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B F- IR kIR 1 9 H1 3K Neisseria gonorrhoeae (28> C, 2000 48 & 1 cefixime (CFIX) 7 &Lt 7 =
LRHENIH T B IEZ AT § 2 W28 S, SO TIE PBP2 (PenA) DOHEEE{ET penA
DIFIEMFIDEF A ZRRICER L T2 L OWMEDP LD 5. 4, RREEXERRAMEREEZ S
OV B AR PE o B S fti R C 40 S 7 B R R Bk (2009 4R 1K) O S REHUIN SR 120 9 2 A &2 M 2 & L,
1999 4F, 2003 435 X U 2006 4R BERR D BURE & LT 2 & & 1T, #r7zITHERR S 7z CRIX RS2 vk
(2B B penA BIAT OIFIERCH| 2 HT L 720 2 O#ER, CFIX X7 2 &2 ME13 2006 4F % T 96.6%
VDLETHER L TW722%, 2009 4EFRTIE 474% 1T LTz, S £ 7 = 2R3, ceftriaxone I2X59 %
BRI, WTNOEED 100% TH - 7275, 2009 44k Tld MIC BE 5 OAREZ ML A3 S
N7z, Spectinomycin (28 LTIE, WINOERE KM 100% TH - 720 Levofloxacin 1289 5
2009 FERRDIEZTEFIL 53% TH D, 2006 4FHED 17.0% & 0, WPELASE 5 I1ZHEAT LT 7ze 2009 455
B CFIX &SRR D penA BIZFIE TN E TOHE L Bk, M Neisseria J&E W T3 % Neisseria per-
flava/sicca F 721% Neisseria flavescens O penA IZFIEM L2 WA 7 EBEREZ EL I L RO LN,

L Ikeat L7z 2009 45RO H AREBIHEF X DA A4 F I 4 ¥ THIES N T LA T 2 &2tk
X 100% Tdh o 7225 OB L OEH £ 7 = 2RETIIREZMEALOMIAITED S, 55K bk L7z
H—=_A T Y ADLEEANRIR S T,
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T BERE O MBRIIROE 7 = 2 REL 7 v a ¥
Ju Y FREPBHSNTEZ, LALARAS, 1990 5FEUHE
X0, TS RN E R T IRE PR E SR Neis-
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70 7k aF ) a RO F Lo zo, HA
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Wb 2007 4F, TEHEEEY A RS ERAL S R, F 72, 2000
FE L D IMBLL 7 cefixime (CFIX) &2 D N. gonorrhoeae
W&, BUE, BRRSEERRD 30% IZEIELTW AL L DG L H
D, THSIEHDH S TEZBFERRE 2 HE-> T2, 20
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(CTRX), cefodizime (CDZM) X WEH7 I/ 7Y a3 F
3 spectinomycin (SPCM) OIERIOMEHK 3 H L 2o TW
%",
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LSRR S UKD -EH L D, bbbz Rz L%
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DOIFILRHN 3 EH A 7 BIZLR L, PenA (PBP2 &H) Offf
BT X BAELL TS L RB02, BT 2 A%
SRR Z AL OEIIE, D, EN 2285 T Kot
A7 &N, N. gonorrhoeae @ penA YEFEFHIAEWFA 2 LR L
TWAHIELHHESNTVE"™Y, $/2, penA BIETOEH
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Table 1. Oligonucleotide primer used in this study

Oligonucleotide Primer

Sequence

F1
F2
F3

F5

5 -TCGGGCAATACCTTTATGGTGGAACAT-3'
5 -GAACGCCTGTCCGAGCTTGTC-3’
5 -ACAAGGCGGTCGAATACCATC-3’
F4 5 -TATACCGCACTGACGCACGAC-3’
5 -GACAGTTTGCATGCTGGAGA-3'
5 -TACTGCTGGTGCGGTAGATG-3

5 -ACAACGGCGGCGGGGATATAACT-3'
5 -AACGCCCGTTGACGAACTTGC-3'

R3 5 -CATCGCGCACGGGAGACGGTC-3'
5
5

'-GCGAAAGTTCCAAACCTTCCT-3’
' -CCGTCATGGGTCAAGACAGTA-3'

A 7 HER LD PenA 7 3 7 BEH O EALIZ M D /<
F— b EFHESNTEY Y, 209 bd
—BW b DI - X EEN, IThETbhbhvbhdaHis
LC&7:, Mo Neisseria J& WM T % Neisseria perflava/sicca
F 7213 Neisseria flavescens D PenA 123 L 72 B A o7 A5
2ELbDTHH,

4, 2008 4E 11 H ~2009 45 4 H 12558 S 7= 9 e B e ik
(2009 4FE4R) OFEHNEZEEZWE L, TN F TORZHRHT
R 5L &1, #HllliiR s i CRIX REZEvRIC B
1% PenA O7 I JBERZ I,

L ¥ & H&E

1. AWk

BB ESER KRB R 2% © U2 SR P o B f
BT 1999 4F, 2003 4F, 2006 43 L OF 2009 4I5S
7255 1 R P JR 3B 98 B 3K Neisseria gonorrhoeae @ % &
M, 41 kR, 58Kk, 47 ¥kB X O 38 kA 7z ERERIRIE
I% Modified Thayer-Martin selective agar (HA~X 2> h
Yoo T4y F Y pRkRSH BD, HED ICHER L, Bio-
Bag environmental chamber (type C, BD) IZH AL T
M BRI L7k, 5% CO. FT35C, 20 Friiksse
L 720 ¥5#81%, Gram 4uffi, oxidase tests B X U catalase
tests ZFEMi L 72, & 512 Chocolate IT agar (BD) IZ4EFH
&+, Gonochek-1I kit (EY Laboratories, San Mateo, CA)
TRIEZ1T > 720 57HE L 72 N. gonorrhoeae 13 A F & 3 )V
7t C-80C 12 THRAE L 720 = L 5 5 B Hk O B-
lactamase 7 4 1Z B-check (Nippon Bio-Supp. Center,
W) THERE L 72

2. fERZER

Penicillin G (PCG, B #ERNA S, HA), clavu-
lanic acid/amoxicillin(CVA/AMPC, 7527V « A3 A
7 94 YRS, WD), cefixime (CFIX, 7 AT T A
BIPEASHE, HED), cefteram (CFTM, &ML T3
MRt Ha0), ceftriaxone (CTRX, HAbZEpks
1, W), cefodizime (CDZM, A HEIIRAAHE, &
%), aztreonam (AZT, T— % 4 R Ett, BK), spectin-
omycin (SPCM, ¥ 7'~ TIVFY vF Ix 0 HhAE

ft, WD), levofloxacin (LVFX, #—=3tfka&tt, W
), azithromycin(AZM, 7 7 4 ¥—#X&tt, HH),
tetracycline(TC, ¥ 7'~ TV FY vF Ix 8 HAL
) ZHW.

3. FHIRZEOWE

2% 4E FE i R 93 B #k % Chocolate IT agar “EARES # (2 #l
L, 5% CO, FT35C, 20HE:Xs# L72#, Clinical
and Laboratory Standards Institute (CLSI) ® 4% 4 K5
£ Nz E, 1% Iso VitaleX (BD) %45 ir GC agar
base (BD) % H\72 &R PAAIEIC T MIC 2l & L
720 M B & 1 10" colony forming unit (CFU) /spot
EL,5% CO M ¥ Fax—%—T35C, 20 RFERsE= L,
AR AT ORD Sk WiR/NEEZ MIC & L. %
7z, CLSI ® MIC Interpretive Standards® 1220 %, %
R, SEFRZUELZHEN L, &8, LVFXIZ2W»
TRRED W20, ofloxacin (OFLX) @ MIC Interpre-
tive Standards % Z# 123 E L 72

4. CFIX K&, N. gonorrhoeae @ penA #AnT D

#r

2009 455 #E CFIX stk (MIC : 05 ug/mL B &
Mlpug/mL) @10 # (NG-130, 132, 135, 136, 137,
143, 146, 142, 139, 148) oW T penA AR % AT
L 725 Modified Thayer-Martin Agar b T 23 B[, 35T
5% CO; FTHE LA, ABF LW 100 uL OE W
(10 mM Tris-HCl pH 80, 1 mM EDTA, 1% triton-X) 2
IEE 372, 100TC 10 23 n#kd% 15,000 X ¢ T 10 455
L, €@ LifE% PCR O template & L7z, penA #in+
OLEER, ThFEF TOREZHEI X, oligonucleotides
primer ® F1 (forward sequences) & R1 (reverse se-
quences) (Table 1), 3 X 08 Ex Taq polymerase(% # 5
INA FRRNER, K %M PCR THIEL 72, PCR
13 94C, 2oL, 94C, 30 %M, 55C,
07T =—=1) 7, 72C, 3nMoMmEZ 3091 7 v
1To724%, ®HBIZT72C, 1 5HOMEDOSEMTIT- 72,
Ba W S 7z penA 3 5 F O f# BT 13 oligonucleotides @
F1, F2, F3, F4, F5 F6 B XU'RI, R2, R3, R4, RS
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Table 2. Antibacterial activity of agents against clinical N. gonorrhoeae isolates
1999 (n = 41) 2003 (n = 58)
Antibacterial
agent MICso MICoo MIC range MICso MICoo MIC range
(ug/mL) (ug/mL) (4 g/mL) (ug/mL) (u g/mL) (ug/mL)
PCG ND ND ND 1 4 0.03—-4
CVA/AMPC ND ND ND 0.5 1 0.03—2
CFIX 0.008 0.03 0.002—0.125 0.03 0.5 0.002—-0.5
CFTM 0.06 0.125 0.002—0.5 0.125 0.5 0.008—1
CTRX 0.008 0.015 < 0.001-0.06 0.03 0.125 0.002—0.125
CDZM 0.03 0.06 0.002—0.25 0.03 0.125 0.002—0.125
AZT 0.25 0.5 0.06—8 0.25 4 0.03—8
SPCM 8 16 4-16 8 16 2—16
LVFX 0.5 8 0.002—16 4 8 0.004—16
AZM ND ND ND ND ND ND
TC ND ND ND ND ND ND
2006 (n = 47) 2009 (n = 38)
Antibacterial
agent MICso MICoo MIC range MICso MICoo MIC range
(4 g/mL) (ug/mL) (ug/mL) (ug/mL) (u g/mL) (4 g/mL)
PCG 1 4 0.06 — 64 1 4 0.06—4
CVA/AMPC 0.5 1 0.06—2 1 2 0.125—4
CFIX 0.06 0.125 0.004—0.25 0.5 0.5 0.008—1
CFTM 0.125 0.5 0.004—1 0.25 0.5 0.004—1
CTRX 0.03 0.06 0.002—0.125 0.06 0.125 0.004—0.25
CDZM 0.06 0.125 0.002—0.125 0.06 0.25 0.004—0.5
AZT 0.5 4 0.031—-8 4 16 0.125—-16
SPCM 16 16 4-16 16 16 8§—32
LVFX 4 8 0.004—16 8 8 0.002—16
AZM 0.25 0.5 0.008—1 0.25 1 0.008—8
TC 1 2 0.06—16 1 4 0.125—-32

Shading shows antibacterial activity of oral and parenteral cephem antibiotics and monobactam antibiotic.

Table 3. Percentage of susceptible strains of antibacterial agents in clinical N. gonorrhoeae isolates
Percentage of susceptible strains in
Antibacterial Breakpoint MIC
. 1999 2003 2006 2009
agent (4 g/mL)*®
(41)® (58) (47) (38)
PCG 0.06 N.D. 1.7 4.3 10.5
CFIX 0.25 100 96.6 100 474
CTRX 0.25 100 100 100 100
SPCM 32 100 100 100 100
LVFX ¢ 0.125 415 17.2 17.0 5.3
2 CLSL P: No. of strains, ¢ Assumed from OFLX breakpoint MIC
(Table 1) # "' Dragon Genomics Center (¥ 71 5 L ORI EIT - 72,
INAFRRASAE, WHT) (2 TT o 720 BURT OFNTHRE IL i ES

1. FEHERZ

1999 4E 7> & 3~4 4 [ [ @ @ 1999 4F, 2003 4F, 2006
B & U8 2009 45 0 £ AF FERRIR 73 BERRZ 35 1) 2 3 k%
PE% Table 212, F 7z, KA T 5 &2 k3% Table
3R T & B, B-lactamase FEAEMRDHI A1 1999 4F 5 1/
41 ¥k : 24%, 2003 4 ; 3/58 £k : 5.2%, 2006 4F : 2/47
BE D 4.3%, 2009 4E ;5 0/38 %k 1 0% TH o7,

1999 121 T TIZF 7 v ViR OFEN RO S,
LVFX ® MICyftilx 8 ug/mL & B o 720 — 75, #I1+&

RIE7 IV MRICHEMR L, N. gonorrhoeae LM306 (~=31)
v & % M ¥k ; GenBank accession no. M32091), NG-3
(2001 4\ 45 & M7z CFIX K& 52 #k 5 GenBank ac-
cession no. AB071984) 3 X 0" NG-122 (2006 451255 &
M7z CFIX 2 M) @ PenA LI L7z F72, fi
O Neisseria J& T & % N. perflava/sicca 1654/1659 (Gen-
Bank accession no. X76422), N. flavescens NCTC 8263
(GenBank accession no. M26645), Neisseria cinerea
NCTC 10294 (GenBank accession no. X59540) @ PenA
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Amino acid sequences of N. gonorrhoeae PenA with reduced cefixime susceptibility isolated in 2009 and before.

LM306: penicillin-susceptible strain, NG-142, NG-139, NG-130 and NG-132 (isolated in 2009), NG-122 (isolated in 2006) and NG-3
(isolated in 2001): the mosaic-like strain with reduced cefixime susceptibility. Active sites of serine residue (SXXK, SXN and KTG)-

conserved motifs are indicated by underlining. Dashes indicate amino acid residues identical to those of LM306. Asterisks are stop

codons.

7 x5 %#ED CFIX, CFTM ® 1999 447 #epR 233 5
MICs, MICwfElx & 12K < (Table 2), CFIX 23§ %
B PERIX100% TdH - 72 (Table3), 7z, gtk 7 =
L RIED CTRX ITHT 2 B2 D 100% ThH - 7225,
EBNY F AREFEAZT ICH LT, TCIRZME
DRI E ENTWiz (Tables2, 3)o 2003 #1275
LWTho -7 7 ¥ 173 S MIC range O i~
DAY & MICoED LA FED Hizs 72, LVFX
TliE MICo i & 57 % LA2%ED b iiz, 2006 4555 HE
BROREZ M1 2003 R BEMR & LKL TV o HH b
KEGRERZEOKTIZFEDO SN2 572, LA L, 2009
SERRO M 2006 EFE L KT 5 &, BT 2 5%
# (CFIX) B & OVES £ 7 = 2 %% (CTRX, CDZM) I
BUILEZMEOERTEA SN, BIL, CFIX, CDZM
D MICyfEAENZEN 4 58 X O 2 £512, CFIX, CTRX,
CDZM @ MIC range FIREAS E N ENn4fE, 245 4
R R LTz (Table 2), &0t 7 = 2R3, CFIX
WX 5 2006 4E F TORKSZEFRIL 966% DLETHER L
TWizAs, 2009 5 BERETld 47.4% (A& T L7z (Table
3)o 2009 5 HERRICH LT, St 7 = 2535, CTRX

(& MIC 73 TIREZ AL ASRD 5D b DD, &%
PEFIZHIR 100% TdH - 720 SPCM IZxF L Tl 1999 4F
5 2009 4 F TOHREKRTKE REZHEOEILIZFED
SNF, EZPERIZ 100% TH Y, SPCM LR o HBL
U EG R TIREED BN H o Tze LVFX 120 L Tl
ZPEHRA 1999 1212 415% TH o 7278, FEAETL,
2009 41X 5.3% & MHELATE 5 I2H#E4T L T /2 (Ta
ble 3)o

2. CFIX fRI&sE N. gonorrhoeae @ PenA # I D255

& HEH &

2009 4755 CFIX &2k 10 k@ PenA 133X T D

HE’C—E'H% I RRERDEED b, BRT I BoOMIH
FIFEAER—THo72A, AS49 LIEICEY A 7 AR

ﬁf&u%@ I8) 55D I1H) OFENT2/85 —
ST h i Tze 10 bR 3R (NG-142, 139, 148) 781
78 (NG-130, 132, 135, 136, 137, 143, 146) »°
NETH 7 Fig. 1 1ZE5MGHEI NI B, TEOD
NG-142, NG-139, II %o NG-130, NG-13212B17 57 3
J BRILE &R,

170 2008 4E (b by L7z NG-122 (2006 4
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Fig. 2. Amino acid sequences of N. gonorrhoeae and other Neisseria spp. PenA.

LM306: penicillin-susceptible strain, NG-142, NG-139 and NG-132: the mosaic-like strain with reduced cefixime susceptibility iso-
lated in 2009, 1654: N. perflava/sicca 1654/1659, 8263: N. flavescens NCTC 8263, 10294: N. cinerea NCTC 10294. Active sites of serine
residue (SXXK, SXN, and KTG)-conserved motifs are indicated by underlining. Dashes indicate amino acid residues identical to

those of LM306. Asterisks are stop codons.

MR, IR 2002 4912 il L 7o CFIX R 2 Pk
NG-3 (2001 4E57HER) LIZIZF—DT IV BERTH -
72 (Fig. D" %28, I NG-130 (2> 9 Mk TAHA SN
7z Q2UE OERN L, MU EF LT I /& (Q) %
PRA L TWizo G545S AR T RTORRIZA BTz,

IRD 1#E NG142 TIZE 512, ThETIHEDOZW
G546S DEEFEHFED S 7z (Fig.1, GenBank Accession
number ; AB536877 & L TH k%), =15 CFIX KK
= Pk Bk @ PenA 13 L ® Neisseria J& @ N. perflava/sicca
1654/1659 (GenBank Accession number ; X76422), & %
W & N. flavescens NCTC 8263 (GenBank Accession num-
ber ; M26645) ® PenA AP LTHED, WThOBKIZD
WG PEH LT BE 12 N. gonorrhoeae \Z13E8D H NN 2DOD
73/l (I312M & V316T) OZEENFED b7z (Fig.
2)o

PenA DN % 4T - 72 CFIX AR I& Sk 10 #Rid 3 X T
LVEX Zaf L Ciif:T& - 72 (Tabled), 7z, CFIX
DOMICEIZ05ug/mL &5 Vidlug/mLTHY, &
7 = hFER M O ATCC 19424 #: 12 B 1) % MIC fH
(0.001 pg/mL) & Hex, J&2 P13 1/512-1/1024 124K F L

Fro SASITH LT, CTRX 0 MIC filZ 0.03~0.12 ug/
mL T ), W RE ZREEZ R L Tw7zas,
ATCC 19424 #ko> MIC 1 (0.00025 ug/mL) (ZH A2
Pk 1/128-1/512 1K TF L7zo 512, ThF TOHE
1A B Gh46S ZERAFRD H 17z NG-142 #k Tl
ﬁﬂbtﬁublU&%%7lA®4%ﬂLﬁL,@@
IOt 7 = AFEMBEZMR LY B S 5121-1/16 DK
2% /R L7z (Table4),
m. % =

1999~2001 4E 4k, BFIREREZ»SLTHELZN
gonorrhoeae M F 7 1 > SRFITH§ % 1= BEI PR AYH R
BICKELRMEIC > TBY, TORKIIENRSE
ParC, GyrA OZRTHH I L HMESh T $ 72,
FIRES], W IEAE B RO BHE 2 BN TH 2811t
7z LSRFEIIH LT, &R IR T N. gonorrhoeae
O MBATED HNIHD TV 72, F RSB K 22
B BE 7 & DN EHRPE o B iR C 1999 4E X U Bildn L
Tebhibh oW =4 5 2 2D TIE, 1999 4 D
CFIX ® MICwfiti 7 & U°1Z MIC range (& # 1L Z 1 0.03
pg/mL, 0.002~0.125 ug/mL T&H % DIZH L, 2003 4£C
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Table 4. Antibacterial activity of agents against clinical N. gonorrhoeae isolates with

reduced cefixime susceptibility

MIC (4 g/mL)
Strain
PCG CFIX CFTM CTRX CDZM SPCM LVFX

NG-142 4 1 1 0.12 0.5 16 8
NG-139 1 0.5 0.5 0.06 0.12 16 8
NG-148 4 0.5 0.5 0.06 0.25 16 8
NG-130 2 0.5 0.5 0.06 0.12 16 16
NG-132 4 0.5 0.5 0.06 0.12 16 8
NG-135 1 0.5 0.5 0.06 0.12 8

NG-136 4 0.5 0.5 0.06 0.12 16 8
NG-137 4 0.5 0.5 0.12 0.25 16 16
NG-143 2 0.5 0.5 0.06 0.06 8 16
NG-146 0.5 0.5 0.25 0.03 0.03 16 4
ATCC 19424 0.004 0.001 0.004 0.00025 0.00025 2 < 0.004

1t 05 ng/mL, 0.002~05 pg/mL & MICwfH, MIC range
ERRfEIZZEREN 16 15, 45 LA L7 ThH 0Nt
7 x BRI BANE AL D A A = X 0%, B
LT o TR o 7283, N. gonorrhoeae Tl 3EHIFEL
RY TOEEPWE SN TE Y ™Y, g, bhvbiudF
71 YISV TR S o728 7 = A FRER
fbix, FEHPEMBREOITTEIC LD DD TEEV N LEE X
Tz 22T, N. gonorrhoeae DFEHIFEH AR > 7, MtrC-
MtrD-MtrE efflux pump ® m#rR & {5 F 5Bl % RT-PCR
FICX MG L2, Wi eiimae b 2 A TE R
Moz TD72®, N.gonorrhoeae penA 2B 1F % D345
WAL D775 AEMEOREITESE, €722
FAEZMERRD penA BIZT 2 WO TR L2 25,
CHHIFEZMRE B2, Ml Neisseria J& W O
penAVEM L7280 2 L EY A /R THLI L &
w7, ZO%, KFOARL ST, WHT L LD
LENR SN, &7 = AFEEZE N. gonorrhoeae D
SREDMERR S >,
Y7 = DEAREZVERR D penA BAZT O EHF A 7 Mk
1 Fig. 2 \TR L7z & 91, D Neisseria J&, 412 N. per-
flava/sicca 1654/1659 & % \» 1% N. flavescens NCTC 8263
D penA BIZFITEBLTEY, € MEANTINSH
TR T 752 B N. gonorrhoeae ~DBIZFE A D,
PBP2 BSEH A J HiEIC k0 72b D EEZEZHNTV A,
PBP2 O iFE M IME C KU D transpeptidase B X A &~
AL L, PRAFELEI 2 b D 3 DD EF — 7 (SXXK, SXN,
KTG) BHIET %0 SXXK EF — 713, OS2 %
%2007 I/ MSer310 & Lys313 2% HATW5S, &
7 2 ARBIMMEZNEE G R TR EHEZ LN R
225 (I312M & V316T) &, N. perflava/sicca F 72 1% N.
flavescens 76 DMIZFHA L EZ 2z b, SXXK EF—7
MG IO EEICKRE B2 E 52 TVw5 0 0
R E NIz, Tz, MOEWA ZARERD EE L
WEE2bse, 7« ZRFEOMBEZALITEE LS

ZATWBLDEEZ LN, LM LEDNS, 7z b3
IR Z RIS FRD B/ GH45S BRIk, KTG EF—7
DTRWIMEL TS L DD, {0 Neisseria JEDO VT
OWHD INEHALTELT, RERIL, HHIOER
A & % N. gonorrhoeae DK 2 b DEEZ LN TV
AW,

2009 455 CFIX &2k 10 ¥k PenA (E 37X T D
HMTEA 7 EEPRDONTN I HEERWTINET
bNONPREY L CELDDEFA—THolze 2NH
DORIZTRTI3Z2M & V3I6TEEZZHA L, GH45S &
R F72, WTNORTOHRD LN, EFA 7 ERIT
AS49 DIRRICEN A AR VIR L, BERBH L 11
Mo 2 I 5 B (Fig 1), WA cEszicidiz
EAEERP RN END, A DEDOEY L 7 DF
i3t 7 = AEERZEC b T nb oL E 2
LN7ze 72, UEIDONGI30 EMD I TAHA L N7
Q214E OZEEA R, MM EFM LT 3 /R (Q) &
K LTz, Takahata 7% mosaic-3 D/3% — > &)t
HOLTBY, FRAERTIEI o7 LA2L, 18O
14 (NG-142) Tl Zh F TITHE O v G546S OFiH#L
LAERDEED LTz,

2006 4F 53 B Ak 0 B2 M & 2003 4E 4 Bk & LR 5
L, WTNOEFNIBWTS MIChliRH R L, K& %
B TFIXFRD SN holze LA L, 2009 4555
KR &I 2006 4E L K5 &, IOt 7 = 4 R¥E
(CFIX) B L EH 1 7 = 2 %% (CTRX, CDZM) 2k}
TREEZMOET AR SN, 7 = 2RS4
LESIS R 1390 N s iy i A O Y 7 s S Nl VA 9/ 7 Y 737D
SEEEOBINCI A b0 EEZ SN DA, MIC range
EBRED EFIZOWTIE, Hi7em 'Y A 7 AR (G546S)
MROWB % ENREDORFEE 2 b M, 7 = A3
RIEZ AL D ZER & LT, penADIMC b mtrR, porB1b,
ponA % EOQBEFRIZHT 2 W|MEBH Y, 4% ThbHi
DVTHHLPIIL TV ZEPLEEEZ LN,
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HIE, WA BISEICH L, 7vtas ) g ry REB IV
Rt 7 = 2RI L BEHFIIATEED 5 WV IEATHT
H 5720, PUHIEEAHER STV A+ 7 = 2 %83,
CTRX, CDZM, & %\ i3 SPCM % @i 7% ik - & T
352 EDNEETH L, HARERIGEEZOTA F
FA VTR SN TS IS 3FEHITHT 5 2009 4F
SERROEZERIZ VTS 100% TH - 7255, CTRX
B LU CDZM O MIC RFi 54 TR AL ) 2552
HHENTEY, 5#H b HHKZE F72, PenA DN 2
EOMBE L2 — A 5 U ARRE L EZ SN,

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

X ik
PhERKYLRE BB - WA A KT 4 >~ 2008, H A K
HEAEE 2008; 19(Supplement): 49-56
Muratani T, Akasaka S, Kobayashi T, Yamada Y,
Inatomi H, Takahashi K, et al: Outbreak of cefozo-
pran (penicillin, oral cephems, and aztreonam) -
resistant Neisseria gonorrhoede in Japan. Antimicrob
Agents Chemother 2001; 45: 3603-6
Akasaka S, Muratani T, Yamada Y, Inatomi H, Taka-
hashi K, Matsumoto T: Emergence of cephem- and
aztreonam-high-resistant Neisseria gonorrhoeae that
does not produce B-lactamase. J Infect Chemother
2001; 7: 49-50
Tanaka M, Nakayama H, Notomi T, Irie S, Tsunoda
Y, Okadome A, etal: Antimicrobial resistance of
Neisseria gonorrhoeae in Japan, 1993-2002: continuous
increasing of ciprofloxacin-resistant isolates. Int J
Antimicrob Agents 2004; 24 (Suppl 1): S15-22
Ito M, Yasuda M, Yokoi S, Ito S, Takahashi Y, Ishi-
hara S, et al: Remarkable increase in central Japan in
2001-2002 of Neisseria gonorrhoeae isolates with de-
creased susceptibility to penicillin, tetracycline, oral
cephalosporins, and fluoroquinolones. Antimicrob
Agents Chemother 2004; 48: 3185-7
Ito M, Deguchi T, Mizutani K, Yasuda M, Yokoi S, Ito
S, et al: Emergence and spread of Neisseria gonor-
rhoeae clinical isolates harboring mosaic-like struc-
ture of penicillin-binding protein 2 in central Japan.
Antimicrob Agents Chemother 2005; 49: 137-43
CDC: Update to CDC'’s sexually transmitted diseases
treatment guidelines, 2006 : fluoroquinolones no
longer recommended for treatment of gonococcal in-
fections. MMWR Morb Mortal Wkly Rep 2007; 56:
3326
Ochiai S, Ishiko H, Yasuda M, Deguchi T: Rapid de-
tection of the mosaic structure of the Neisseria gonor-
rhoeae penA gene, which is associated with decreased
susceptibilities to oral cephalosporins. J Clin Micro-
biol 2008; 46: 1804-10
Ameyama S, Onodera S, Takahata M, Minami S,
Maki N, Endo K, etal: Mosaic-like structure of
penicillin-binding protein 2 gene (penA) in clinical
isolates of Neisseria gonorrhoeae with reduced suscep-
tibility to cefixime. Antimicrob Agents Chemother
2002; 46: 3744-9
Osaka K, Takakura T, Narukawa K, Takahata M,
Endo K, Kiyota H, et al: Analysis of amino acid se-

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

quences of penicillin-binding protein 2 in clinical iso-
lates of Neisseria gonorrhoeae with reduced suscepti-
bility to cefixime and ceftriaxone. J Infect Che-
mother 2008; 14: 195-203

Ochiai S, Sekiguchi S, Hayashi A, Shimadzu M,
Ishiko H, Matsushima-Nishiwaki R, et al: Decreased
affinity of mosaic-structure recombinant penicillin-
binding protein 2 for oral cephalosporins in Neisseria
gonorrhoeae. ] Antimicrob Chemother 2007; 60: 54-60
Wang S A, Lee M V, O'Connor N, Iverson C J, Ohye R
G, Whiticar P M, et al: Multidrug-resistant Neisseria
gonorrhoeae  with  decreased susceptibility to
cefixime-Hawaii, 2001. Clin Infect Dis 2003; 37: 849-52
Whiley D M, Limnios E A, Ray S, Sloots T P, Tapsall
J W: Diversity of penA alterations and subtypes in
Neisseria gonorrhoeae strains from Sydney, Australia,
that are less susceptible to ceftriaxone. Antimicrob
Agents Chemother 2007; 51: 3111-6

Takahata S, Senju N, Osaki Y, Yoshida T, Ida T:
Amino acid substitutions in mosaic penicillin-
binding protein 2 associated with reduced suscepti-
bility to cefixime in clinical isolates of Neisseria gon-
orrhoeae. Antimicrob Agents Chemother 2006; 50:
363845

Clinical and Laboratory Standards Institute: Meth-
ods for dilution antimicrobial susceptibility tests for
bacteria that grow aerobically. Approved standard-
Eighth Edition. M07-A8. Wayne, PA, 2009

Clinical and Laboratory Standards Institute: Per-
formance standards for antimicrobial susceptibility
testing; Twentieth informational supplement. M100-
S20. Wayne, PA, 2010

Hagman K E, Pan W, Spratt B G, Balthazar J T, Judd
R C, Shafer W M: Resistance of Neisseria gonorrhoeae
to antimicrobial hydrophobic agents is modulated by
the mtrRCDE efflux system. Microbiology 1995; 141:
611-22

Veal W L, Nicholas R A, Shafer W M: Overexpres-
sion of the MtrC-MtrD-MtrE efflux pump due to an
mtrR mutation is required for chromosomally medi-
ated penicillin resistance in Neisseria gonorrhoeae. ]
Bacteriol 2002; 184: 5619-24

Brannigan J A, Tirodimos I A, Zhang Q Y, Dowson C
G, Spratt B G: Insertion of an extra amino acid is the
main cause of the low affinity of penicillin-binding
protein 2 in penicillin-resistant strains of Neisseria
gonorrhoeae. Mol Microbiol 1990; 4: 913-9

Powell A ], Tomberg J, Deacon A M, Nicholas R A,
Davies C: Crystal structures of penicillin-binding
protein 2 from penicillin-susceptible and -resistant
strains of Neisseria gonorrhoeae reveal an unexpect-
edly subtle mechanism for antibiotic resistance. J
Biol Chem 2009; 284: 1202-12

Lindberg R, Fredlund H, Nicholas R A, Unemo M:
Neisseria gonorrhoeae isolates with reduced suscepti-
bility to cefixime and ceftriaxone: association with
genetic polymorphisms in penA, mtrR, porB1b, and
ponA. Antimicrob Agents Chemother 2007; 51: 2117-
22



i JAN. 2011

Dby
ﬁ

24 H A& AL % # & &

=
g

Susceptibility of male gonococcal urethritis-isolated Neisseria gonorrhoeae
against antibacterial agents and penA gene analysis of strains
with reduced cefixime susceptibility
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From about 2000, male gonococcal urethritis-derived Neisseria gonorrhoeae strains tend to show reduced
susceptibility to oral cephem agents such as cefixime(CFIX). Many reports find the base sequence of the
structural gene penA of penicillin binding protein(PBP) 2 to be mosaic in these strains.

We measured the susceptibility of 2009 fresh clinical strains isolated in the Tokyo metropolitan area to an-
tibacterial agents, using CLSI broth microdilution method, and comparing it to results for strains isolated in
1999, 2003, and 2006. We also analyzed the base penA gene sequence in 10 strains newly confirmed to show
reduced CFIX susceptibility.

Results showed that 96.6% or more of strains isolated before 2006 were susceptible to CFIX, compared to
only 47.4% of 2009 strains. Although 100% of strains were susceptible to cephem injection, such as ceftriax-
one, the distribution of minimum inhibitory concentrations(MICs) of these agents indicated a trend toward
reduced susceptibility. The susceptibility to spectinomycin was 100%. The susceptibility of isolates to
levofloxacin in 2009 was 5.3%, suggesting further resistance (17.0%: isolates in 2006). For the penA gene of
strains with reduced CFIX susceptibility, we analyzed mosaic-like penA gene changes. As a result, the
mosaic-like penA gene similar to other Neisseria genus species, such as Neisseria perflava/sicca or Neisseria
flavescens, were recognized as in past reports. These mosaics-like changes were divided into two patterns,
with or without a mosaic variation after PenA, A549. This mosaic variation was almost the same as we re-
ported. All agents recommended in guidelines by the Japanese Society for Sexually Transmitted Diseases
showed susceptibility of 100%, but a trend toward reduced N. gonorrhoeae susceptibility to cephem antibiot-
ics is continuing, suggesting the necessity for ongoing observation.



