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Detection of Oseltamivir-resistant H275Y Influenza A (HIN1) pdm
in Hiroshima Prefecture (2010/11 Influenza Season)

SuiNicHr TAKAO, YUKIE SHIMAZU, NAOKI SHIGEMOTO, YUKIE TANIZAWA,

SumNgt Fukupa and Takesar MATSUO
(Received September 22,2011)

A total of 84 influenza A(HIN1)pdm strains that were isolated from November 2010 to March 2011 in
Hiroshima Prefecture were used to investigate the frequency of oseltamivir-resistant marker H275Y by single
nucleotide polymorphism analysis using the TagMan real-time RT-PCR assay. Six of 84 strains (7.1%) had
resistant marker 275Y, and the results of nucleotide sequencing of the oseltamivir-resistant strains indicated
that they had a mutated amino acid, into Tyrosine (Y) from Histidine (H), at position 275. In addition, all of
these strains that had 275Y marker had acquired resistance to oseltamivir and peramivir from the results of

drug susceptibility testing.
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20094F 12 A F T, JLRTREELLHMA V71T
W7 A4 )V A [influenza A(HIN1)pdm, LPLF A(HL)
pdm EWET] 1%, ZOBRBAELZGLHAFIZIEAN o7
[1]. A(HDpdm (&, Z444802000 M2 HERTH S
TRGTV R E Y VIR S L2 VA
TholzZehs, WHO TIREHEIA > 7V VDG
BIEL LT, YTANVAD /A F3I=24—+¥ (NA) EH
PR ET LI EILY IELRFF I ENEHEREL T
5 [2] WMHELZETHHESN/Z A(HDpdm RO T &
AR, FNOOERNIG L TERZETH LA, 5
M NA I 72 7 3V IRA R (NA #xT 0275%
H®7 X /&% Histidine : H #*5 Tyrosine : Y ~NDZ%
F, LY, H275Y &WE$) 2B 54 s I UVt
PR ST\ 5 [3,4]). ELRIERZERT & 43
5 AERFZERT Tl A(HD pdm O 3% 507 T, 2009
£9 A5 5 NATE/RO HARENTORARIO Y —
NA T v A%, ML Twd [4]. 2R,

20104E11 8 ~20114E 3 B RIS, IKBEHNOBED S

AF6 RO H275Y A(HLD) pdm BRI S L7z T,
ZOMEERET 5.

MRELVOHE

1 HRVAIVZH

20104E11 H ~20114F 3 HR F TORNS, i B R EYE
BAEBMMEFESICEI T, 1V 7V FPsEbn
=B E D 5 MDCK Al % W Coril S 721828k A
(HDpdm ¥k 9 &, 84tk% x5 & L CIEAN A s %
FEhi L7z (ERES—A T ZABEPSHEES N 1
DIAME, MmfE2 IR Sk x e L7z,

2 EFWHE AH1) pdm #DiRH

TagMan ') 7 )V % 4 4 RT-PCR#12 X % H275Y
~—7 —OHHIE, 20104E11 H 22 A V) TR IESAER
22T 5 R M7z THINIpdm A4 ® )V ¥ 3 EOViF PRk
HikgEE 7o b a—)b (20104E11H Ver. 1) ] 126t~ T
FEH L 7z,

(1) 71JLZ RNA Ol

QIAamp Viral RNA Min Kit (QIAGEN %) #% v
T A(HD)pdm % MDCK #iflghi s L2567 4 VA
RNA il L7z, 72, 53 RGO RIMEREE 4D 8
HA L EHo72b DizonTld, #3# Ei%#%10000rpm
Tl L, MRS % B 72 Bl % R 3K T10Rs4
ML7bD%E T ALV ARNA & LTHW
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(2) 7’S14<v—sL07rO0—7
FRLETIA4~—b7Tu—70%, T 5
70 NI VIR ENTZDDEF Gz Fis ol
IS, DTorBYTHoL.
TIA <=
HININA-F690-719 5-ATGTGCATGTGTAAATG
GTTCTTGCTTTAC-3
HININA-R847-872 5-ACACATGTGATTTCACT
AGAATCAGG-3
A=
FAM-274Ya-swHIN1-F823-835 5 (FAM)-TACTA
TGAGGAAT-(MGB)-3
VIC-H274a-swHIN1-F823-835 5 (VIC)-CACTAT
GAGGAAT-(MGB)-3

(3) Y744 LRT-PCRRIE

J7IV% A 4 RT-PCR I21Z, LightCycler 480 (Roche
) v RIS EE & L T, QuantiTect
Virus+Rox Vial Kit (QIAGEN #) % H\7z. FUt4e
ik, 1HfkH7-0 5 x Master Mix 40ul, 40x 7
FA~— - 70—7Mix 05ul, QuantiTect Virus
RT-Mix 02 1, RNase free Water 131ul, HiH
RNA 20ul oHETRE LD D%, 50C 2047,
95T 53 DKIEDH%, 95C 158, 56°C 4580 @ s+
A7 VAR R L. 2B, 1ROBEEZ LI,
SIERGENITERT A B 55 S TR T v h o — oy
RNA (275Y 2> bu—)v) &&EtEa s b o—)L RNA
(H27523 > hu—)v) %, WM SsEs 70 b a—
WAZHE- T, 2065, 20065, 2000652 AB L Tl
(RS

(4) Single Nucleotide Polymorphism (SNP) f&#f
)7V A4 5 RT-PCR G D# T 1, LightCycler
480121} )& 9 % Endpoint Genotyping it DV 7 kv
IT7EMOTEELV Y I ENVEZE~— 5 — (H275)
Lk~ —A — (275Y), H DI, ENHORE
(H275/275Y mixture) OF M5 H%E L 7.

3 NABGEFOEEEIRE & EH~ —H— DHESR
OneStep RT-PCR Kit (QIAGEN f) %7z RT-
PCREIZE Y, NA #EHZT 02907 H ~11307 H o
ZEEL 2. COBIEEWIZOWT, ¥4V Yy —F
AR K SRR & e L7, e L 72 3RAECE 0
TGS, NA BT D823~8257% H B L 1M667~679%
HolH» SRR SND 7 2 BRORSEZ HEE L 72

%3, OneStep RT-PCRIZH\ 727 F 4 ~—IZ[E 7
JEGFEWFZERT 22 SR SN2 b 0T, HEFRFIZLLT O &
BYTH5.

Swine N1-290-307F 5-GGGCTATATACAGTA
AAG -3
Swine N1-1130-1111R  5-GGATCCCAAATCATC

TCAAA -3

4 EEIBSMEER

PA Y INZUHETHLL VY I UL, )3
L, RIIULMBLOT=F I MIIHT 5 AHD
pdm B OEHFNEZ I OWT, (LFFIEETH S NA-
Star / 4 7 3 =¥ — BHEBEMMEA > 70z Rl
* v b (Applied Biosystems*l) % W CilllE L 72
[5]. %&b, ZORBIGESIEIIEMET A~ 7 VT
YHWEE Y ¥ =5 1 HICBWTHEES L.

o x

1 ZEH|~—H— H275Y DigHRR

TaqMan RT-PCR 4L &, % O % ® SNP A7 12
L0, ®HeLsko AHDpdmBHD 9 B, 64k
(71%) 7275Y M~ —H—%HTHHTHHZ &
AL 72 Y 078Kk, Wb KK~ —
N —ThAHH2IRET HHTH o7z F 7, H25
L275Y O AR A L Cw b H275/275Y mixture
FORTHRIEME SRk o 72 Fig 112275Y Tif 4
~—N—%KFLTw6# [A/Hiroshima/17/2011
( PL T, HiroshimalZ H & W& 4 ), A/H/24/2011,
A/H/45/2011, A/H/49/2011, A/H/55/2011, A/
H/66/2011] &, H2BE S~ —F — % F L Twiz
R #£ 89 7% 5% (A/H/50/2011, A/H/60/2011, A/
H/65/2011, A/H/100/2011, A/H/101/2011) @ SNP
fEATRE R s L7z,

2 ME~Y—H—275Y PREEhE-BEOBE

275Y 23Me 7z 6 o BEOME R Table 1 127K
L720 A NVABEHOBRAEEZFM S NLEENT, 14
[(B#EEHES (DUF No. &BE) 2] 4Ly I
OG5 %23 TBY, Mlo1% No. 1) E¥FFIEN
D, BEFTL 5O 24 TIE, RIIELOHEGE XS
TV WTFNROHA v 7 VIR FESE I N TV A
Pol-BHIE2% (No. 3,6) Thotz, T2, BH
6%H 3% (No. 3,5,6) T, UEBEDOFHIER
WRKEESA VP INVI U ERRELTED, £0HHD
2% (No. 3, 6) TliE, REFITHA > 70z
MG ENTw,

3 MY —H—275Y ZIRL 7= A(H1) pdm #RDZEHIR
SRR
SNP ENTIZ & DIt~ — 7 —275Y 2655 % Z &3]
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Figl. Detection of anti-influenza drug marker H275Y by single nucleotide polymorphism assay.
Abbreviation: A/H/24 = A/Hiroshima/24/2011, PC X 20 = positive control and dilution,
NC = negative control
Table 1. Summary of patients with isolated influenza A (HIN1)pdm with drug-resistance marker 275Y
. Existence of anti-influenza drug
Patient Influenza Age Date of Date of sample . . .
No. A (HIN1)pdm strain (Sex) onset collection gj&%ﬁ; I;r?éiioiga(zifon) Other information
1 A/Hiroshima/17/2011 Y0 fan182011 Jani82011  Yes : Zanamivir (Jan-18) Jo autt influenza drug was administered to the
. : ’ ly 8m Yes : Oseltamivir No anti-influenza drug was administered to the
2 A/Hiroshima/24/2011 ) Jan-7-2011  Jan-14-2011 (From Jan-7 to Jan-13) family of the patient.
54y 5 Relatives who visited the patient's house from
3 A/Hiroshima/45/2011 M Feb-13-2011 Feb-14-2011 No Feb-11 to Feb-12 were being administered
oseltamivir.
4 A/Hiroshima/49/2011 2™ Jan312011 Feb4.2011 Yes : Peramivir (Jan-31) o, auti influenza drug was administered to the
1 Coinhcidifng _\ivith thg on;et ‘in tge_ pﬂatient,
P y lm . L another family member developed influenza.
5 A/Hiroshima/55/2011 M) Feb-6-2011  Feb-9-2011 Yes : Peramivir (Feb-9) However. it is unclear whether anti-influenza
drugs had been administered to him/her.
4y 6m To his father, oseltamivir was administered
6 A/Hiroshima/66/2011 %IM) Feb-15-2011 Feb-23-2011 No from Feb-15 to Feb-17 and peramivir was

administered on Feb-17.

Table 2. Results of anti-influenza drug susceptibility testing of influenza A (HIN1)pdm strains in 2010/2011 season.

Date of susceptibility ) . . Date of sample Oselltamivir 50% inhibitory concentration (n M)
) Virus strain Passage history . resistance . . . i .
testing collection marker  Oseltamivir  Peramivir Zanamivir ~ Laninamivir

A/Chiba/1017/2009"’ 275Y 9894 1148 044 092
A/Chiba/1016/2009°’ H275 0.24 0.11 040 046

Feb-8-2011
A/Hiroshima/17/2011 ~ MDCK-3 Jan-18-2011 275Y 69.96 8.70 0.67 116
A/Hiroshima/24/2011 ~ MDCK-3 Jan-14-2011 275Y 7597 593 0.86 0.83
A/Chiba/1017/2009"’ 275Y 105.62 11.3 042 0.86
A/Chiba/1016/2009¢’ H275 0.30 0.07 046 04

Mar-8-2011
A/Hiroshima/49/2011 ~ MDCK-3 Feb-4-2011 275Y 11252 9.08 043 0.90
A/Hiroshima/55/2011 ~ MDCK-3 Feb-9-2011 275Y 87.17 9.11 048 0.96
A/Chiba/1017/2009" 275Y 189.89 2387 0.46 0.32

Mar-24-2011 A/Chiba/1016/2009°’ H275 0.61 0.06 0.27 0.15
A/Hiroshima/45/2011 ~ MDCK-1 Feb-14-2011 275Y 19353 2390 0.37 0.31
A/Chiba/1017/2009"’ 275Y 100.66 15.14 043 0.89

Mar-28-2011 A/Chiba/1016/2009°’ H275 0.31 0.12 0.36 0.31
A/Hiroshima/66/2011 ~ MDCK-2 Feb-15-2011 275Y 10591 1242 041 0.66

a) Susceptibly testing was done with use of chemiluminescent assay by NA-STAR detection kit, Applied Biosystems.

(This testing was conducted at the Influenza Virus Research Center, National Institute of Infectious Diseases, Japan.)

b) Susceptible reference strain with H275 marker

¢) Resistant reference strain with 275Y marker
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L5775 72 6Bk A(HDpdm 22w, 4D
A v 7 Vv v RIS B 3R e bR & FE 0 L 72
B % Table 2 IR L 72,

FHE %o A(HDpdm B 6 r1E, wFhd 4t
Z IV ERT I UK L C275Y MES Rk (A/
Chiba/1017/2009) & AR o #HAliiYE (IC50ME) %R
Lo =0, FFIERMETZFIENIIH LTI, »
TN EZETH -7 (Table2).

4 AH)pdm#%®D NAEGETFOEERINET7 I /B

[l

TP~ — 1 —275Y % ¢ % 6 % ® A(HL) pdm ¥
L, BEmttv - —H2BE AL Tzl (A
H/60/2011) 122w T, NA #ET ?290~1130% H ©
WA RET L E LI, 73 /MY &HEE L7
Fig. 2121%, Pug LRy o —E (655~6847% H
811 ~840F H) &, ZDIEHRINXIET 57 3/ FEAL
B (219~228% H, 271~280%H) #m L7,

&2~ — 7 — H2T5% H 3 % A/H/60/20114 T3,
823~825% H DA CAC TH Y, ToOfE, HEs
57 3 /#id Histidine (H) Tho7z (Fig. 2A).
—75, i~ =7 —=275Y A LT/ 6%k Tld, Z0#b
SFoiE#EIE TAC, 73 /BIE Tyrosine (Y) TH5HZ
DR SN (Fig. 2B). F72, 667~679% H O
HEIZOWTE, wWIhokkd ATATHY, #HIFRENS
223 H DT X/ HkIZ Isoleucine (I) T -7 (Fig. 2).

% =
20094E 12384 L7z A(HD) pdm @ HARENIZ BT A

T, 20104F 4 Hi2id—H#E L7223, FEILH 25
ORATHHEZ ), DERDFHMEA > 7V T 2 FORAT

(A) 655

A/Hiroshima/60/2011 TGG AGA AAC AAT ATA TTG AGA ACA CAA GAG

w R N N I L R T
219 223

(B) 655

A/Hiroshima/17/2011 TGG AGA AAC AAT ATA TTG AGA ACA CAA GAG

A/Hiroshima/24/2011
A/Hiroshima/45/2011
A/Hiroshima/49/2011
A/Hiroshima/55/2011
A/Hiroshima/66/2011 =+ =er eeeeeneee e e .

w R N N I L R T
219 223

NG — BRI, BENDIHEE—=2E L T3HI
FHRELZ [6]. FAPEITIE, 17V Uy FEREZED
HIRIC, T2V IENVEIILODETAIA Y 7VT
YHEOBHAPRBIATbOL WL Z b H b, it
FRIRKOF LIV Y IUVEHELE ZRoTnd [7] &
%, Ay I EVIERATRATO EHIC 2L, E
FERBICB U D EETHORBE LN EE 2L LD
N5, oo, HAREMNIZBT 2 3EH %O 5 E
T WA BB L, BRI R SRR B 3 R A | 1
AT 2720102, 20094 9 A 2 6 ERLIEGUERTERT & &
W g A e SR R T A v 7V T v R R O
=S T AEHE L [4] SOV =S T LA
DA FIZD VT, 2009/104E 2 — X 13 NA H#iz
FOESY Y — 4 v AN & o THHI~ —FH — H2T5Y % HE
ALTw/ [8]. Larl BELSHHSINDS AH
Dpdm ¥kZFANTAL L, NABEEZT25EFHOT I/
BAHTHLIANAEY THDLTAIVADPIRIEL T
Wk (H275/275Y mixture) DOFFEDHL 2L %o
T/ [9]. 20720, 2010/114FEy — X6k, &
ENSTEES N2 A IV AD NA BIET25EFHOT 2
JEEDS, HH Y, H5HWiE H275/275Y mixture T 5
D%, TagMan RT-PCR % FIJH L 7= SNP 47 % F
THET AHAE 7T b a—VIZEBHE IR, KBRIZE
WTh, ZOFEIHES T20104E11A 252011463 A &
TOMIZHEES 72848k A(HD) pdm ¥R Z M L 72 &
ZhH, ZOWND 6 ED2TEY it~ — 7 — % R_THRTH
D, T ANADEERITOMHTHRERTD, wInd2rs
FHOT I VEBEFHPS Y ANEERLTWD I & HHE
maih/: (Fig 1, 2).

275Y M~ — 7 — %A 5 AMHL) pdm ¥k 2% 5 B
ENF6HDEEZEIIOWTHSL L, Tablel IZ/RL 72
No. 2 ®BHTIE, MEABRMN S 72 1 AI4HBRENC 7

684 811 840
GCC CCT AAT TAT CAC TAT GAG GAA TGC TCC
E A P N Y H Y E E C S
228 271 275 280
684 811 840

GCC CCT AAT TAT TAC TAT GAG GAA TGC TCC

E A P N Y Y Y E E C S
228 271 275 280

Fig2. The nucleotide sequence (nucleotide N0.665—N0.684 and No.811—No0.840) of influenza A(HINI)pdm NA
gene and translated amino acid sequence. (A)Nucleotide and amino acid sequences of representative strain
with H275 marker that was susceptible to anti-influenza drug. (B) Nucleotide and amino acid sequences of
six resistant strains with 275Y marker that were resistant to anti-influenza drug.
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HEA LS I UG ENTBY, o, KIEFIZ
A IV U HEEZRHA L T 2B WL nZ L h
5, IV F I VORI & o TEY A )V AHSHIE

L7zbE2z6NA. —J, No. 4DBFIZOVTIE, 2
H4 BICHESRIESNTWEY, FRED) 4 HETO 1
H31IHIZNT I EMDBEG STwiz, RT IEVIZD
Wi, Fenvy I EVERIZ2Y Mk~ —h—%F
TAMPEY A VAT 52 Emesn<THsy [10],
COBEIIOWTY, RIEREFEIHA v 7V FEL R
FALTWZEDR RN Ehs, XTI ENFKGDHRE
Tl A VAR Lz EE 2605, —J7, No. 3
& No. 6 DEHEIZOWTIX, Wi d BEEFICIEIA
VINI U HFEOT G R o072 b 00, FER BV
L., ZOHHENI, RKEEDA TV FOEEDT:
DIZ, FTEIVTIEN, HLNERT I PRGN
TWz, #oT, TO2%0BEIZOWTIE, Fik%ED
B A VA EG LR L EZ SN D, FRY O
240 8% (No.1,5) 22wk, BEHHFIIZYF
IEN, HDHNIENRT IELVORGERH L LD, I
KA PEAIEGHER L THE I s, HH5sh
7= EHN A TIEPE ™ AV ZADSHBL L 72 0B 212D T
XKW CE R ol Fz oAy 7V v FEED
Sy AV ADEG L 72 HEICOWT ), FNEFE
RAGIZTRIET 2 EHIEE O Nk o 7.

SR L7z, 275Y i~ — 7 — 2R3 % 6 Ol
PRI, SERNESZERBROME R (Table2) 2056, W
NLEFELNVY IENEITTHRL, RTIIENMIIHLT
& HFNMHE 2 JELS LTz, 275Y i tERRIZ o Ww T,
TN IV ERT IV TR Z /T 2 EH
WEsNTBY [10], 215D 6 HOMHERRIZ DWW T
X, FELVFIELHLNVIERTIELOKGIZLY,
SN TV WIERNIR L Ch R & 845 L2 b
DLEZLNZ. B, AL 6KIIVwIND, )3
YL & T =F I EVICH L TIEERIEZETH - 72,

A Y IV RIS BRI R Ty — &
LT, H275Y I2h 2 T I223R OED D 7 3/ W)
HEUDE, VT IELRRT I UK LTEVE
HERERT L7205 TR L, FFI MK LTHEr
RSB EDHE STV [11-13]. 200
275Y fif ki~ — 7 — & H L Tz 6 Hizow T, 1223R
\ZF% AT 50 OIS & 0 5 2 & T 1223R
OEROFEIZONWTHFTRNTAHALD, WTFhokkd
[223R DR IFBED HNT (Fig 2), F7-HHIEHE
RERORERTHFF IV L TRZER LTV
(Table2).

Al 4 AR RTIE, R BRICB T 52010/11
2y — X O275Y WHEMRO MBUHEZEIZ71% TH b,
Z O EA1Z2009/104E 3 — X > D064% [8] ML

TEL hoTwh, T/, 2010/114EY — A 2B 5
HAREWNASETORED22% (9] LHEBELTLEW
HETHor, 011/12E3 =X 12BWTh, Zofif
e A WV AHRBOBEN S 5125 L R B DPEDIZTDOWN
T, FIEmESERTL2LEND D,

R RO I, 10N TagMan V) 7V A
A RT-PCREICEAL CTHIFTHW:, EIEGUENZE
A v 7V et v ¥ — 5 1 e IR
LET.

X [73
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