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Table 1. Primer Pairs and Fluorlogenetic Probes used for Conventional PCR and Real-time PCR
Type/Subtype Name Sequence (5'—3") Position
N2-E119V-F2a Agg ATT TgC ACC TTT TTC TAA ggA 285-308
Real-time PCR N2-E119V-R2a TCC AAg ggC AAA TTg ATA ACA CT 405-383
N2-E119-2P FAM- ACA CAT AAg gTIT CTC TTg T-MGB 367-349
N2-V119-2P VIC- CAC ATA Agg TAC TCT TgT-MGB 366-349
A/H3N2
RT/1st NA3-1 gCC CCA AAC TAg CAg AAT AC 233-252
Conventional NA3-6 ACC ACC TTC TTC ATT ¢gTT Agg 1038-1018
PCR nd NA3-3a ggt CAA AgC CgC AAT gTg AC 260-280
NA3-8 ¢gCT ACT gCT ggA gCT gTC g 1005-987
B-R152K-F3 CCC ATT ATg CAg CTC AAC CA 398-417
. B-R152K-R3 TTg CCC AAT TTg ACT gAA ATT AgA 488-465
B Real-time PCR B-R152-3P FAM- AgC TTg TIT CTg TCT TC-MGB 458-442
B-K152-3P VIC- AgC TTg TTT TTg TCT TC-MGB 458-442
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NENOIEHIMM AL BRI 2R TX 5 L O IC#E L
T A ~—ZRHICHA, BEH "R E S T O R
EiTolc. 9725, RNA i 3 pL # MV, 1st PCR
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real-time PCRIEDHREIZHOWT, 104257 L7-
FEAEDNAZ B WD TR L 72 5 5, AZH3N2 #E R B %

(BEN9EM A, ELOVRRHA) 3 X UBEIMRHAR (RI52R
BHUA, RIS2KEEHA) X, W $9.0X10° copies/tube
7759.0X10° copies/tubeDFEPHNIZINT, A 7 LEKIC
Lol L DNA & O g dh# 2345 H 4, BHUEE XV T b
9.0 X 10 copies/tube & #i i Sv7= (Fig 1,2.).

PSR S BOEIRE ORIE 217V, XEHIFAMERE D%
SeHINE%E, Y VICAREO®EMEEMEZ 7 a v Mré
L, JE’Z‘:“‘@T“ J BEDOIEHEDNA (E119E3 X O'R152R) |
X#ZiR D KO L, rrﬁﬂéﬁﬁﬁ'ﬁ J M@FEEDNA

(E119VioctU\R152K) EYHENZIH O KO IhiE L, &
ﬁ§®%%7ﬂyhﬁé_&uibﬁﬁﬁ‘%E@ﬁﬁ%
HETHZ ENTE (Figld).
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A/HIN1pdm09 # £k 151 8k @ 9 B 58 #E IZ DWW T, RT-
nested-PCRIER XL ONT 2/ BRECH D FEHTIZ X 0 EANHEZE
BOFEIOWTHELEZEZA, T LEES8KkD Y B
real-time PCR{ETH275Y & & S 72 28K ITH275Y DA 5
DR S 7z2d (Table 2.), I1223R/V, N295S8 O %
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Fig. 1. Establishment ofthe Standard Curve for Influenza A
Viruses (A/H3N2) Quantification by Real-time PCR
Amplification plots of oseltamivir-susceptibility viruses
prossessmg the E119 (1) and oseltamivir-resisutance viruses

prossessmg the V119 (2) standards. Genome concentrations
are 9.0X10° (@) ,9.0X10° (@) ,9.0x10* (@) ,
9.0X10° (@) ,9.0X10° (®) copies/tube from right to left.

%:TT Stk T A,
2011 =R DU 7 F 8K (A/California/07/2009) % & e
KERI TAZ—%MERL, EHIC4DDTNV—TT5)
17z (Fig4.). real-time PCR V£ H275Y &H|E Sh7z 2
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Fig. 2. Establishment ofthe Standard Curve for Influenza B
Viruses Quantification by Real-time PCR
Amplification plots of oseltamivir-susceptibility viruses
prossessing the R152 (1) and oseltamivir-resisutance viruses
prossessing the K152 (2) standards. Genome concentrations
are 9.0X 102 (D) ,9.0X103 (®) ,9.0%104 (B) ,
9.0%105 (@) ,9.0X105 (®) coples/tube from right to left.
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Fig. 3. Results of TagMan Probe PCR-based drug resistance

genotyping
(1) Influenza A/H3N2 Viruses : A FAM-MGB-labeled probe
was used to detect E119-allels (Allele X) ; a VIC-MGB-labeled
probe was used to detect V119-alleles (Allele Y)
(2)Influenza B Viruses : A FAM-MGB-labeled probe was used
to detect R152-allels (Allele X); a VIC-MGB-labeled probe
was used to detect K152-alleles (Allele Y)
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60 Ann. Rep. Tokyo Metr. Inst. Pub. Health, 62, 2011

Table 2. Oseltamivir Resistance Related Mutations of the Viruses Isolated in Tokyo

NA Mutation A/HIN1pdm09 NA Mutation A/H3N2 NA Mutation B

H275Y 2/58" E119V 0/46" R152K 0/23"
1223R/V 0/58 D151V 0/46 D198E 0/23
N295S 0/58 (D151A) (1/46) 2227 0/23

(D151E) (1/46)

(D151G) (2/46)

(D151N) (2/46)

Q226H 0/46

G248R 0/46

K249E 0/46

R292K 0/46

*: No. of the Positive Strains / No. of the Strains Tested

FRIZAMSZ L7227 L —7 (groupd) ZJEAL L, 2009-2010
—RAVNZKRRZ T UDWSN THES N TN DA ELZIE
IV TEZS B4R 3 L O Tl S e H275Y A B4 2
ELtE~ — O —F T D8 (A/Tokyo/S09-1256/2009pdm)
LIERID I N—F IS .
FENLRRYERFFEFT M T - 72 [ENFHAEIC L 5 &, 2010-
20112 — R UNZH2T5Y 7 R/ IR BDNTRD B VT2 S BfER D
MRS X1.9% Ch o7z, ENFREIC L ~FBN 5 ek ©
OB 131.3% & 00N, [EPNGRA IS 133 A & 5
BT RIS LT SEGRPHEAN & 5 5 L 72 b D DFEIR A
E L CERRIPICEAIMER b — A b & Eh

A/Tokyo/09-7887/2009pdm
A/Tokyo/09-11719/2009pdm
A/Tokyo/S09-1090/2009pdm
A/Tokyo/S09-1712/2009pdm Isolated Strains
A/Tokyo/09-8297/2009pdm in Tokyo (group1)
A/Tokyo/09-14520/2010pdm
A/Tokyo/S10-643/2010pdm
A/Tokyo/sw10-010/2010pdm
A/Tokyo/10-12040/2011pdm
A/Tokyo/10-12147/2011pdm
A/Tokyo/10-12261/2011pdm Isolated Strains
A/Tokyo/10-11152/2011pdm in Tokyo (group2)
A/Tokyo/sw10-57/2010pdm
A/Tokyo/sw10-89/2011pdm
A/Tokyo/S10-1655/2010pdm
A/Tokyo/sw10-60/2010pdm
A/Tokyo/10-11115/2011pdm
A/Tokyo/10-12048/2011pdm
— A/Tokyo/10-12268/2011pdm

Isolated Strains
in Tokyo (group3)

{ \_{ A/Tokyo/sw10-96/2011pdm Isolated Strains
Isolated Strain in Tokyo ——3 A/Tokyo/10-11203/2011pdm J in Tokyo (group4)
A/Tokyo/S09-1256/2009pdm

[ || A/Catalonia/NS7362/2009(HIN1) R
A/Quebec/147365/2009(HINT)R
A/Denmark/528/2009(HINDR

A/Hong Kong/2369/2009(HINT)R
A/Tokushima/2/2009(HINT)R
A/Hunan/SWL3/2009(HINT)R
A/lwate/3/2009(HINR

A/Yamaguchi/22/2009(HIND)R
A/Nagasaki/HA-58/2009(HIN1) R
{ A/Washington/29/2009(HINDR

A

[Oseltamivir Resistance Viruses
Possessing theH275Y Mutation]

/Osaka/180/2009(HIN)R
A/Washington/28/2009(HINI)R

“ A/Kobe/1/2009(H1N1)
A/Narita/1/2009(HIN1) Vaccine Strain
A/California/07/2009(HIN1) €= (2009-2010,2010-2011)
A/Swine/Sp 7/2003(HIN1)
—
0.01

Fig. 4. Phylogenetic Tree of NA Gene of Influenza A
Viruses (A/HIN1pdm09 )
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D UEWEIETH D ATRENEN S 5. 20114ETHBIE, 4 —
ATV TR=2—T— T REOR G E TR &
L TA/HINIpdmO9HRIAFAT L TR Y, A1k, MR
b o - A/HINIpdmOYFHE A FITT 5 2 & bR IND
728, WEFE R RE OMEMEIRE S .

2) A/H3N2HE R 7 1 /LR

2010-2011 32— R ZHBN T B S AL A/H3N2BL 758K 1T
SV Creal-time PCRE % AW THANMMEZL RO 2170,
HAIMFEE B OFMEHE L, ZORER, 7583 _TH

A/Tokyo/10-10559/2010
A/Tokyo/S10-2200/2011
A/Tokyo/10-11109/2011

A/Tokyo/S10-2113/2011
A/Tokyo/10-11068/2011
A/Tokyo/10-10342/2010
A/Tokyo/sw10-117/2011
A/Tokyo/10-12936/2011
A/Tokyo/sw10-28/2010
A/Tokyo/10-10734/2010 Isolated Strains
A/Tokyo/10-10518/2010 in Tokyo (group2)
A/Tokyo/10-10279/2010
A/Tokyo/10-11306/2010
A/Victoria/210/2009 €= Vaccine Strain (2010/2011) }
A/Florida/UR07-0101/2008(H3N2) Isolated Strains

Isolated Strains
in Tokyo (group1)

AlTokyo/sw10-33/2010 in Tokyo (group3)
AlTokyo/10-9720/2010
AlTokyo/10-9303/2010
AlTokyo/10-12322/2011
AlTokyo/10-13344/2011
AlTokyo/$10-191/2011
AlTokyo/10-10844/2011
AlTokyo/10-10845/2011
AlTokyo/10-12323/2011
AlTokyo/10-13173/2011 )
A/Tokyo/sw10-38/2010 Isolated Strains
ATokyo/10-12054/2011 in Tokyo (group4)

AlTokyo/10-13174/2011
I A/Tokyo/sw10-124/2011
[~ A/Tokyo/sw10-118/2011
[~ A/Tokyo/10-10558/2010
A/Tokyo/10-11036/2011
L | A/Tokyo/sw10-29/2010

AlTokyo/sw10-46/2010
A/Pennsylvania/PIT06/2008(H3N2)

2

i Oseltamivir Resistance Strain ]

‘A/Texas/71/2007(H3N2)
A/Uruguay/716/2007(H3N2) €= Vaccine Strain (2008-2009,2009-2010)
A/Brisbane/10/2007(H3N2)
A/Sendai-H/115/2007(H3N2)
A/Sendai-H/F093/2007(H3N2)
A/Hiroshima/52/2005(H3N2) €= Vaccine Strain (2007-2008)
&endai-H/ﬂ 1/2007(H3N2)

- A/Sendai-H/F1502007(H3N2) _
AL

0.002

Fig. 5. Phylogenetic Tree of NA Gene of Influenza A
Viruses (A/H3N2)
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<B/Victoria Lineage> B/Tokyo/10-13623/2011
B/Tokyo/10-13784/2011
B/Tokyo/10-13582/2011
B/Tokyo/10-12619/2011
B/Tokyo/10-11906/2011
B/Tokyo/S10-2013/2011
B/Tokyo/10-13011/2011
\_{ B/Tokyo/S10-2093/2011
B/Tokyo/10-13674/2011

Isolated Strains
in Tokyo (group1)

B/Tokyo/S10-1909/2011

L B/Tokyo/10-13669/2011
B/Texas/24/2008
IB/Brisbane/60/2008 €— Vaccine Strain (2009-2010,2010-2011)

B/Tokyo/10-12934/2011
B/Tokyo/10-13580/2011
B/California/03/2008
’7 B/Vienna/23/2007

B/Florida/05/2008
B/Cheongju/437/2008

L— B/Florida/4/2006 €— Vaccine Strain (2008-2009)

Isolated Strains
in Tokyo (group2)

0.005 <B/Yamagata Lineage>

Fig. 6. Phylogenetic Tree of NA Gene of Influenza B
Viruses
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SISO T X VBRI T ART XUl (D) T 7=V

(A) ICERLTWDHE (DISIA) Ik, 72 2 R

(B) IZZERLTWAEE (DISIE) 2k, 7V (G
ICERLTCWDEE (DISIG) 328k, 7 AT ¥ (N)
WICERLTWAEE (DISIN) 2328kdH 7= (Table2.).
DI151G/DE 2 IIDISINOZE B A2 ROk, I e ﬂ
T HHANRZVEREDIERT RSN TE VY, Zoakkicy
T B HET B EBNESZ O T 27 2 Al REME D R
SNz, 2008-2009 — X HNATBERE T HDI51G @ 18K,
DISIN : 2B ST 0 10, JkFeil 22 304 oo 4 Bk
BRI NI, £72, NABEBTORGRIRNT 21T o7 &

Z A, 201020113 — R DT 7 F Lk

(NWmmmmmw)%@Uﬁ%@ﬁ?x&#’aihk
23, STBERRAOKRIZ E BIC K& {420 H T TN —T I
Sz (Figs.).

HIBEUANLR

2010-2011 3 — R AZHBN oyl S 7= BRISSERIZ DUV T
real-time PCR{% % F U CHEAIMPEZ B O 24TV, HH
MMHEEROFEEZHE LZ. ZOME, SSHETTHR
RI52RTH o 7.

BEIA V7 N WD A VAL, B/Yamagata/16/881Z1%

FEIND LR HE & B/Vicoria/2/8712 %3 X 11 5 Victoriak
IS NS, 2010-2011 32— R AZHNTH S =B
HUSSEED 5 BH23RRIZ DUV T, RT-nested-PCRIERS L UVT 2
J BEBCE| DFFATIZ L 0 EAIMHEE R OFIZONTHAL
=& 2 A, 23D FT R TIZRIS2K, DI9SE, 1222TD 7
JBRERITRO b o7- (Table3.) . X512, NAE
{5+ DR 4T -T2 & 2 A, T TVictoria R M2
I, 20072008 — R DT T F Uk
(B/Malaysia/2506/2004) & [F U7 T A X — %A+ 5 7
=L, 2009-20103 £ 1201020113 — R DU 7 F o
Bk (B/Brisbane/60/2008) & [E U7 T A X — %R+ 5 7
=125 iz (Fig6.) .
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SINTELT, Fx OMEBRIZIBNTS, HNSHEKT
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VN2 SRR ™7 A L A 1T VictoriaR i T 5 = & 1975,
Ltk THEERPBRIH SN D ATEEED S 0, ke 22 FiE
DRBEVEDRIB S 7z,

3. H275 YIRAITRPEZS AR

TN THBEESH=H275Y A BV Z I B~ — 51— %
A ¥+ % A/HINIpdm09 #i & 45 B # ( A/Tokyo/swl0-
96/2011pdm33 X UNA/Tokyo/10-11203/2011pdm) o EFH 5%
PERRBR 2 [FSLRYSEF SN KIE L= & 24, T4
E LI X9 HICSOE AN MRS BRAK & 0 240153 L UR2726%
EHL, FEAZ I DR ENE LIET LT
WD ZENHERENT. £, WRE YT I eIk
ZMETHDZ EBHERENTWA. L SDOMEH AR
B3 2 e Gancitbh ks, e I e
PERE DGR & IEAIR 5 L ORI RHATH 5.

JEYSEY —_ A T AT X5 5 (NESID) 1A ENT
W220114R4 A 226 A 12 Toitie 1201020113 — X 4t
A 7N Y EANRZ R (A/HINIpdm09TiA) | o
RERICL B L, BRBRERNCHRB SN REN D DEESH
TeH2I5Y~ — I — %R T 20k AL 2 I BT
ZICS0ME Y, RS MESHER L 0 S THRI335fE LR LTk
v, REMICEKOBERA AL TWD . E72, 2009-
2010 — R AN AE THBE SN TZICS0MH & S PERRIT B
FHTHRIBEEWMETH T2 REOShTEY,
A/HIN1pdm09 Hi 4 D FEARLZ HEIZ DT b 5 & fod & A
LTV LEDRHD.

real-time PCRE % FUW 7= BANIMHELE R OMRHIZ— I
BB EETH Y, RT-nested-PCRIEL LTUVT I
J ERECHI DN K 5 HEANM A RO X v & ERE T
T35 EMTEDH. —FHT, AR ELRDHMEEROE
ﬂﬁﬁﬁbﬁ?%&“k% B 72 75 FEAIT P28 FER7 28 HY
BLZGEITE, WO THRIERORBENLE LS.
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DAL ZIEALBLUOY T I ELDEEEIT-oTND.
INHOEADOFEMMER EA%OEMERES ETH, #HN
THEESNToA TV WA )V RIS B AL
HEOFEIILERARTHY, 5% bk L TiIT->Tn<
VERHDHEEZD.

* & »

AVITNZUY T AL ILADET®ILE I EIVIHELE R
(A/H3N2 #i% : E119V, B ! R152K) OMHIEZB% L
7=, JEiCBAZ%E L7z A/HIN1pdm09 #ERI o HikE Nz C,
20102011 ¥ — R NN THBESN oA IV Y
AVA 281 BREFAE L= 2 A, A/HINIpdm09 #& 2 £k
\ZH275Y O 7T XV BREBRNHZ L.
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Detection of an Oseltamivir Resistance Gene Mutation in Influenza Viruses Isolated
during the 2010-2011 Influenza Season in Tokyo

Mami NAGASHIMA?, Takayuki SHINKAI®, Sachiko HARADA?, Isao YOSHIDA?, Kazue OGATA?,
Michiya HASEGAWA?, Yukinao HAYASHI?, Kenji SADAMASU? and Akemi KAI*

Surveillance of oseltamivir-resistant influenza viruses is very important for designing countermeasures against pandemic influenza.
Previously, we developed a real-time PCR assay to detect and analyze oseltamivir resistance gene mutations, including a histidine to
tyrosine amino acid change at position 275 (H275Y) in pandemic influenza A/HIN1 2009 (A/HIN1pdm09) viruses. In this study, we
developed a real-time PCR assay to investigate influenza A/H3N2 viruses possessing E119V and influenza B viruses possessing
R152K.We analyzed influenza virus 281 isolates (A/HI1N1pdm09, A/H3N2, and B) collected during the 20102011 winter seasons in
Tokyo. Two of 151 A/HIN1pdm09 viruses contained the H275Y mutation related to oseltamivir resistance. However, 75 A/H3N2
viruses and 55 B viruses did not have any mutations related to oseltamivir resistance. The Tokyo Metropolitan Government has already
stored 400 million treatment doses of oseltamivir and zanamivir against pandemic influenza. In the future, we will continue to conduct

surveys on drug-resistant influenza viruses in Tokyo.

Keywords: influenza virus, neuraminidase inhibitor, oseltamivir resistant, amino acid change, H275Y, E119V, R152K,
real-time PCR
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