(EBRENEZHRN]

Za—%/ 0 YR Neisseria gonorrhoeae \ZMT 2 BREM B X UERAR ST

H + E #
T KR SRR 355

CER 1146 A 22 B2 - PR 11E7 A 1 B2®)

bH B BT % Neisseria gonorrhoeae D=2 —% ) 0> (new quinolone: NQ) HIIat+ BMWHALIK
R, BIUTEORUERFICOVTRE L.

1. N. gonorrhoeae ® NQ % ¥EME{LiRiR

529 #k (1981~1984 4E57 M 27 ¥k, 1993~1994 4E 43Kk 151 #k, 1995~1996 508 154 Bk, B L TF1997
~1998 E57RE 197 #k) D N. gonorrhoeae \Zxt+ 5 NQ ZE % I UL T2 KHEFNO MICHEEZAEL
7zo Norfloxacin, ciprofloxacin (CPFX), levofloxacin, 3 & U sparfloxacin @ 1997~ 1998 £ 5 #E N.
gonorrhoeae 197 BRI+ 5 MICw fi 13, 1981~1984 4 53 27 #IZH3 5 ER & D 64~256 fi5 b B\
£/ L, N. gonorrhoeae D NQ REIIH T HWHMEALIHEHETH o720 NQ REMMH, (CPFX MIC>1 ug
/ml) OBHEIE, 1981~1984 £ D 0% (0/27) »HLiE4 LH L, 1997~1998 4 Tt 24.4% (48/197)
LARICHVCRHEER LA, —F, -9 9 2%KE2EILDETH NQREUNDER I 5L
BRALATIEEd o7 1995~1996 £ 57K N. gonorrhoeae 116 #kiZ B 1) 5 FEE R L NQ REM 1t
DR %E BT L 7o CPFX @ proline ZR& 23§ % MICs fi i 2 ug/ml T, prototrophic % arginine &
KRB EMORBERBICSHTZ2EN LD 8~512Eb B EZ/R L7, T4bb, proline ERE A NQ
FRECHMEILER L,

2. N. gonorrhoeae ® NQ FREwE#F

CPFX @ MIC 4% 0.125~0.5 ug/ml I3/ 5 NQ ZREHEEM MY N. gonorrhoeae 36 (kD 9 H, 25
¥ix DNA gyrase subunit A (GyrA) OADF /) 0 Ytk EFIR (quinolone resistance—determining
region: QRDR) (27 I /JEE L% F L, 7z, 11 #id GyrA & topoisomerase IV parC—encoded subunit
(ParC) DOWMBEFED QRDRIZT7 I VBEALEZAFE L T/, CPFX ® MIC A% 1~16 ug/ml 234 5 5 it
%29 BRIZTRT GyrA I 2 2FFD 7 I JBEEEL, TRICMA ParC i 1 -3 2207 3/
BELEE LTV 2o GyrA 2B\ Tid 91 FH ? serine (Ser) ~phenylalanine (Phe) %1k, # 7: ParC
2B\ T 88 & H ? Ser—proline ZILDBEH S o L bEA 070 28, ParCOHRIZT I/ BEILEA
TAHRRIRIE L2128 kb 1 BB OGN hot, ThHEDT L LD, N. gonorrhoeae ® NQ R¥Em ¥
BRI GyrA ICBIT 57 I JBEYEET, ParCIZB1757 I/ BECIEERELICHKLTVS
tEZLNT,

Pazufloxacin (PZFX) % 181200 mg, 1 H 3 A, 3 HM&EO%S L-B FHREMRERICBIT S N. gon-
orrhoeae 5% %13 66.7% (28/42) B, ERIKMIZ D N. gonorrhoeae ® NQ REMELIZHAL M TH
o720 PZFX 5%, BERB LU GyrAD 75 FH, T3 B EFHCT I/VBREMEEFTHIHRIITT
HELHDD, GyrA @ Ser-91—+Phe £IL 2 AT 5D EREIL 21.4% LKL, 7/, GyrA X 225
DT I)BELEETHH, BLUGyrA &L ParC OWEICT I /BEMEZATHHRIZ 1 HROHEXRL 2o
ALY

Key words: Neisseria gonorrhoeae, new quinolones, resistance, DNA gyrase, topoisomerase IV

Neisseria gonorrhoeae BREAEIL T < A 6 515 W 7-AKH
RYEMSAE T, BERKEEEETRBRIBEIICHLHD
D, REBZLEICEVTIRERE LTHIEL TV 2, bAE
I2B1F 3 N. gonorrhoeae IS i3 1980 ¥ TNV DHW 5
XA XBEOHE TR L TV 722, B mm A2
HOHNDY, RBRIEICH T HERICE VTS, 1984 F£LR

BROBAFICRLAIZBH L/2=2—F /0 (new qui-
nolone: NQ) ZREMNR=3 ) +—¥ELEMKHE (penicillinase—
producing N. gonorrhoeae: PPNG) % & ¥ N. gonorrhoeae
CHWHBEDERTILICEDEASh, RFCBERYHRE
RLTW, LA LEMORE, bAEZRILHETIER
7TIT7THERICBWTEREICHEEZRT N. gonorrhoeae D

0 A R T X B4 3-1-1
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MnARE L HEIC 2o TWAEY™, £CT, hAEILS i}
% N. gonorrhoeae ® NQ F¥ it 5 LR % 6 IS
ZOREBE IOV TRE LD THET 5.
I MREFE

1. N. gonorrhoeae ® NQ %Kit LRix

1) BHEEHICHT 5 BRIUEOFERMS

1993~1994 £E (4 Mt & L7z 161 #, 1995~1996 %
WM X7 154 Bk, 1997~1998 FEic M & /- 197
Bk, B XU 1981~1984 I 5 ME & Ao FUER 27 #%,
&3t 529 KO B FIRERBR N. gonorrhoeae (=X ¥ %
KZHEEFOMICHiET 2 H IS L ARRPRAR
BEICTHELY, TOERMEBEZRI L, HHEERIZ
10%fu/ml & L, f-lactamase BEAREIZ 7 FA MY
- (R=F5Fzv7, 7749—H) THELA. B
H ¥ % 12 NQ¥% ¥ 4% (norfloxacin, ciprofloxacin,
levofloxacin, sparfloxacin), 3 X % ¥ % # © 5 #)
(penicllin G, ceftriaxone, tetracycline, azithromycin,
spectinomycin) NAE 9 FHTH o7

2) NQ %Xt N. gonorrhoeae DERHERS

RiZ, TA)AEOHEERIZH &TL NQ REw
¥ N. gonorrhoeae DBHMFIZ B} ZERKEB L REFT L
2o TAVAEIIBWTIE, ciprofloxacin @ MIC fl %
1ug/ml PAE#ii#, 0.125~0.5 ug/ml % PR,
0.06 ug/ml LT 2 &ZM L T 5 Z &A% Knapp 6”IC
SVRBINTWS,

3) NQREmMME L RBERR

1995~1996 4 |2 5 B % 1 7= 154 % D N. gonor-
rhoeae 5 H, 1~116 HFHICHME S 7= 116 #iZDoW
TEDRBERM L ciprofloxacin {2313 2 RSN
PRERE L7co REERBRIL Catlin 62D FHHEICHL
TiTo7ze $bbH, $§XTDN. gonorrhoeae 1% D
RHIZ cystine 721 cysteine X ERTH - LS h
TVwaY, BRIZEDVSSIIELDTI/BEERT S
bDBbHB, COTIIBERNY — k¥ HERR L
W \», N. gonorrhoeae D IEFHEIZH v 5, Cystine
¥ 72 id cysteine M & % E K ¥ % # % prototrophic
(proto) & L, BAF, arginine, histidine, leucine, lysine,
methionine, proline, hypoxanthine, # & U* uracil ®
BRECEDELIE 7 LT

2. N. gonorrhoeae 2B} 5 ¥/ 0 Uitk

1) ZEBEMKE

N. gonorrhoeae D NQ ZEMHALIZIX, XZEi=E
HIB% Td 5 DNA gyrase subunit A (GyrA) & 0*
topoisomerase IV ® parC-encoded subunit (ParC) @
¥ /0 VHEREHES (quinolone resistance—deter-
mining region: QRDR) (281} %7 3 /) BE{LHEE
CRRLTVWEZ L MEShTVE™, $1- —5
DRERTRIEF OBEAEREOET b FHE(LI B4R
LTI EFHELMcEhTwae Y 2 T, TH

) 7 D EMT ciprofloxacin (2 MR £ RT 63 %, o
SEMMEERT 6%, BLUMELTRT 2% A
128 # D N. gonorrhoege ¥ % 3 RiZ, €1 &0 GyrA
BLUParCHQRDRICHBIFBT I/ MELE, b
DR TISHEE L7 PCR 43 & U direct sequence
BICTRITLAY, ELT, SSICBRA4HONQR
¥z, WEHICR S M pazufloxacin, prulifiox-
acin, grepafloxacin, trovafloxacin, gatifloxacin, DU-
6859 a, HSR-803, # X UFBAY 12-8039 8 #| % 11
A=A 12X D h b N. gonorrhoeae (234 5 MIC
MEMNEL, GyrAB LU ParC ICBIT AT 3 ) MEL
ECNORRICHT 2BZEORBRERI L,

2) BEEK®RE

1994 £ 6 AN H 12 B E TICAMKEZUREHBE
CEDOMEBRERBL: 200B FREERELE
E (PHEM 30 R) (C pazufloxacin ZFAIL LT1E
200mg, 1H3ME, 3BMKXEGL, xE0HFDHH, %2
BERM LAY, £7:, 2 EBZE5HHRTITESIIN.
gonorrhoeae (=%t 3 5 A ¥ D MIC i % EXFRARE
THIE Lo 612, TNHFHED GyrA B XU ParC
D QRDRIZBITAT I/ BELOMIF L bhbhdy
TICHE LAFEYTITW, BiERKEE MIC #HOBE,
HHKREL GyrA BL U ParC ICBIT AT 3/ BELLD
M#E, BLUGyrABL U ParCicB 57 3/ BEL
& MIC EO BRIV TR L 7.

B, HMAHZHMIT RELAHY, p<0.05%F
Bkiks L7,

I & 2

1. N. gonorrhoeae ® NQ %I EILKR

1) ZHEAEEICHTIRIHEOFERES

E& Ik 5> M N. gonorrhoeae |2 %3 % & #¥#| 0 MIC
EICB T BERKEB % Table11Z/R L7, NQRED
norfloxacin, ciprofloxacin, levofloxacin, # & U spar-
floxacin ® 1993~1994 £ 5 BE#k I 5§ 2 MICs fE I,
NQREMIILALBETHEASISA TV RN o721981
~1984 SEICMES N BRI T2 ERE D 2 2134
BEVEEZ R L7 1997~1998 E T HEKICH TS
MICs fH b 1981~1984 4 - MbkICH T 2l L Y 4R
WEER L7 F72, £h6EHOMICe lizFE4 L
5L, 1997~1998 {5 MEBKIZH§ 5 MICw fEid, 1981
~1984 £ MEBKICH T 2 2 X ) 64~256 f5 b KV
¥RL7e —F, B-F 277 A% EZIILDLTANG
FEUSN DR D 1997~1998 £ 5 BEFKIZ KT 5 MICa
fiix, 1981~1984 £S5 MARICH T 2B ERASHENE
DEWEERL, %7, 1997~1998 ESMEIINTS
MICw b, 1981~1984 ESMEMRICHTHENLY 4
BUEBEEZRT Lz ehote SOLIEN
gonorrhoeae ® NQ %3 nt¥ 2 WEILIZ4E 4 ETL,
H51C 1997~ 1998 4£1Z 5Bk % 7o kiC 35\ TRHPEILAR
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Table 1. Change in the susceptibility of Neisseria gonorrhoeae isolates to various antibiotics

Antibiotic Year MIC (ug/ml)
50% 90% range
Norfloxacin 1981~1984 0.063 0.25 0.004-2
1993~1994 0.256 (4x)* 4 (16 %) 0.004-8
1995~1996 0.25 (4x) 8 (32x) 0.016-16
1997~1998 0.25 (4x) 16 (64x) 0.016-32
Ciprofloxacin 1981~1984 0.008 0.063 <0.001-0.25 .
1993~1994 0.031 (4x) 0.5 (8x) <0.001-1
1995~1996 0.031 (4x) 1 (16x) 0.004-16
1997~1998 0.031 (4%) 8 (128 %) 0.002-16
Levofloxacin 1981~1984 0.016 0.031 ' 0.002-0.125
1993~1994 0.0381 (2x) 0.25 (8x) <0.001-0.5
1995~ 1996 0.063 (4x) 1 (32x) 0.008-8
1997~1998 0.063 (4x) 8 (256 %) 0.004- 16
Sparfloxacin 1981~1984 0.004 0.016 <0.001-0.063
1993~1994 0.016 (4x) 0.125 (8x) <0.001-0.5
1995~1996 0.063 (16x) 0.25 (16x) <0.001-8
1997~1998 0.016 (4x) 2 (128 %) 0.002-8
Penicillin G” 1981~1984 1 2 0.063-2
1993~1994 0.25 (0.25x) 2 (1x) 0.008-2
1995~1996 0.125 (0.125x) 1 (0.5%) 0.016-2"
1997~1998 0.25 (0.25x) 2 (1x) 0.031-4
Ceftriaxone 1981~1984 0.016 0.063 0.002-0.063
1993~1994 0.016 (1x) 0.063 (1x) <0.001-0.25
1995~1996 0.016 (1x) 0.125 (2x) <0.001-0.125
1997~1998 0.008 (0.5x) 0.125 (2x) <0.001-0.25
Tetracycline 1981~1984 1 4 0.25-4
1993~1994 0.5 (0.5%) 1 (0.25x%) 0.063-8
1995~1996 0.25 (0.25x) 1 0.25%) 0.063-4
1997~1998 0.25 (0.25x) 2 0.5x) 0.063-2
Azithromycin 1981~1984 0.125 0.25 0.031-0.5
1993~1994 0.063 (0.5%) 0.25 (1x) 0.008-1
1995~1996 0.063 (0.5x) 0.125 (0.5x) 0.016-0.5
1997~1998 0.125 (1x) 0.25 (1x) 0.016-1
Spectinomycin 1981~1984 16 16 8-32
1993~ 1994 8 (0.5%) 8 (0.5%) 2-16
1995~1996 8 (0.5%) 16 (1x) 4-16
1997~1998 8 (0.5x) 16 (1x) 4-16

27 isolates from 1981 to 1984, 151 from 1993 to 1994, 154 from 1995 to 1996, and 197 from 1995 to 1996 were tested.
*Numbers in parentheses indicate fold changes as compared to the MIC for isolates from 1981 to 1984.

¥Only non-PPNG strains were tested.

EThorz,

2) NQ R¥WE N. gonorrhoeae DHERHER

NQ R ¥ W 1% N. gonorrhoeae R XD ER#EB %
Fig. 11SR L7 WtE#k (CPFX MIC21ug/ml) O
¥k, 1981~1984 4 Tix 0% (0/27), 1993~1994
F£T126.6% (10/151), 1995~1996%F Ti315.6% (24/

154), B X UF1997~1998 4E T ¥ 24.4% (48/197) &
F£4ERL, 1997~1998 £ BT % B H E i 1981~
1984 EEIBITHZNICHR, FERICEWEEZRLYZ (p
<0.0001), %3, WtEkE PEERMEH% (CPFX MIC
3%0.125~0.5 ug/ml) # BbE-HOBRHUTIZB VT
X, 1993~1994 ELRAE L LA ZZD O dh o
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3) HFRERE L NQ A KEitE

1995~1996 4 5> Wt d N. gonorrhoeae 116 ¥k 1Z B 1}
27 3 7 MERY & ciprofloxacin (25T 5 BREDONK
#% % Table 2 i27% L72c N. gonorrhoeae D7 3 /MK
KA, proto#$39.7% Th o & b %<, KIi proline
ERA A 20.3% T% <, LT, arginine ERE 26.9%,
arginine-hypoxanthine-uracil & X & 2.6%, proline-
hypoxanthine EX% 1.7%, # & U* arginine-hypoxan-
thine E X 8 0.9% ® Ii T & - 7=, Ciprofloxacin ®
proline & 5k & (= #t ¥ % MICy 1 i3 0.25 ug/ml T »
D, HOBICHTIENRLY 4~64 ERVEER L7
37, €OMICw i 2ug/ml THY, HOBIIHT
2ENLY 8~512 b WV HER LA, DL,
proline R & ¢ ciprofloxacin {23\ WAL E R L7

2. N. gonorrhoeae |21} % NQ R¥Eif BT

1) ERNKRE

Table 3 | [ /K 4 B N. gonorrhoeae 128 #k @ GyrA
BXUPaCHOQRDRICBIF BT I /MELERL
7=o Ciprofloxacin ® MIC f #%0.004~0.063 ug/ml 2
ST B 63 kb 26 BRICBWTIE, GyrAdD 142
OARIZT I /BEAKED LN, BEOBVT I/
B2t 95 % H D aspartic acid (Asp) —glycin ¥ 7-i3

50
Bl Resistaint: ciprofloxacin MIC2>1ug/ml
[ Moderate: ciprofloxacin MIC of 0.125 to 0.5ug/ml
40
17.8
30
% 202
. 31.8
20
10 P
15.6
(7]
981-1984 993-1994 1995-1996 997-1998
n=27) %n=151 Year (n=154 %n=197§

CPFX: ciprofloxacin

Fig.1. Change in the prevalence rate of fluoroqui-
nolone-resistant Neisseria gonorrhoeae.

asparagine (Asn), # & Uf75 % H ® alanine~serine
(Ser) % ¥ T& o 7:o Ciprofloxacin ® MIC f{#%0.125
~05ug/ml iCAKTHNEENEB RN, 23K
X GyrAD 1 AHDAICT 3 JMELEARL, 281
GyrAIC2 BT 3/ MEILERL, X/, ofkit
GyrA BE U ParC IcBVWTENEN 1 HHT I/ ME
{kERL TV o S6I, RND2KIIGABLY
ParC Ic8hET3MFHDT I /BMELEAL TV,
B, 1EERWIT X TO KD GyrA i Ser-91—~
phenylalanine (Phe) Z1t%# L T\*7:. Ciprofloxacin
@ MIC A 1~16 ug/ml IZ 3% + 5 W1E 29 iz + <
TGyrAIC2»BOT7 I/ BMELEAL, Ehicmi
ParC i 1 iz 2 20T I/ MELEALTY
7o S 6 20 ¥k 28 #kid GyrA (C Ser-91—Phe B &
U Asp-95—Asn EIL ¥ AL T/ 7, ParCilB
v T 13 Ser-88—proline ZILNMMEA b > L b HH o>
Teo %8, ParCOMAICT 3/ BEALEE T AHIIRE
L7-128 (kP 1 kb BO O d o7

RI= N. gonorrhoeae ® GyrA 3 X UParC IZ511 %
73I/BEILLEMNQREICHTIBRIBEOREE
Table 4 IR L72c ZMNQRED GyrADAKIZT I/
MELEET HHICHT 5 MICs fl, MIC, fiiX, B4
MicTs2FhihEFhEh4~1615 8~64 RV
EERL7. £MNQ R¥ED GyrA & ParC DWEICT
I MELE AT HH%IINT S MIC, 1, MICx fil,
BERMICHTEENRL D EFhZh 32~256 5, 64~
1,024 L BVEERL, /- GyrADAILT I/ BE
LR ET2RICHTAENRE D BWEERLI T4D
%, GyrA L ParC OB E 27 3 / BXL 2 AT 5%
X, FAMR GyrA AT I/ BELEETARICK
~, NQREICHTREENE» o7 &8, GyrA
CBTB7 I/ BEANCERIEL AS L Ser-91-
Phe ~D7 I/ BEEET 2HROBRZIBENTRTO
NQREIIHLL-o L b EI o7

2) BRRRRYBRET

5B F kRl #1283 3 pazufloxacin 5L 5
N. gonorrhoeae H5%:¥13 66.7% (28/42) L& o7

Table 2. Relationship between auxotype and ciprofloxacin susceptibility in Neisseria gonorrhoeae

Auxotype No. of isolates (%) Ciprofizacin MIC (/=D

50% 90% range
Proto 46(39.7) 0.031 0.25 0.004-8
Pro 34(29.3) 0.25 2 0.008-16
Arg 30(25.9) 0.008 0.063 0.004 - 0.063
AHU 3(2.6) 0.004 0.004 0.004
Pro-Hypo 2( 1.7 0.063 0.125 0.063-0.125
Arg-Hypo 1( 0.9) 0.008 0.008 0.008

Proto: prototrophic, Pro: proline-requiring, Arg: arginine-requiring, AHU: arginine, hypoxanthine, and uracil-requiring, Pro-Hypo:

proline and hypoxanthine-requiring, Arg-Hypo: arginine and hypoxanthine-requiring.



VOL.47 NO.9

Sa-%/ 0y REKE

547

Table 8. Amino acid substitution within the QRDR of GyrA and ParC in 128 isolates of Neisseria gonorrhoeae

GyrA
Ciprofloxacin MIC (u g/ml) i

ParC

(No. of isolates tested) 67 75 84 91 96 86 87 88 91 92 116  No.ofisolates
Ala  Ala Ala  Ser Asp Asp Ser Ser Glu Ala Arg
0.004 - 0.063 - = - - - - - - - - 37
(n=683) Ser - - -~ - - - - - - 1
- Ser - - - - - - - 5
- Pro - - - - - - - - 1
- Phe - - - - - - - 2
- - - Cys - - - - - - - 1
- - - = Gly - - - - - - 11
- - - - Asn - - - - - - 5
0.125-0.5 - - - Phe - - - - - - - 23
(n=236) - - - Phe Gy _ _ N B _ 1
- - - Phe  Asn - - - - 1
- - - Tyr - - - - - - His 1
- - - Phe - Asn - - - - - 7
- - Phe - - - - Gly - 1
- - Phe - - Pro Gly - - 1
- - Phe  Asn - - Pro - - - 1
1-16 - - - Phe Asn - - Pro - - - 17
(n=29) - - Pe Gy - - - @Gy - - 1
- - - Phe Asn - Arg Pro - - - 5
- - Phe Asn - Ile Pro - - - 1
- - Phe Asn - - Pro Gly - - 1
- = Phe Asn - - Pro GIn = - 1
- - Phe Asn - Pro Lys - - 3

Ala: alanine, Ser: serine, Asp: aspartic acid, Glu: glutamic acid, Arg: arginine, Pro: proline, Phe: phenylalanine, Cys: cysteine, Gly:
glycine, Asn: asparagine, Tyr: tyrosine, His: histidine, Ile: isoleucine, Gln: glutamine, Lys: lysine.

Pazufloxacin @ MIC ffi & B iHKF DBk Table 5 (Z
RL7=o ZE D MIC f#iZ 0.006~12.5 ug/ml ¥ THRIA
WA %R L7 MIC 4%0.1 ug/ml PLF O#RIZ$ X
THELAS DD, MICEA%0.2ug/ml LA EDRRIZE
T BEEEKITDTH 22.2% Tdh o 720 N. gonorrhoeae
NDGyrA BL U ParC 281357 I/ BELLEHAE
D% % Table 6 127K L72o BE T & 41 5F 15 4%
(36.6%) DANEFLERTH Y, &) D 264 (63.4%)
2 GyrA O #Hi2, F7:12 GyrA & ParC DWEIZT I/
MZIL% A LTV, Pazufloxacin %5 %, HARSL
LUGyrAD 75 & H, F7i295FBHICT I/ BEA
PHETARIZTRTHEELAEDDD, GyrA il Ser-91
—Phe Z{b % AT 2D LTIL 21.4% LKL, T2,

GyrAiZ 22 Fid7 I JMELEAET 28, GrA L
ParC DWEIC7 I/ BELE2 AT HHRIZIHRBERL
Bdrot, HEOT I/ BEREATAIRIITT
GyrAlzSer-91—+PheZ{t%# & L T\» /2o GyrAilSer-
91—+Phe 1L % &3 2 K2 % T % pazufloxacin O ¥
MIC 8 (0.86 ug/ml) i3, FAERIIHTAER (0.013

pg/ml) £ 66fEbEEEZRL, FMD GyrA i
1207 I/ BEALEET I T 5 FH MIC fE
IOVEVEER L. & 512, GyrA il Ser-91—Phe
2t % AT A BRIZH 3 S norfloxacin, ciprofloxacin®
34 MIC 18 b Rk D@ A5320 bz (Table 7)o
nm. % £

NQ %%, PPNGBLU'T 494 7Y Vigtebkiz
Y% &7 N. gonorrhoeae \Z3EVHENERT L &
D, bHEZIZLDUHFREETN. gonorrhoeae BEHIE
AT AE—EIREL L THERHSNTE L, L2575,
BHD NQ RE TdH 5 norfloxacin 25— #EERICER L
7= 24ETR D 1986 121, * I ¥ ¥ T Wagenvoort 5
%%, enoxacin WEMN THho-REXBEI LEAED
MIC A5 2.0 ug/ml DiiftERESREL -2 2L D
THE L7zo BT 1988 fE121d Joyce 47 1 ) ¥
~ 2B T ciprofloxacin (2% 3" % MIC fE %% 0.5 ug/ml
OHRESMLI-Z L ERE L, £LT 1990 £RI%
Dt REE DS NQ REICHEZ/RY N. gonorrhoeae
OFBERERNTHRES I LD, bhbhd
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Table 4. Antimicrobial susceptibility of Neisseria gonorrhosae isolates, classified by the presence of amino acid substitution

in GyrA and ParC to fluoroguinolones

Type of amino MIC (ug/ml)
Antibiotlc acid substitution
(No. of isolates) 50% 90% range
Norfloxacin Wild type (20) 0.031 0.083 0.008-0, 063
GyrA alone (43) 0.6 (18x)" 4 (84 x) 0.083-4
GyrA and ParC (22) 8 (266 %) 16 (256 %) 0.5-16
Ciprofloxacin Wild type (20) 0.008 0.008 0.004-0.016
GyrA alone (43) 0.083 (8%) 0.5 (64 %) 0.008-0.5
GyrA and ParC (22) 2 (256 %) 8 (1,024 x) 0.125-16
Levofloxacin Wild type (20) 0.008 0.018 0.008-0.016
GyrA alone (43) 0.125 (18x) 0.5  (32x) 0.016-0.5
GyrA and ParC(22) 2 (256 %) 8 (512%) 0.25-16
Sparfloxacin Wild type (20) 0.004 0.008 <0.001-0.008
GyrA alone (43) 0.063 (16x) 0.126 (18x) 0.008-0.5
GyrA and ParC (22) 025 (84x) 4 (512%) 0.125-8
Pazufloxacin Wild type (20) 0.016 0.018 0.008 - 0.063
GyrA alone (43) 0.125 (8x) 0.5  (32x) 0.031-1
GyrA and ParC (22) 4 (256 %) 16 (1,024 %) 0.5-16
Prulifloxacin Wild type (20) 0.008 0.008 0.002-0.031
GyrA alone (43) 0.063 (8x) 0.5  (64x) 0.008-0.5
GyrA and ParC (22) 0.5 (64x) 8 (1,024 ) 0.125-8
Grepafloxacin Wild type (20) 0.004 0.008 <0.001-0.063
GyrA alone (43) 0.031 (8x) 0.125 (16x) 0.008-0.5
GyrA and ParC (22) 0.25 (64x) 4 (512 %) 0.063-4
Trovafloxacin Wild type (20) 0.008 0.008 <0.001-0.031
GyrA alone (43) 0.063 (8x) 0.25 (32x) 0.004-0.5
GyrA and ParC (22) 0.5 (64%) 8 (1,024 %) 0.063-8
Gatifloxacin Wild type (20) 0.008 0.008 0.002-0.008
GyrA alone (43) 0.031 (4x) 0.063 (8x) 0.008-0.5
GyrA and ParC(22) 0.5 (64x) 2 (256 %) 0.031-2
DU-6859 a Wild type (20) 0.002 0.004. <0.001-0.004
GyrA alone(43) 0.008 (4x) 0.031 (8x) <0.001-0.063
GyrA and ParC (22) 0.063 (32x) " 0.25 (64x) 0.008-0.25
HSR-903 Wild type (20) 0.002 0.004 <0.001-0.004
GyrA alone (43) 0.008 (4x) 0.031 (8x) <0.001-0.063
GyrA and ParC (22) 0.063 (32x) 0.5  (128x) 0.008-0.5
BAY 12-8039 Wild type (20) 0.008 0.008 0.002-0.063
GyrA alone (43) 0.063 (8%) 0.125 (16x) 0.016-1
GyrA and ParC (22) 0.5  (64x) 4 (512 %) 0.063-4

“Numbers in parentheses indicate fold change as compared with MIC for wildtype.

1992~1993 FICHAEIZ BV THBEE N7 N. gonor-
rhoeae 13, NQ ZREICWMHILEZRT Z L2 T Clo e
L7222, GEOKREIZE T N. gonorrhoeae ® NQ
FREICHTIREILIIE S ICEIT LTV, SEbID
i, 1993~1998 4E 3 THO6FEMICTMEINI-N,

gonorrhoeae % 2 EE T L I2F L, TOXRBEEE
NQRENILALBRTHEAShTuidok 1981
~1984 48|25}k 5 1L7: N. gonorrhoeae D Z 1 & B
BE L7 Z0OKR, N. gonorrhoeae ® NQ RFEIH
T HRMACIZE 4 #IT LT VAo F72, 1997~1998%



VOL.47 NO.9 Za—% )0 viEKE 549
Table 5. Relationship between MIC and bacteriological response to pazufloxacin treatment
MIC (ug/ml) for N . gonorrhoeae isolates: Total
ota
0.006 0.013 0.025 0.05 0.1 0.2 0.39 0.78 1.56 38.13 6.25 12.5 N.D.”
Bacteriological
response” 2/2 12/12 1/1 3/8 6/6 2/3 1/6 1/3 0/4 0/2 0/0 0/1 1/1  28/42
(%) 100 100 100 100 100 66.7 20 33.3 0 0 0 100 66.7

“Not determined, “No. of isolates eradicated/no. of isolates

Table 6. Relationship between amino acid substitution in GyrA and ParC in Neisseria gonorrhoeae

and bacteriological response to pazufloxacin

Amino acid substitution Total no. Bacteriological response
GyrA ParC of isolates eradicated persistent
Wild type Wild type 15 15(100) 0
Ala-75—Ser Wild type 5 5(100) 0
Ser-91—Phe Wild type 14 3(21.4) 11(78.6)
Asp-95—~Asn Wild type 2 2(100) 0
Asp-95—Gly Wild type 2 2(100) 0
Ser-91—+Phe/Asp-95—Gly Wild type 1 0(0) 1(100)
Ser-91—Phe/Asp-95—Gly Glu-91—Gly 1 0(0) 1(100)
Ser-91—Phe/Asp-95—Asn Ser-88—Pro 1 0(0) 1(100)
Table 7. Relationship between amino acid substitution in GyrA and ParC and the pazufloxacin MIC
for Neisseria gonorrhoeae
Amino acid substitution No. of Mean MIC (pg/ml)
GyrA ParC isolates pazufloxacin norfloxacin ciprofloxacin
Wild type Wild type 15 0.013 0.032 0.007
Ala-75—+Ser Wild type 5 0.08 0.14 0.019
Ser-91—Phe Wild type 14 0.86 1.72 0.28
Asp-95—Asn Wild type 2 0.2 0.59 0.075
Asp-95—Gly Wild type 2 0.075 0.3 0.038
Ser-91-+Phe/Asp-95—Gly Wild type 1 3.13 3.13 0.39
Ser-91—+Phe/Asp-95—Gly Glu-91—Gly 1 3.13 12.5 3.13
Ser-91-+Phe/Asp-95—Asn Ser-88—Pro 1 12.5 12.5 3.13

SEBRIZ BT 5 NQ REMM N. gonorrhoeae DR H
1$244% L) EbOTHWEE R LA &b, KK
EERZ IR LOHREETH NQ REMEKRE IR X
nTwa, FoRHEE, BRKREEROKES, EE™
TIRENREFN0.04%, 04%, FTE, &FE, BETIZIEZ
12156~25%, $72, #vKIT, 74V EYTRIIT
50~65% L BEESNTVWAEY, T4bb, bMEZIEIL
DEFTEZHEET7TVTICBWTNQREmMMEN. gonor-
rhoeae DBEHE L VI EMbh b, 2B, SEOR
HTIXPPNG IR IIE 4 ETEAMERL, LT
544 2 v FRERMN. gonorrhoeae 1313 & A LR
Shkdhol, BiE, NQREOEHEIER, X=¥
VURE, FrIHA ) YREOBARNFET LT
AlbrEZOND, RKEEE LK, DAETIO

X 912 NQ REM™ N. gonorrhoeae EEL TWV5D
2, AREEICHT A2EAOHZEFICKELHMENRD S
Hr#EEEIND, Thbh, RATEE=ZHROLT
= A%3¥, spectinomycin & EDEHERXIHLAANT
E, NQELZ LOROXLZOTHEL 1HDAKS
L, BEEIZN. gonorrhoeae % BRH T 5 HEIMEHE R
LTWwb, LALLM, bAEAETRINQREZXZIIL
HETAHROROKEEERIILALITORTELT.

1HES5E % 2~3EIIAT, T~14 HEEEERKS
THHEHE V. CORGEOMBERIE, BEIORRER
ERVHHBEERRLZEE, FRZHELTVEVICLR
PhLTREOENL HCHENIC L 2IREOHEAED
DRFL, FOREE XK -7 N. gonorrhoeae H3FEH|
WL EEL, HHRLTITTEEESLILTH A,
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CORESEMDNETEEICHET LTSN, gonor-
rhoeae ® NQ REMMALDELXRKEN 1L HREN
%,

Kic, bAbUIKREOBEENT—H—D12TH
HEEERMICHEEL, NQRERM(LE FRERYOD
M4 RE L7zo £OMR, proline ERA & RT Kt
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Basic and clinical study on fluoroquinolone-resistant Neisseria gonorrhoeae

Masatoshi Tanaka
Department of Urology, Faculty of Medicine, Kyusyu University 3—1-1,
Maidashi, Higashi~ku, Fukuoka, 812-8582, Japan

We examined the prevalence of fluoroquinolone-resistant Neisseria gonorrhoeae isolates in Japan
and the quinolone-resistance mechanisms in the organisms.

1. The prevalence of fluoroquinolone-resistant N. gonorrhoeae

The antimicrobial susceptibility of a total of 529 gonococcal isolates, including 27 from 1981 to 1984, 151
from 1993 to 1994, 154 from 1995 to 1996, and 197 from 1997 to 1998, to various agents were tested. The
susceptibility of N. gonorrhoeae to fluoroquinolones has been decreasing dramatically during the
observation period. The MICss of norfloxacin, ciprofloxacin (CPFX) , levofloxacin, and sparfloxacin for the
197 gonococcal isolates from 1997 to 1998 were 64— to 256—fold higher than those for the 27 isolates
between 1981 and 1984. The prevalence of fluoroquinolone-resistant N. gonorrhoeae isolates (MIC of
CPFX2>1pug/ml) increased remarkably. The prevalence rate (24.4%) of the fluoroquinolone-resistant N.
gonorrhoeae isolates from 1997 to 1998 was significantly higher than that (0%) between 1981 and 1984
(p<0.001). However, there were no significant changes in the susceptibility of the isolates to various
antimicrobial agents other than fluoroquinolones. We also evaluated the relationship between auxotype
and fluoroquinolone resistance in N. gonorrhoeae. The MICs of CPFX for the proline-requiring isolates
was 8- to 512-fold higher than that for the other auxotype such as the argentine-requiring isolates or
prototrophic type.

2. The quinolone resistance mechanisms in N. gonorrhoeae

Of 36 N. gonorrhoeae isolates moderately resistant to CPFX (MIC of 0.125 to 0.5 ug/ml), 25
contained amino acid substitutions within the quinolone resistance—determining region (QRDR) of DNA
gyrase subunit A (GyrA) alone and the remaining 11 contained amino acid substitutions in the QRDRs of
GyrA and topoisomerase IV parC—encoded subunit (ParC). All 29 isolates resistant to CPFX (MIC>1 ug/
ml) had a double amino acid substitution at position 91 and 95 in the QRDR of GyrA combined with a single
or double substitution in the QDRD of ParC. The most frequently identified alteration was a serine (Ser) to
phenylalanine (Phe) at position 91 in GyrA and that was a serine to proline at position 88 in ParC. No
single alteration in ParC, without the simultaneous presence of a resistance alteration in GyrA, was
identified. These data suggest that alterations in GyrA play a central role in conferring fluoroquinolone
resistance to N. gonorrhoeae, and that alterations in ParC play a complementary role in the development
of fluoroquinolone resistance.

Male patients with gonococcal urethritis were treated with an oral dose of 200 mg of pazufloxacin 3 times
daily for 3 days. Of 42 gonococcal isolates only 28 (66.7%) were eradicated. The relationship between
bacteriological response to pazufloxacin and alterations in GyrA and ParC was evaluated. All the wild-
type isolates and the isolate containing a single amino acid substitution at position 75 or 95 were
eradicated after pazufloxacin treatment. However, eradication rates in the isolates with a Ser-91 to Phe
alteration in GyrA and multiple alterations in GyrA and ParC were 21.4% and 0%, respectively.



