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g B

1999 4425 2003 OB ILIEEDO RMBERBRE L~ ¥ — B L OEBRERETHERER CCEHE
FRER Mk A & 53 X 17z Streptococcus pneumoniae 670 #RI1ZD\ T, levofloxacin, ciprofloxacin (233 %
WHZEEC7VEOR 0 vtikE A2 ) —= v 7L, 11 BROBPERMRD S, Sho ok
122\ T tosufloxacin, sparfloxacin, gatifloxacin E&ZM D S SITRFT L2 E 25 10 kAT Fh O EH)
WCbMHEA R L7z gyrA, parC, parE, gyrB BIZTFOBRM T oL THMEENR V8K T2OD
BIETF (gyrA & parC, & L {1 gyrA & parE) IZWHEICBI S 5 R, 58D 3 KiE 1 DDEIEF (parC)
K ERFBED LN, BRSNS — 2 O TD% M % random amplified polymorphic DNA-
polymerase chain reaction (RAPD-PCR) iZ & 2815 T DR S, WKL, HEOKRIILI-T
WBOTII L, BHEMICRELTWS I EARMEIN:. BEERLEOMBRTIE, 20 XKRMEEHRE
DB 574 MR TIIT R 1 R RO SN Do 72DICH LT, 60 Ll ETid 60 #kH 9 ¥ (15.0%) &

BWHECRMEESGEESN. HETIR V70393 Y USNOT7VFa X ) a s EhNRIC LT

BRLINTWEIELILLZbDEEZLNS.

F X
Fiti S 3K (Streptococcus pneumoniae) 1, /NED
THRERLRIABERONEN 2ERETHSH. B
REOEEE T OE LmpiigoRRE L LT
YEETH L. GH, B-77 5 LRHUREIIHNT
5 it PE2s penicillin-resistant S. pneumoniae (PRSP)
& % i3 penicillin-intermediate S. pneumoniae

BURIEE RS @ (T060-8556) b if i AL IR i o o [X 7 1
%P 17 TH
FLIBRBE B A 2 B 2 ER i A W 2
LTI CLA

(R YediEak 78 1 428~434, 2004)

(PISP) L M:iEh, ML o TWA. B2 7 4
FEOALLLY, =7uF4F, FEIHA2Y
v, yuS AT r=a— Vi EE ORI
»oTHB Y, drugresistant S. pneumoniae (DRSP)
EV)IRABRBENDICES TV 5.
PRI =R = I %7 : E o e <Y R X (A
S. pneumonige TIZHE N HEA TV HWVE IR T
WA AL, REDHELDOEFTIE7 VAo F
Ja iR, FICEKRE, HROSEKRT
HEATVWDEZEPHLN L o7, 4E, LRTD
Lx DB 26 S HICRKREE SR L, Fi#D 7
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BRICH - ICAakEMA - 1RO 7 VA0 x /0
VIHtEBRE A )= v FIZE o TRVWIHL 7.
INLIZOVWTS5RO7 VAT X ) Oy RPEE
W29 % MIC Dl % FHl, & 5 ISP AT
DizoF /a0 FRHHEDI - v P TH D
DNA gyrase (GyrA, GyrBOH 7=y FH 5
H B & 1L %), topoisomerase IV (ParC, ParE
DHET2=y P HLHEREINDE) OKBIEFD
¥ /v Y% k€ #H3® (quinolone resitance-
determining region : QRDR) O &1z T B f#HT %
fiofe. FHIEZE S, RV ) U ERE&AHY
(PBP) Bz FOERB LU~ 2 05 1 Fiitth&(z
FORELZ HHLETHN L. %7 random am-
plified polymorphic DNA-polymerase chain reac-
tion (RAPD-PCR) (2 & - Tt tE 5 BE#R I D R [6 12
DWTHRRE L7,
NRELVHE

1. Btk

1999 fE 22 5 2003 4E ¥ TIZ, JbigEWN THBE S
N7z S. pneumoniae ¥k 670 & Xt & L 7. 5 #EHG
i, HWRERETMERAER LlgE K7W
Be, TAZEWMBRERE BIURMBOBERKRA L
vy — (FLIREERREL v ¥ —, E—BEKREL
v&—, tiEE SRL) TH 5. HHEROSBEMEHE,
BT 396 Befk, WEIE 140 WAk, Hik 47 Befk, THEA
W46 BRAK, MK 16 A1k, BAEE 12 Btk HRAE 8
ek, BRROPEIE R 2 MRAk, BEW, MUK, MWK
1 KR TdH 5. S. pneumoniae D [F%E 1%, MicroScan
WalkAway40 (Dade Behring) IZ &k »7:. & 512,
=PI VBIEFDOPCRICEABRYEAST |
b Y REMIC K 5 TS. pneumoniae TdhHh 2 Z L D
HExiTo 7.

2. MIRERZM

BEREFII 7 VA aFx /o v 5 #| [levofloxacin
(LVFX : 5—%3), ciprofloxacin (CPFX : /N A4
I)V), tosufloxacin (TFLX : 7& > }), sparflo-
xacin (SPFX : K HA$I), gatifloxacin (GFLX :
AHBEE) ], penicliin G (PCG : BIEME) B LU
erythromycin (EM : KHARE) 21 L7z, &
NEBEHIERE (MIC) DRIEIL 5% b Vi
MIRAMI 2 —TF— v b YEREEYHWT,

FH164 5 H20H

H AR LR A R R (TR L - KRR
S NP o RO AN

SHPEH PR IC X ATYE DI, FHIBEHR
DRAER]TH 5 reserpine”” % 10 ug/ml DRE T
EHISHEML, MIC OB THRIT L. 450
roEFBDONLEE, FETHALLE L.

3. FHI BRI

WO/ 4 DNA X, TELOHE N - THll
ML ¥/arEpy—5v FThb DNA gy-
rase 71 = v hBIEF (gyrA, gyrB), topoi-
somerase IVH# 7 2 = v b # {5 F (parC,
parE) @ QRDR % & L@ 15T Wi % Pan H D
ENCHBTF54<—+t vy bB XU HotStarTaq
DNA polymerase (QIAGEN) % B v TPCRIZ
Lo THZME, F¥4L2 Mo =2y RAETHRIE
FERIEZRE L. Y=Yy ZRISE DY-
Enamic Terminator Cycle Sequencing Kit (Am-
ersham Bioscience) %, ¥ — 72 XL 4 — {3 ABI
PRISM model 377 (Applied Biosystems) % F \»
7. LTI AR—ICL o THIBTE Rdh o722
D parC IZ2WTid, Ferrandiz D#HE"IZH B
T4 <=2\, EROBETFEET, EEE
FIERAT 2 175 72,

PBP #&F (pbpla, pbp2x, pbp2b) ORBIZTFE
RBIV, 7074 FifBIZF erm (B), mef
(A) ORI TES D PCRE IZHE - THTo 72

4. RAPD-PCR

BWO4 ) L DNA I3/ —r (ZHhHME) 2 H
WTHM L. 75 4 < — X RAPD Analysis
Primer Set (Amersham Bioscience) F#® 5% : P1,
5-GGTGCGGGAA-3"; P2,5-GTTTCGCTCC-3";
P4,5-AAGAGCCCGT-3"; P5,5-AACGCGCAAC ;
P6, 5-CCCGTCAGCA-3" # Hi\»7-. PCR It i
HotStarTaq DNA polymerase * f\>, GeneAmp
PCR system 9700 (Applid Biosystems) T 17 - 7:.
7 v 7L — FDNA20ng % H v, 94C, 2%/
38C,24/72C,2 5% 35 %4 7 v, |\ %12 72T,
105D v Fax— 3 r&fTo7z. FUSERY
% 15% 7 70— A BRIKE) TN L7z,

B
670 DI b7 VA a ¥ o vtk 11
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Table 2 Summary of mutations contributing fluoroquinolone resistance in parC, gyrA and parE

Fluoroquinolone Amino acid residue and its

target gene codon in standard strain R6 Mutation Strains possessing the mutation
parC Ser79 (TCT) Phe (TTT) DR22, SR69, SR211
Arg (AGA) SR27, SR179
Asp83 (GAT) Tyr (TAT) SR68, SR166
Asn (AAT) SR248
SyrA Ser81 (TCC) Phe (TTC) SR68, SR27, SR179, HU85, MH67
Ala (GCC) DR22, SR248
Tyr (TAC) HUS86
parE Asp435 (GAC) Asn (AAC) HU85, HU86, MH67

B HN7z(Table 1). WHEDEEIZEKIZL T
A ThHot:. 2D H B, DR22 Bix GFLX Ao
TJhAua¥x/orEIZ32ug/m B EEEFICE
Witk % 7R L7z, 11 #%& % PRSP, PISP i3 & 4 4
¥ (5t 72.7%) TH-7:. w7 a5 4 FRAHIE
74 (636%) IZ@RDH LN,

ChEITOME 2EEICLT, WHICHDL
LER% Table212F &7, WHEEOE 8 #
T22oDBIZF (gyrA L parC, b L idgyrA
& parE) ZWYEICEIE-TAERA, KD 3KIT 1
DOBIEF (parC) IZERMVRO LNz, 2ODi#
EFICERDED b7 8 KL, parC DA
EROBD LNz 3BRICHATRPEBEATE 4]
IZ& - 7:. TFLX, SPFX, GFLX &\ o /7T A
BHRICS T2 NOBVERTD, CPFX X
LVFX & 9 v MIC Tidd % 2%, 2 2DOHE%E
REFOKZHOCHEELRL T, WHER
D9 bH, DR22 kL SR248 #k Talo H N7z gyrA
® Ser8l (TCC) —Ala (GCC) X, S RI#MD TR
DONLERNNY—0ThHDH. L ODEKRTED
b5 parE @ 1le460 (ATC) —Val (GTC) D%
RIRZIUHKTLRZOONDELDOTH Y, Pes-
tova HOWMEVICOHH LB, WHERLIIE
MfpEZx 605,

S. pneumonige T, topoisomerase IV, DNA
gyrase ® QRDR HDZER YA EHHEHRIC X
SERELIMONTYY ", EHPEHROM
EHTh 5 reserpine D7 VAT F O Uitk
DRBERELI2L A, SR166 #D CPFX (2%t
FTHMICOADVHELHBEZ T2 (8—2pg/

FR164 5 H20H

ml). Z O FIX, BE E#kH SR166 O CPFX
i D A TES I EFBFMROM G 23H 5 2 L
ERBELTWS,

RAPD-PCR 2 & % BInFRITICE D kO R
Fx MR L7z, ZO#E, SR27 £ SR179 D 1 D
AH, REF L5 BED T4 —TE& TR LY
y—raRLAEZEILED, A—HEEKTHS L
ZZoNlA, ThUSHNIRZZBHKROBHKRTDH
% LAURM SNz (Fig. 1). SR27 & SR179 it
HEEFD/$%—> (QRDRDPDNA ¥ —27 T~
A,3%® PBP BIZFOER, 2D~ 7154 F
iR IEFRatE) ASR—Tdh by, EHRZHEDLH
BLLTw/z (Tablel).

RO EE L DINT A —F — % B L7
LI hH, EMNDOSM THRIKD DHERVHE LN
(Table 3). 20 A& & D BH H R TIIBRET L2
574 BROHIZ 1 R D AR IZRO SN e o 7.
—77, 60 LA LB kE g R TIX 60 % 9
# (150%) LWHEBEEOR VT &AL 7.

x =

670 Bk D S. pneumoniae ERIR 5 BEREA> & 11 kD
FJnAud /o vigtke Rl L. ke L
TOHEIX16% THY, ThFTOHELHEMY
LTENHDTH o7,

WEERDINF — X ISR S
N7z (Tablel, 2) 2 &H6, 7htufx) o
HHROMBLIE—DREEKROILKTIE RN E
MAFHEEN. EBIZRAPD-PCRIZ & V) #f5T
AT L7 A 1D 2H%DZ W Tk RAPD
DNy — VAR (Fig 1), B2 5HHRICHEL
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Fig. 1
resistant S. pneumoniae strains with five distinct
primers (P1, P2, P4, P5, and P6). Lanes 1: DR22, 2:
SR68, 3: SR27,4:SR179, 5: HUS85, 6 : SR248, 7 : HU
86, 8 : MH67, 9 : SR69, 10 : SR211, 11 : SR166, M :
pHY molecular size marker.

RAPD-PCR analysis of eleven fluoroquinolone-

M1234567891011
P1

TWAHIEARBIN. T4bb, 7Vt uFx
7 1 VittE S. pneumoniae \XHAED L = B KA
WIIBRICRE LT B EEZ NS, H—FH
~Fk & HEE S 7z SR27 & SR179 12 L T[] —

i

- Atk

Table 3 Relation between patient age and preva-
lence of fluoroquinolone-resistant S. pneumoniae

isolates
No. of FQ Frequency of
Age resistant strains emergence
No. of strains (%)
0to9 0/568 0%
10 to 19 0/6 0%
20 to 59 2/36 5.6%
more than 60 9/60 15.0%
total 11/670 1.6%

M DMK TH D, BENES % BEbH 5 :HIT
HbH. ZOWKD parC, gyrA BInT 1L S. pneu-
moniae D7 7 LAEEHERE R6 D {n 1 ELH) & O HE
WIEFIZELRBDOOLNDLY. BELLED2DIZ
parC (2B L Tl % 25T % QRDR @
BIZTFWH 25572007 5 4 < — Tl IEEY
B ONL Doz F 2 5D . LR O RS AT
OISR L Y HERBOFN S ICEDT 2

HALRCHI AYRR O H T 5. [i] U Streptococcus
& TdH % S. pneumoniae & kL ¥ H IR & O
THAFRBAREZ 2 L1, RV ) VA&
HBEFRETEILHMBNRTEY, Zhdp52
5 LSRR ENEDO LR LB TH 5 2 L AEE
SNhTwR, 4l oOE T, SR27, SR179
DAt Zi34 7% < & b topoisomerase IV, DNA gy-
rase ® QRDR kgt L > HERE IC RS 2 L B
bR BEFN A D H 5 % (data not shown) & &
MnH, 7hFuaFxsurigtkogs, kel o9
IR & OBE T AITEE R ERT Tl v e
EZEibhb.

B-7 7 5 LRI UT 4 FRITHEmME &
BLT, 7VvAruoXx)or Rtk d K
SRR DRI ZDOMMHHENE L E W LT
HBHH, EHIZZOMMERHBIRIIERBICL -
THELWRERIBDHE., ZOEHI%R7V+oFx /o
Y PERR I B OAE NG R 12 X % 0L, AT b D
DBIAHE ST WS, 4l S, pneumoniae
D5 ML DS /N R HDRBR I, PRI 4 <
BOLNRPoT. BELL I v7udHy UL
Wo7vtaFx oy HPEAE TN LT

IERAEFHERE  B78% 5%
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EoEdh, BEAEHEHIATVWRZWALTH
%9 . 60 L Lo E#E Tid 15% 2RO P
EThb., ThHBF770%0v27u54 KR
WHET 2 ERVHETH S0, BREEE PO
WCHEEICHELSEA TSI LERLTWS, 11
DI B 8HkIZ, L b o0RETFICHYE
ERHPED SN, LS. pneumoniae TEHEATT N & &
15 SPFX, TFLX, GFLX IZbEEmREL R~ L
TW 5. 2000 F 3 BICRE SN H ARG FR
D R EERIEICETEH A F T4 "Il Bw
T, S. pneumoniae % Lo & L 72 AP D3N
#BiCHMLHD, 7rtaFxsarEhuns
FOEEBRREICEDIFTELT, KYICLE
EROOLNLEFNIHEHEZBEELL)IELTY
5. GHoOELAOESETESIC7VvAOX ) Oy
WD EOERIKIFL T BT L ARELTY
%.%7:,PRSP, PISP R~ 7 074 Fiifth#koD &
IZIEAFDZRETORVE IV EDDERFE L
T, S. pneumoniae DEFAEHZ ER T NE& LER
%. Hoshino » O #H &Y, HHOKLHTIL, S
pneumoniae DR MBI, FFIZFHA B ORAN)
DR, OEREHUNPHEHIN TS, BEE
A7 VA TR 0 Vit LT w A BUR
X0b, RINERICHERPRA LSS, |
HTOILKEELG S VT efafsns.
HEE . ABRORLICEHG B o L EWARGRER
BEF, 4, JLilEKFERBERERKINER, FLIRERR
BEL Yy —REH, BFER £ -BRRELY 7 -/
MZ, LBT, il SRLFEAMIT, KAARE K (s
B IZERAHL LT,
X ®

D OETECE, EHE -, BR O, SHSFEA, LR
JaxHt L r—H—NXALF ATV —T 11998
AT R E 26 M ax A S 95 B S A7 B K o B pk
5,180 KO K FEHH I 2 BEMH — X1 5
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from 2000-2001 and 2001-2002 TRUST studies in

Molecular Epidemiology of Fluoroquinolone-resistant Streptococcus pneumoniae in Japan

Shin-ichi YOKOTA?, Kiyoshi SATO"?, Shigeru YOSHIDA® & Nobuhiro FUJII"
YDepartment of Microbiology, Sapporo Medical University School of Medicine,
?Hokkaido Wako Junyaku Co., Ltd,
¥Laboratory Medicine, Hokkaido University Hospital

We identified fluoroquinolone-resistant Streptococcus pneumoniae strains among 670 clinical iso-
lates isolated from 1999 to 2003 in Hokkaido prefecture, Japan. All eleven stains were resistant to
ciprofloxacin and levofloxacin. Furthermore, ten strains were also resistant to fluoroquinolones that
are more effective with gram-positive bacteria, namely tosufloxacin, sparfloxacin, and gatifloxacin.
Nucleotide sequence analysis of the quinolone-resistance determining region (QRDR) of the quinolone
target genes coding for topoisomerase IV subunits (parC and parE) and DNA gyrase subunits (gyrA
and gyrB). Eight stains, which showed higher resistance, had resistance mutations in two genes
(gyrA and parC, or gyrA and parE ), and other three strains had one resistance mutation in parC. The
mutation patterns were varied between the strains. Data from random amplified polymorphic DNA-
polymerase chain reaction (RAPD-PCR) indicated that eleven strains were identified as ten independ-
ent clones. Lines of evidence indicated that genetic mutations leading to fluoroquinolone resistance
occur sporadically rather through the spreading of a particular resistant strain. Notably, the
fluoroquinolone-resistant strains were only isolated from adults, particularly from patients more than
60 years of age (9/60 strains ; 15.0%). Resistant strains were not found in 574 strains isolates from
patients under 20 years of age. This may be due to the fact that fluoroquionolones other than norflox-
acin are not applicable to children in Japan.
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