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Azithromycin Resistance and Its Mechanism in Neisseria gonorrhoeae
Strains in Hyogo, Japan

Katsumi Shigemura,®® Kayo Osawa,” Makiko Miura,®® Kazushi Tanaka,® Soichi Arakawa,®® Toshiro Shirakawa,®%¢ Masato Fujisawa®

Division of LUrology, Department of Organ Therapeutics, Faculty of Medicine, Kobe University Graduate School of Medicine, Kobe, Japan?; Department of Infection Control
and Prevention, Kobe University Hospital, Kobe, Japan®; Division of Infectious Diseases, Department of International Health, Kobe University Graduate School of Health
Science, Koke, Japan<; Department of Medical Technology, Kobe Tokiwa University, Kobe, Japan®; Center for Infectious Diseases, Kobe University Graduate School of
Medicine, Kobe, Japan®

Therapeutic options are limited for Neisseria gonorrhoeae infection, especially for oral drugs. The purpose of this study was to
investiga te the susceptibility of N. gonorrhoeae to oral azithromycin (AZM) and the correlation between AZM resistance-related
gene mut ations and MIC. We examined the AZM MICs of clinical strains of N. gonorrhoeae, sequenced the peptidyltransferase
loop in d®omain V of 23S rRNA, and investigated the statistical correlation between AZM MIC and the presence and number of
the mutations. Among 59 N. gonorrhoeae strains, our statistical data showed that a deletion mutation was seen significantly
more often in the higher-MIC group (0.5 pg/ml or higher) (35/37; 94.6%) than in the lower-MIC group (0.25 pg/ml or less) (4/
22;18.2%) (P < 0.0001). However, a mutation of codon 40 (Ala—Asp) in the m#rR gene (helix-turn-helix) was seen significantly
more often in the lower-MIC group (12/22; 54.5%) (P < 0.0001). In N. gonorrhoeae multiantigen sequence typing (NG-MAST)
analyses, ST4777 was representative of the lower-MIC group and ST1407, ST6798, and ST6800 were representative of the higher-
MIC group. NG-MAST type 1407 was detected as the most prevalent type in AZM-resistant or -intermediate strains, as previ-
ously described. In conclusion, a deletion mutation in the m#rR promoter region may be a significant indicator for higher MIC
(0.5 pg/ml or higher). ST4777 was often seen in the lower-MIC group, and ST1407, ST6798, and ST6800 were characteristic of
the highe r-MIC group. Further research with a greater number of strains would help elucidate the mechanism of AZM resistance
in N. gon orrhoeae infection.

eisseria gonorrhoeae infection is often seen in male urethritis
! and temale cervicitis, and its diagnosis has historically led to
prompt initiation of treatments with a single antibiotic (1, 2). In
the 1990s in most Asian countries, fluoroquinolones (FQs) were
often useed for this infection, partly because FQs have higher con-

of repressor MtrR protein, which occurs by a single-base-pair de-
letion or TT insertion in the promoter region, or missense muta-
tions in the mirR coding region (17). Modification of the ribo-
somal target by methylase or mutations reduces the affinity of the
macrolide antibiotics for ribosomes (18). Since the use of antimi-

centrationisin the urinary tract. FQs showed good initial outcomes
for this irafection, but the results were not enduring. This may be
partly due to the trend for single use of FQs for this infection, with
no guidel ines to recommend other choices (3-9).

In addition to the FQs, cephalosporins such as cefixime were
also recormmended as oral antibiotics until these drugs showed
decreased activity against N. gonorrhoeae (10). They are no longer
arecommended choice for this infection (11-13). Oral antibiotics
for outpatient treatment would be highly desirable for this kind of
infection. Azithromycin (AZM) is an oral antibiotic with medical
insurance approval for use against chlamydia infections (14), and
there are many reports of good activity against N. gonorrhoeae
infection {15). Other reports suggest that N. gonorrhoeae infection
is less susceptible to AZM and that AZM-resistant strains have
emerged ((5). We investigated the AZM susceptibilities of N. gon-
orrhoeae strains and the correlation between mutations of macro-
lide resistance-related genes and the AZM MICs of clinically iso-
lated strains of N. gonorrhoeae.

Three mechanisms of resistance to AZM are known: overex-
pression of the efflux pump, mutation in the peptidyltransferase
loop in domain V 0of 235 rRNA, and modification of the ribosomal
target by methylase. Macrolides such as AZM and erythromycin
(EM) bind to 4 alleles of the 23S rRNA component of the 50S
subunit o f the bacterial ribosome and restrain protein synthesis by
inhibiting the elongation of peptide chains (16).

Overexpression of the MtrCDE pump is due to either the lack
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crobial agents for treatment of gonococcal infections is differentin
each country, the trend of drug resistance in gonococci is likely
different geographically (19). Hence, epidemiological investiga-
tions should be done in each country. Previous studies have re-
ported a high use of N. gonorrhoeae multiantigen sequence typing
(NG-MAST), which is based on limited DNA sequence analyses of
two highly polymorphicloci, porB and tbpB, in sequence type (ST)
1407 N. gonorrhoeae, which is multidrug resistant and appears to
be disseminated basically worldwide (20). The selection and
spread of AZM resistance are driven by inappropriate treatment of
patients with suboptimal doses of AZM for gonococcal infection.
N. gonorrhoeae maintains its genetic resistance determinants even
after the removal of antibiotic selection pressure.
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TABLE 1 Sequences for PCR primers for azithromycin resistance genes

Primer name Target gene Primer sequence (5’ to 3") Size (bp) Reference
gonoRNA-F 23S rRNA ACGAATGGCGTAACGATGGCCACA

allelel TCAGAATGCCACAGCTTACAAACT 2,054 16

allele2 GCGACCATACCAAACACCCACAGG 2,240

allele3 GATCCCGTTGCAGTGAAGAAAGTC 2,217

allele4 AACAGACTTACTATCCCATTCAGC 1,847

mtrF1 mtrR GCCAATCAACAGGCATTCTTA 380 17
mtrl3Ra GTTGGAACAACGCGTCAAAC

ermA-F ermA CTTCGATAGTTTATTAATATTAGT 645 18,21,22
ermA-R TCTAAAAAGCATGTAAAAGAA

ermB-F ermB AGTAACGGTACTTAAATTGTTTAC 639

ermB-R GAAAAGGTACTCAACCAAATA

ermC-F ermC GCTAATATTGTTTAAATCGTCAAT 642

ermC-R TCAAAACATAATATAGATAAA

ermF-F ermF CGGGTCAGCACTTTACTATTG 466

ermEF-R GGACCTACCTCATAGACAAG

Surveillance and characterization of the mechanisms of AZM
resistance are essential. In this study, we investigated the genetic
characteristics of N. gonorrhoeae strains with decreased suscepti-
bility to AZM.

MATERIALS AND METHODS

Strains. N. gonorrhoeae strains were isolated from patients with male ure-
thritis or female cervicitis and sent to Hyogo Rinsho Co. Ltd., Himeji,
Japan. Gonococcal strains were retrieved from storage at —80°C by 48 h of
incubation (35°C, 5% CO,) on chocolate agar. The resulting colonies
were then subcultured.

MIC measurements. The MIC (pug/ml) was determined using an Op-
topanel E212 dry plate (Kyokuto Pharmaceutical Industrial Co., Ltd., To-
kyo, Japan) with the broth microdilution method. For AZM, the MIC
breakpoints from the European Committee on Antimicrobial Suscepti-
bility Testing (EUCAST) were used (http://www.eucast.org). For quality
control, the N. gonorrhoeae reference strain ATCC 49226 was included in
each testing.

DNA extraction. DNA extracts were suspended in 500 pl of Tris-
EDTA (TE) buffer for 10 min and then boiled for 15 min and centrifuged
at 15,000 rpm for 10 min. The final supernatant was retained for storage at
—20°C.

PCR amplification and sequencing of AZM resistance genes. To ex-
amine the mutations in the peptidyltransferase loop of domain V of the
23S rRNA gene, containing four copies, all four alleles were amplified by
PCR and sequencing as described previously (16). The mtrR promoter
region was examined by PCR and sequencing as described previously
(17). DNA sequencing was performed after the PCR using PCR ampli-
cons. Purification of the PCR products was performed with the QIAquick
PCR purification kit (Qiagen, Hilden, Germany), and the sequencing was
performed at Eurofins Genomics, Inc. (Tokyo, Japan) (Table 1).

PCR of the erm genes. The methylase genes ermA, ermB, ermC, and
ermF were detected using PCR with primers and conditions as described
previously (18, 21, 22). The PCR primers are shown in Table 1. The PCR
conditions were as follows: denaturing at 94°C for 30 s; annealing at 50°C
for 30 s (ermB and ermF), 48°C for 1 min (ermA), or 43°C for 1 min
(ermC); and elongation at 72°C for 2 min. The cycle was repeated 35 times
(18,21, 22).

Molecular epidemiological typing. NG-MAST was performed by us-
ing PCR and sequencing of the more variable segments of porB and tbpB
(23). The porB and tbpB allele numbers as well as NG-MAST STs were
assigned using the NG-MAST website (http://www.ng-mast.net/).

Statistical analyses. We investigated the statistical correlation be-
tween the AZM MIC and the presence and number of mutations under
the classifications of an MIC of 0.25 pg/ml or less (lower-MIC group) and
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0.5 pg/ml or higher (higher-MIC group). Statistical analysis was con-
ducted using Fisher’s exact test with the JSTAT (Java Virtual Machine
Statistics Monitoring Tool; Sun Microsystems, Inc., Santa Clara, CA).
Statistical significance was established at a P value of 0.05.

RESULTS

AZM MICs, The AZM MICs of the 59 strains collected were 0.06,
0.12,0.25,0.5, 1, and 16 pg/ml. In detail, 2 strains (3.39%) had an
MIC of 0.06 pg/ml, 5 strains (8.47%) had an MIC of 0.12 wg/ml,
16 strains (27.1%) had an MIC of 0.25 pg/ml, 33 strains (55.9%)
had an MIC of 0.5 pg/ml, 4 strains (6.78%) had an MIC of 1
wg/ml, and 1 strain (1.69%) had an MIC of 16 wg/ml. The MICy,
was 0.5 pg/ml, and the MICy, was 0.5 pg/ml (Table 2).

Mutations in domain V of 23S rRNA. There were 2 strains
with C2214T (C204T) mutations in allele 3, one strain with a
G2209A (G199A) mutation in allele 4 and one strain (with the
highest MIC, 16 wg/ml) with C2599T (C589T) mutations in all 4
alleles in the peptidyltransferase loop in domain V of 23S rRNA.

mtrR mutations. There were 38 (64.4%) strains with an A de-
letion mutation in the promoter region of mirR, and this was seen
significantly more often in the higher-MIC group (0.5 pg/ml or
higher) (35/37; 94.6%) than the lower-MIC group (0.25 pg/ml or
less) (4/22; 18.2%) (P < 0.0001). Conversely, mutations of codon
40 (Ala—Asp) in the mirR gene (helix-turn-helix) were seen sig-
nificantly more often in the lower-MIC group (12/22; 54.5%)
(P < 0.0001). In addition, except for deletion mutations, strains
with no mutation were seen significantly more often in the higher-
MIC group (33/37; 89.2%) (P < 0.0001), and strains with one
mutation were seen significantly more often in the lower-MIC
group (15/22; 68.2%) (P < 0.0001).

Detection of methylase genes. Of the 59 N. gonorrhoeae
strains, there were no strains with positive PCR detection of ermaA,
ermB, ermC, or ermF (data not shown).

NG-MAST. N. gonorrhoeae multiantigen sequence typing
(NG-MAST) results for porB and tbpB classified the 59 N. gonor-
rhoeae strains as ST3505, ST4015, ST4637, ST4777, ST5875,
ST6761, ST6773, ST6775, ST7382, and ST7806 in the lower-MIC
group and ST247, ST1407, ST3520, ST3588, ST4044, ST4163,
ST4186, ST5875, ST6764, ST6774, ST6798, and ST6800 in the
higher-MIC group. The highest MIC in our strains (16 pug/ml) was
found for ST1407. ST4777 was representative of the lower-MIC
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TABLE 2 IMICs, mutations, and NG-MAST results for the N. gonorrhoeae strains

Mutations”

mtrR gene
mtrR promoter 8

region Helix-turn-helix Codon29 Codon 30
AZM  Neo.of % of A C—T Codon 39 Codon 40 Codon 45 (silent (silent
MIC  strains strains deletion mutation (Ala—Thr) (Ala—Asp) (Gly—Asp) mutation) mutation) NG-MAST type(s) (no. of strains)
16 1 100 X ST1407 (1)
1 4 100 X ST6798 (3), ST1407 (1)
0.5 28 88 X ST1407 (5), ST6800 (5), ST6798 (2),
2 6 X X ST4044 (2), ST3588 (2), ST247
1 3 X X X X (1), ST3520 (1), ST4163 (1),
1 3 X ST4186 (1), ST5875 (1), ST6764
(1), ST6774 (1), nontypeable (9)
0.25 8 50 X ST4777 (2), ST6761 (2), ST6775 (2),
3 19 X X X X ST4015 (1), ST4637 (1), ST5875
2 13 ND ND ND ND ND ND ND (1), ST7382 (1), ST7806 (1),
1 6 X nontypeable (5)
1 6 X
1® 6
0.125 4 100 X ST4777 (1), ST6773 (1),
nontypeable (2)
0.06 2 100 X X ST3505 (1), nontypeable (1)
Total 59

“ X, mutaticn present; ND, not determined.
¥ 100-bp insw rtion and mutation.

group, annd ST1407, ST6798, and ST6800 were representative of
the highex-MIC group (Table 2).

DISCUSSEION

The mechanism of resistance for the AZM-resistant N. gonor-
rhoeae ph enotype is currently unknown in detail. AZM and other
macrolidses exert a bacteriostatic effect by interacting directly with
the central loop of domain V, the site of peptide bond formation,
thereby inhibiting protein synthesis. Alteration in 23S rRNA is
reported to contribute to low-level resistance. A 23S rRNA muta-
tion (C2611T) has been proposed to contribute to the low-level
resistance observed in two Canadian gonococcal strains (24). Ch-
isholm et al. showed that very-high-level resistance to AZM (MIC,
256 wg/mal) occurs in N. gonorrhoeae as a result of a single point
mutation in the peptidyltransferase region of domain V of the 23S
rRNA gene (24). Our study included a high-level AZM-resistant
strain (M IC, 16 pwg/ml) with C2599T mutations in all the alleles
(alleles 1 to 4) tested. This suggests that gonococcal strains from
Japan ma y have more mutations, even in strains with lower MICs,
than those from other countries, such as the United Kingdom.
We obsserved that all AZM-resistant strains contained several
mutated alleles and that highly resistant strains had at least 3 mu-
tations, vehile sensitive and moderately resistant isolates had a
maximurm of one mutated allele. Mutation of A2059G in highly
resistant gonococci and C2611T mutations in the 23S rRNAs of
moderately resistant gonococci were reported previously (16).
Our study found strains with mutations in one allele even in
strains wi th low MICs (0.25 to 0.50 p.g/ml), indicating that even
gonococci with comparatively lower MICs harbor mutations.
Anoth er mechanism of AZM resistance, the efflux pump, is
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well known to contribute to macrolide resistance. This pump ex-
cretes antibiotics, resulting in insufficient intracellular accumula-
tion. The MtrCDE efflux pump regulated by the MtrR repressor
protein is a representative efflux pump system. m#7R mutations in
the gene itself or in its promoter region have been reported in
low-level macrolide-resistant gonococcal strains (25, 26) because
of decreased MtrR expression and upregulation of the MtrCDE
efflux pump. Clinical isolates or laboratory-derived mutants that
display resistance to hydrophobic agents frequently contain loss-
of-function mutations in the mt#rR coding sequence or a single-
base-pair deletion in a 13-bp inverted repeat within the m#rR pro-
moter (27-29).

The mtrR mutations in the clinical isolates described above
were identical to those reported for other strains of gonococci that
express resistance to multiple hydrophobic compounds (30, 31).
The combined genetic and molecular results obtained in this in-
vestigation implicate the mitrCDE-encoded efflux pump as a
mechanism by which gonococci can express decreased suscepti-
bility to AZM. Through known mutations (27) that abrogate
transcription of the gene (mtrR) that encodes a transcriptional
repressor of mirCDE or loss-of-function mutations in the repres-
sor-encoding gene, gonococci can overproduce the MtrCDE ef-
flux pump to increase their capacity to export hydrophobic
agents. Our data showed that a deletion mutation in the promoter
region of mirR was seen significantly more often in the higher-
MIC group (0.5 pg/ml or higher) compared with the lower-MIC
group (0.25 pg/ml or less) (P < 0.0001), and conversely, a muta-
tion of codon 40 (Ala—Asp) in the mrR gene (helix-turn-helix)
was seen significantly more often in the lower-MIC group (P <
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0.0001). These findings contribute to the current understanding
of the mechanism of AZM resistance in N. gonorrhoeae. However,
the methylase genes were not detected in our tested N. gonorrhoeae
strains, indicating that our AZM-resistant strains did not have the
same mechanisms of macrolide resistance as seen in the study by
Roberts et al. (18). The trend of AZM resistance has not yet be-
come widespread, and thus we need to continue surveillance of
gonococcal sensitivity to AZM but also continue with mechanistic
studies.

As an epidemiological study tool, the NG-MAST method (32—
36) is based on limited DNA sequence analyses of two highly poly-
morphic loci, porB and tbpB (23). There is public Internet access
for sequence submission and assignment of sequence types, either
for porB or thpB or for the assignment of STs using a combination
of these two loci (23). Our study clearly showed that STs could be
usefully classified according to high-level and low-level AZM
MICs. To our knowledge, there is no report of NG-MAST STs and
AZM MICs. We identified ST1407 as a highly ASM-resistant
strain (MIC, 16 pg/ml) in Japan, suggesting that future epidemi-
ological studies are needed for detecting the spread of this gono-
coccal antibiotic-resistant phenotype in order to prevent a repeti-
tion of the failure that resulted from continuous use of
quinolones, producing a high prevalence of quinolone-resistant
gonococci.

This study has some limitations. First, the number of tested
gonococcal strains may not be enough for definitive conclusions.
Second, additional mechanistic investigation may be necessary for
further understanding of gonococcal AZM resistance. These lim-
itations should be overcome by our future studies.

In conclusion, a deletion mutation of the mtrR promoter re-
gion is a possible mechanism of AZM resistance and may be a
significant indicator for higher MICs (0.5 p.g/ml or higher) in N.
gonorrhoeae infection. ST4777 was often seen in the lower-MIC
group and ST1407, ST6798, and ST6800 in the higher-MIC group,
and this correlation with MIC was statistically significant. Further
mechanistic studies are needed, including the use of a greater
number of strains.
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ABSTRACT

Worldwide, the most important concern in the treatment of sexually transmitted infections is the in-
crease in antimicrobial resistant Neisseria gonorrhoeae strains including resistance to cephalosporins,
penicillins, fluoroquinolones or macrolides. To investigate the trends of antimicrobial susceptibility
among N. gonorrhoeae strains isolated from male patients with urethritis, a Japanese surveillance
committee conducted the second nationwide surveillance study. Urethral discharge was collected from
male patients with urethritis at 26 medical facilities from March 2012 to January 2013. Of the 151
specimens, 103 N. gonorrhoeae strains were tested for susceptibility to 20 antimicrobial agents. None of
the strains was resistant to ceftriaxone, but the minimum inhibitory concentration (MIC) 90% of ceftri-
axone increased to 0.125 pg/ml, and 11 (10.7%) strains were considered less susceptible with an MIC of
0.125 pg/ml. There were 11 strains resistant to cefixime, and the MICs of these strains were 0.5 pg/ml. The
distributions of the MICs of fluoroquinolones, such as ciprofloxacin, levofloxacin and tosufloxacin, were
bimodal. Sitafloxacin, a fluoroquinolone, showed strong activity against all strains, including strains
resistant to other three fluoroquinolones, such as ciprofloxacin, levofloxacin and tosufloxacin. The azi-

thromycin MICs in 2 strains were 1 pg/ml.
© 2015, Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.

Published by Elsevier Ltd. All rights reserved.

1. Introduction

The antimicrobial resistance of Neisseria gonorrhoeae strains
against penicillins, tetracyclines, fluoroquinolones, cephalosporins
and macrolides is increasing worldwide. Surveillance of the anti-
microbial susceptibilities of N. gonorrhoeae provides important
information for treating gonococcal infections. We have reported
the antimiecrobial susceptibilities of N. gonorrhoeae strains, which
were colleected at 2009—2010, in the first national surveillance
study in Japan [1]. In summary, the rate of less susceptible strains to
ceftriaxone was 8.4%; the susceptibility rate to cefixime according
to the criteria of the Clinical and Laboratory Standards Institutes
(CLSI) [2] was 98.8%; the minimum inhibitory concentrations
(MICs) of fluoroquinolones, such as ciprofloxacin, showed a
bimodal di.stribution and resistance rates were 78.3%; sitafloxacn
showed low MICs of <0.5 ug/ml against ciprofloxacin-resistant
strains; the proportion of strains with azithromycin MICs of more
than 0.5 pg/ml was 3.6%.

After a «eftriaxone-resistant N. gonorrhoeae strain was discov-
ered in a pharyngeal specimen of a female commercial sex worker
in Kyoto, Japan [3], other ceftriaxone-resistant N. gonorrhoeae
strains wer e discovered in France [4] and Spain [5], but not other-
wise in Jap-an [1,6].

Since 20009, a 2-g azithromycin dose has been accepted by Jap-
anese natio nal insurance for the treatment of both gonococcal and
chlamydial urethritis. High-level azithromycin-resistant strains
have emerged in many sites worldwide [7—10], and a relationship
between the use of azithromycin and an increase in the azi-
thromycin ™MIC has been described [11]. The Japanese Association of
Sexually Transmitted Infections [12] has not recommended the use
of azithromycin for treating gonococcal infections. However, some
physicians prefer to use azithromycin to treat gonococcal in-
fections, and we anticipate the emergence of high-level azi-
thromycin- resistant strains of N. gonorrhoeae in Japan.

In this report, the antimicrobial susceptibility patterns of
N. gonorrhoeae strains collected from 2012 to 2013 are compared to
the patterns from 2009 to 2010 [1]. This national surveillance was
conducted by the surveillance committee of three Japanese soci-
eties including the Japanese Association of Infectious Diseases, the
Japanese Society of Chemotherapy and the Japanese Society of
Clinical Microbiology. The committee has previously performed
and published other surveillance studies regarding the antimicro-
bial susceptibilities of pathogens causing respiratory infections,
urinary tract infections, urethritis and surgical site infections. The
present surveillance study was the second study performed on
N. gonorrhoeae strains collected from male patients with gono-
coccal urethritis.

2. Materials and methods
2.1. Patients and participating facilities

The targets were male patients older than 16 years with ure-
thral discharge and symptoms of urethritis, such as pain upon
micturition, urethral pain or urethral discomfort. Included patients
were diagnosed with gonococcal urethritis by a clinician. The
period of specimen collection was between March 2012 and
January 2013. The 38 participating facilities included departments
of urology in hospitals and private clinics that specialized in
urology or urology and dermatology in Japan. The clinicians who
participated in this study explained the purpose of the study to the
patients orally or through written documents and obtained the
written consent of each patient. This study was approved by the
ethical committee of each facility. The facilities that did not have
an ethical committee submitted this study to the ethical com-
mittee of the specific non-profit organization CREC net, Kita-
kyushu, Japan, which approved it.

— 199 —



342 R. Hamasuna et al. / | Infect Chemother 21 (2015) 340—345

2.2. Specimens and patient information

The discharge from the urethral meatus was collected with a
sterilized cotton swab, placed in transport agar (SEEDSWAB yNo2,
Eiken Chemical Co. Ltd., Tokyo, Japan) and sent at room tempera-
ture to the Infection Scientific Control Research Center, The Kitasato
Institution, Tokyo, jJapan. Only one specimen was collected from
each patient. The patient's information, including age, diagnosis
and the properties of the discharge were reported for each sample.

2.3. Isolation of N. gonorrhoeae strains and antimicrobial
susceptibility testing

The bacterial isolation and antimicrobial susceptibility testing
were performed in the Infection Scientific Control Research Center,
The Kitasato Institution, Tokyo, Japan. For each specimen,
N. gonorrhoeae strain isolation and identification was attempted.

The antimicrobial susceptibility testing was performed accord-
ing to the CLSI Document M100-S22 [2], and the minimum inhib-
itory concentrations (MICs) were determined by the agar dilution
method. Supplemented 1% GC agar (1.1 g L.-cysteine, 0.03 g guanine
HCL, 3 mg thiamine HCL, 13 mg para-aminobenzoic acid, 0.01 g B12,
0.1 g cocarboxylase, 0.25 g nicotinamide adenine dinucleotide, 1 g
adenine, 10 g t-glutamine, 100 g glucose, and 0.02 g ferric nitrate
per liter) was used for determining the MICs. When the MIC of
carbapenems or clavulanic acid was measured, cysteine was not
included in the agar. The range of concentrations for testing
included 12 two-fold serial dilutions (128—0.063 pg/ml) of anti-
microbials, but the starting concentration fluctuated depending on
the particular type of antimicrobial used. The inoculum was
adjusted to a 0.5 MacFarland standard by the direct adjustment
method. The N. gonorrhoeae strains were cultured at 36 = 1 °Cin 5%
CO, atmosphere overnight. N. gonorrhoeae ATCC 49226 was used as
the standard control.

The MICs of the following 20 antimicrobial agents were
measured: penicillin G, ampicillin, amoxicillin, clavulanic acid-
amoxicillin, cefpodoxime, cefdinir, cefixime, cefditoren, ceftriax-
one, cefodizime, flomoxef, aztreonam, meropenem, spectinomycin,
ciprofloxacin, levofloxacin, tosufloxacin, sitafloxacin, minocycline
and azithromycin. The susceptibility or resistance of the isolate to
each antibiotic was determined according to CLSI Document M100-
S22 [2].The antimicrobial susceptibility data in this surveillance
were compared with those in the first surveillance.

B-lactamase activity in the N. gonorrhoeae isolates was detected
by the nitrocefin method (Cefinase Disk™; BD BBL™). The
N. gonorrhoeae strains that were resistant to penicillin G (MIC:
>2 pg/ml) and in which B-lactamase activity was detected were
determined to be penicillinase-producing N. gonorrhoeae (PPNG).
Among B-lactamase-non-producing strains, strains that were
resistant to penicillin G (MIC: >2 pg/ml) were determined to be
chromosomally mediated resistant N. gonorrhoeae (CMRNG).

The threshold MICs for antimicrobial resistance are assumed
according to the following criteria: >2 pg/ml of penicillin G, >2 ng/
ml of minocycline, >1 pg/ml of cefpodoxime, >1 pg/ml of cipro-
floxacin or >0.5 pg/ml of azithromycin. The phenotypes of
N. gonorrhoeae strains were classified by their resistance to anti-
microbial agents.

3. Results
3.1. Number of specimens and isolated strains
Of the 152 specimens from 26 medical facilities, one was

omitted because the patient's age was 14 years. The median age was
32 years (range: 18—65), and 39.7% and 33.8% of specimens were

collected from patients in their 20s and 30s, respectively. The
urethral discharge was described as purulent for 139 specimens
and serous for 11. Of the 151 specimens from 151 patients, 103
strains could be cultured and identified as N. gonorrhoeae. From the
139 purulent specimens, 100 strains (71.9%) were isolated. Of these
103 strains, 36, 21, 16, 14, 9 and 7 strains were collected from the
Kyushu, Chugoku, Kinki, Chubu, Tohoku and Tokyo areas,
respectively.

3.2. Antimicrobial susceptibilities

Antimicrobial susceptibility testing was performed on all 103
isolated strains (Table 1). None was susceptible to penicillin G (MIC:
<0.06). Only two strains (1.9%) were determined to be PPNG, and
the MICs of penicillin G to these strains were 2 and 32 pg/ml. The
MIC of clavulanic acid-amoxicillin MIC to PPNG strains was 0.5 pg/
ml. Among B-lactamase-non-producing strains, 21 strains (20.8%)
had higher MICs to penicillin G (MIC >2 pg/ml, range: 2—4 pg/ml)
and were determined to be CMRNG. The MICgy of four kinds of
penicillins including penicillin G, ampicillin, amoxicillin and
amoxicillin-clavulanic acid for B-lactamase-non-producing strains
was 2 pug/ml.

The MICs of minocycline for two PPNG strains were also higher
(8 and 16 pg/ml). The MIC range for minocycline in the B-lacta-
mase-non-producing strains was <0.06—32 pg/ml and 3 strains
(2.9%) were resistant to minocycline. (MIC: 16 or 32 pg/ml).

The susceptibility rates of all the strains to oral cephalospo-
rins such as cefixime and cefpodoxime were 89.3% and 59.2%
according to CLSI criteria [2], respectively. The susceptibility of
cefixime evidently decreased compared to the strains collected
in the first surveillance study. The MICs of the parenteral ceph-
alosporins ceftriaxone and cefodizime were relatively low. The
high-level ceftriaxone-resistant strains, such as Ohnishi's report
[3], were not found in the surveillance. The MICqp of ceftriaxone
increased from <0.06 pg/ml in the first surveillance study to
0.125 pgfml in this study. All 11 strains with a ceftriaxone MIC of
0.125 pg/ml had cefixime MICs of 0.25 or 0.5 ug/ml. However, 3
strains with cexifime MIC of 0.5 ug/ml had a ceftriaxone MIC of
<0.06 pug/ml.

The MIC distribution for fluoroquinolones, such as ciprofloxa-
cin, levofloxacin and tosufloxacin, showed bimodal. The MICs of
these three antimicrobials for the 21 susceptible strains were
<0.06 pg/ml. The MIC of sitafloxacin was lower than that of the
other fluoroquinolones. Strains with ciprofloxacin MICs of
<0.06 pg/ml had also sitafloxacin MIC of <0.06 ug/ml. Strains with
ciprofloxacin MICs between 0.5 and 32 pg/ml showed sitafloxacin
MIC of <0.06, 0.125 or 0.25 pg/ml. Only one strains with sita-
floxacin MIC of 0.5 pg/ml and ciprofloxacin MIC of 64 pg/ml was
newly identified.

Strains with resistance to spectinomycin were not identified in
this study. No high-level azithromycin resistant strains were found,
but two strains had an MIC of 1 pg/ml.

3.3. Phenotypes of antimicrobial resistance among N. gonorrhoeae
strains

Table 2 shows the antimicrobial resistance phenotypes of the
strains. Among the isolated strains, 83 (80.6%) met resistance
criteria to one or more tested antimicrobials and 34 were resistant
to a single antimicrobial (ciprofioxacin: 33 azithromycin 1). Forty-
nine strains (47.5%) showed resistance to more than two types of
antimicrobials such as penicillins, cephalosporins, tetracyclines,
fluoroquinolones and macrolides.
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Table 1
Antimicrobial MIC distribution for 103 N. gonorrhoeae strains.

Antibacterial agent MIC (pg/ml)

<0.06 0125 025 05 1 2 4 8 16 32 64 128 >256 MiCsg MiCqp
Penicillin G 6 24 17 33 20 2 1 1 2
Ampiciilin 8 14 11 29 33 7 1 1 2
Amoxicillin 21 8 20 52 1 1 2 2
Clavulanic ac«cid-amoxicillin 1 21 10 25 46 1 2
Cefpodoxime 38 3 5 15 23 17 2 0.5 2
Cefdinir 41 2 25 35 0.5 1
Cefixime 42 8 42 11 025 0.5
Cefditoren 52 24 22 5 <0.06 0.25
Ceftriaxone 92 11 <0.06 0.125
Cefodizime 79 21 3 <0.06 0.125
Flomoxef 3 20 8 22 41 9 1 2
Aztreonam 10 15 14 2 1 1 38 22 4 8
Meropenem 68 35 <0.06 0.125
Spectinomy:<in 3 95 5 16 16
Ciprofloxacin 21 1 1 13 18 36 12 1 8 32
Levofloxacin 21 1 1 6 26 38 10 4 8
Tosufloxacin 21 3 4 31 14 19 11 2 16
Sitafloxacin 38 32 32 1 0.125 0.25
Minocycline 2 29 26 40 1 1 3 1 025 0.5
Azithromycin 15 44 39 3 2 0.125 0.25

4. Discussion

The guicleline of the Japanese Association of Sexually Trans-
mitted Infections recommends that gonococcal urethritis and
cervicitis be treated with 1 g of ceftriaxone in a single intravenous
dose, 1 g of cefodizime in a single intravenous dose and 2 g of
spectinomycin in a single intramuscular dose [12]. This recom-
mendation did not change during the first and second surveillance
studies. Thee second surveillance study revealed that the patient
demograph ics and clinical features of the urethral discharges were
the same as in the first study, although the antimicrobial suscep-
tibility data were different.

The prevalence of PPNG decreased compared to the first
surveillance data. Previous to 2009, the prevalence of PPNG in
Japan had been approximately 1% [13]. However, the prevalence
was 7.2% in the first surveillance study. The second surveillance
data showe d the prevalence of PPNG to be 0.2%, which is a return
to historic levels. We are not able to explain why the prevalence
was higher in 2009—2010. One explanation is that patients who
were infected in foreign countries were included in the first
study. Peni«illins are not available for the treatment of gonococcal
infections in Japan. No strain was sensitive to penicillin G in
this study. In addition, penicillin with a B-lactamase inhibitor

Table 2
The phenotypees of antimicrobial resistance among N. gonorrhoeae strains.
Antimicrobi.als Numbers
Penicillin G Minocycline Cefpodoxime Ciprofloxacin Azithromycin
R 33
R 1
R R 1
R R 1
R R 22
R R 3
R R 1
R R R 17
R R R 1
R R R R 3

R: Resistance to antimicrobial agents that was determined by the criteria below.
MICs of >2 pg/"ml of penicillin G, >2 pg/ml of minocycline, >1 ug/ml of cefpodoxime,
>1 pg/ml of ciprofloxacin or >0.5 pg/ml of azithromycin.

cannot be recommended to treat gonococcal urethritis, because
the MICs of amoxicillin are relatively higher and the MIC
of clavulanic acid-amoxicillin was not low for PPNG strains
(0.5 pg/mil).

The most serious problem for the treatment of gonococcal in-
fections worldwide is the increase in cephalosporin-resistant
strains. We did not find further evidence of high-level ceftriax-
one-resistant strains in Japan. However, ceftriaxone-resistant
strains were reported from France and Spain [4,5] and there are
reports of ceftriaxone treatment failure in patients with
N. gonorrhoeae strains isolated from the pharynx [14-17]. In
particular, Swedish case-report described a N. gonorrhoeae strain
with a ceftriaxone MIC of 0.25 pg/ml that was detected from the
pharynx of a male patient after treatment with 250 mg and 500 mg
of ceftriaxone; this patient was most likely infected through un-
protected oral sex with a fernale partner in Japan [14]. This indicates
that some women in Japan have N. gonorrhoeae strains with a high
ceftriaxone MIC, but these strains were not found in any surveil-
lance. Indeed, the MlICqp of ceftriaxone increased from <0.06 pg/ml
in the first surveillance study to 0.125 pg/ml in this study. The
strains with a ceftriaxone MIC of 0.125 pg/ml, those are termed as
“less susceptible strains,” increased. In addition, the strains sensi-
tive to cefixime with an MIC <0.06 pg/ml, which Deguchi recom-
mended as the breakpoint MIC of cefixime in Japan {18}, decreased
from 55.4% to 40.8%. These resistance or those less susceptibility in
N. gonorrhoeae to cephalosporins are closely related to the mosaic
structure of penA gene which codes for PBP2 [4,5,19,20]. Our data
are evidence that this type of resistance has been spreading in
Japan.

The MICs of fluoroquinolones did not differ between the first
and second surveillance studies. The fluoroquinolone-resistant
rates of strains have shown nearly the same level as in Tanaka's
reports [21]. This likely means that physicians treating gonococcal
infections are complying with the guidelines of the Japanese Soci-
ety of Sexually Transmitted Infections. The activity of sitafloxacin
remains stable in two our surveillances. As described previously [1],
sitafloxacin ~ has  activity  against  ciprofloxacin-resistant
N. gonorrhoeae strains. Sitafloxacin can be one of treatment op-
tions for untreatable N. gonorrhoeae strains. However, one strains
with sitafloxacin MIC of 0.5 ug/ml was found and further obser-
vation or clinical study would be necessary.
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In both the first and second surveillance study, high-level
resistant strains to azithromycin were not found. The main mech-
anism for azithromycin-resistance in N. gonorrhoeae is mutations of
the macrolide target, 23S rRNA as A2059G or C2611T mutations
[7—10,20]. N. gonorrhoeae has four 23S rRNA alleles and the resis-
tance to azithromycin depends on the numbers of alleles with
mutations [20]. Unemo described that the azithromycin MIC in-
crease to 4,096 pg/ml in strains with A2059G mutations in three or
four alleles, but the MICs of strains with the mutation in one allele
are not changed as wild-type strains [10]. Through this theory, at
least two strains (1.9%) with an azithromycin MIC of 1 pg/ml have
mutations in more than 2 alleles of the 23S rRNA. In other Japanese
surveillance data, 3.6% (7/193) of strains in the Kyoto and Osaka
areas or 6.6% (8/122) of strains in the Tokyo area were resistant to
azithromycin (>0.5 pg/ml) [6,22]. In the Tokyo area, higher-
resistant strains were found (one and two strains with MIC 16
and 8 pug/ml, respectively). Yasuda et al. showed clinical study using
azithromycin 2g in Japan and strains with MIC 2 or 4 pg/ml of
azithromycin remained after the treatment [23]. Among strains
with MIC 1 or 0.5 pg/ml eradication rates were 58% (7/12) and 97%
(31/32), respectively. Even if azithromycin 2g is used, a high dose of
azithromycin could covered only strains with MIC <0.5 pg/ml and
we wonder that azithromycin-resistance would increase.

Table 2 shows the numbers of strains according to the antimi-
crobial resistant phenotype. Among 103 strains, 20 were classified
as “not resistant” to all antimicrobials. These strains were 20 of 21
the strains with ciprofloxacin MIC <0.06 pg/ml (another one had an
azithromycin MIC of 0.5 pg/ml). Regarding N. gonorrhoeae strains in
Japan, the susceptibility for fluoroquinolone, which are less
frequently used now is important. According to Tapsall's criteria for
multi-drug resistant N. gonorrhoeae (MDR-NG) [24], 42 strains
(40.1%) met the criteria of MDR-NG. In 2009-2010, 39.8% of the
strains were classified as MDR-NG, which was quite similar to the
proportion in 2011-2012.

The next Japanese antimicrobial surveillance initiative for
N. gonorrhoeae is planned for 2016. The increase in cephalosporin-
resistance is more prominent worldwide. Dual therapies, such as
ceftriaxone plus azithromycin or ceftriaxone and effective quino-
lones are recommended and being used worldwide. The recom-
mendation of Japanese Association of Sexually Transmitted
Infections for treating gonococcal infections has remained the
same. The purpose of the next surveillance study is to evaluate the
appropriateness of the present recommendation for the treatment
of gonococcal infection and to determine whether the recom-
mendation should be modified.
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Clarification of differences between the prevalence rate of sexually transmitted infec-
tions from a sentinel survey of medical institutions in seven model prefectures and that
estimated by fixed point observation of all 47 prefectures by the Japanese Government :
Why does the Japanese Government’s data deviate from the sentinel survey data?
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Although a remarkable prevalence of sexually transmitted infections (STIs) exists in Japan, precise
epidemiological data of STls from all OB/GYN, urology, and venereology physicians is lacking. We conducted a
sentinel survey of STls diagnosed in 7 model prefectures in Japan from 2012 to 2014.

Wee sent a questionnaire to all of the above physicians in 7 model prefectures in early October 2013. We
asked them to answer the questions about patients’ demographics and diagnosis of various STls made in
October 2013. The response rate was 67.3%. We calculated our prevalence rate (person-years) per 100,000
people infected with STls from the 7 model prefectures and compared it to Japanese Government’s fixed—-points
observation rate from all 47 prefectures. The survey data from the 7 prefectures showed that the rate of male
genital gonococcal infection was about 2.7 times higher and that of female genital chlamydial infection,
especially in women aged 20 to 24 years, was 6.1 times higher than that shown by the Government.

The STls showed a decreasing trend at fixed points from 2002 to 2009 and sudden levelling off in the
Government’s data. Although comparison of our actual data with the Government’s data is difficult,
discrepancies were found between the Government’s data showing a decreasing trend in STls and our data,
which indicated that STls did not decrease in these periods. Further, rates by gender and individual STI cannot
be coompared with fixed-point data. Our sentinel survey data appears to be better balanced than that of the
fixed—point data.

Key words : sentinel surveillance, fixed point observation, national data, male gonococcal urethritis, chlamydial cervicitis
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