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Abstract

Background : Neuraminidase (NA) is a surface protein essential for influenza virus replication. NA
inhibitors are commonly used for the treatment of influenza patients in Japan. Several mutations that
reduce the effect of NA inhibitors have been reported. We sequenced the whole NA segment of
isolated virus from influenza patients and investigated the relation between the NA amino acid
sequence and the 50% inhibitory concentration (ICsp) of four NA inhibitors.
Materials and Methods : Forty A/H3N2 and 19 B influenza virus isolated from patients in the 2014/15
influenza season were analyzed. The ICsy was determined by a neuraminidase inhibition assay using a
fluorescent substrate. Viral RNA was amplified by RT-PCR and the genome was sequenced using a
next generation sequencer. The deduced amino acid sequences were analyzed.
Results : There was no AA change in the NA catalytic site of the A/H3NZ2 and B viruses isolated in the
2014-15 influenza season. There was no significant relation between the NA amino acids and the 1Csg
of the four NA inhibitors for A/H3NZ or B viruses.
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Conclusion : The catalytic site of NA was highly conserved for these A/H3NZ and B viruses. No
emergence of NA amino acid mutations related to the sensitivity of the four currently used NA

inhibitors was observed.
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DH725E8NTVBEEEZLRTVREY, oA
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pdm09 I2B VT, NA ® H275Y ZH |2 X b+
LIy I UL A ERRE SR TW
29 —J H3N2 % B Tlt, invitro T NA i
EEADOEZEET 2R3 NA OZERPH SN
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1L 20 R L RO AT, D OKRIIK TH D),
2014/15 13 & T K THh o7z TOEMIZ B
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Table 1 Comparison of NA AA for A/H3NZ2 viruses isolated in the 2014/15 influenza season and ICs value of the isolates.

IC50 (HM) Of

AA Position
93 148 155 176 194 215 221 238 240 267 287 303 310 315 320 346 367 370 386 392

Ln Pm
5.0 0.96
4.6 0.93
5.4 0.92
5.2 0.79
4.2 0.81

5.3

7n

Os
1.4
1.3
1.3
1.1

L

464 466
L

402
D

A V K 4

E

77
1

Consensus AA 44

2.6
2.8
2.3
2.3

0.99 2.1
0.98

DS-311

DS-317

DS-462
DS-386

DS-68

I
I

1.2

1.8

DS-427
DS-323
DS-384
DS-276
DS-388

DS-85

2014/15 EHATIIO A4 © 7 VT 2 H Y A )V A NA #fn T o2 5

4.9 0.78
6.6 0.87

4.1

0.98 2.6

0.95 2.9

0.62

0.95 2.4

2.8 0.60

4.7

0.94 2.2

1.1

0.92 2.8

P

4.7 0.82
4.5 0.82
4.6 0.29
4.7 0.88
4.8 0.79
4.2 0.69
4.9 0.36
5.0 0.80
5.0 0.55
4.2 0.79
2.8 0.57
2.6 0.69
2.4 0.57
2.4 0.49
2.7 0.61
2.7 0.69
2.3 0.4
2.5 0.60
2.2 0.65
2.2 0.63
2.3 0.56
2.4 0.54
2.0 0.46
2.7 0.72
1.8 0.45
1.9 0.46

0.90 2.3
2.1

I

DS-553
DS-499
DS-282
DS-485
DS-451
DS-288
DS-442
DS-247
DS-284
DS-547
DS-316
DS-508
DS-461
DS-164
DS-248
DS-217
DS-472
DS-383

DS-34

0.89 2.7

P

0.89 0.9

I
I

0.87 2.6

0.87 2.5

0.86 2.4
0.85

1.3

0.83 2.3

0.82 2.4
0.76
0.75
0.74
0.73
0.73
0.70
0.69
0.68
0.67
0.67

I

1.9
1.8
1.9
1.9
1.8

1.9

I
I

I
I

1.7
1.2
1.8
1.5
1.9

2.1

DS-271
DS-448
DS-424
DS-542
DS-126
DS-482
DS-135

DS-47

0.61
0.61
0.59
0.58
0.52
0.43
0.43
0.40
0.31

1.7
1.7
1.9
1.5
1.1

1.5

>

—
o
st

0.42

1.3 0.49

2.1

1.7
1.5

DS-84

0.44

DS-403
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Table 2 Comparison of NA AA for B viruses isolated in the 2014/15 influenza season and ICsg value of the isolates.

AA Position

1Cs0 (nM) of

Consensus AA 27 42 60 62 76

219 272 320 329 340 342 392

436 465

~u
B

Os 7n Ln

P v A P K K K N N D D K I
DS5-541 - - - - - - - - - - N - - - 24 11 17 5.5
DS5-296 - - - --s - - - - - - E - - 23 86 17 3.6
DS5-490 - - - - - - - - = = = = - 23 85 17 4.2
DS5-489 s - - - - - - - - - - - - 22 8.8 16 4.0
DS5-225 - - A - - - - - - - - - - - 22 8.2 15 4.3
DS5-369 - - - - - N - - - - - - - 22 84 14 4.2
DS5-546 - - - T - - - - - - - - - - 20 13 26 4.8
DS5-396 - - - - - N b - - - - = 20 9.8 19 5.0
DS5-516 - - - - - N - - - - - - - - 20 9.1 16 4.6
DS5-538 - - = - - - = - - - = - 20 9.3 16 4.0
DS5-558 - - - - - - - - - - "N - - - 19 11 25 4.6
DS5-560 - - - - - - - N - - VvV 19 93 22 49
DS5-551 S - - - - - - - - N E - - 19 13 21 5.4
DS5-511 s - - - - - - - - - - E - - 19 12 18 4.2
DS5-535 s - - - - - - - - - - - - - 18 8.7 15 3.4
DS5-550 - - - - - N - - - - M - 17 11 21 4.6
DS5-555 - - - - - - = = = = = == 17 10 20 4.4
DS5-517 - - - - N - - - - - - - 17 89 14 2.8
DS5-512 s - A - - - - - - - - - - 13 8.0 18 2.8

AN ho7:. BIAIVAIIBWTHEEETO
NA BESEO—fm 2 I L 5L RIEES
WKIFRZILZ2VW DEEZLNS.

2013/14 FIZEF LD HHES NI B 74 VAD
NA fHis & #HRZ M L OEIZ DV T OME T
1Z, Os & Ln D ICsonmWHD I A IWVAE Zn &
Pm O ICsoDS WV D A )V A2, FhZFh{
DMDERPH SN, FHIEZM L OBEDEED
n7=¥. L L, SR 2014/15FED B 7 A b %
121X Os & Ln @ ICsomMH & D BE D EE b 72
K125N % E404K (&A 541§, Zn & Pm O ICsof
ik ORIEAEED N7 RISGK b A ST, P42Q
WIRICABNTZORTH 72, TNHDERI
HELTWDZ & &), BlFATNA HEREDK
SR TICHEET 2ZEZPERIN T 5 L I1TE
AN h otz

B 7 A VA TITHBGEHIT SN WS, 1TER
MY s M) TRHED 2RI HA PFUEMEIC X
DEENTW B2 2013/14 IR #EDS
BT 70% % 5o T2, HRIZBIF B4 —~
45 ¥V A TiE 2014/15 FZFR EDIERHETH -
722 SR O R E %572 B O 19 Bl 3R
TIERHKTH 5 2 LA HA HB OB TH &
L, ENTWA (data not shown). 2013/14 4F
L 2014/15 4E D NA $HB O % B 2 % > 7275,
W RAEE N IR AA EA VSN A

o7z, NAFEBOAD HIERHELrE 7 N T
R TH BN DOWTHRT 2 2 LIIHNEETH S
Er 1z, NA FE ORI & 520 5 A EKZ
PIZENDPEL S LITEZ I wWERb:,
48] 2014/15 4E 54T 40 B S 7z A/H3N2
BLXOB A )L AIZOWT NA $EI% O BN % 17
257275, NA @ catalytic site (dIFH 12 X R
ENTHY, catalytic site DAL DERAL & &6 NA
I IC NA FHEE OIS 22ROl
HRZOBERIIBE I TEAON TV RWEE 2
55,

Z oW g EE— =3RS L O EFZE [ A
YITINI VAT A A DB T AR & SEHFIT 7
bUNICERMERICHE T 2% (FAJK
250010) | Ik hZmEn TV 5.
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