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Abstract
Background : Neuraminidase (NA) is an essential surface protein 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 : A total of 20 viruses that showed high or low ICsg of NA inhibitors were
selected from A/HIN1pdm09, A/H3NZ, and B isolates from the viruses isolated from patients in the
2013-14 influenza season.

Viral RNA was extracted and RT-PCR was done. The amplified genome was sequenced using a
“next generation sequencer , and the deduced amino acid sequences were analyzed.
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Results : Two A/HIN1pdm09 viruses that showed very high ICsq for oseltamivir (150 nM and 130 nM)
contained the H275Y mutation. Otherwise, no significant relation was found between the NA amino
acids and the ICsp of the four NA inhibitors. There was no significant relation between the NA amino
acids and the ICsg of the four NA inhibitors for A/H3NZ2 viruses. The B viruses that showed a high ICs
for oseltamivir and laninamivir shared some amino acids. The B viruses that showed a high ICsy of
zanamivir and peramivir also shared some amino acids. They were different from the shared amino

acids found for oseltamivir and laninamivir.

Conclusion : The previously reported H275Y mutation that causes oseltamivir resistance was found in
the two A/HIN1pdmO09 viruses that showed a very high ICsg for oseltamivir. No additional NA amino
acid sequences related to the ICsg of the four NA inhibitors was found. The meaning of the shared
amino acids among B viruses that showed a high ICsy would be an interesting target for further

investigation.
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XSO 3OO0 vt H AR S DL
(V60A, E320K, N340D) %5, 7 =4+ I E LD
[CsoMEN 20 5 5 #RIZE A H 4L (Table 4),
FTENT IO ICMNERV 4 RIZE L A D
N7z (Table 3). —7F, b 3O0OERIE, W
T I ENVD IG5 MRV R T I E LD ICsfE
MEOKRICETTLHHRIIAS S, I
D IC50AME N HER X T 3 YLD ICsoflE AME VR
IR T 5 AAZRDALN L H -7 (Table b,
6).

Z =

47NV yFOHEFHIC NA HEED HEHH
WA SN CW A HEARTIE, WEY 1 Vv 2oHE
ZIEREEOBIUCEE R BEE 2 5. 2013/14 4
AT HATIX, A/HIN1pdm09 O H 24 &)V
Y IUNIMEE BT A VAR LiEH 240
7z, 4y S v/ A/HINIpdmO09 @ 4% F& 12
H275Y ZEEATA S N7z & FE L EGERFSE T 50 5
WEENTVDEY ., FEHONEBLTVEHF—N
A Z ¥ A TIE, 2013/14 4 3 47 12 A/ HIN1
pdm09 Ol F I ELBLORT I Y
WD ICsoS LS L7z 4V AD 2 #r4rBE S
7210 2D ICs LA L 2O NA DT 3/
FRECY S 4 RIfEAT S, H275Y ZE8S, ks
IELVBLIURT IELD ICy b HDEHTH
5HZ EDHER I/ (Table 1). A/HIN1pdm09
IZBWT, ZOfho NA O catalytic site 1213255
A5 NT, catalytic site DAL OZEFIZ § % NA
HESRD IColl A ELEET G2 Twh EEZ
LNAEEITA ST, A/HINIpdm09 2B W T
X, H275Y ZR UM OMEEETOHBRZED
BRI > TVDEIFEZONL D572,
A/H3N2 T, catalyticsite |2 E119V, R292K
BERMFE L &, NA HEEOMELEE 5 2
EhEEERTWEY. Ll FRH0ERI
2013/14 £ A/H3N2 73 BERRIZIZ A SN o
72. NA O catalytic site Ti&, DISIN OZEEH
T2 A VAN 1R S 7z DM R IT A S
N7 o7z (Table 2). DISIN ZH 2O\ T,
MDCK fifg % Flv -5 s 2 b 0T, %
BROFATHRTIEA SN2V EDHEDH 51
Z DO AN AHHES 7z BE ORI D S O
V=T AREBIN TRV, TORIC

DWTIEAITH 555, 2011/12 EFEICHBES L
72 A8 KRR 1 AR, 2012/13 4RSI A BE S 7z 48 Bk
H 4 BRIZ DISIN ZEEH A SN TH Y, MDCK i
faz V758 ci2 e 5 O Th 5 REkIE T
SEwEEbhsz. L2 L, DISINZERSAS
N72RD 4 >0 NA BHEHED ICs0ld, OFRD
ICso b HER#ET R L, ZOZERDP NA HEED
RZMEICEE L TWD EIE RIS o7z, NA
@ catalytic site LIFMZ 21 OEFRALIZZE RS A S N,
ZFNENDIEFIZOWT ICsoflEl & D % Hidf
L7285, ICsollRBRIRANRICEEEZ G2 DL EZ S
N5E)BBREOEITASNT, A/HIN2 Tl
NA HERORZHINTICHE T 2 NA OZ R IL
2013/14 FE O EERRICIZHB L T v £ 2 5
nirz.

catalytic site UMV OEEROH T, THilgo -
h—=7, &N TS AAB ELIZDOWT, T2 F
¥ Bk E 2011712 4E % (& D93, 2012/13 4F & &
2013/14 413 G93 T, 2013/14 4 FE 0 45 BERR X
ECTGCNB ERoTBY, 77 F U RERMLT IV
fChHolz, MEORIEDF-HIENE 72D HA
T, 77 Fohblkd L9 %7 3 BRER)S
LIZLIEALNEA, 4, Fimlo#HE o<
77 F RO NA G & ol L - & T,
NAIWZTZFVIZEoTH 0 ENDHIENHHE
NLZOIEHLTWAEEZOND L) LR
(IHERRHI R 2 A2 o 72

—J%, BMifao— ¥ s —7TH s AA369 Tlg,
77 F U RRDS 2011/12 4 FEAT K369, 2012/13 4
& 2013/14 4EFEIX T369 T - 724, K5 B
FRCUd T369 78 2011/12 4F B 75 48 kv 7 #&,
2012/13 4 FE 13 48 R 14 Bk 5 LT 729
2013/14 4EFE1Z 20 ¥R 1 RO AT, 3R OkIZ
K369 Td o 72, Z» K369 o#hnizizy 7 F >~
¥R T369 225 DT A7 — 7125 LT\ A RE
WHEZENEL, ATV UHFT AV ZADTRLT
MRIEBIZ DWW Tid, HA JHIBOERZIT TR <,
NA SIS BT 2 ER O L 728X > T
HRZRERPE SN RS S EBbs.
BAEI Y 4 )L 2125w T, A/HINIpdm09 &
H275Y Z8 5\ 2AHYS 9 % H273Y 585, + L%
SENVERTIENDICHDHE LW EREZRES
T EDHMSNTWAEYY . 4 2013/14 £ B
IZIE H273Y 2R IGA SN oz, ThETH
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R BERR T Z OZBRORIMIIME SN TE ST,

BIZBWTZOERIFHKRATITEZDIZ VWD
HHIN R,

LRl 20 kD B O NA 7 3/ BERCHI T, o
LTIV ETZF IEID ICHA VRIS
Eh 327 3 BRECHIAS 44 BT, ICsoRYE RIS
3250035 FiA SN (Table 3,4). —
J, FFIEVERFIIELVTIRERER LS 3
DDT I FRECH DEF A ICs0D RIS A D
N7z, VT IV INENRTS IV INITFDOSTHE
TEVCBKIED D B 72012, H273Y OZERIZL 5
ICso®D FHAS, ALV F IV ERT IV
BISEZILEEZLNTWS., IC5& DEET 5
WREMED B A ED, F VT IV ERT IV
WICHBETZ2DOTIE RSNV IEVET =S
SENVOHAEDEE, FFIELERT I
DHAEDLEIZALNTVWEDIE, INHEDOER
& ICsofE D REE A H273Y ZERD X 9 1ZBikIED
FAEIGERT 25D TIIAVWI EEZRLTVA.
I DOERIT catalytic site ISFFEFE L TldWi
WS, catalytic site ANV DOEE S LA G LT X
D, BFED NA HEED NA ~OFEEITHE T FF
DO B IR, catalytic site 7217 T < cat-
alytic site DAV D7 I RS ZE=F ) ¥ 7T
HZLIZHEREHLEEDbNLSL, BEIY A LA
TIHZARTANVAD L) ZHESEHITISI N LW
2, WEREEZ M) 7RO 2 %4 (lineage) |2
HA OFUEME L ) 5 ENTW 27 2013/14
FEFEIZILE R DERL T 70% % 15 T 7z & s
ENTw5b, SRIEHEO HA 7 3 7 BREYI 2511
ERPEZ M TRELSIZHTESNLIIOW
TIRIELMFTEN TV, B ORHE & #6570 s
PEIZBEE DS 5 700, ERIRIIC D EELZMETH
0, SHRET 2TV 2w,

4+al, A/HIN1pdm09, A/H3N2, BXU'B D
2013/14 4EERIR T EEARIC BT, ZONA DT 3
J BRIEEY & g L, EEHNESEDIRE TH 5 1Cs
EDBFEIZD W TN 217 o 724G %, A/HINI
pdm09 @ H275Y ZEFDIAMZ 4 DD NA FHEFE~
OO I A S N Do 72, NA D cat-
alytic site 121%, FEEIZ & o TEAE N LW REN:
ARIEEN TV HEROMIZITES BRI ALN
$°, A/HIN1pdm09, A/H3N2, B DV ILiZB W

THMEADHEAIIA SN TRV EE R bR,

13209 %

Z OWFgEILE— =R aHt & oL FERISE [ A
YT NVI T AN ADBIE TR & SEHI 7
b UICERIR M EFRICH T 5 L FE % (FAJK
250010) ] I2& W FEENT VS,

Z £ X #
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