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ReducedReduced antimicrobial antimicrobial susceptibilitysusceptibility or or 
resistanceresistance of of N. gonorrhoeae N. gonorrhoeae (GC) (GC) worldwideworldwide

SinceSince decadesdecades, high , high prevalenceprevalence of of resistanceresistance to to traditional traditional 
antimicrobialsantimicrobials usedused for for gonorrhoeagonorrhoea treatmenttreatment (penicillin G, (penicillin G, 
ampicillin, ampicillin, erythromycinerythromycin, , tetracyclinetetracycline) in ) in mostmost countriescountries!!

SinceSince midmid--1990s, the 1990s, the prevalenceprevalence of ciprofloxacin of ciprofloxacin resistance resistance 
has has rapidlyrapidly increasedincreased and is, at present, high in and is, at present, high in manymany countriescountries! ! 

ResistanceResistance to azithromycin is still to azithromycin is still ratherrather rare in rare in manymany countriescountries, , 
howeverhowever, has , has rapidlyrapidly increasedincreased in in severalseveral countriescountries!!

ResistanceResistance to spectinomycin is rare to spectinomycin is rare butbut existsexists!!

RecentlyRecently, , emergenceemergence and transmission of rare and transmission of rare strainsstrains with with reduced  reduced  
suceptibilitysuceptibility to cefixime and ceftriaxone to cefixime and ceftriaxone havehave beenbeen identifiedidentified! ! 
OccasionalOccasional cefixime cefixime resistantresistant isolatesisolates ((conclusiveconclusive resultsresults?)!?)!
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penA penA mosaic alleles, encodingmosaic alleles, encoding altered penicillin binding altered penicillin binding 
protein 2 (PBP2), areprotein 2 (PBP2), are associatedassociated withwith reducedreduced susceptibility susceptibility 
to cefixime and, in less degree, ceftriaxone (cefto cefixime and, in less degree, ceftriaxone (cefII isolates)!isolates)!

•• Ameyama S, et al. 2002. Antimicrob Agents Chemother; 46: 3744Ameyama S, et al. 2002. Antimicrob Agents Chemother; 46: 3744--3749. 3749. 
•• Ito M, et al. 2005. Antimicrob Agents Chemother; 49: 137Ito M, et al. 2005. Antimicrob Agents Chemother; 49: 137--143.143.
•• Tanaka M, et al. 2006. Int J Antimicrob Agents; 27: 20Tanaka M, et al. 2006. Int J Antimicrob Agents; 27: 20--26.26.
•• Takahata S, et al. 2006. Antimicrob Agents Chemother; 50: 3638Takahata S, et al. 2006. Antimicrob Agents Chemother; 50: 3638--3645.3645.
•• Ochiai S, et al. 2007. J AntimicrobOchiai S, et al. 2007. J Antimicrob Chemother; 60: 54Chemother; 60: 54--60.60.
•• Lindberg R, et al. 2007. Antimicrob Agents Chemother; 51: 2117Lindberg R, et al. 2007. Antimicrob Agents Chemother; 51: 2117--2122.2122.
•• Whiley D, et al. 2007. Antimicrob Agents Whiley D, et al. 2007. Antimicrob Agents ChemotherChemother; June 25; [; June 25; [EpubEpub].].

CefiximeCefixime CeftriaxoneCeftriaxone
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Asp(D)-345

(Lindberg, et al. 20(Lindberg, et al. 2007)07)

penA WT
penA
mosaic 
alleles

Wild type (WT) and mosaic PBP2 amino acid sequences of GC
M32091   MLIKSEYKPR MLPKEEQVKK PMTSNGRISF VLMAMAVLFA CLIARGLYLQ TVTYNFLKEQ GDNRIVRTQA LPATRGTVSD RNGAVLALSA PTESLFAVPK 100
AB071984 .......... .......... .......... .......... .......... .......... .......... .......... ..V....... .......... 100
30/02    .......... .......... .......... .......... .......... .......... .......... .......... .......... .......... 100
59/03    .......... .......... .......... .......... .......... .......... .......... .......... .......... .......... 100
35/02    .......... .......... .......... .......... .......... .......... .......... .......... .......... .......... 100
158/04   .......... .......... .......... .......... .......... .......... .......... .......... .......... .......... 100
19/04    .......... .......... .......... .......... .......... .......... .......... .......... .......... .......... 100
188/03   .......... .......... .......... .......... .......... .......... .......... .......... .......... .......... 100
201/03   .......... .......... .......... .......... .......... .......... .......... .......... .......... .......... 100
273/04   .......... .......... .......... .......... .......... .......... .......... .......... .......... .......... 100

M32091   DMKEMPSAAQ LERLSELVDV PVDVLRNKLE QKGKSFIWIK RQLDPKVAEE VKALGLENFV FEKELKRHYP MGNLFAHVIG FTDIDGKGQE GLELSLEDSL 200
AB071984 E......... .......... .......... .......... .......... .........A .......... ..S....... .......... .......... 200
30/02    E......... .......... .......... .......... ...A...... .........A .......... ..S....... .......... .......... 200
59/03    E......... .......... .......... .......... .......... .........A .......... ..S....... .......... .......... 200
35/02    E......... .......... .......... .......... .......... .........A .......... .......... .......... .......... 200
158/04   .......... .......... .......... .......... .......... .......... .......... .......... .......... .......... 200
19/04    .......... .......... .......... .......... .......... .......... .......... .......... .......... .......... 200
188/03   .......... .......... .......... .......... .......... .......... .......... .......... .......... .......... 200
201/03   .......... .......... .......... .......... .......... .......... .......... .......... .......... .......... 200
273/04   .......... .......... .......... .......... .......... .......... .......... .......... .......... .......... 200

M32091   YGEDGAEVVL RDRQGNIVDS LDSPRNKAPQ NGKDIILSLD QRIQTLAYEE LNKAVEYHQA KAGTVVVLDA RTGEILALAN TPAYDPNRPG RADSEQRRNR 300
AB071984 HAGE...... ...E...... .......... .......... .......... .......... .......... ........V. ....E..K.. Q......... 300
30/02    HAGE...... ...E...... .......... .......... .......... .......... .......... ........V. ....E..K.. Q......... 300
59/03    HAGE...... ...E...... .......... .......... .......... .......... .......... ........V. ....E..K.. Q......... 300
35/02    HAGE...... ...E...... .......... .......... .......... .......... .......... ........V. ....E..K.. Q......... 300
158/04   .......... .......... .......... .......... .......... .......... .......... .......... .......... .......... 300
19/04    .......... .......... .......... .......... .......... .......... .......... .......... .......... .......... 300
188/03   .......... .......... .......... .......... .......... .......... .T........ .......... .......... .......... 300
201/03   .......... .......... .......... .......... .......... .......... .......... .......... .......... .......... 300
273/04   .......... .......... .......... .......... .......... .......... .......... .......... .......... .......... 300

M32091   AVTDMIEPGS AIKPFVIAKA LDAGKTDLNE RLNTQPYKIG PSPVR-DTHV YPSLDVRGIM QKSSNVGTSK LSARFGAEEM YDFYHELGIG VRMHSGFPGE 399
AB071984 .......... .M...T.... ..S..V.ATD TF..L..... SAT.Q..... ..T....... .......... ...M.TPK.. .....D..V. .......... 399
30/02    .......... .M...T.... ..S..V.ATD TF..L..... SAT.Q..... ..T....... .......... ...M.TPK.. .....D..V. .......... 399
59/03    .......... .M...T.... ..S..V.ATD TF..L..... SAT.Q..... ..T....... .......... ...M.TPK.. .....D..V. .......... 399
35/02    .......... .M...T.... ..S..V.ATD TF..L..... SAT.Q..... ..T....... .......... ...M.TPK.. .....D..V. .......... 399
158/04   .......... .......... .......... .......... .....D.... .......... .......... .......... .......... .......... 400
19/04    .......... .......... .......... .......... .....D.... .......... .......... .......... .......... .......... 400
188/03   .......... .......... .......... .......... .....D.... .......... .......... .......... .......... .......... 400
201/03   .......... .......... .......... .......... .....D.... .......... .......... .......... .......... .......... 400
273/04   .......... .......... .......... .......... .....D.... .......... .......... .......... .......... .......... 400

M32091   TAGLLRNWRR WRPIEQATMS FGYGLQLSLL QLARAYTALT HDGVLLPLSF EKQAVAPQGK RIFKESTARE VRNLMVSVTE PGGTGTAGAV DGFDVGAKTG 499
AB071984 ......S... .QK....... .......... .......V.. ...E...V.. .......K.. .VI.A...KK ..E....... A......... .......... 499
30/02    ......S... .QK....... .......... .......V.. ...E...V.. .......K.. .VI.A...KK ..E....... A......... .......... 499
59/03    ......S... .QK....... .......... .......V.. ...E...V.. .......K.. .VI.A...KK ..E....... A......... .......... 499
35/02    ......S... .QK....... .......... .......V.. ...E...V.. .......K.. .VI.A...KK ..E....... A......... .......... 499
158/04   .......... .......... .......... .......... .......... .......... .......... .......... .......... .......... 500
19/04    .......... .......... .......... .......... .......... .......... .......... .......... .......... .......... 500
188/03   .......... .......... .......... .......... .......... .......... .......... .......... .......... .......... 500
201/03   .......... .......... .......... .......... .......... .......... .......... .......... .......... .......... 500
273/04   .......... .......... .......... .......... .......... .......... .......... .......... .......... .......... 500

M32091   TARKFVNGRY ADNKHVATFI GFAPAKNPRV IVAVTIDEPT AHGYYGGVVA GPPFKKIMGG SLNILGISPT KPLTA-AAVK TPS* 582
AB071984 ....L..... V.Y....... .......... .......... .N...S...T ..V..QV... ......V... ....NV.... ...* 583
30/02    ....L..... V.Y....... .......... .......... .N...S...T ..V..QV... ......V... ....NV.... ...* 583
59/03    ....L..... V.Y....... .......... .......... .N...S...T ..V..QV... ......V... ....NV.... ...* 583
35/02    ....L..... V.Y....... .......... .......... .N...S...T ..V..QV... ......V... ....NV.... ...* 583
158/04   ....L..... V.....G... .......... .......... .N........ ..V..QV... ......V... ....NV.... ...* 584
19/04    ....L..... V.....G... .......... .......... .......... .L........ .......... .......... ...* 583
188/03   .V..L..... V.....G... .......... .......... ..S....... .......... .......... .......... ...* 583
201/03   .V..L..... V.....G... .......... .......... ..S....... .......... .......... .......... ...* 583
273/04   .V..L..... V.....G... .......... .......... .......... .S........ .......... .......... ...* 583

545

312 316

ProposedProposed to be to be responsibleresponsible for the for the 
reducedreduced susceptibilitysusceptibility to cefiximeto cefixime
(Takahata, et al. 2006)(Takahata, et al. 2006)
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-- Presumably evolved in vivo due to interspecies recombination ofPresumably evolved in vivo due to interspecies recombination of partial partial penA penA 
sequences from commensal Neisseria species such as sequences from commensal Neisseria species such as N. cinereaN. cinerea, , N. N. perflavaperflava, , 
N. siccaN. sicca, and , and N. flavescensN. flavescens (Ameyama, et al. 2002; Ito, et al. 2005; Takahata, et al. (Ameyama, et al. 2002; Ito, et al. 2005; Takahata, et al. 
2006; Lindberg, et al. 2007)2006; Lindberg, et al. 2007)..

-- GC GC cefcefII isolates may initially have emerged due to clonal expansion of isolates may initially have emerged due to clonal expansion of rather rather 
few transformed strains few transformed strains (Ito, et al. 2005; Lindberg, et al. 2007)(Ito, et al. 2005; Lindberg, et al. 2007) but the number of but the number of 
strains, i.e. different sequence types, have increased strains, i.e. different sequence types, have increased ((WhileyWhiley, et al. 2007), et al. 2007)..
Horizontal exchange of entire Horizontal exchange of entire penA penA mosaic alleles between GC strains?mosaic alleles between GC strains?

GC WTGC WT

GC MosaicGC Mosaic

WTWT

WTWT

((Ito M, et al. 2005)Ito M, et al. 2005)

GC GC penApenA mosaic allelemosaic allele
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University of North Carolina at Chapel Hill, USAUniversity of North Carolina at Chapel Hill, USA

Cell wall of Cell wall of Neisseria gonorrhoeae Neisseria gonorrhoeae and determinants and determinants 
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Conclusions

- An unambiguous association between penA mosaic alleles, in 
conjunction with genetic polymorphisms in mtrR, porB1b (penB), 
and ponA, and greater reduced susceptibility to cefixime and 
ceftriaxone was identified. 

- Maximum level of MIC attainable by solely these determinants as 
well as at least one resistance determinant are still unknown.

- Many of the CefI isolates display a multiantimicrobial-resistant
phenotype!

- Monitor the increasing MICs to expanded-spectrum
cephalosporins and comprehensively elucidate the genetic basis 
for the reduced susceptibility are critical!
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An unambiguous association between penA mosaic alleles, in 
conjunction with genetic polymorphisms in mtrR, porB1b (penB),
and ponA, and greater reduced susceptibility to cefixime and 
ceftriaxone?
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•• Still Still oneone//severalseveral unknownunknown ””resistanceresistance”” determinant(s) determinant(s) existexist and and moremore
knowledgeknowledge is is certainlycertainly neededneeded! ! 

•• MICsMICs of ceftriaxone are less of ceftriaxone are less affectedaffected of the of the penA penA mosaicmosaic allelesalleles, , 
whichwhich maymay be be duedue to the to the longerlonger sideside chainchain at the Cat the C--3 position of the 3 position of the 
cephemcephem skeletonskeleton that that mightmight increaseincrease the the affinityaffinity for the for the mosaicmosaic PBP2 PBP2 
(Takahata. 2006)(Takahata. 2006)

•• ResistanceResistance to ceftriaxone, with to ceftriaxone, with subsequentsubsequent treatmenttreatment failurefailure, , basedbased
on the, at present, on the, at present, identifiedidentified mechanismsmechanisms willwill be be developeddeveloped??

•• GC GC willwill eveneven be be ableable to to adoptadopt or or developdevelop somesome extendedextended--spectrum spectrum 
ββ--lactamase (lactamase (ESBL)???ESBL)???

CefiximeCefixime CeftriaxoneCeftriaxone

””It is It is difficultdifficult to make to make predictionspredictions ––
particularlyparticularly aboutabout the the futurefuture!!””
ConfuciusConfucius (551(551--479 B.C.)479 B.C.)
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ConclusionsConclusions
EmergenceEmergence and and increasedincreased transmission of transmission of cefixime and ceftriaxone cefixime and ceftriaxone 
resistantresistant GCGC that that commonlycommonly display a display a multiantimicrobialmultiantimicrobial--resistantresistant
phenotypephenotype is (or at is (or at leastleast willwill becomebecome) a major ) a major clinicalclinical concernconcern, , althoughalthough
hithertohitherto treatmenttreatment failuresfailures usingusing ceftriaxone ceftriaxone havehave not not beenbeen observedobserved!!
Given the Given the proclivityproclivity of the GC to of the GC to becomebecome resistantresistant to all to all previouslypreviously
prescribedprescribed antimicrobialsantimicrobials, it , it maymay be be moremore a a mattermatter of of whenwhen and not and not ifif
strainsstrains emergeemerge that are that are resistantresistant to to alsoalso ceftriaxoneceftriaxone!!
ComprehensiveComprehensive knowledgeknowledge regardingregarding the the geneticgenetic basis of the basis of the reducedreduced
susceptibilitysusceptibility and, and, subsequentlysubsequently, , maybemaybe developmentdevelopment ofof objective geneticobjective genetic
assaysassays for for resistanceresistance screeningscreening are are crucialcrucial!!
ContinuousContinuous locallocal, national and international , national and international surveillancesurveillance of the antiof the anti--
microbialmicrobial susceptibilitysusceptibility of of N. gonorrhoeaeN. gonorrhoeae, in order to , in order to updateupdate treatmenttreatment
recommendationsrecommendations, , includingincluding dosedose regimens and regimens and followfollow--up, up, is is crucialcrucial!!
Culture and Culture and subsequentsubsequent susceptibilitysusceptibility testingtesting remainremain essentialessential!!
Progress in Progress in developmentdevelopment of of new or new or ””rediscoveryrediscovery”” of of oldold antimicrobialsantimicrobials??


