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fore, the data for the prevalence rates of M. genitalium are
limited. Table 1 shows the prevalence of M. genitalium and
C. trachomatis among male patients in Japan.*** The study
of M. gerritalium in Japan began with Deguchi et al. at Gifu
University. These researchers carried out many early studies
and developed a new phylogeny-based real-time PCR test
that amplifies a portion of the 16s ¥rRNA gene, and can
detect M. genitalium, Mycoplasma hominis, Ureaplasma
urealyticum and Ureaplsma parvum.*° This test is sup-
ported by’ an examination company and commercially avail-
able. The detection rate of M. genitalium in patients with
NGU was 10-15%, and although the rates in recent studies
increased slightly to approximately 20%, it can be said that
the detection rates of M. genitalium have not changed sub-
stantially’. The detection rates of M. genitalium in European
studies wwere higher than those in Japan;™'® it remains
unclear why the prevalence of M. genitalium might have a
regional difference.

Diagnosis for urethritis with
M. genitalium

Male urethritis shows symptoms of discharge from the ure-
thral meatus and urethral pain; in addition, it is important to
detect increases in WBC counts in the urethral smear,
urinary sediments or uncentrifuged urine. As the criterion
for urethritis, counts of =5 polymorphonuclear leukocytes
per high-power field (x1000) in the urethral smear by Gram
stain are generally used.>>*****’ Furthermore, counts of =5
WBC per high-power field (x400) in the urinary sediment of
FVU*4 or counts of =10 WBC/UL in uncentrifuged
FVU** are also used in clinical situations.

M. genitalium is closely related to symptomatic NGU; M.
genitalium has been detected more frequently from speci-
mens of men with symptomatic NGU than specimens of
men without symptoms. Furthermore, M. genitalium is
related to persistent or recurrent NGU after treatment of
male urethritis by tetracyclines,”'** fluoroquinolones®”* or
azithromycin,* The severities of discharge or the urethral
pain by M. genitalium-infection were varied, and the clinical
features of M. genitalium-related urethritis are indistin-
guishable from those of chlamydial NGU. The urethritis
with M. grenitalium cannot be diagnosed by symptoms only.

For detection of M. genitalium, the FVU or the urethral
swab specimens are used for nucleic acid amplification tests
as described in Table 1. Generally, FVU specimens are avail-
able as a painless method in Japan. In the Japanese litera-
ture, the amplicons for PCR to detect M. genitalium were
portions of 16S RNA or adhesion gene.*> #4348

Antimicrobial susceptibiiity of
M. genitalium

Because it is still difficult to isolate of M. genitalium from
clinical specimens, the antimicrobial susceptibility of
M. genitalium is extremely limited. Earlier reports showed
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that M. genitalium strains were sensitive to tetracyclines,
macrolides and fluoroquinolones; however, it has become
clear that there are some differences among the responses to
these types of antimicrobials. Table 2 shows the antimicro-
bial susceptibilities of 23 M. genitalium strains.”® Among
the 10 tested antimicrobials, macrolides showed the strong-
est activity against M. genitalium. However, the MIC of
azithromycin and clarithromycin against one strain were
=250 pug/mL and 128 pug/mL, respectively. This strain was
evidently a macrolide-resistant strain, which signals a con-
siderable problem, as this resistant strain has emerged and is
spreading worldwide, as described later. Among the fluoro-
quinolones, there were large differences among the seven
tested agents; sitafloxacin and moxifloxacin showed strong
activity. The MIC of tetracyclines, such as minocycline,
doxycycline and tetracycline, were not substantially lower;
two strains had a higher MIC against tetracycline.

Clinical studies and
antimicrobial resistance

Tetracyclines and macrolides

In earlier studies, the tetracyclines and the macrolides were
tested, and their efficacies in the treatment of urethritis with
M. genitalium were compared. In Gambini’s report, the
microbiological efficacies of doxycycline 200 mg/day for
7 days and azithromycin 1 g stat were 94.3% and 82.4%,
respectively.’® However, two more recent studies showed
that the efficacy of doxycycline against M. genitalium was
inferior to that of azithromycin.””*8 The M. genitalium eradi-
cation rates for doxycycline 200 mg/day for 7 days at the
urethra were found to be 45.2% and 30.8%, despite rela-
tively good in vitro MIC of doxycycline in most M. genital-
ium strains.>

Clinical studies using azithromycin showed good results,
with an eradication rate of M. genitalium of almost 100%
before Bradshaw’s report.”® Bradshaw et al. carried out an
open-label clinical study in Australia, and used azithromycin
1 g stat on 34 male patients with M. genitalium, among
whom M. genitalium persisted in nine. Three patients were
treated with additional azithromycin 1 g for three more
attempts, but all of the trials failed. Finally, M. genitalium
was treated by moxifloxacin 400 mg/day for 10 days. The
urethral swab specimens of these patients were sent to
Jensen’s laboratory in Denmark and newer, high-level,
macrolide-resistant M. genitalium strains were isolated."”
Seven macrolide-resistant strains were isolated from Aus-
tralia or Scandinavia. This macrolide-resistance was found
to be related to genetic mutations on region V of the 23S
rRNA gene, a similar type of mutation to that observed in
macrolide-resistant Mycoplasma pneumonia strains.°!

As aforementioned, small numbers of macrolide-resistant
M. genitalium strains have actually been isolated and cul-
tured. However, it became clear that mutations of the 23S
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Ta‘blé 1 Prevalence of Mycoplasma genitalium and Chlamydia trachomatis among male patients with urethritis in Japanese

-~ studies :
- Author Study period  Patients Specimens Prevalence % (n) Others
- Diagnosis for urethritis  Method for detecting - :
: : M. genitalium M. genitalium . C. trachomatis
- Deguchi® 114 with NGU Urethral swab, PCR for  14.9 (17) -
E =5 WBC/hpf (x1000) of  MgPa
: urethral smear
Maeda® 1995-1997  76'with NGU Urethral swab, PCR for  13.2 (10) 55.2 (42)
=5 WBC/hpf (x1000) of MgPa
£ ¥ urethral smear
. Maeda” 1999-2000. 72 with NGU FVU, PCR for 165 rRNA  17.1{(13) 45.9 (34) Clinical study by
: =5 WBC/hpf (x1000) of levofloxacin
o urethral smear
Yoshida® 1999-2000 93 with NGU FVU, PCR-microtiter 15.1(14) 50.5 {47)
: =5 WBC/hpf (x1000) of hybridization assay
g urethral smear
: Maeda?‘? 1999-2002 153 with NGU FVU, PCR-microtiter 17.0 (26) 47.4 (73)
, =5 WBC/hpf (x1000) of hybridization assay
urethral smear or =15
WBC hpf of urinary
sediments of FVU
Yokoi® 19992005 104 with post-GU FVU, PCR-microtiter 9.6 (10) 49.0 (51) M. genitalium was
L : =5 WBC/hpf (x1000) of hybridisation assay detected from
s : urethral smear : 3.8% of GU
< Takahashi™ 2004 42 with NGU FVU, PCR-microtiter 7.13) 38.1 (16) Clinical study by
=5 WBC hpf of urinary hybridization assay - azithromycin
) sediments ) :
“Shimada®  2006-2008 308 specimens from Stocked FVU 18.8 (58) - , Retrospective study
patients with urethritis for stocked
TR ; specimens
- Takahashi®  2009-2010 87 with NGU FVU, PCR-microtiter 4.6 (4) 21.8(19) Clinical study by
(s o =5 WBC hpf of urinary hybridization assay : : levofloxacin
sediments ' ,
Hamasuna® 2008 135 with NGU FVU, real-time PCR for - 13.3 (18) 326 (44) Clinical study by
5 R =5 WBC hpf of urinary adhesion gene; PCR ‘ o gatifloxacin
sediments or =10 for:165 rRNA gene g
. e WBC/T L of FVU : S ;
Hagiwara® -2004-2007- 194 with NGU FVU; PCR-microtiter 20.1.(39) = - Clinical study by
: =5 WBC/hpf (x1000] of hybridization assay S ~azithromycin
urethral smear or =15 , ‘
WBC hpf of urinary
~ sediments of FVU : G S :
176 with urethritis Liquid-based samples, 18.2(32) 25645 Specimens were
- including GU PCR for adhesion . o . collected by
=5 WBC/hpf of urethral  proteingene  rubbing the distal
e ~‘swabs’ . : ' - ‘urethra
Kawaguchi” 2009-2010 . - 121 with NGU . Liquid-based urine ©~15.7 (19) 19.0 (23) e
.- . =5 WBC/hpf of urethral - samples, PCR for e o
swabs e adhesion protein
- : ‘ “gene ol P o ;
o 120092011 - 89 with NGU. FVU, PCR-microtiter 157 (14) ~ 49.4(44) Clinical study using
o o ‘  sitafloxacin

=10 WBC/ pLof EVU

 hybridization assay
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rRNA gene and the failure of azithromycin treatment regi-
mens were closely related. Therefore, if mutations of the
23S rRNA gene are found in the M. genitalium genome
obtained from the urine or urethral swab specimens, we can
say that patients were infected by macrolide-resistant
M. genitelium, although these genotypes were not detected
in all specimens from patients who showed azithromycin
treatment failure. Macrolide-resistance in M. genitalium
seems to be spreading worldwide, and has been reported in
Scandinavian countries,® France,*? Australia,”®® New Zea-
Jand,** Greenland® and Japan.*® In Australia, 27.2% of pre-
treatment specimens showed mutations related to
macrolide-resistance.® In Greenland, these mutations were
detected from all tested specimens of M. genitalium.* In
Japan, Ito et al. showed that the same mutations were found
in four urine specimens from seven patients with azithromy-
cin treatrment failure.% Importantly, it was discovered that
the use of azithromycin, in particular at | g stat, had the
potential to induce mutations on the 23S rRNA gene, as
some reports indicated that the mutations on 23S »RNA
were found in post-treatment specimens that had no muta-
tions present in pretreatment.'>" In the recent randomized
control trial of treatment of NGU by azithromycin or doxy-
cycline regimen, the efficacy of azithromycin showed some
decline from the 1990s.® However, azithromycin is still
effective and can constitute a first-line treatment for NGU
arising from both M. genitalium and C. trachomatis. In
addition, azithromycin 2 g stat is acceptable for use in ure-
thritis or cervicitis in Japan; therefore, evidence on the treat-
ment of NGU will continue to build over the years.

Fluoroguinolones

The first €linical trial that used fluoroquinolone for urethritis
with M. genitalium was carried out in Japan.’” Levofloxacin
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100 mg, three times/day for 7 days were tested, but the
microbiological efficacy was just 36.4%. Furthermore, three
other clinical studies were carried out in Japan that used
regimens of levofloxacin,” gatifloxacin* or sitafloxacin®
(Table 3). In Europe and Australia, two studies on regimens
of moxifloxacin or ofloxacin were carried out.>% We can

extrapolate important information from these studies on the
microbiological efficacies of fluoroquinolones and MIC.*
The microbiological efficacies of levofloxacin, gatifioxacin,
moxifloxacin and sitafloxacin were 33-60%, 83.3%, 100%
and 100%, respectively, and the MIC90 of these agents were
2pg/mL. 0.5 pg/mL, 0.125 ug/mL and 0.125 ug/mlL,
respectively. Considering the tissue level of fluoroqui-
nolone, the optimal activity against M. genitalium might be
at an MIC90 of 0.125 pug/mL. As the use of moxifloxacin is
limited to only respiratory infections in Japan, sitafloxacin is
the recommended fluoroquinolone for M. genitalium infec-
tion; however, further research on this agent is required.
Fluoroquinolone-resistance is known to exist in Gram-
negative bacterial species and mutations in the gyrase genes,
as gyrA and parC are known to be closely related to resist-
ance. Deguchi et al. showed mutations on gyr4 and parC
genes from purified M. genitalium DNA obtained from
urine specimens that had shown treatment failure with levo-
floxacin 100 mg, three times/day for 7 days.”” They also
detected mutations on the gyr4, gyrB, parC and parE genes
of M. genitalium DNA from pretreated urine specimens.**’'
In our past study on gatifloxacin, genetic mutations on gyr4
or parC of M. genitalium were detected and linked to the
efficacy of fluoroquinolone.”” Of the 18 patients in the
present study, M. genitalium remained in the specimens of
three patients. Mutations on the gyr4 or parC genes were
found in the M. genitalium DNA of these three patients after
treatment. No mutations on the gyr4 gene of three M. geni-
talium DNA samples from pretreatment specimens were
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bl 3 Clinical studies for treatment of urethritis with Mycoplasma genitalium by fluoroquinolones

': Author ~ Year  Regimens for treatment
Country |

Microbiological efficaciest
% (numbers of patients with
treatment success/numbers
of enrolled patients)

Cormmments

K/‘ta‘eda??’ 2001 Levofloxacin 100 mg x 3/day, 7 days

sapan
“Bradshaw® 2006 Second.or third line treatment
Australia Moxifloxacin 400 mg x 1/day, 10 days

Jernberg® .~ 2008  First line treatment
Norway Offoxacin 200 mg x 2/day, 10 days
L Moxifloxacin 400 mgiday, 7 days
Second or third line treatment
Ofloxacin 200 mg x 2/day, 10 days
: Moxifloxacin 400 mg/day, 7 days
Takahashi*® . 2011 Levofloxacin 500 mg/day 7 days
Japan :
~Hamasuna® 2011 Gatifloxacin 200 mg x 2/day, 7 days
Japan ;
Ito® © 2012 Sitafloxacin 100 mg x 2/day, 7 days
Japan

36.4% (4111)

100% (919}

44.4% (419)
100% (3/3)

58.3% (21/36)

100% (24/24)
60% (3/5)

83.3% (15/18)

100% (11/11)

Moxifloxacin was used for patients with
treatrent failure by azithromycin
regimens

Ofloxacin or moxifloxacin was used for
patients with treatment failure by
azithromycin regimens

FMicrobiological efficacies showed the eradication rates of Mycoplasma genitalium after treatment by nucleic acid amplification

‘tests.

found; thus, the mutations on the gyr4 gene were thought to
be selected for or induced by treatment. Regarding
parC, mutations were found on M. genitalium DNA from
two pretreatment specimens, but different mutations were
found in the M. genitalium DNA from one of the post-
treatment specimens. These data showed the presence of
fluoroquinolone-resistant M. genitalium in Japan, but future
studies are necessary to understand the mechanisms for the
fluoroquinolone-resistance of M. genitalium in vivo and
in vitro.

Treatment strategies for urethritis
with M. genitalium

For NGU, macrolides and tetracycline are recommended in
the guidelines of many countries.>> However, tetracyclines
are less effective against M. genitalium. Azithromycin regi-
mens including 1 g stat or 2 g stat are now recommended,
but if the azithromycin regimens fail, we must consider the
use of fluoroquinolone, such as sitafloxacin, in Japan. The
most important issues include the acceptance of M. genital-
ium examinations by the national insurance system in Japan
and the individual treatment of C. frachomatis and M. geni-
talium in the not-too-distant future.
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Table 1 Positive cases of CT and NG by gargle test

CT : gargle NG : gargle

TMA SDA TMA SDA
Female 126 3 2 2 5
Male 114 0 1 5 10
Total 240 3 3 7 15

CT, Chlamydia trachomatis ; NG, Neisseria gonorrhoeae ; SDA,
strand displacement amplification ; TMA, transcription—-mediated
amplification.

Table 2 Concordance of TMA vs. SDA for detecting CT/NG

CcT SDA-+ SDA— Total | Concordance

TMA-F 2 1 3 Positive  66.7% (2/3)
TMA— 1 236 237 Negative 99.6% (236/237)
Total 3 237 240 Total 99.2% (238/240)
NG SDA+ SDA— Total Concordance

TMA-+ 6 1 7 Positive  85.7% (6/7)
TMA— 9 224 233 Negative 96.1% (224/233)
Total 15 225 240 Total 95.8% (230/240)

CT, Chlamydia trachomatis ; NG, Neisseria gonorrhoeae ; SDA, strand
displacement amplification ; TMA, transcription-mediated amplification.
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gonorrhoeae Isolates in Kyoto and Osaka, Japan, 2010 to 2012:
Intensified Surveillance after Identification of the First Strain (HO041)
with High-Level Ceftriaxone Resistance
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In 2009, the first high-level ceftriaxone-resistant Neisseria gonorrhoeae strain (H041) was isolated in Kyoto, Japan. The present
study describes an intensified surveillance (antimicrobial resistance and molecular typing) of Neisseria gonorrhoeae isolates in
Kyoto and its neighboring prefecture Osaka, Japan, in 2010 to 2012, which was initiated after the identification of H041. From
April 2010 to March 2012, 193 N. gonorrhoeae isolates were collected and the MICs (ug/ml) to six antimicrobials, including
ceftriaxone, were determined. All isolates showed susceptibility to ceftriaxone and cefixime (MIC values, <0.5 pg/ml), and spec-
tinomycin. The rates of resistance (intermediate susceptibility) to azithromycin, penicillin G, and ciprofloxacin were 3.6%
(19.7%), 24.4% (71.0%), and 78.2% (0.5%), respectively. Multilocus sequence typing (MLST) showed that 40.9%, 19.2%, and
17.1% of isolates belonged to ST1901, ST7359, and ST7363, respectively. Furthermore, N. gonorrhoeae multiantigen sequence
typing (NG-MAST) revealed that 12 (63%) of the 19 isolates with decreased susceptibility to ceftriaxone (MIC > 0.064 jg/ml)
were of ST1407. NG-MAST ST1407 was also the most prevalent ST (16.1%; 31 of 193 isolates). In those NG-MAST ST1407
strains, several mosaic type penA alleles were found, including SF-A type (penicillin binding protein 2 allele XXXIV) and its de-
rivatives. These were confirmed using transformation of the penA mosaic alleles as critical determinants for enhanced cefixime
and ceftriaxone MICs. The intensified surveillance in Kyoto and Osaka, Japan, did not identify any dissemination of the high-
level ceftriaxone-resistant N. gonorrhoeae strain H041, suggesting that H041 might have caused only a sporadic case and has not

spread further.

isseria gonorrhoeae infections are major public health con-
erns worldwide. In 2008, the World Health Organization
(WHO) estimated 106 million gonorrhea cases among adults
globally, which places the infection as the most prevalent bacterial
sexually transmitted infection (STI) (with a global incidence sim-
ilar to that of genital chlamydial infections) (1). Resistance in N.
gonorrhoeae to previously recommended first-line antimicrobials
for treatment of gonorrhea is also prevalent worldwide. During
the recent decade, the susceptibility to the extended-spectrum
cephalosporins (ESCs) cefixime (oral) and ceftriaxone (paren-
teral), wwhich currently are the first-line antimicrobials in most
countries, has decreased rapidly worldwide (2-12). Clinical treat-
ment failures with cefixime have been verified in many countries
(13-19). In regard to ceftriaxone, which is the last remaining op-
tion for empirical first-line antimicrobial monotherapy in most
countries, a few cases of failure in treating pharyngeal gonorrhea
despite relatively low ceftriaxone MICs of the gonococcal strains
have been confirmed in Australia (20), Sweden (21), and Slovenia
(22). However, these cases likely reflected the fact that pharyngeal
gonorrhea commonly is harder to treat than urogenital gonorrhea
and not treatment failure due to the slightly increased ceftriaxone
MICs of the gonococcal strains. Nevertheless, it is most perturbing
that recently the first extensively drug-resistant (XDR) gonococcal
strain HO41 (23, 24) in Kyoto, Japan, followed by an XDR strain in
France ( 14) and Spain (25), which all have been confirmed to have
a high-level resistance to ceftriaxone, were described. If these
strains start to spread globally, gonorrhea will become untreatable

November 2013 Volume 57 Number 11

Antimicrobial Agents and Chemotherapy p. 5225-5232

in certain circumstances and especially in settings where dual an-
timicrobial therapy is not feasible and/or affordable. In response
to this developing situation, the WHO (26, 27), the European
Centre for Disease Prevention and Control (ECDC), and the Cen-
ters for Disease Control and Prevention (CDC) in the United
States have published global and region-specific response plans
for their respective regions, i.e., the European Union/European
Economic Area (EU/EEA) countries (28) and the United States
(29). One main component of these action/response plans is to
enhance the surveillance of antimicrobial resistance and treat-
ment failures. Nevertheless, for future treatment of gonorrhea it is
imperative to develop new treatment options.

In Japan, a sentinel surveillance system for sexually transmitted
infections, including gonorrhea, was launched in 1999. This sys-
tem includes approximately 1,000 sentinel sites that monthly re-
port their gonorrhea cases. The number of reported gonorrhea
cases peaked in 2002 (n = 21,921; 23.9 cases/site) but has since
declined to 10,247 (10.6 cases/site) in 2011. Unfortunately, this
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TABLE 1 Antibiotic susceptibility of Neisseria gonorrhoeae isolates from Kyoto and Osaka, Japan, 2010 to 2012 (1 = 193)

No. (%) of isolates showing:

Antimicrobial Breakpoints” (pg/ml) Susceptibility Intermediate susceptibility Resistance
Ceftriaxone S = 0.25/R > 0.25 193 (100) 0
Cefixime S = 0.25/R > 0.25 193 (100)" 0
Penicillin G $=0.06/R > 1 9 (4.7} 137 (71.0) 47 (24.4)
Ciprofloxacin S = 0.06/R > 0.5 41 (21.2) 1(0.5) 151 (78.2)
Azithromycin S = 0.25/R > 0.5 148 (76.7) 38(19.7) 7(3.6)
Spectinomycin S = 64/R = 64 193 (100) 0

“ Antibiotic susceptibility and resistance criteria according to the Clinical and Laboratory Institute (CLSI; www.clsi.org), with the exception of azithromycin (not stated by the
CLSI), for which the breakpoints from the European Union Committee on Antimicrobial Susceptibility Testing (EUCAST; www.cucast.org) were applied. S, susceptible; R, resis-
tant.

¥ Allisolates were categorized as susceptible to cefixime according to the CLS breakpoints; however, 48 (24.9%) of the isolates were resistant to cefisime according to the European

EUCAST breakpoints (MIC > 0.12 pg/ml).

sentinel surveillance system does not include any requirements to
perform antimicrobial susceptibility testing on the identified
gonococcal isolates. Nevertheless, after the identification of the
first high-level ceftriaxone-resistant XDR strain H041 (23, 24) in
Kyoto, Japan, surveillance of antimicrobial resistance in N. gonor-
rhoeae was initiated in April 2010 in Kyoto and in April 2011 in the
neighboring prefecture Osaka.

The present study describes the antimicrobial resistance and
molecular typing of Neisseria gonorrhoeae isolates in Kyoto and
Osaka, Japan, in 2010 to 2012, a study initiated after the identifi-
cation of the first high-level ceftriaxone-resistant XDR N. gonor-
rhoeae strain F041 in Kyoto (23, 24).

MATERIALS AND METHODS

Study settings and N. gonorrhoeae isolates. Five outpatient clinics, three
in Kyoto and two in Osaka, Japan, provided mainly consecutive urethral
discharge samples to the National Institute of Infectious Diseases (NIID),
Tokyo, for isolation of N. gonorrhoeae. The specimens were transported
using Seed swab -y no. 2 (Eiken Chemical, Tokyo, Japan) to NIID, where
the samples were inoculated on selective BBL Modified Thayer Martin
(MTM 1) agar plates (Becton, Dickinson and Company, Sparks, MD).
After 18 to 24 h of incubation, suspected colonies on the MTM II agar
plates were verified as N. gonorrhoeae by identification of Gram-negative
diplococci in microscopy, by the rapid oxidase reaction, and with the
biochemical test ID Test HN-20 Rapid (Nissui Pharmaceutical, Tokyo,
Japan). If culture was negative after 18 to 24 h of incubation, the agar
plates were incubated for an additional 18 to 24 h before being classified as
negative for N. gonorrhoeae. From April 2010 to March 2012, in total 154
males and 39 females were culture positive for N. gonorrhoeae, and ac-
cordingly, 193 N. gonorrhoeae isolates (one per patient) were obtained (53
from Kyoto and 140 from Osaka).

Antimicrobial susceptibility testing. The MICs (wg/ml) of ceftriax-
one, cefixime, penicillin G, ciprofloxacin, azithromycin, and spectinomy-
cin were determined using the Etest method (AB bioMérieux, Solna, Swe-
den) according to the manufacturer’s instructions. MIC breakpoints used
for determination of susceptibility, intermediate susceptibility, and resis-
tance (Table 1) were in accordance with the Clinical and Laboratory Stan-
dards Institute (CLST; www.clsi.org), with the exception of azithromycin,
for which CLSI does not state any breakpoints. For azithromycin, the
breakpoints stated by the European Committee on Antimicrobial Suscep-
tibility Testing (EUCAST; www.eucast.org) were used. The 2008 WHO N.
gonorrhoeae reference strains (30) were used for quality control in all
antimicrobial susceptibility testing.

DNA extraction. The bacterial isolates were suspended in Tris-EDTA
(TE) buffer (10 mM Tris, 1 mM EDTA, pH 8.0) and boiled for 10 min.
After centrifugation to remove the cell debris, the supernatant was
promptly used as the template DNA for the PCRs.
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Molecular epidemiological characterization. Molecular epidemio-
logical characterization by means of multilocus sequence typing (MLST)
and N. gonorrhoeae multiantigen sequence typing (NG-MAST) was per-
formed as described previously (31, 32). The diversity index for MLST and
NG-MAST was calculated as described earlier (33). Neighbor-joining
trees based on partial porB gene sequences (490 bp) were generated by
using MEGA 4. Similarity of alleles was evaluated by individual pairwise
alignment against the representative alleles in each clade (porB4,
porB1059, porB206, porB1785, porB08, and porB2569) to determine the
numbers of base pair differences. Alleles of porB showing 299% similarity
(<<5-bp difference) were grouped.

pend sequencing. The penA gene was PCR amplified and sequenced
by using the previously described primers penA_F and penA_R (34).
Briefly, the PCR mixtures were incubated for 2 min at 96°C, followed by
30 cycles of 10sat96°C, 10 s at 65°C, and 2 min at 72°C. The PCR products
were subsequently purified with an ExoSAP IT kit (GE Healthcare
Limited, Buckinghamshire, United Kingdom). Both DNA strands of
the PCR products were sequenced with an ABI BigDye Terminator
cycle sequencing kit (version 3.1) on an ABI 3130 x| sequencer, in
accordance with the instructions from the manufacturer (Applied Bio-
systems, Foster City, CA).

Transformation assays. To assess the capacity of a unique penA allele
to result in increased MICs of cefixime and ceftriaxone, the full-length
penA allele was PCR amplified and transformed into a recipient strain as
previously described (34). The recipient gonococcal strain NG9807 was of
MLST ST7363 and NG-MAST ST4093 and had a ceftriaxone as well as
cefixime MIC of 0.016 pg/ml (23). Briefly, the recipient was suspended in
GC broth containing 1.5% (wt/vol) proteose peptone 3 (Becton, Dickin-
son and Company, Sparks, MD), 0.4% (wt/vol) K,HPO,, 0.1% (wt/vol)
KH,PO,, 0.5% (wt/vol) NaCl, and 1% (vol/vol) isovitalex (1 X 10® cells/
100 wl) and incubated with 0.2 pg of PCR product of the specific penA
allele (after purification using the High Pure PCR Product Purification kit
[Roche Diagnostics GmbH, Mannheim, Germany]) for 4 h. Aliquots of 10
pl and 100 pl were inoculated on GC agar containing cefixime (0.064
wg/ml). After incubation for 18 to 24 h, the obtained colonies were sub-
cultured on an antimicrobial-free GC agar plate for single-clone isolation.
For confirmation, the full-length penA allele was sequenced in all trans-
formants.

Nucleotide sequence accession numbers. The nucleotide sequences of
penA determined in this study have been deposited in the DDBJ sequence
library and assigned the accession numbers AB819103 to AB819115.

RESULTS

Antimicrobial susceptibility testing. The results of the antimi-
crobial susceptibility testing of the N. gonorrhoeae isolates (n =
193) are summarized in Table 1. All 193 examined isolates were
susceptible to ceftriaxone, cefixime, and spectinomycin. The rates
of resistance (intermediate susceptibility) to azithromycin, peni-
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FIG 1 Cefixime (CFM) and ceftriaxone (CRO) MIC distribution of Neisseria
gonorrhoeae isolated in Kyoto and Osaka, Japan, in 2010 to 2012 (n = 193).

cillin G, and ciprofloxacin were 3.6% (19.7%), 24.4% (71.0%),
and 78. 2% (0.5%), respectively. However, although there were no
isolates resistant to cefixime and ceftriaxone according to the CLSI
breakpoints (MIC, >0.25 ug/ml), 48 (24.9%) isolates were resis-
tant to cefixime according to the European breakpoints (EU-
CAST; MIC, >0.125 pg/ml) and the MIC,, value for ceftriaxone
was 0.094 pg/ml (Fig. 1).

Multilocus sequence typing investigation and relationship
between MLST and cephalosporin resistance. In Japan, the ini-
tial emerged N. gonorrhoeae strains with intermediate susceptibil-
ity and resistance to cefixime possessed a penA mosaic allele X,
which encodes a penicillin binding protein 2 (PBP 2) X. These
strains belonged mainly to two major MLST sequence types (ST),
particularly ST7363 but also ST1901 (34). These STs and their
penA alleles have subsequently further evolved. The first strain
with high-level resistance to ceftriaxone identified in Kyoto, Japan
(HO41; 23, 24), was of ST7363. The additional high-level ceftriax-
one-resistant strains isolated in France (14) and Spain (25) were of
ST1901. In the present study, a total of 29 MLST STs were found
among the 193 isolates from Kyoto and Osaka. ST1901 was the most
common MLST ST (n = 79, 40.9%), followed by ST7359 (1 = 37,
19.2%), ST7363 (n = 33, 17.1%), and ST7819 (n = 17, 8.8%) (Table
2). The diversity index for MLST of the 193 isolates was 0.76.

Amo ng those four most prevalent MLST STs, isolates of ST1901,
ST7363,. and ST7819 showed relatively high MIC values for cefixime
with similar MIC distribution patterns (Fig. 2). In regard to ceftriax-
one, isolates of ST1901 showed slightly higher MICs than did the
ST7363 and ST7819 isolates. In contrast, all ST7359 isolates were
highly susceptible to both cefixime and ceftriaxone (Fig. 2).

N. gonorrhoeae multiantigen sequence typing analysis and
relationship between NG-MAST and MLST. NG-MAST has a
substan tially higher discriminatory power than MLST, and NG-
MAST has been applied for molecular epidemiologic investiga-
tions for gonococci isolated worldwide (10, 35). In recent years,
NG-MAST ST1407 has been a prevalent ST in many countries,
and this ST has also accounted for a substantial proportion of the
decreased susceptibility and resistance to ESCs in those countries
(10). Fu rthermore, the high-level ceftriaxone-resistant XDR iso-
lates cul tured in France (14) and in Spain (25), which might rep-
resent o ne and the same strain, were of NG-MAST ST1407. In the
present study, a total of 95 NG-MAST STs were identified among
the 193 isolates from Kyoto and Osaka (Table 2). ST1407 (n = 31,
16.1% o fall isolates) was the most prevalent NG-MAST ST, fol-
lowed by ST4186 (n = 10, 5.2%), ST3505 (n = 8, 4.1%), and
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ST6780 (n = 7, 3.6%) (Table 2). The diversity index for NG-
MAST of the 193 isolates was 0.96.

N. gonorrhoeae isolates assigned to the four most common
MLST STs, ST1901, ST7359, ST7363, and ST7819, were subdi-
vided into 30 (intra-MLST ST diversity index, 0.83), 18 (diversity
index, 0.89), 23 (diversity index, 0.94), and 7 (diversity index,
0.71) NG-MAST STs, respectively. These results clearly illustrate
the substantially higher discriminatory power of NG-MAST com-
pared to MLST. However, the number of different tbpB alleles
within these MLST ST's was relatively small, that is, MLST ST1901,
ST7363, ST7359, and ST7819 possessed only six, two (tbpB10 and
tbpB3), one (tbpB241), and one (tbpB27) different thpB alleles,
respectively. Accordingly, the high discriminatory power of NG-
MAST was highly dependent on the diversified porB gene (see
below), and the different level of genetic heterogeneity within the
main MLST STs might reflect how long these STs have been
spreading and thus evolving. As aforementioned, ST1407 (n = 31)
was the most prevalent NG-MAST ST, and all except one (belonging
to MLST ST10241) of these isolates belonged to MLST ST1901 (30/79
[38.0%] of all ST1901 isolates). The MICsgs (ranges) of cefixime and
ceftriaxone for the NG-MAST ST1407 isolates were 0.19 pg/ml
(0.064 t0 0.25 pg/ml) and 0.064 pg/ml (0.016 to 0.125 pg/ml), re-
spectively. Furthermore, 12 (63%) of the 19 isolates with decreased
susceptibility to ceftriaxone (MIC, >0.064 p.g/ml) were of ST1407.

porB and penA sequencing. To further examine the genetic
relationships of the 193 N. gonorrhoeae isolates from Kyoto and
Osaka, a phylogenetic analysis of the porB sequences (490 bp) used
in the NG-MAST was performed.

TABLE 2 MLST and NG-MAST sequence types of N. gonorrhoeae
isolates from Kyoto and Osaka, Japan, 2010 to 2012

ST No. (%) of isolates

MLST ST
1901 79 (40.9)
7359 37 (19.2)
7363 33 (17.1)
7819 17 (8.8)
7358 3(1.6)
1579 2(1.0)
1584 2(1.0)
7371 2(1.0)
7827 2(1.0)
10241 2(1.0)
Others (19 STs) 24 (12.4)

NG-MAST ST
1407 31 (16.1)
4186 10 (5.2)
3505 3 (4.1)
6780 7 (3.6)
2958 6 (3.1)
6771 6(3.1)
4019 5(2.6)
6767 5(2.6)
3431 4(2.1)
4015 4(2.1)
7381 4(2.1)
6765 4(2.1)
6754 3(2.1)
6769 3(2.1)

Others (81 STs) 93 (48.2)
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FIG 2 MIC of cefixime (CFM) and ceftriaxone (CRO) in Neisseria gonorrhoeae isolates from Kyoto and Osaka, Japan, in 2010 to 2012 belonging to the four major
multilocus sequence typing (MLST) sequence types (STs), that is, ST1901 (n = 79), ST7363 (1 = 33), ST7819 (1 = 17), and ST7359 (n = 37).

The phylogenetic analysis identified six clades, in which com-
mon representative alleles for each clade were porB4, porB1059,
porB206, porB1785, porB908 (the porB allele in NG-MAST
ST1407), and porB2569, respectively (Fig. 3A). The MIC distribu-
tions for cefixime and ceftriaxone varied substantially for those
different porB clades. Interestingly, the isolates in the porB908
clade (including all 31 NG-MAST ST1407 isolates but also 31 ad-
ditional isolates of other STs [n = 15]) had clearly the highest
MICs of cefixime and particularly ceftriaxone; in fact, this clade
contained all isolates showing an MIC of 0.125 pg/ml for ceftri-
axone (Fig. 3D). NG-MAST ST1407 isolates have been previously
described to possess a penA mosaic allele XXXIV encoding a PBP
2 mosaic XXXIV, which results in elevated MICs of ESCs (10, 14).
Accordingly, in the present study the penA gene in all isolates from
the porB908 clade (n = 62) and, for comparison, isolates from the
porB1059 clade (n = 17) and the porB1785 clade (n = 25), which
also had substantially elevated MICs of cefixime particularly (Fig.
3B and C), were sequenced. In total, 11 penA alleles, including
nine mosaic alleles, were revealed among those 104 isolates (Fig.
4). Of the nine penA mosaic alleles, five encoded PBP 2 mosaic X
or closely related sequence variants (found in 50 of the isolates),
which were distributed in all three examined porB clades. In con-
trast, all isolates possessing a penA mosaic allele XXXIV or closely
related sequence variants (in 51 isolates) were in the porB908
clade, with the exception of one isolate from the porBI1785 clade
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(Fig. 4), indicating that this penA mosaic allele might have
emerged in the porB908 clade (including the 31 NG-MAST
ST1407 isolates). Nevertheless, only a few (n = 5) of the isolates in
the porB908 clade possessed the authentic penA mosaic allele
XXXIV, and most contained PBP 2 mosaic XXXIV with an addi-
tional P5518S substitution (n = 44) (Fig. 4). Furthermore, all iso-
lates showing an MIC 0f 0.125 pg/ml of ceftriaxone possessed this
PBP 2 mosaic XXXIV with an additional P551S alteration, with
the exception of one isolate with PBP 2 mosaic XXXIV containing
an additional A501V substitution. As a matter of great concern,
these results indicate that the authentic penA mosaic XXXIV allele
is evolving, resulting in further enhanced MICs of ESCs.
Transformation of specific penA mosaic alleles. To assess the
capacity of specific penA mosaic alleles to result in increased MICs
of ceftriaxone and cefixime, the full-length penA mosaic alleles X,
XXXIV, XXXIV-P551S, and XXXIV-A501V were separately
transformed into the ESC-susceptible strain NG9807 (ceftriaxone
MIC, 0.016 pg/ml; cefixime MIC, 0.016 pg/ml). As shown in Fig.
5, the transformants with penA XXXIV variants (P551S and
A501V) showed ceftriaxone MICs of 0.125 pg/ml (and cefixime
MICs of 0.25 pg/ml and 0.5 pg/ml, respectively), which were
clearly higher than those of transformants with penA XXXIV
(ceftriaxone MIC, 0.064 pg/ml; cefixime MIC, 0.125 pg/ml). The
authentic penA mosaic allele X transformant showed a ceftriaxone
MIC of 0.125 pg/ml and a cefixime MIC of 0.25 ug/ml. Accord-
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FIG 3 Sequence comparison of porB alleles (490 bp) from N. gonorrhoeae isolates (n = 193) from Kyoto and Osaka, Japan, and cefixime and ceftriaxone MIC
profile of each porB group. (A) An internal region of the porB genes including loops 3, 4, and 5 (490 bp), which is used in NG-MAST, was utilized to create a
phylogen etic tree with the MEGA 4 program. The numbers indicate porB allele numbers assigned in the NG-MAST database. The number of isolates with the
same por B allele is indicated in parentheses. (B to E) Similar porB alleles are grouped as porB1059, porB1785, porB908, and porB2569 clades, and the MICs to
cefixime {gray bars) and ceftriaxone (black bars) are shown in panels B to E, respectively.

ingly, in regard to ceftriaxone, penA alleles XXXIV-P551S and
XXXIV -A501V showed impact on MIC identical to that of the
penA X allele, and the MIC was raised twice as much as that seen
with the penA XXXIV allele. Interestingly, the penA allele XXXIV-
A501V =ould increase the MIC of cefixime up to 0.5 wg/ml, which
is above the resistance breakpoint (Fig. 5).

DISCUSSION

In 2009, the first high-level ceftriaxone-resistant N. gonorrhoeae
strain (EH041) was isolated in Kyoto, Japan (23, 24). H041 was also
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the first extensively drug-resistant (6) N. gonorrhoeae strain, dis-
playing resistance to most available antimicrobials (23). The pres-
ent study describes an intensified surveillance (antimicrobial re-
sistance and molecular typing) of N. gonorrhoeae isolates in Kyoto
and its neighboring prefecture Osaka, Japan, in 2010 to 2012,
which was initiated after the identification of H041 (23, 24). AlIN.
gonorrhoeae isolates (n = 193), collected at five clinics, were sus-
ceptible to ceftriaxone and cefixime (MIC values, <0.5 pg/ml)
and to spectinomycin. The rates of resistance (intermediate sus-
ceptibility) to azithromycin, penicillin G, and ciprofloxacin were
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FIG 4 Phylogenetic tree of the amino acid sequences of penicillin binding
protein 2 encoded by different penA mosaic alleles. The penA genes froma total
of 104 N. gonorrhocae isolates possessing alleles belonging to the porB908,
porB1785 and porB1059 clades (C) were sequenced, and a phylogenetic tree
based on the PBP 2 amino acid sequences was constructed by the MEGA 4
program. Two major penA mosaic allele groups of PBP 2 were revealed, the
PBP 2 X family and the PBP 2 XXXIV family. Strains F1004 and KMO017 had 3
and 11, respectively, amino acid substitutions in their PBP 2 X group alleles.

3.6% (19.7%), 24.4% (71.0%), and 78.2% (0.5%), respectively
(Table 1). These data are basically consistent with a previous re-
cent report from Japan, except for the azithromycin resistance
(12). In a previous publication (12), only 0.4% (1 of 242 isolates)
was reported to be resistant to azithromycin. Accordingly, the
high-level ceftriaxone-resistant N. gonorrhoeae strain H041 might
have caused only a sporadic event, and no further dissemination
in the Kyoto or Osaka area could be found. The reasons for this are
unknown; however, the high-level ceftriaxone resistance (i.e., the
remodeled PBP 2) might affect the biological fitness of HO041.
Studies investigating the biological fitness of H041 in competitive
experiments in vitro and in vivo (in a mouse model) are in prog-
ress. In the present study, no other ceftriaxone-resistant strain was
identified either. However, only five clinics were included in the
present surveillance and, due to this lack of complete surveillance,
it cannot be entirely excluded that some ceftriaxone-resistant
gonococcal strain was spreading in the region. The antimicrobial
resistance surveillance in this region has continued, further
strengthened in the area, and should now be expanded nationally.
All clinics included in this surveillance adhered to the treat-
ment guideline from the Japanese Society for STI, which recom-
mends using 1 g ceftriaxone intravenously or 2 g spectinomycin
intramuscularly. However, in some cases also azithromycin (2 g
orally) can be used. During the study period, no cases of suspected
treatment failure using 1 g ceftriaxone were identified, which fur-
ther supports the lack of ceftriaxone resistance in the region.
Recently, the antimicrobial resistance surveillance for N. gon-
orrhoeae has been enhanced worldwide (26-28), and some of
those surveillance systems have also performed molecular typing
of the N. gonorrhoeae isolates (36). As to molecular typing for N.
gonotrhoeae, MLST (31) and particularly NG-MAST (32) have

5230 aac.asm.org

0.6 7

ClcFm

MIC {ug/mi)

Recipient penA penA penA penA
NGOB07 XXXIV XXXV XXXV X
A5518  ASOTV

FIG 5 Capacity for increased MIC conferred by the mosaic PBP 2 alleles
harbored by penA X and penA XXXIV, including amino acid substituted mu-
tants identified in the present study. Each allele was introduced into the ce-
fixime- and ceftriaxone-susceptible strain NG9807, and MIC values of each
tra nSfOl‘Ini\ ntare ShOV\’lL

been most widely applied worldwide (35). MLST, which identifies
allelic variations in seven housekeeping genes, describes the phy-
logenetic relationship between isolates. However, since the house-
keeping genes are relatively conserved, the discrimination of
MLST is rather low and the method is more suitable for long-term
epidemiology, macroepidemiology (e.g., on a global scale), and
evolutionary studies (35). In contrast, NG-MAST is more appli-
cable to short-term epidemiology and microepidemiology be-
cause it is based on sequence variations of genes encoding two
bacterial cell surface proteins, that is, PorB and TbpB (35). These
antigens are exposed to the human immune response, and this
selective pressure results in antigenic changes giving the N. gonor-
rhoeae strain an opportunity to escape from the human immune
system. Although NG-MAST has a very high ability to discrimi-
nate N. gonorrhoeae isolates, several publications have reported a
high prevalence of the NG-MAST ST1407, which appears to be
disseminated basically worldwide and account for a high propor-
tion of the decreased susceptibility and increased resistance to
ESCs and multidrug resistance (10, 14, 18, 36). As found in the
present study, the NG-MAST ST1407 (30 of those 31 isolates be-
longed to MLST ST1901) was also the most prevalent ST in Osaka
and Kyoto, Japan, and as in other countries the ST1407 isolates
had decreased susceptibility to ESCs and were resistant to fluoro-
quinolones (data not shown).

Thus, the discriminatory ability of NG-MAST is substantially
higher than MLST (35; this study); however, the majority of this
discrimination is due to the high variation of the porB allele and far
fewer thpB alleles have been described. The porB908 allele (present
in the NG-MAST ST1407) and its closely related alleles (porB908
group) were widely distributed in the isolates examined in the
present study; these isolates also in general had higher MICs of
ESCs. The other major porB groups were the porB1059 group, the
porB1785 group, and the porB2569 group (Fig. 3). The porB2569
group isolates (mostly belonging to MLST ST7359) were mainly
fully susceptible to ceftriaxone and cefixime, although some iso-
lates showed higher MICs, that is, MICs 0£0.016 to 0.064 pg/ml of
ceftriaxone and MICs of 0.064 to 0.25 pg/ml of cefixime. Because
porB alleles might be horizontally transferred among N. gonor-
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