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Abstract

Background : Influenza virus has neuraminidase (NA), a surface protein with enzymatic activity that is
essential for virus replication. Mutation may affect the effectiveness of NA inhibitors that are used for
the treatment of influenza patients. In this study, we determined the NA gene sequences from the
clinical isolates of influenza patients to examine the chronological genetic changes and the relation to
drug susceptibility.

Methods : For 96 A/H3N2 virus isolates the 50% inhibitory concentration (ICso) (48 each from the
2011-12 and 12-13 influenza seasons) was measured. RT-PCR was done with extracted viral RNA,
followed by nucleotide sequencing.

Results : One putative amino acid mutation, D151N, was found in an NA activity-related cite in five of
ninety-six tested isolate. The mutation did not affect the IC5¢ value. The mutations identified at amino
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acid positions 387 and 400 were statistically correlated with an increased ICsg value, although the
change was less than ten times, suggesting no significant difference in the clinical effectiveness. A
small number of isolates showed mutation in the T and/or B cell epitope region of NA.

Concluston : No mutation that affected the ICsg value or effectiveness of NAIs was detected. Antigenic
mutations of NA, which influence the selection of epidemic strains, were not determined. Continuous
observation will be necessary to further clarify the genetic features of NA.
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Table 1 Amino acid mutations in the catalytic sites of neuraminidase in the 2011/12 and 2012/13 influenza

seasons.

Amino acid position No. |118 119 121 134 151 152 178 198 224 227 243 274 276 277 292 330 350 425

Consensus R E YL D RWDUREDUHE E R D K E

2011/12 vaccine strain® | - - - - - - - - — - - - - - - - - =

2012/13 vaccine strain® | - - - - - - - - - - - - - -

Season Isolate No.

2011/12 season 20 - - - - N - - - - - - - oo

2012/13 season 49, 79, 83, 87 - - - - N - - = -

Other isolates - - Lo

aA /Victoria/210/2009 (H3N2)
bA/Victoria/361/2011 (H3N2)

Table 2 ICsy values in the mutated sites of neuraminidase in the 2011/12 and 2012/13 influenza seasons.

1Cs0 value (nM)

Amino acid . No. of
position No. Drug mutation (AA) isolates Median ngv%e&a Ug%%)e&a P value®
AA387 Laninamivir mutation (N) 15 6.00 4.48 6.20
no mutation (K) 81 3.90 3.68 4.36 0.003
Oseltamivir mutation (N) 15 1.00 0.95 1.50
no mutation (K) 81 0.85 0.84 0.99 0.023
Zanamivir mutation (N) 15 2.90 2.42 3.39
no mutation (K) 81 2.20 2.09 2.42  0.008
Peramivir mutation (N) 15 0.98 0.90 1.32
no mutation (K) 81 0.89 0.85 0.96  0.039
AA400 Laninamivir mutation (K) 5 5.00 3.79 6.38
no mutation (R) 43 4.70 4.25 5.11 0.489
Oseltamivir mutation (K) 5 1.20 0.97 1.50
no mutation (R) 43 1.00 1.00 1.25 0.319
Zanamivir mutation (K) 5 3.20 2.47 3.97
no mutation (R) 43 2.30 2.25 2.7 0.039
Peramivir mutation (K) 5 0.99 0.78 1.46
no mutation (R) 43 0.94 0.90 1.08 0.176
AA463 Laninamivir mutation (R) 7 5.40 4.86 6.60
no mutation (D) 41 4.60 4.13 4.97  0.027
Oseltamivir mutation (R) 7 1.40 1.09 1.73
no mutation (D) 41 1.00 0.97 1.21  0.035
Zanamivir mutation (R) 7 3.20 2.65 3.69
no mutation (D) 41 2.30 2.22 2.72  0.018
Peramivir mutation (R) 7 1.00 0.88 1.45
no mutation (D) 41 0.94 0.89 1.07  0.054
AA464 Laninamivir mutation (I) 7 1.90 1.62 2.07
no mutation (L) 41 3.40 3.55 4.56 < 0.001
Oseltamivir mutation (I) 7 0.50 0.43 0.60
no mutation (L) 41 0.81 0.76 0.93 < 0.001
Zanamivir mutation (I) 7 1.40 0.95 1.80
no mutation (L) 41 2.20 2.05 2.50 < 0.001
Peramivir mutation (I) 7 0.61 0.51 0.68
no mutation (L) 41 0.91 0.83 1.00 < 0.001

4 Lower and Upper 95% CI indicate the lower and upper limit of 95% confidence interval.
> Wilcoxon rank sum test
AA, amino acid ; SD, standard deviation ; SE, standard error
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Table 3 Amino acid mutations in the T and B cell epitopes of neuraminidase in

influenza seasons.
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the 2011/12 and 2012/13

T / B cell epitope T

B B B|T

B B B B B B B B B B

Amino acid position No. 90
Consensus
2011/12 vaccine strain®
2012/13 vaccine strain” -

Season

99

197 199 221

329 331 336 346 369 387 390 392 400 403

isolates No.

1,3,4.5,6,11,17,20,22,23,26,28,29,33,36,37,42,44,46 | —
12 -

6 _

8

10

46 -
5,9,22,23,33,36,37 -
13,14,34 -

44 -

22 -

2011/12 season|

63,68,90 -
58,75 -
57 -

51 -

57 -
2012/13season 89 -
87 -
75,79,80,81,83,84,85,87,89,90,92,94,95,96 -
51,61,62,64,65,66,67,69,71,72,76 -
60,72,78,84,96 -

94 -

A /Victoria/210/2009 (H3N2)
PA/Victoria/361/2011 (H3N2)
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