detection
kit. Informed consent was obtained from a parent if the patient was
under 19 years.

2.2. Influenza virus isolation and typing

Nasal aspirates, nasopharyngeal swabs, or self-blown nasal
discharge were obtained from patients prior to treatment. Influ-
enza virus isolation was done from these specimen with Madin-
Darby canine kidney (MDCK) cells. The type and subtype of influ-
enza was determined by RT-PCR using RNA extracted from the
clinical specimen. Type- and subtype-specific primers were used
[14]. The Yamagata and Victoria lineages of influenza B virus were
discriminated by real-time RT-PCR using specific primers and
probes for the hemagglutinin gene [15].

2.3. Measurement of susceptibility of NAls to virus isolates

As a marker of virus susceptibility to NAls, the 50% inhibitory
concentration (ICsp) of oseltamivir, zanamivir, peramivir, and lani-
namivir were determined for each influenza isolate by a
fluorescence-based neuraminidase inhibition assay [16]. The
influenza virus strain A/Yamagata/32/89(H1N1) was included as
the reference strain in each assay. The ICsq results of each season
from 2010 to 2011 to 2015—2016 were compared. Our definition
of highly reduced sensitivity follows the statement by the
World Health Organization (WHO) that influenza virus with an ICsq
increase of 100 fold for type A or 50 fold for type B compared
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with the IC5o of the reference viruses indicates highly reduced
sensitivity [17].

2.4. Statistical analysis

Differences in the age distribution of the B patients with the A
(H1IN1)pdmO09 and A (H3N2) were determined by t-test. The geo-
metric mean (GM) and 95% confidence interval (CI) of the ICsq of
each of for the four NAls were calculated, and log-transformed ICsq
values were compared among the viral type/subtypes or the seven
seasons by ANOVA. The difference between the ICsgs of the two B
lineages was culculated by t-test. A P value <0.05 was considered
statistically significant. All analyses were performed using SAS
system Release 9.2 software.

3. Results
3.1. Samples

In the 2016—2017 season, 340 specimens were collected and
cultured with MDCK cells. Insufficient virus growth in MDCK cells
was observed for 60 specimens, and their IC59s were not able to be
measured. The virus type/subtype was undetermined for four iso-
lates, leaving a total of 276 available for analysis; 6 influenza A
(HIN1)pdmO09 (2.2%), 249 A (H3N2) (90.2%), and 21 B (7.6%). The B
group included 11 Victoria (52.4%), 9 Yamagata (42.9%), and one
undetermined.

The patient age distribution by viral type/subtype is shown in
Table 1. The overall mean age was 27.7 + 21.4 years. The mean age of
the patients with B (18.1 + 15.5 years) was lower than that of A
(HIN1)pdmO09 and A (H3N2) (36.2 + 28.7 and 28.3 + 21.5 years,
respectively), with the difference among viral type/subtypes sta-
tistically significant (p = 0.0498 and p = 0.0361, t-test).

3.2. Virus with highly reduced sensitivity to NAIs

Distribution of the ICsg values of the four NAls in the 2016-17
season are depicted by virus type/subtype using Box and Whisker
plot analysis along with the results of the seasons from 2010 to 11
to 2015—16: for A (H1N1)pdmO9 in Fig. 1A, for A (H3N2) in Fig. 1B,
and for B in Fig. 1C.

No A (H1N1)pdmO09 virus with highly reduced sensitivity was
observed in the 2016-17 season, although virus with highly reduced
sensitivity for oseltamivir was found in the (2010—11, 2013—14,
2015—16 seasons).

Table 1
Patient age distribution in the 2016/17 season by virus type/subtype.
Age group Virus type/subtype Total
A(H1IN1)pdmO09 A(H3N2) B
No. of patients No. of patients No. of patients
0-9 2 37 9 48
10—-19 1 92 6 99
20-29 0 28 1 29
30-39 0 21 4 25
40—-49 0 25 0 25
50—59 2 18 0 20
60—69 0 15 1 16
70-79 1 6 0 7
80- 0 7 0 7
Total 6 249 21 276
Mean age + SD, yrs 36.2 + 28.7 283 +21.5 18.1 +15.5 277 +£214
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