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Background: Antimicrobial resistance of Neisseria
gonorrhoeae has become a serious problem world-
wide, and ceftriaxone non-susceptible isolates have
been recently reported from Japan and Europe. In
this study, we evaluated the antimicrobial susceptibil-
ities and molecular epidemiological characteristics of
isolates from Korea in 2013.

Methods: Sixty strains of N. gonorrhoeae were col-
lected from Korean patients and prostitutes. Antimi-
crobial susceptibility was tested by the agar dilution
and disk diffusion methods. N. gonorrhoeae mul-
ti-antigen sequence typing (NG-MAST) was perfor-
med in order to determine the molecular epidemio-
logic relatedness.

Results: All of isolates were non-susceptible to pen-
icillin G and tetracycline, and the rate of ciprofloxacin-
resistant isolates was 95% in 2013. The MICs of cef-
triaxone were within the susceptible range for all iso-
lates, but one isolate non-susceptible to cefixime
(MIC=0.5 #g/mL) was encountered. The isolates with
decreased susceptibility (MIC<0.12 zg/mL) to cefix-
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ime or ceftriaxone accounted for 10% and 14% of
the isolates tested, respectively. In NG-MAST analy-
sis, 40 different STs were encountered among the 59
isolates. Isolates that belonged to tbpB110 showed
higher cefixime and ceftriaxone MICs (0.12-0.5 rxg/
mL) as well as cefixime resistance.

Conclusion: Most of the N. gonorrhoeae isolates sho-
wed susceptibility to spectinomycin and cephalosporins.
Due to the emergence of isolates that are non-sus-
ceptible to cefixime and the prevalence of isolates
with the tbpB110 allele belonging to ST1407, which
cause cefixime and ceftriaxone treatment failure in
successful global clones of N. gonorrhoeae, a con-
tinuous nationwide antimicrobial surveillance program
is required to monitor the emergence of cephalospor-
in resistance in N. gonorrhoeae. (Ann Clin Microbiol
2013;16:182-187)
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ol 1537 9 fRellA] 357} HuEdehs-11]. FHellA =
cephalosporin AH8-2 A3} Folu AZEYPAANH 7Y 2L 50|
st 1A X85 $I3F cephalosporin XHHE-S 200219
10%ell4 201000l 30%2 S7kste] WA #57t 8% 7}
Aol oA Q) w3k AAAAR 98 aFE s
cephalosporin WA FF7} AAAF o2 Ak 4= glow] 8t
T YEI ARTH R bk opye) )1 aRrl &
W3l7] wljZol| cephalosporin WA 11e] Iljel] §-2 75
A gick skAE A S T2 cephalosporin WA H3ell
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Rl Xt
8y uhHEE Ex9es 918k pulsed-field gel electro-
phoresis 52| thefgt Wijo] Ao} gkt FTell= G714
d B45 F8l Aeg Y3l Neisseria gonorrhoeae mul-
ti-antigen sequence typing (NG-MAST)®} multi-locus sequence
typing (MLST) 52| WHle] F& A853 glrk. NG-MASTE
wol7t A% porBSt thpB A7) 714D E4E &3l 7
Zholl HEAIZE Qi ool A% A& sk, MLST+
A2e) Aol Q) 70 FAAE 714D A ste]
A71AQ e =4k el

2 Aol e el A 2 Feld g W2 ceph-
alosporin 3T AIE E3F F2 St Aol gk WA St &
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MATERIALS AND METHODS

A
1L 3% 48 ¥ 5%

20139 195E 108974A] A= 2 Aol 91213 ol & 7|3
7 S WA Aol x3E B4l Whst SAkE
HE] QITt 7ol JAlEE # e AAE s A
A= el A BE5 transgrow HHAof] o] ka9l om,
modified Thayer-Martin #A|(BBL, Becton-Dickinson, Cockey-
sville, MD, USA)oll FZslo] 35°Col|A] 24| 7 uekslgict. F
£ 54 13 94, A ASNH BA Vieek System
(bioMerieux, Marcy 1'Etoile, France)o-Z AAls}9c}. 4=
T —70°C olsle] WEalel] Hakslgict

2. SN #d AE

1) ClA3T & A 755 S7roll dEsle] McFar-
land4] 0.5% &% W& & AlF 25H9E GC agar base
(BBL)®l] 1% hemoglobin@} 1% IsoVitaleX (BBL)& d7}slo]
ke ghdoll AHEs ek Becton Dickinson AHCockeysville,
MD, USA)9] penicillin G, tetracycline, ceftriaxone, spectinomy-
cin, ciprofloxacin, nalidixic acid V]JA3E £ ¥ 35°C, 5%

CO2 2710l 2417k v $ H=319]c}. Penicillin G (10 U),

o

ceftriaxone (30 £g), cefixime (5 #g), cefpodoxime (10 £g),
cefotaxime (30 pg), spectinomycin (100 £g), tetracycline (30
rg) 3 cipfloxacin (5 #g)< Clinical and Laboratory Standards
Institute (CLSI) 7]55[12]°1] w2}, azithromycin (15 #g)3} cef-
triaxone (0.5 wg) ¥ nalidixic acid (30 #g)= 52| Calibration
Dichotomous Susceptibility (CDS) 7|5=[13]01l we} H-=3131
Ceftrinxone®] 4% 454 Ash 272 WA A%E 9130 %
FRG ngt 30 ngo) HlaaE Agsigle,

2) 8K S|ME: T4 Wt FFE 2ES el AL &
kxriA]ol] Yo 35°C, 24417 vkt &, Fireroll detelo]
10* CFU/mMLE 3]43}3ick. GC agar base (BBL)Oll 1% hemo-
globin¥} 1% IsoVitaleX (BBL)& H7}sla, 4% gAdog
= GAIE Yol 20l 1] 34 st HES Hike
ukEQich AlFE-8-8 Steers' replicator (Craft Machine Inc.,
Woodline, PA, USA)E A A] ullAol| FZ3s}3L 35°C, 5% CO2
8}2 7)0l] 24X 7F vljek & sH=8]99r}. Penicillin G, ceftriaxone,
cefixime, cefpodoxime, spectinomycin, tetracycline 2 cipro-
floxacin 274 Z3H= CLSI 715(12]90 vkt a3k, azi-
thromycin<- European Committee on Antimicrobial Susceptibil-
ity Testing (EUCAST) 7|F[14]ol wig} 3H43}3c}. Brea-
kpoint7} =] A] 952 gentamicine- =2 A5 shA] kL,
MICsoZ} MICoo%t F3}5e}. A= #elE $13) Neisseria gonor-
rhoeae ATCC 49226, Staphylococcus aureus ATCC 29213,
WHO A, WHO C, WHO G, WHO K, WHO L 3! WHO P 75

o] Algsigict.

3. Neisseria gonorrhoeae multi-antigen sequence typing (NG-
MAST)

por FRAHF-CAAGAAGACCTCGGCAA; R-CCGACAACC
ACTTGGT)®} thpB +-73A}F (F-CGT TGTCGGCAGCGCGAAA
AC; R-TTCATCGGTGCGCCGCCTTG)E PCRE FF3lo] of
7] s ARk FAEE BEsRaol 4170 10
B2 Fod A 287F 13,000 rpm & YA He|gk A=l | uL
DNA Fo& Agsto] PCRE Aldsldich. $53 48
7194538 ¥, QIA quick gel extraction kit (Qiagen, Hilden,
Germany)E ©]-83lo] DNAE F%33)r}. Bioneer (Dagjeon,
Korea)oll eJ&lsle] ¢17] A4S £AI3E $oll, NG-MAST 4
data base (www.ng-mast.org)ollA porB A3} thpB A
& HA EA43E o], sequence type (ST)= AR

¢

wlo i

RESULTS

20134 19ollA 109714 313 JF2 ¥ 60F0]H, |
2 A o] 83t 9] A 7144 B2 Table 13}

74} Penicillin G, tetracycline, ciprofloxacinol] ZHA1Q1 F3+
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Table 1. Antimicrobial susceptibility of Neisseria gonorrhoeae isolates
tested by diskdiffusion

Table 3. Number of isolates according to multi-antigen sequence

typing

Antimicrobial agents % of isolates with (N=60)

(Dosage) Susceptible Intermediate NS' Resistant
Penicillin G (10 U) 0 42 58
Spectinomycin (100 £g) 100 0 0
Ceftriaxone (0.5 pg)* 50 50
Ceftriaxone (30 #g) 75 25
Cefixime (5 #¢g) 75 25
Cefpodoxime (10 #g) 82 18
Cefotaxime (30 zg) 70 30
Tetracycline (30 (g) 0 5 95
Ciprofloxacin (5 £g) 5 2 93
Nalidixic acid (30 #g)* 7 93
Azithromycin (15 pg)* 98 2

*Australiancriteria (CDS) were applied. CLSI criteria were applied
for the other antimicrobial agents; TNot susceptible.

Table 2. Antimicrobial susceptibility of Neisseria gonorrhoeae isolates
tested by agar dilution

% of isolates with

(N=59)
Range 50%  90% S I R

Antimicrobial MIC (#g/mL)

agents

Penicillin G 0.12-128 1 4 0 75 25

Ceftriaxone <0.008-0.25 0.015 0.12 100 of o
Cefixime <0.008-0.5  0.015 0.12 98 27 o
Cefpodoxime  <0.008-4 0.06 0.5 92 CR
Spectinomycin < 16-32 32 32 100 0 0
Gentamicin <2-8 8 8 NA NA NA
Tetracycline <0.12-64 2 16 5 44 51
Ciprofloxacin ~ <0.008-32 4 16 3 2 95
Azithromycin*  <0.06-2 0.12 05 85 13 2

*EUCAST breakpoints were applied; "Not susceptible.
Abbreviations: S, susceptible; I, intermediate; R, resistant; NA, not
applicable.

o HlE2 0-5%3 0, A T vlES A7 58%, 95%,
93%3Jtl. Spectinomycinol] WA= EF ZAdolglor,
azithromycin 98%7} 74l 019t} 341t cephalosporinAl| Sl
ceftriaxone (0.5 £2g/30 pg), cefixime, cefpodoxime ¥ cefotax-
imeol] ¥4 Q1 T2 Ml A7 50%/25%, 25%, 18% 9l
30%3Aet.

A A S o] &3 ] 4 BlE-Z Table 28t 3t
Penicillin G, tetracycline 3! ciprofloxacinol] ZH5A1Ql 2]
HIE2 0-5%33.0H, ARl 2] vl 2+ 25%, 51% 3
95%2 =3kt}. Cefiximeol] H]1ZAR) 155(MIC=0.5 1g/ mL)
£ AlYstal, BF ceftriaxone¥} cefixime ol ZHrAlol3)
Spectinomycinoll= BE #57} 7HA 0|9l o, gentamicin®]
MICso¥} MICorS BF 8 pg/mLe}. EUCAST 7|52 35

Sequence  No. of isolates

type (N=59) porB thpB Region
ST6734 10 4016 33 S, LG GCJ
ST8043 5 206 455 LG
ST9675% 3 4801 33 S
ST228 2 23 27 G, J
ST2066 2 1,042 328 L W
ST2958 2 1,785 1107 S, G
ST3968 2 2409 21 I
ST9673* 2 1416 328 S, J
Other ' 31 S,,G, W, C,J

*New ST identified in this study; TST205 (porB164 tbpB4), ST278
(porB4 thpB27), ST807 (porB37 thpB27), ST1670 (porB23 thpB1674)*,
ST3435 (porB1053 thpB21), ST4502 (porB1785 tbpB21), ST4764
(porB2874 tbpB21), ST5699 (porB580 tbpB328), ST7132 (porB4270
thpB129), ST7548 (porB4530 thpB21), ST7684 (porB4618 thpB21),
ST7686 (porB4620 thpB21), ST7688 (porB23 thpB21), ST8160
(porB4892 thpB563), ST8181 (porB4872 tbpB33), ST8561 (porB101
thpB29), ST9667 (porB4 thpB677)*, ST9668 (porB5700 thpB33)*,
ST9669 (porB5701 tprI]OT)*, ST9671 (porB4016 thpB862)*, ST
9672 (porB258 tbpB862)*, ST9674 (porB5702 thpB455)*, ST9676
(porB5703 thpB186)*, ST9677 (porB5704 thpB21)*, ST9678 (porB37
thpB455)*, ST9679 (porB543 thpB1692)*, STI680 (porB5705 thpB4)*,
ST9681 (porB5706 thpB4)*, ST9682 (porB5707 thpB1336)*, STI683
(porB5708 thpB21)*, ST9684 (porB5709 thpB21)*; " The same tbpB
type of ST1407.

Abbreviations: S, Seoul; I, Incheon; G, Gyeonggi; W, Wonju; C,
Chungbuk; J, Junbuk.

& 23} azithromycin®] 7 HIZHFA F#59] Blgo] 15%3ir),

NG-MAST A& 23}, 59F2] N. gonorrhoeaedl| A 40712
v}kl sequence type (ST)o] Ugkow, 1 & 187] ST+ E of
TFollA AEA HHAHEo] NG-MAST vlo]ejm|o] 2ol 55319
t} ST67347}F 107HE 7 &3 ST, th2o & STR043,
ST96750] 570, 370 s=oldiet. 315 2 A2 o} & STE &
th(Table 3). porB S-AZR= porB4016°] 19% (11/59)% 714
Wy thpB AR thpB33©] 25% (15/60), thpB210] 20%
(12/60) =o]9let. 87 5298 ST A EZ &= ofekslA viel
ok 7P =2 S AAIE ST4016S A5 Al9) 3 yn
A 570 Aol A B FEBACE STI6T5 AlgollA] 313t
TolA], ST3968% AXol|A Fl%l FollAnt x| et

DISCUSSION

QFE el vliste] GFANl FAoldert pen-
icillin Goll thet A& AJ# S Z tetracycline B! quinoloneol]
WS HelE thil WA FE/h Fdishn shadel wel
cephalosporin®} spectinomycin RFo| E3}& 0l X FA|Z Fol3)
th 20139del] 25 4] 7% penicillin Goll ZHrAQ) F5

= $l9lem, tetracyline¥} ciprofloxacinell ZHFAJQl = &
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< A7 s%ZE 5Lk Penicillinases s 9T
(PPNG)9] H]E2 20139 5% 2011 6%, 20121 8%} H]=
sk g=Folu} 20004 64%el] Bl3l ZA| ZHAskATH2]. PPNG7}
)3k Wt o] s w3t dio] 7 5ol
E Bl QJul15]. Y TEM-139] B-lactamase?HS A3
Aale 2o 44 gloit 2T ElFellA TEM-135%3 A
A= o] B9t 16]. TEM-1%  B-lactamase= A3t
5 11| B-lactam FFAlE E3sEAIRE TEM -7-41721e] Ho]
2 Hob FU9et wele] Blactam FTAE B ex-
tended spectrum S-lactamase (ESBL)Z 2138 4= 9lo] o]
ek o7 H et} Wk tetracycline LEWA] I THTRNG)
20043714 FellA] 0-4%2] U RIEE H3leuh2]. 2012
W 18% [17], 2 ATlA 20134 14%2 Z7}813lch. TRNG7
S7Fet o= EASHA] EARE gkt YRS A|ef3 Fdot
T7bll A& TRNG 7} E8teg 23 37t2588 4 74
o] glom ofo]] w3t F7} A7t e e Zow A7t

20134 8 FF F 15 (cefixime MIC=0.5 pg/mL)E A2
stal B #F57} cefiximeZ}t ceftriaxoneol] Aol Tt
CefiximeT} ceftriaxoneol] ZH<FAlo] ASE(MIC<0.12 pg/mL)
TFFE 95(15%)tk. Ceftriaxoneoll gt 774 35 7)52
CLSI<0.25 pg/mL, EUCAST<0.12 pg/mL 3 CDS<0.015
pgmLE BF ok2w, o]of| wel v~ by Aot CLSI
715l whet s A13E 3 3] A1 Aatel] Zpolzh wiAYEE Ao
A2} Tl dlFE CLSI 7|58 A&3ka 9lon,
Q17 ZkdollA] ceftriaxone A& AEE7F 0.03 pg/ mL H
0.016 £gmLgl JTE X5 A7} Hagl Ho| 9lof[18] T+
o Fo9lell wEt A 35 V1S sk ol o He
slo}, gk Aol A= cefixime FH 4 AlFEr} 7129 7
T4 UL 012 pgmL o] FFE2] X & AolEo] 25%
2 w9 ol Aol Akl FollA A7 Ayl Ejctka
B sl eH19].

179 cephalosporin 74 A3} e Aol Fofsle
A= pend, mtrR, pond, porb1B B pilQ So| 44 St
[20,21]. PBP2E- A 6= pend AR} tFE Neisseria 7%
o2 HE] §A2Le] UFE Wol mosaic TEE AU
A501, G542, P551 §-919] o] =4t ¥ o] & 3} cephalosporin
Al tizk el Askd g vk 53 frE(active
efflux)Zt #Ao| Y& morR FHAAE ZERH e 42 7
21¢] ol Ao o) kAol it WA SV
oheh. 213 PBPIE AAHE pond RIS vk
(porin)@} o] U= porB FAAF2] ¥Wo] % cephalosporin &
Aol i3k WA o] BuEgiet e} cheket f47
9] A% FAl A e oFF 2 deo] EEslod, penA,
mirR, porB, pond B pilQ AR} AGEAS B3l o]’k 74
Zke] Fedm o] 7} cephalosporin WAl o] = A= 7|0 d}=7]
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ol thet F7F A7t ded Zleg Azt

& Eo] v|FollA= cephalosporin WA o] Exw
ghAk=lol] ulg} cephalosporin} azithromycin 3t S A&
a5 AAkska glek 20134 FulellA] EelHl dte] 2%}
azithromycinol] Aot} Azithromycin®] WAZIAE e|HE
RNA2] Ed¥o] B methylation?} 2] RF hwle] Foluo]
ol A glom, eFoA % obF azithromycin WAL &
SkA] 9kc}22-24]. Azithromycin WA #59] 739+ cepha-
losporin & AIke] W eRloll o3t 45 A7t EErEslo]
olofl W3k F7} A7} H Qslr}.

Floll A H2lE 1] NG-MAST ST 40702 wll-$- ok
S9irh ST porB 4314} ipB F714] G4 W%
off o] A€t TellA] Feld J7e ST porBe| Alo]
ol oJal hokst STE KoL}, hpBE thpB21 thpB33o] ZH7F 12
FoF 1555 veot 474 Aol I AoE A7tk
20112012 =l 2] daF B3t vhokdt NG-MAST ST Z3}+=
Bk 15152] N. gonorrhoeaeol| Al 95712 A& t}E STo|
Ustow, 1 F 5570 AZE STHEH17]. CefiximeZ} cef-
triaxoneol] ZHrAlo] ek 9= 47 M E thE NG-MAST
STE 7HAAL AL, thpBok porB - AAFE 2 B vheksto],
NG-MAST ST} cephalosporinA] ZHA 7ke] A= Q] A
FAE BolA eokek. e wpBl110S 713 37 FFllA
cefixime MIC7} 0.25-0.5 pg/mL “L8]3L ceftriaxone MICZkO]
0.12-0.25 pg/mLE E9koH, cefixime WA 3 F= o]of] &
et hpB110> AAAZH o2 2HAkE] cefixime 3 ceftriaxone
218 Asfiel & Q= clone?l ST14072] mpB F-AAF[10,
252710 T F8] T3 RAF Ade] A& AeE A
Zrglet,

20131l el A EelH AT HA dTH ol ALE
9 & penicillin G, tetracycline Z2] 3L quinolonel] thall A th¥-
ol thAl WA-E KA o2& 74A] spectinomycin} cepha-
losporin Aloll= ZH=rAlo] ek, Zeut ol cefixime WA
571 £28]5903, cephalosporinA]l WA} #e19)= ST1407
¥} 593 pB110 FAAEE 7R T BEEBZ N
gonorrhoeae®] cephalosporin WAl &85 ZUEH 37| St
AEHQ] A Al =Hlo] F galrhar ghekelch
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'oAMCHSt I ofmirhst FptHASt A, MEFUHAATA, PREChstm o|nirhat FctziAte|StmAl
s, M8, Zasl’, olga, olgel, o/, HRY'

HiA: 9] Al WAS Azkste], 2| 34 cephalosporinsAlol] H] Al #5371 QB3 oA HuE g
B AFelAE 20134 Tl FAlellA B2lE Qi) Al WA A%E B2 A3 EA4S Hrsick

i S el ErAiodd o2 e F 6077t TRAEAY B FFE e R Yag A 3P A
o2 YA ZFA APE ek BEAATH =AE I3l Neisseria gonorrhoeae multi-antigen sequence typing
(NG-MAST)& A3}t

A1} A A S o] 83t 74 A A llA] penicillin G B! tetracyclineol] 249 #9192, ciprofloxacinel] WA
9l FF9 v &L 95%E =Skl Cefiximeoll 1557} WA o]0 3L, cefiriaxoneol] B <Aoo, A48l w5
MIC=0.12 pg/mL)2] BlE2 Z+7F 10%2} 14%Ath NG-MAST £4] 23} 59 FFoll4] 40702] A Z t}2 sequence type©]
vgtor a1 F 18/ 2 Aol A= AR ST} 5pB110 AR S 712 7F52] 739 cefiximed} ceftriaxone©]]
H|323 Z& MIC (0.12-05 pg/mL)E RS

ZE: 201310l ol EalE T2 penicillin G, tetracycline & quinoloneolli= tH-5 HAl-S AL, spectinomycin
3} cephalosporinoll= ZHrEAoldet. ey cefixime B4 T7F E21% 93, cephalosporin WAl T Q1= ST1407
I FLL hpB110 AR S 71F F57F =[], N. gonorrhoeae®] cephalosporin WA 8-S EUE® s17] 98t
A &H 0l ZHA] A|&Hlo] H @3frtx FelEc)l [Ann Clin Microbiol 2013;16:182-187]
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