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<2 oA WA dHe] S7FE cephalosporin At A ARE-O]
=

7kt oL o] %13l cephalosporin &t Aol FFFAdo]l A shE
TTE0] Bis7] A&t Cephalosporin & Al AF-&o] 71k
Ule] 4SS st U] cephalosporin Aol gt A7
193 Aoz A7dAg

+ dTdAE Ax Fa Aol 2011dFEH 20128744
5549 oy 0 Qu BARYH GF dwe FPsel F
1s1Fe]  @dAl Aede daz sk adsayes
Al g 3FSI . Penicillin G, tetracycline 2 ciprofloxacin®l] W41 2]

=

T
&2 ZH7F 34%, 51% R 93%=E kO, azithromycinell Wl/4d
T HEL 5%Z Skal, spectinomicin®l = EF A o] At

Cefixime WA 1575 A3}, ceftriaxone I} cefixime ©f 2+

A A" #F S cephalosporinAll Ao dste] A o
st dF 4859 AFA TEF 2952 A O E pend, murR, pond 2
pilQ T2l @71 ES B33t} Penicillin binding protein 2 (PBP
) F A pend A4S E3 PBP 2 ofv|:Al ME ¥ A=
wEsAT. B T T pend type 1V, V, XIII, XVI, XVII,

| B, A At #5729 pend type < V, X, XII, XIII,
XVII, XVIIgoe] ®HAth 2 5 v XVIZS A4 dFolAw
vebdth xmdel 7 E319a, ol UlRES  ceftriaxone ¥}

=
cefixime S cefpodoxime®] MIC Fko] =ttt} EAlolH 3 X3 st



T+ cefixime (MIC 0.25 pg/mL), cefpodoxime (MIC 2 pg/mL)Z =%t}
mtrR, pond R pilQ FAAL] Wol= A ofstel  #AIglo]
A= AT Tl A FEEH I sequence type (ST) porB ©
zpolofl ol&f Uhkst STS Wolu, hpBE thpB219} thpB33o]l 7zt
49579 395= A Aol Us Aer  AAHATH
2011-2012d0  ®2® #F F wpB2lS W #FY fiEEo]
cephalosporin®] 7= o] A &tE o™ wpB1109}  thpB620S  7HH

4

H

cephalosporin 774 A3kE BRItk W, mpB33E 7HX
cephalosporin®l] 754 o] 1t}
Hoz wuolA wed duel E-E2 cephalosporine tHE
Ao, i dF= o] Astd dFolAk BAkelA

7FR g F7F AA A A S 2 cephalosporin X & A Ie} HH Q)

&1
o LA
o

2
o
o
2

ol
o

fr

o

MLST ST1901S 7FAH, XA A3 ceftriaxone L% U
A7} FAFSE pend EAolA S JHXEE, N gonorrhoeae®]
cephalosporin WA E3d& EUYHFH &7 3 A EHAHQA FA

Alzdle] B asta ga,

A E = T A3, pend, mtrR, pond, pilQ, EAolA &8 WOl thpB,

cephalosporin, 7573 A3}
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Agol i A&Holw aHe Pz Bast

off

Tl A EelHe e A7 dd A8l ARE

FS S penicillin

G ¢ tetracycline ©| ¢ WAle]al ** fluoroquinolone <A 3Fol#

ry

g 0 2 Abgo] X g wel, L= cephalosporin F3t Al 2]
Abgo] Z718FA Tt 7. Cephalosporin @it Al Foll A= ceftriaxone

cefixime §o] Fz AEHEH, AME Frb] wE @A A9

pu?

ol

o2 Qld] cephaloscoporin Al gk FgAo] A s}
#FE°] AAAAFeR Huxa ok ¥ HFE cephalosporin <!
cefixime o th&k WA 2002 Hol| dioA A& By o|F=2 A7
, ¥ A8 v HFRE

]
AZTE A ceftriaxone o e WA AHFE 2011 d3 2012 dol



AH3} FHoM 4 F7F BuEAqrt ¥ A 9] cephalosporin WA ol

]_

rr

A= pend, mtrR, pond, porBlb, pilQ =o] 9t} 12-13

ol

]

rJ

Cephalosporin &3t Al¢] 28 ikl #Alydd A3 @9 (penicillin
binding protein, PBP2)E A 3}= pend + EAFolA x4 501 HA
of] :=4FQl adenine W ol7} @Al WA T Aol Q= Ao delA
NOW, murR, pond, porBIb X pilQ XA WO|%  cephalosporin

A Aol FFS T Aew g Uk

cephalosporin &7 Al 2] A HFEo] 2002172 10%°] 4] 201017 &= 30%
Stk wEbd SdielA EElE e el E ols ofAld
ek A 7o = TheAol AR ForgE Fo oAl A Ut
b FAlshaL, AbgA o2 wAlEE o] $-2]E = cephalosporin H]
A Aol A8ty SA4S SAToEA, WA A B Al A
2 ddHr. 53|, ceftriaxone

WA o] e By dES s Astdog wg JhkE

Wyl ohUeh lF mRvE S Ui oA diel WA

ceftriaxone W/ o] ol F4=E 7FeAd g AA &4k & <
Tl e ol H2 EEE JFS WA E cephalosporin 33t A
S Z33E Fo Aol e WA F, Fo g Td 2 49
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2011 1958 2012 1297bA] A= ZF Ao 9

clo
%

718 EaAded EH Aol A7 B W

]_

52
£

off

a4ERE 9 gdel dHHE #F EE PAR 4

i
ul

AAE Aol A EEE Transgrow HIA(BBL, Becton-Dickinson,
Cockeysville, MD, USA)ell o] %FalSl S ™, modified Thayer-Martin
Bl A(BBL)A HESte] 35TelA 24A12F wigstSich dF AL
g% A, AE Al Asted FARe) Vitek System (bioMerieux, Marcy
1'Etoile, France) 2.2 A A ATE SAHE 75+ -70C ©|ste] W5 aie]

B a3l

e
o

Ald A5 SFTo dEste] McFarland#| 0.53% € 5o gt ,
M1t M-S GC agar base (BBL)°l 1% hemoglobin®} 1% IsoVitaleX
(BBL)S #H7Fste]  wHE Sk A F3FSItE Becton  Dickinson

(Cockeysville, MD, USA) AF2] penicillin G (10 U), ceftriaxone (5 pg, 30 pg),



cefixime (5 pg), cefpodoxime (10 pg), cefotaxime (30 pg), spectinomycin

(100 pg), tetracycline (30 ug), azithromycin (15 pg), ciprofloxacin (5 pg) %
nalidixic acid (30 pg) H2=TIE F2 F 5% C02 7] 35TolA, 24
AIZE g & B53FQ T Penicillin G, ceftriaxone (30 pg), cefixime,
cefpodoxime, cefotaxime, spectinomycin, tetracycline % ciprofloxacin-
Clinical and Laboratory Standards Institute (CLSI) 7]<='*el wie} —1g]ar

ceftriaxone (0.5 ng), azithromycin % nalidixic acidi= Australian criteria

(CDS) 71"l we} #5359t

o AEe T FxdA ] g 35T,

offt
i)
¢
r
=X
N
Ll
By
M
P
ol
>

N

24X 7F wjkE & Z=Ero] Fehste] 10° CFUMLOZ 3|48k},
GC agar base (BBL)°ll 1% hemoglobin®} 1% IsoVitaleX (BBL)S 7 7}8}aL,

TR SRR 5l FHdAE Yol 28 I ME s=TF H

fl

EE

o

e
o

THE A Th. Al 58-S Steers' replicator (Craft Machine Inc.,

<

Woodline, PA, USA)= HjA| o] HF3}aL 5% CO2 &=7]ol 35Col|A 24

A7

-

-

¢ & 353} T}. Penicillin G, ceftriaxone, cefixime, cefpodoxime,
spectinomycin, tetracycline 2 ciprofloxacin 7+5=4] Z 3} CLSI 7]
w2} A8} L, azithromycine European Committee on Antimicrobial

Susceptibility Testing (EUCAST)7]s='"%ol] wte} &4 35} t}. Breakpoint”}

8



AR E A 2 gentamicine HE9] d|AS SFA| 2Zal, MICsoZ MICy,
T Agsidt. A BYE 98l N gonorrhoeae ATCC 49226,
Staphylococcus aureus ATCC 292139} WHO I+ A= &g #5921
WHO A, WHO C, WHO G, WHO K, WHO L 2 WHO P #F& 7] A

@,

t}. B-lactamase A3 A &
Chromogenic cephalosporin "} Q1 cefinase TlZ= (BBL)Z A| &3},

w@Alo] BEAoR Wl PP AR

f

3. Cephalosporin#l| o] gt WA 7] A 4

7t pend A 71D 4

=y
o,
B
o
g
=N
of\
i
BN
o
o
Ho
>,
)
o

1023 oA 283 13,000
pml. 2 YA FEEe TN 1 ulE templateZ A& T FESH
DNAT PBP 29 mosaicisms +43}7] 918 pend A AAE
Fioz Yol Z+7Fe] primer setE AFE8Fo] PCRS Al g 3slSith
(3 1). PCR A= 719 & $ 7} primer setol]l A3 =719
PCR 2H=2 QIA quick gel extraction kit (Qiagen, Hilden, Germany)<
Agete] & & AVIAES EAEAT. pend A DS penicillin®}

cephalosporin 754 %1 N. gonorrhoeae LM306 (GeneBank accession

9



no. M32091)¢} ¥R (2 2), FAHL It 53 Whiley® 5ol

Cephalosporin &7t Ale] Ao AFE vA= FHA HIdS
stz s Aol Al gk AV EEA S Aldstslth
Template® AF8-gF DNAE 9lofF Fd3kqlth. F%3% DNAE 77+

2] promotor  F-919F FAA F-HE Aty szl

it

primer setE AR&-3}o] PCRS Al &8t} (i 1). PCR A2 7|9 %

S 7} primer set] A3 FA7]e] PCR 4AHES QIA quick gel

ot

extraction kit (Qiagen, Hilden, Germany)< AF-&3}o] F&3 & 7|4 <g

& #Asan,

3t 1. Primers used for PCR amplification and sequencing

Primer Nucleotide sequence (5 to3") Nucleotide positions
PenA-Al CGGGCAATACCTTTATGGTGGAAC 8-31
PenA-B1 AACCTTCCTGACCTTTGCCGTC 655-676
PenA-A2 AAAACGCCATTACCCGATGGG 597-617
PenA-B2 TAATGCCGCGCACATCCAAAG 1157-1177
PenA-A3 GCCGTAACCGATATGATCGA 1003-1022
PenA-B3 CGTTGATACTCGGATTAAGACG 1844-1865
mtrR-F GCCAATCAACAGGCATTCTTA 2210-2191
mtrR-R GTTGGAACAACGCGTCAAAC 190-171

10



ponA-F GAGAAAATGGGGGAGGACCG 1171-1190

ponA-R GGCTGCCGCATTGCCTGAAC 1395-1376
pilQ-F CGTTACGCCGAACATCACG 1833-1851
pilQ-R TGACCGAAACTGAACGGACTG 2358-2338

7}. N. gonorrhoeae multi-antigen sequence type (NG-MAST)

=]

G4 Wol7h A% v Faxe] A7) NG BA q

o

F3) o

%

AAE eI porB FAA (F-CAAGAAGACCTCGGCAA;

R-CCGACAACCACTTGGT) ¢} thpB A A} (F-CGTTGTCGGCAGCGC

N

GAAAAC; R-TTCATCGGTGCGCCGCCTTG)E PCRE S %3}al, 5%tk
AEE H719E 3 %, QIA quick gel extraction kit (Qiagen, Hilden,

Germany)= ©]-&3}9] DNAE 353}t Bioneer (Daejeon, Korea)ol| <]

ol 7] MEEs +A4s T, www.ng-mast.orgel]l HEslo] G

L}. Multilocus sequence typing (MLST)

Aol AU tirel] FAstE 719 8 A A (Housekeeping
gene)E Ao ®E <I7|ME EAS AdsiSlt JdEYS Fsto
MLST database (http:/www.mlstnet)ol]l A=2E JEsle] A8

(% 2)".

11



3t 2. Oligonucleotide primers used in the N. gonorrhoeae MLST

Primer Nucleotide sequence (5~ to 3") Function

abcZ-P1 AATCGTTTATGTACCGCAGG Amplification and sequencing
abcZ-S2 GAGAACGAGCCGGGATAGGA Amplification and sequencing
adk-P1 ATGGCAGTTTGTGCAGTTGG Amplification

adk-P2 GATTTAAACAGCGATTGCCC Amplification

adk-S1 AGGCTGGCACGCCCTTGG Sequencing

adk-S2 CAATACTTCGGCTTTCACGG Sequencing

aroE-P1 ACGCATTTGCGCCGACATC Amplification and sequencing
aroE-P2 ATCAGGGCTTTTTTCAGGTT Amplification

aroE-S2 ATGATGTTGCCGTACACATA Sequencing

fumC-P1 CACCGAACACGACACGATGG Amplification

fumC-P2 ACGACCAGTTCGTCAAACTC Amplification

fumC-S1 TCCGGCTTGCCGTTTGTCAG Sequencing

fumC-S2 TTGTAGGCGGTTTTGGCGAC Sequencing

gdh-P1 ATCAATACCGCTGTGGCGCGT Amplification

gdh-P2 GGTTTTCATCTGCGTATAGAG Amplification and sequencing
gdh-S3 CCTTGGCAAAGAAAGCCTGC Sequencing

pdhC-P1 GGTTTCCAACGTATCGGCGAC Amplification

pdhC-P2 ATCGGCTTTGATGCCGTATTT Amplification and sequencing
pdhC-S1 TATACTACATCACCCTGATG Sequencing

pgm-S1 CGGCGATGCCGACCGCTTGG Amplification and sequencing
pgm-S2 GGTGATGATTTCGGTTGCGCC Amplification and sequencing

12



2011 1ol 2012 129744 =S A F 151501,
Penicillin, tetracycline 2 ciprofloxacin®] A7 d<% #79 H &L 0-4%
ol A 9 W& 57%, 90% Z 93%°] AT}, Penicillinase A
A+ (Penicillinase-producing N. gonorrhoeae, PPNG)T= 105 (7%)7},
tetracycline 1% W4 3t (Tetracycline-resistant N. gonorrhoeae, TRNG)

= 367 (24%)7F 2 E At} Spectinomycin} azithromycin®l ]| A4 =

|r

A= T77F A5/d o)Atk Cephalosporin - &3t Al Q1 ceftriaxone (0.5
ng/30 ug), cefixime, cefpodoxime % cefotaximeoll H|7F/d <l o H|&

2 ZFZ} 53%/ 24%, 26%, 57% 2 25%°] T (3 3).
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3t 3. Antimicrobial resistance rate of N. gonorrhoeae by Disk diffusion method

Antimicrobial agents % of isolates with (N = 151)
(potency) Susceptible  Intermediate NSt Resistant

Penicillin G (10 U)* 0 43 0 57
Ceftriaxone (0.5 pg)’ 47 0 53 0
Ceftriaxone (30 ng) 76 0 24 0
Cefixime (5 pg) 74 0 26 0
Cefpodoxime (10 pg) 43 0 57 0
Cefotaxime (30 pg) 75 0 25 0
Spectinomycin (100 pg) 100 0 0 0
Tetracycline (30 pg)* 1 9 0 90
Ciprofloxacin (5 pg) 4 3 0 93
Nalidixic Acid (30 pg)’ 6 0 94 0
Azithromycin (15 pg)” 100 0 0 0
" Australian criteria (CDS) were applied.
T Not susceptible
'PPNG, 7% (10/151)
STRNG, 24% (36/151)
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. 3 3] 4 9 (Agar dilution method)

HE

1o

ol

A2 penicillin G, ceftriaxone, cefixime, cefpodoxime,
spectinomycin, gentamicin, tetracyclin, ciprofloxacin % azithromycin®l tl] 3]
Al Th (3 4). Penicillin G, tetracycline 2 ciprofloxacin®l] 7+=7d <1
e HlES 0-5%olem, WAl e MlES AT 34%, 51%

2 93%= F YT Cefixime H|ZFFA QL 15 (MIC 0.5 pg/mL)E A3k

Rl

, B ceftriaxone ¥} cefixime © Aol o™, MICyS 212} 0.12
pug/mL % 0.25 pg/mLo]ATE Cefpodoxime 7774 w2 HEL 91%
2 cefixime % ceftriaxone XU} ST} Ceftriaxone} cefixime®l] 75~
Aol Aetd @5 (MIC > 0.12 pg/mL) H &S ZF2F 25% 2 28%0°] itk
(29 1), 314 7150 W2 ceftriaxone ! cefixime T4 T2l H]
T2 Z17F 100% H 99% (CLSI), 97% % 88% (EUCAST), 57% 2 56%
(CDS)°] A TF (28 2). Spectinomycin®l &= =& w57 @A olslon,
gentamicin®] MICsoZ} MICy> E5 8 pg/mL At EUCAST 7|+=9o 2
H=538F A3} azithromycin 4549 5 54%01001, 5% WAl

AT,
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3t 4. Antimicrobial resistance rate of N. gonorrhoeae by agar dilution method

Antimicrobial MIC(pg/mL) % of isolates with (N = 151)
agents Range 50%  90% S I R
Penicillin G 0.12-256 1 4 0 66 34
Ceftriaxone <0.008-0.25 0.03 0.12 100 0
Cefixime <0.008-0.25 0.03 0.25 99 1f
Cefpodoxime <0.008-2 0.12 05 91 9f
Spectinomycin <8-32 32 32 100 0 0
Gentamicin <0.5-16 8 8 NA NA NA
Tetracycline <0.12-64 2 32 5 44 51
Ciprofloxacin <0.008-64 4 16 5 2 93
Azithromycin" <0.06-1 025 05 54 41 5

Abbreviation: S, susceptible; I, intermediate; R, resistant; NA, not applicable

"EUCAST breakpoints were applied.
"Not susceptible
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2. Cephalosporin W73 7] %

7} pend AR 4714 <E
Cephalosporin o H|ZFAdol Ay Zh/do]  Astd 48 5%
Al 29 HFFE NS RE pend FUIANES EASSITH
B 970 penda Aol TR oM, XIIT Fo| 45 F(60%) = M
V &o] 11 F(13%), XVII & o] 9 F(12%) c°l L,
1 FoAe= BExiola &l X Fo| #FEGeH, 2 o AR
FAge] TAHJY. AFA 2Ad 2 A 2R 48 T 3
X @] 101-350 |1 A EA}o]a 3 ofm| At WlolE JHA AL =
Aoz Holn, thE g J= 503 ¥ ol kS AL Y] §o]

E27F XM g2 sde oAt (19 3).

X ol o= oiFiEe] I 571 ceftriaxone, cefixime S+

:

cefpodoxime ©] MIC 7} =9to™, 2011 A=) #2]H cefixime W] 754

1 79} cefpodoxime B4 125 5 11 77F XM Pl &3t (3 5).

=

Extol3 @l X ¥E 7M1 #F+ ceftriaxone I} cefixime %

A}

it

=
cefpodoxime MIC 7} 72} 0.06 ug/mL 3} 0.25 pg/mL % 2 pg/mL ©] At
ko] 1V, V 2 XVI 8§ #F= HEE cefixime ¥} ceftriaxone 9
MIC 7} skt 7 &3 X1 @ 59 4¢ 455 A e
Aol FEEF o™ =

skt

A
I
N
2
3
k)
r
S
Q
S
N
)
I
N
N
o
rlr
=z
o
By
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3£ 5. Minimum inhibitory concentrations (MICs) distributions of

cephalosporins for 77 N. gonorrhoeae isolates according to penA genotypes

e A Number of isolates with MIC (pg/mL) of
type  <0.008 0.008 0.015 0.03 0.06 0.12 025 0.5 =1

v 2 5 1

v 6 1 3 1

X 1
CRO XII 1

XIII 1 1 4 12 23 4

XVI 1

XVII 1 1

XVII 1 3 5

v 7 1

v 4 3 1 1 1 1

X 1

XII 1
CFX

XIII 1 1 9 20 13 1

XVI 1

XVII 1 1

XVII 1 3 4 1

v 1 6 1

v 6 2 3

X 1
CPD XII 1

XIII 1 3 10 20 1

XVI 1

XVII 1 1

XVII 1 1 2 4 1
Abbreviation: Amb, antimicrobial agent; CRO, ceftriaxone; CFX, cefixime; CPD,
cefpodoxime

Bold: Number of non-susceptible isolates
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U mtrR, pond "R pilQ 1A A

Ceftriaxone =+ cefixime o o3| H|FAolAY A o]
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(Ala39Thr)S  7FAla2 ARt A7 248 Holxl &L |
5 E ofux=At X3 (Ala39Asp)o] YEA YEFSTH  pend
FAaPeNA Vv S HQ 1 #FNM = mrR promoter ¢ ]l 3 7|9
Q7] AYES BT Pond o A5 1 #FE ALt BE AFolA
Leu421Pro 2] oluj:=2b X3S B AT PiIQ FAAANAME dFEe
Aol Wol7p A FRAAT 4 HTFolA 1 TR opm| =4t
2] $H(Asn27Ser) & H.ATH (£ 6).

¢

Cephalosporin 7431 29 #FolA%E A Ast a5 FAFS

FAA mdHol 7t WEE S th(data not shown). A ES AR BE
T4 d79 mrR promoter F-flolA e &
H3om, 5 #FoAM= mrR ORF W ol :=2F X3+ (Ala39Thr)S
A3 Y. Pond 9 AL 1 #FE AYsly BRE
ATl A Leud21Pro o ofv|i=it X8k B low. pilg o 79 3 7
oAl obm it X 3H(Asn27Ser) & E. ST

pN

.LL4

AN
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3t 6. Characteristics of cephalosphorin decreased susceptibility for 48 N.

gonorrhoeae isolates

PenA NG-MAST Region MIC (pg/mL) Mutations
type ST thpB  porB CRO CFX CPD mtrR" ponAd pilQ
A% 5687 10 2481 GY 0.12 0.12 0.06 A40D L421P N648S
\% 81647 33 4895 SE 0.03 0.25 0.12 Deletion A, Ins T L421P WT
X 2958 110 1785 IN 0.06 0.25 2 Deletion A L421P WT
XII 5061 1058 2978 SE 0.12 0.12 0.5 Deletion A L421P WT
X1 3968 21 2409 DJ 0.12 0.12 0.5 Deletion A L421P WT
XIII 3968 21 2409 DJ 0.12 0.25 0.25 Deletion A L421P WT
XIII 3968 21 2409 DJ 0.12 0.12 0.5 Deletion A L421P WT
XII 3968 21 2409 JB 0.12 0.12 0.5 Deletion A L421P WT
. N648S
XIII 46771 1613 206 IN 0.06 0.12 0.25 Deletion A L421P E666K
XIII 4764 21 2874 IN 0.06 0.12 0.25 Deletion A L421P WT
X1 4764 21 2874 SE 0.06 0.12 0.25 Deletion A L421P WT
XII 7069 21 3989 IN 0.12 0.12 1 Deletion A L421P WT
XIII 7069 21 3989 JB 0.12 0.06 0.5 Deletion A L421P WT
XIII 7069 " 21 3989 JB 0.25 0.25 2 Deletion A L421P WT
XIII 7069 21 3989 JB 0.25 0.25 1 Deletion A L421P WT
XIII 7305 " 21 1017 DJ 0.12 0.12 0.5 Deletion A L421P WT
XIII 75481 21 4530 SE 0.12 0.06 0.5 Deletion A L421P WT
XII 75481 21 4530 IN 0.25 0.12 0.5 Deletion A L421P WT
XIII 75481 21 4530 SE 0.25 0.25 1 Deletion A L421P WT
XIII 75481 21 4530 SE 0.12 0.12 0.5 Deletion A L421P WT
XIII 7684T 21 4618 IN 0.12 0.12 1 Deletion A L421P WT
XIII 7684 " 21 4618 SE 0.12 0.12 0.5 Deletion A L421P WT
XIII 76841 21 4618 JB 0.12 0.25 0.5 Deletion A L421P WT
XIII 7686 " 21 4620 IN 0.12 0.25 1 Deletion A L421P WT
X111 7688 21 23 JB 0.12 0.25 0.5 Deletion A L421P WT
XIII 8041 21 2125 IN 0.12 0.25 1 Deletion A L421P WT
XIII 8044 21 3 SE 0.12 0.25 1 Deletion A L421P WT
XIII 8044 21 3 IN 0.12 0.25 0.5 Deletion A L421P WT
XIII 8046 " 21 4797 SE 0.12 0.25 0.5 Deletion A L421P WT
XIII 80471 1484 4798 JB 0.015 0.12 0.25 Deletion A L421P N648S
X111 8052 21 4801 SE 0.12 0.25 0.5 Deletion A L421P WT
XII 81597 21 4891 SE 0.06 0.12 0.5 Deletion A L421P WT
XIII 8193 21 4917 IN 0.06 0.12 0.5 Deletion A L421P WT
XIII 8193 21 4917 DJ 0.06 0.12 0.5 Deletion A L421P WT
X1 8193 21 4917 IN 0.12 0.25 1 Deletion A L421P WT
XIII 88671 21 5219 SE 0.12 0.5 4 NA NA NA
XIII 8869 " 1611 4620 SE 0.12 0.12 1 Deletion A L421P WT
XII 8878 " 330 2409 IN 0.12 0.12 0.5 Deletion A L421P WT
XIII 9687 " 330 5712 Wi 0.03 0.12 0.25 Deletion A WT WT
XIII NA 21 NA IN 0.06 0.25 0.25 Deletion A L421P WT
XVII 2066 328 1042 SE 0.12 0.06 0.25 Deletion A, A39T L421P WT
XVII 2066 328 1042 GY 0.12 0.06 0.5 Deletion A, A39T L421P WT
XVII 7548 21 4530 IN 0.12 0.06 0.25 Deletion A L421P WT
XVIII 81617 328 4893 SE 0.12 0.06 0.25 Deletion A, A39T L421P WT
XVIII 81627 328 4894 IN 0.12 0.12 0.25 Deletion A, A39T L421P WT
NEW1 7687 620 90 IN 0.12 0.25 1 Deletion A L421P N648S
NEW2 81657 862 4896 GY 0.12 0.06 0.5 Deletion A L421P WT
NA 7301 4 23 IN 0.03 0.25 0.25 NA NA NA

Abbreviation: NA, not applicable; SE, Seoul; IN, Incheon; GY, Gyeonggi; WJ, Wonju;
DJ, Daejeon; JB, Junbuk
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"Nucleotide (A) deletion within the 13bp inverted repeat located between the -10 and
-35 sequences of the mtrR promoter.
"New sequence types found in this study.
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3. NG-MAST

151 2] N. gonorrhoeae®ll ~| 96712 thF3l sequence type (ST)©]
ugtern, 2 F 567 ST & AFelA AlFA L o] NG-MAST
dolg o] 2o SE3Fth ST67347F 117] dFolA Hd=o 714
&3k STola, SO & ST7690 (10 )9t ST7548 (1 dF)&
saolth pork HAAE A DE HIL WA bpB FARE

thpB219} thpB33°] Z+7; 32%9} 26%% tH--S xbA| )
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3t 7. NG-MAST summary of N. gonorrhoeae isolated from 2011-2012

NG-MAST No. Range of MIC (ng/mL)
thpB ST porB Isolates Penicillin G Ceftriaxone Cefixime Cefpodoxime
4 7301 23 3 0.25-1 <0.008-0.03 <0.008-0.25 0.03-0.25
etc’ 4 0.25-64 <0.008-0.06 <0.008-0.06 0.06-0.25
10 5687 2481 1 0.5 0.12 0.12 0.06
21 3435 1053 3 0.5-=128 <0.008-0.015 <0.008-0.015 0.03
3968 2409 4 2 0.12 0.12-0.25 0.25-0.5
4764 2874 4 0.25-2 0.03-0.06 0.015-0.12 0.12-0.5
7069 3989 4 2-4 0.12-0.25 0.06-0.25 0.5-2
7548 4530 7 2 0.06-0.25 0.06-0.25 0.25-1
7684 4618 3 1-2 0.12 0.12 0.5-1
7686 4620 2 1 0.06-0.12 0.06,0.25 0.5-1
7688 23 2 1 0.06-0.12 0.06,0.25 0.25-0.5
8044 3 2 1 0.12 0.25 0.5-1
8052 4801 2 1 0.06-0.12 0.06, 0.25 0.25-0.5
8193 4917 3 1-2 0.06-0.12 0.12-0.25 0.5-1
8867 5219 1 4 0.12 0.5 4
etc’ 13 0.12-4 <0.008-0.12 <0.008-0.25 0.015-1
27 228 23 2 0.12 <0.008 <0.008 <0.008-0.06
etc’ 3 0.25-4 0.015-0.06 0.015-0.03 0.03-0.25
29 1808 1 0.12 <0.008 <0.008 <0.008
32 8872 206 1 2 0.03 0.015 0.12
33 6734 4016 11 0.25-2 <0.008-0.03 <0.008-0.015 <0.008-0.12
7658 4619 2 0.5-1 <0.008-0.015 <0.008-0.015 0.06
7690 4383 10 0.25-1 <0.008-0.03 <0.008-0.06 0.015-0.06
8164 4895 1 0.5 0.03 0.25 0.12
etc’ 13 0.25-32 <0.008-0.06 <0.008-0.06 <0.008-0.25
60 8166 4897 1 2 0.03 0.015 0.5
98 8174 3989 1 1 0.03 0.015 0.06
107 1493 952 1 0.25 <0.008 0.015 0.03
110 2958 1785 1 2 0.06 0.25 2
129 7132 4270 1 =128 0.015 0.015 0.06
156 3538 1053 1 1 0.06 0.03 0.25
186 3099 997 1 1 0.03 0.015 0.12
241 6771 4028 1 <0.06 <0.008 <0.008 0.03
294 7691 4621 1 =128 0.06 0.015 0.06
328 2066 1042 5 1-2 0.03-0.12 0.03-0.06 0.12-0.5
etc’ 2 2-4 0.12 0.06-0.12 0.25
330 etc’ 3 0.25,2 0.03,0.12 0.06-0.12 0.25-0.5
455 etc’ 10 <0.06-2 <0.008-0.06 <0.008-0.03 <0.008-0.25
470 9688 5713 1 1 0.03 0.03 0.12
512 8051 543 1 =128 0.03 0.03 0.12
563 8160 4892 1 0.5 0.03 0.015 0.06
566 8743 2894 1 =128 0.03 0.03 0.06
620 7687 90 1 1 0.12 0.25 1
738 3284 1445 1 =128 0.03 0.015 0.25
862 etc’ 3 1-2 0.03-0.12 0.03-0.06 0.06-0.5
1058 5061 2978 1 2 0.12 0.12 0.5
Other” 11 0.12->128 <0.008-0.12 <0.008-0.12 0.015-1
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Abbreviation: NA, not applicable

"New thpB type identified in this study: thpB1398, thpB1399, thpB1484 (N = 2),
thpB1485, thpB1611, thpB1612, thpB1613, thpB1614, thpB1315, thpB1616

Tsequence types belong to one isolate
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Abstract
Antimicrobial resistance and molecular epidemiologic characteristics of
Neisseria gonorrhoeae isolated from Korea
Hyo-Jin Kim
Department of Medical science
The Graduate School, Yonsei University

(Directed by Professor Kyungwon Lee)

The recent emergence and spread of multi-drug resistant N. gonorrhoeae
make the use of cephalosporins more popular, and increased selective pressure
may be a cause of decreased susceptibility to cephalosporins in N. gonorrhoeae.
In Korea, the rate of patients who were treated with cephalosporins in
gonococcal infections also increased from 10% in 2002 to 30% in 2010, and
monitoring for cephalosporin resistance in N. gonorrhoeae may be needed. In
this study, we evaluated the antimicrobial resistance and molecular
epidemiology of N. gonorrhoeae recently isolated from Korea.

A total of 151 N. gonorrhoeae were collected from clinical samples from
sexually transmitted disease clinics and public health centers during 2011-2012.
Antimicrobial susceptibility was determined by CLSI agar dilution method. The
rates of resistance to penicillin G, tetracycline and ciprofloxacin were 34%, 51%
and 93%, respectively. However, resistance rate to azithromycin was as low as
5% and all 151 isolates were susceptible to spectinomycin. All isolates were
susceptible to cefixime and ceftriaxone, except one of cefixime non-susceptible
isolate.

PenA, mtrR, pond and pilQ genes were sequenced to determine the resistant
mechanism of cephalosporin in 29 cephalosporin-susceptible N. gonorrhoeae

isolates and 44 isolates of with decreased susceptibility to cephalosporin. A total
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of eight penA genotypes were found, and most common genotype was type XIII,
and one cefixime non-susceptible isolate also had it. Types IV and XVI were
only noted in cefixime-susceptible isolates. Mutations of mtrR, ponA, and pilQ
genes were found in both cephalosporin-susceptible and less-susceptible
isolates, suggesting that mutations in these genes were not associated with
cephalosporin resistance.

N. gonorrhoeae multi-antigen sequence typing (NG-MAST) was performed
to determine genetic relatedness. Although N. gonorrhoeae isolated from Korea
had various sequence type (ST) due to difference in porB allele, tbpB showed
genetic relatedness because of 49 and 39 isolates belonged to thpB21 and
tbpB33, respectively. Most isolates belonged to thpB21, thpB110 and tbpB620
showed decreased susceptibility to cephalosporins, but Hp33 showed
cephalosporin susceptibility.

In conclusion, most of isolates are susceptible to cephalosporins in Korea.
However, the emergence of cefixime non-susceptible isolate with pend X
mosaicism and the prevalence of isolates with the thpB110 allele belonging to
ST1407, which cause cefixime and ceftriaxone treatment failure in successful
global clones of N. gonorrhoeae, call for a continuous nationwide antimicrobial
surveillance program in order to monitor the emergence of cephalosporin

resistance in N. gonorrhoeae.
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