
Introduction Neisseria gonorrhoeae resistance to extended-spec-
trum cephalosporins as well as treatment failures with ESCs has
been increasingly reported in many countries globally. These
increasing trends together with the limitation of drugs of choice
lead gonorrhoea to become a global health concern. Herein, we
aimed to reveal more understanding on the physiological
response of gonococci to ESCs using proteomic approach.
Methods N. gonorrhoeae reference strain was grown with or
without a subinhibitory dose of ESCs. Protein expression was
determined by 2-dimensional gel electrophoresis in conjunction
with MALDI-TOF/TOF MS analysis.
Results In total, 14 and 13 proteins were significantly altered
expression following exposure to ceftriaxone and cefixime,
respectively. Most of expressed proteins shared a similar expres-
sion pattern in response to ceftriaxone and cefixime reflecting
similarities in antibiotic mechanisms. ESC antibiotics triggered
proteins in a variety of functions, such as membrane protein,
transport system, energy metabolism, and stress response, which
would help gonococci to survive under drug stress. Interestingly,
the subinhibitory dose of ESCs also triggered the expression of
gonococcal virulence factors (e.g. azurin and peptidyl-prolyl iso-
merase), which might be an adaptation mechanism of gonococci
in ESC stress and also affect the outcome of gonococcal
infection.
Conclusion The present work might provide new insights into
physiological adaptive networks of gonococci to antimicrobial
agents and more understanding toward the mechanism of action,
which subsequently may benefit for the further drug discovery
of new antimicrobials to combat with resistant gonococci.
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Introduction Gonorrhoea and antimicrobial resistance (AMR) in
Neisseria gonorrhoeae are major public health concerns globally.
Resistance to all antimicrobials available for treatment of gonor-
rhoea has now been reported in N. gonorrhoeae. Enhanced qual-
ity assured gonococcal AMR surveillance is crucial worldwide
and the WHO Global Gonococcal Antimicrobial Surveillance
Programme (GASP) was revitalised in 2009. To obtain reliable
and comparable AMR data internationally, appropriate and well-
characterised N. gonorrhoeae reference strains are essential for
quality assurance. The phenotypic and genetic characteristics of
the 2008 WHO N. gonorrhoeae reference strains (n = 8) were
previously published. Here, we describe the phenotypic, genetic,
and genomic characteristics of the 2015 WHO N. gonorrhoeae

reference strains.

Methods In the 2015 WHO N. gonorrhoeae reference strain
panel (n = 14), six additional strains have been selected to
include representation of high-level cephalosporin and azithro-
mycin resistance and porA mutant strain. These strains were phe-
notypically characterised by antibiogram, serovar, and
prolyliminopeptidase (PIP) screening; and genetically in regards
of resistance plasmid types, polymorphisms in divergent genetic
resistance-mediating loci (n = 14), porB sequencing, N. gonor-

rhoeae multiantigen sequence typing (NG-MAST), and multi-
locus sequence typing (MLST). Fully characterised finished refer-
ence genomes for all the 2015 WHO N. gonorrhoeae reference
strains were produced using PacBio and Illumina sequencing
technologies.
Results The 2015 WHO reference strains represent all available
main phenotypes of resistance and susceptibility to antimicrobials
previously and currently used for treatment of gonorrhoea, as
well as several considered for future use. All corresponding
resistance genotypes and molecular epidemiological types were
also elucidated. Finally, references genomes of each strain were
obtained and characterised in detail.
Conclusion The 2015 WHO N. gonorrhoeae reference strains
are intended for internal and external quality assurance in all
types of laboratory investigations, i.e. particularly in GASP, but
also for phenotypic (e.g. culture) and molecular diagnostics, spe-
cies determination, genetic AMR detection, molecular epidemiol-
ogy, and genome sequencing as well as other novel molecular
technologies.
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Introduction Neisseria gonorrhoeae (NG)-infections are not
reportable in Germany and only limited data on NG-epidemiol-
ogy and antimicrobial resistance (AMR) are available. With
GORENET we monitor the NG-AMR and patterns of resistance
testing in Germany in order to guide treatment algorithms and
targeted prevention strategies.
Methods We recruited laboratories based on geographic distribu-
tion and number of NG-isolates. From April 2014 prospective
data on all performed NG-AMR-tests together with patient-
related information were collected. Laboratories send a part of
the isolates to the national reference laboratory (NRL) for cul-
turing and AMR-testing towards ceftriaxone, cefixime, azithro-
mycin, ciprofloxacin, and penicillin by using E-Test, as well as
beta-lactamase. Results are interpreted according to European
Committee on Antimicrobial Susceptibility Testing 4.0.
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We described the reported samples by sex and age and char-
acterised isolates tested in NRL by resistance patterns. We calcu-
lated proportions and medians, together with interquartile range
(IQR), where appropriate.
Results Between April and December 2014 we received informa-
tion on 651 isolates tested in 19 laboratories. Altogether, 90.3%
isolates were from men and 8.5% from women. Median age of
tested men was 36 (IQR 29–49) and women 28 (IQR 22–41)
years.

NRL received 502 isolates, 342 were vital and 253 were
tested for AMR. From those 0 were resistant towards ceftriax-
one, 1.6% towards cefixime, 11.1% towards azithromycin,
73.1% towards ciprofloxacin, and 30.4% towards penicillin. Fur-
ther 37.9% and 50.6% isolates were intermediate susceptible to
Azithromycin and to Penicillin. From 205 isolates tested for
beta-lactamase, 25.9% were positive.
Conclusion In Germany isolates tested for NG-AMR were
mostly from men. We assume that a substantial proportion of
these isolates could be from men having sex with men. NG-
AMR to ceftriaxone and cefixime remains low, while resistance
and intermediate susceptibility to azithromycin, ciprofloxacin
and penicillin is substantial. Monitoring of NG-AMR should be
highly prioritised.
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Introduction Neisseria gonorrhoeae is one of the most important
pathogens causing sexually transmitted infection. Resistant N.

gonorrhoeae trains against several antimicrobials are increasing
worldwide. In this study, the trends of antimicrobial susceptibil-
ities among N. gonorrhoeae strains isolated from male patients
with urethritis were investigated as the second Japanese national
surveillance, which was conducted by a Japanese surveillance
committee.
Methods The targets were male patients older than 16 years
with urethral discharge and symptoms of urethritis. Urethral dis-
charge was collected from patients at 26 medical facilities from
March 2012 to January 2013 and the antimicrobial susceptibility
of strains were tested.
Results From 151 patients (median age 32 years), 103 N. gonor-

rhoeae strains were tested for susceptibility to 20 antimicrobial
agents. None was susceptible to penicillin G (MIC: £0.06 mg/
mL). The prevalence of penicillinase producing N. gonorrhoeae

or chromosomally mediated resistant N. gonorrhoeae was 1.9%
or 20.8%, respectively. The susceptible rate for fluoroquinolone
such as ciprofloxacin or levofloxacin was 20.3%. The susceptible
rate for cefixime was 89.3%, that decreased from 98.8% at
2009. No ceftriaxone-resistant strains founded. The prevalence

of less susceptible strain to ceftriaxone (MIC: 0.125 mg/mL) was
10.7%. No azithromycin high-resistant strain found and 5 strains
(4.9%) had MIC ‡0.5 mg/mL. Among all strains, 83 strains
(80.6%) were resistant to more than 2 kinds of antimicrobials
and 42 strains (40.1%) was included to the criteria as multi-drug
resistant N. gonorrhoeae.
Conclusion The antimicrobial susceptibility of N. gonorrhoeae

was not different between 2009 and 2012–2013, in Japan.
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Introduction Chlamydia trachomatis, Mycoplasma genitalium or
Trichomonas vaginalis are the pathogens for non-gonococcal ure-
thritis, but pathogenicity of other microorganisms for the male
urethral has not be confirmed. In this study, the bacterial flora
of urine specimens from male patients with urethritis was ana-
lysed by the clone library method based on the 16S rRNA gene.
Methods The first voided urine specimens of male patients with
urethritis were collected. The detection of Neisseria gonorrheae,
C.trachomatis were examined by transcriptional mediated ampli-
fication (TMA) method and M. genitalium, Ureaplasma urealyti-

cum, Ureaplasma parvum and Mycoplasma hominis were
examined by real-time PCR method. The urine specimens were
strained by Ethidium bromide and the number of bacterial cells
were counted. DNA was extracted from the urine and amplifica-
tion of the 16S rRNA gene via PCR (universal primers) and
determination of the nucleotide sequences of 96 colonies were
performed. The homology search was performed with a basic
local aligment search tool (BLAST) using in-house software sys-
tem and phylotypes of bacteria in each specimens were analysed.
Results Urine specimens were collected from 58 patients and the
divided to 4 group; gonogoccal urethritis (n:9), chlamydial ure-
thritis (n:12), non-chlamydial non gonococcal urethritis detecting
with Ureaplasmas or Mycoplasmas (UM+NCNGU, n;15) and
non-chlamydial non gonococcal urethritis detecting without Ure-
aplasmas or Mycoplasmas (UM-NCNGU, n:22). Cell numbers
were higher in UM+NCNGU than in UM-NCNGU. Among
specimens, 2427 clones in 38 bacterial flora could be analysed
and 91 bacterial phylotypes were detected together with N.gon-
orrhoeae, C.trachomatis, Mycoplasmas or Ureaplasmas positive
specimens among chlamydial urethritis or UM+NCNGU groups.
Gardnerella vaginalis was detected with Mycoplasma/Ureaplasma
in Chlamydial urethritis ot UM+NCNGU.
Conclusion The clone library method by using 16S rRNA gene
is the new technology for analysis the bacterial flora of urine
with urethritis. The relationship between G. vaginalis and Urea-
plasma/Mycoplasma was found by this analysis.
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