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Table 83 Comparison of female endocervical swab specimens with urine specimens

for the detection of C. trachomatis and N. gonorrhoeae

Urine
C. trachomatis Total
Positive Negative
Positive 24 2 26
Swab
Negative 0 90 90
Total 24 92 116
Urine
N. gonorrhoeae Total
Positive Negative
Positive 9 2 11
Swab
Negative 0 105 105
Total 9 107 116

Positive concordance rate (urine/swab): C. trachomatis, 92.8% ; N. gonorrhoeae,

81.8%

Table 4 Classification of the positive swab specimens based on APTIMA® Combo 2

test results for female patients

Infectious Status Number %
C. trachomatis 25 69.4
N. gonorrhoeae 8 22.2
C. trachomatis & N. gonorrhoeae 3 8.3
Total 36 100
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Table5 Comparison of APTIMA® Combo 2 with IDEIA for the detection of
C. trachomatis in female endocervical swab and urine specimens

IDEIA
Swab Total
Positive Negative
Positive 25 3 28
APTIMA® Combo 2
Negative 0 92 92
Total 25 95 120
IDEIA
Urine Total
Positive Negative
Positive 12 12 24
APTIMA® Combo 2
Negative 0 92 92
Total 12 104 116

Table8 Comparison of APTIMA® Combo 2 with AMPLICOR® for the detection of
C. trachomatis and N. gonorrhoeae in male urine specimens

AMPLICOR®
C. trachomatis Total
Positive Negative
Positive 54 5 59
APTIMA® Combo 2
Negative i i 112
Total 55 116 171
AMPLICOR®
N. gonorrhoeae Total
Positive Negative
Positive 94 0 94
APTIMA® Combo 2
Negative 1 76 77
Total 95 76 171

Concordance rate: C. trachomatis, 96.5% ; N. gonorrhoeae, 99.4%
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Table7 Analysis of discrepant results between APTHMA® Combo 2 and AMPLICOR®
for the detection of C. trachomatis and N. gonorrhoeae in male urine specimens

APTIMA® Combo 2 AMPLICOR®
Specimen* Specimen*
No.
Sample 1 Sample 1
Sample 22
First Re-test First
1 + + - -
2 -+ + — -
3 + + - +
C. trachomatis 4 + " _ _
5 + + — -
6 — - + -
N. gonorrhoeae 7 - - + +

*Urine was divided into both specific sampling instruments for APTIMA® Combo 2
and empty tube for AMPLICOR® (Sample 1). Remaining urine was reserved for
AMPLICOR® assay (Sample 2) in the case of discrepant analysis.

1) Discrepant analysis was done by re-testing the original specimens.

2) Discrepant analysis was done by additional assay using reserved samples.

Table8 Comparison of male urethral swab specimens with urine specimens for the
detection of C. trachomatis and N. gonorrhoeae

Urine
C. trachomatis Total
Positive Negative
Positive 3 0 3
Swab
Negative 2 21 23
Total 5 21 26
Urine
N. gonorrhoeae Total
Positive Negative
Positive 19 0 19
Swab
Negative 0 7 7
Total 19 7 26

Positive swab specimens were all positive in urine specimens from the same patients.
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Table 9

Classification of positive urine specimens based on APTIMA® Combo 2
test results for male patients

Infectious Status Number %
C. trachomatis 35 271
N. gonorrhoeae 70 54.8
C. trachomatis & N. gonorrhoeae 24 18.6
Total 129 100

Table i0 Comparison of APTIMA® Combo 2 with IDEIA for the

detection of

C. trachomatis in male urine and urethral swab specimens

IDEIA
Urine Total
Positive Negative
Positive 36 23 59
APTIMA® Combo 2
Negative 0 112 112
Total 36 135 171
IDEIA
Swab Total
Positive Negative
Positive 2 1 3
APTIMA® Combo 2
Negative 0 25 25
Total 2 26 28
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Abstract

Susceptibility testing was conducted on 1357 isolates of Neisseria gonorrhoeae isolated from 1993 through 2002 in Japan to assess
the antimicrobial resistance. Selected isolates were characterised by auxotype and analysis was done for mutations within the quinolone
resistance-determining region (QRDR) in the gyrA and parC genes. which confer fluoroquinolone resistance to the organism. Isolates with
ciprofloxacin resistance increased significantly from 6.6% (1993-1994) to 73.5% (2002). The proportion of plasmid-mediated penicillin-resistant
isolates (PPNG) decreased significantly from 7.9% (1993-1994) to 0.9% (2002). The percentage of chromosomal-mediated resistance to peni-
cillin decreased from 27.4% in 2000 to 12.0% in 2001 but increased to 28.9% in 2002. The proportion of isolates with any type of resistance
to tetracycline decreased from 24.7% in 2000 to 13.9% in 2001 and then increased to 22.3% in 2002. The proportion of prototrophic iso-
lates significantly decreased from 84.4% in 1992-1993 to 7.7% in 2001, while that of the proline-requiring isolates significantly increased
from 4.4% in 1992-1993 and 80.8% in 1998. The proline-requiring isolates were less susceptible to ciprofloxacin than the prototrophic or
arginine-requiring isolates. Of 87 isolates resistant to ciprofloxacin. 2 (2.3%) contained five amino acid substitutions within the GyrA and
ParC proteins, 76 {87.4%) contained three or four amino acid substitutions and 9 (10.3%) contained one or two amino acid substitutions.

© 2004 Elsevier B.V. and the Intemational Society of Chemotherapy. All rights reserved.

Keywords: Neisseria gonorrhoeae; Resistance; Auxotype; DNA gyrase; Topoisomerase IV

1. Introduction

The incidence of gonococcal infection has been increas-
ing since the mid-1990s in Japan. Gonococcal resistance to
antimicrobial agents has also been an increasing problem in
the treatment of gonorrhoea in Japan. In the last few years,
a high prevalence of the fluoroquinolone-resistant Neisseria
gonorrhoeae isolates and the treatment failure of gonococ-
cal infections with fluoroquinolones have been recognised in
Japan [1,2]. Presently, N. gonorrhoeae isolates have evolved
in acquiring mutidrug resistance to fluoroquinolone, peni-
cillin and tetracycline. Auxotyping involves the characteri-
sation of nutritional requirements for the growth of N. gon-
orrhoeae isolates. Our previous investigation demonstrated
that the proline-requiring isolates of N. gonorrhoeae were
less susceptible to ciprofloxacin than either prototrophic iso-
lates or arginine-requiring isolates [1].

* Corresponding author. Tel.: +81-92-801-1011;
fax: +81-92-873-1109.
E-mail address: matanaka@cis.fukuoka-v.ac,jp (M. Tanaka).

This study was performed to characterise the current
antimicrobial susceptibility of N. gonorrhoeae and in par-
ticular, to examine the possibility of emerging high preva-
lence of high-level fluoroquinolone resistance and mul-
tidrug resistance in Japan. In addition, we examined the
changes of gonococcal auxotype and amino acid substitu-
tions in DNA gyrase subunit A (GyrA) and topoisomerase
IV parC-encoded subunit (ParC) proteins, which confer
quinolone resistance to the organisms.

2. Materials and methods
2.1. Neisseria gonorrhoeae strains

From January 1993 through December 2002, a total of
1357 isolates of N. gonorrhoeae (1993-1994: 151 isolates;
1995-1996: 154 isolates; 1997-1998: 197 isolates; 1999:
246 isolates; 2000: 190 isolates; 2001: 208 isolates; and
2002: 211 isolates) were collected from consecutive male

0924-8579/$ — see front matter © 2004 Elsevier B.V. and the International Society of Chemotherapy. All rights reserved.

doi:10.1016/j.jjantimicag.2004.02.005
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patients with urethritis attending a sexually transmitted dis-
eases (STD) clinic in Fukuoka city, Japan. Post-treatment
isolates or repeat isolates from the same patients were
excluded. Specimens from each patient were inoculated
directly onto Thayer-Martin selective agar (Becton Dickin-
son, Cockeysville, MD, USA), transported to the Mitsubishi
Kagaku Laboratory and incubated for 24-48h at 35°C in
5% CO> atmosphere. N. gonorrhoeae was identified as
Gram-negative diplococci and by oxidase reaction and sugar
utilisation patterns. The isolates were stored at —80 °C until
they were tested.

2.2. Antimicrobial susceptibility testing

Minimum inhibitory concentrations (MICs) for all iso-
lates were determined by an agar dilution technique with a
GC agar base (Becton Dickinson) containing 1% Iso VitaleX
(Becton Dickinson) and two-fold dilutions of antibiotic as
described previously [11. The plates were inoculated with ap-
proximately 10 colony-forming units (cfu) per spot of each
isolate with a multipoint inoculator for a brief period. World
Health Organization (WHO) reference N. gonorrhoeae
strains A, B, C, D and E, and N. gonorrhoeae ATCC49226
strain were included as quality controls. The plates were
incubated for 24 h at 35°C in 5% CO» atmosphere. MICs
were defined as the lowest antibiotic concentration observed
to inhibit bacterial growth. B-Lactamase production was
assayed using the chromogenic cephalosporin test (Nitro-
cefin, Oxoid, Hampshire, UK). The antimicrobial agents
tested were penicillin G (Sigma Chemical St. Louis, MO,
USA), tetracycline (Wyeth Ledere Japan, Tokyo, Japan),
cefixime (Fujisawa Pharmaceutical, Osaka, Japan), ceftri-
axone (Nippon Roche, Tokyo, Japan), ciprofloxacin (Bayer
Yakuhin, Osaka, Japan), levofloxacin (Daiichi Pharmaceu-
tical, Tokyo, Japan), sitafloxacin (Daiichi Pharmaceutical,
Tokyo, Japan), gatifioxacin (Kyorin Pharmaceutical, Tokyo,
Japan), azithromycin (Pfizer Pharmaceuticals, Tokyo, Japan)
and spectinomycin (Sigma Chemical). All the antibiotics
were obtained in powder-form with the stated potencies
of their manufacturers. The antimicrobial susceptibility
was judged by breakpoint criteria defined by the National
Committee for Laboratory Standards (NCCLS) [3].

2.3. Auxotyping

Auxotyping of gonococcal isolates was performed as de-
scribed by Catlin [4]. The isolates were tested on the chem-
ically defined media for their nutritional requirements for
proline, arginine, hypoxanthine, uracil, lysine, leucine, me-
thionine, histidine and combinations of these requirements.
Argine-requiring isolates were also cultured on media for
determining their ability to utilise ornithine as an alternative
substrate. The strains with no requirements for these sub-
stances were designated as prototrophic.
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2.4. Molecular study

To identify mutations in the gyrA and parC genes of the 89
gonococcal strains (1992-1998 isolates) and 223 gonococcal
strains (1999 isolates), the polymerase chain reaction (PCR)
and direct DNA sequencing were performed as described
previously {1]. To amplify the genes corresponding to the
quinolone resistance-determining region (QRDR) within the
GyrA and ParC proteins, the oligonucleotide primers for the
PCR amplification were designed [1].

2.5. Statistical analysis

Data were analysed by chi-square test. Statistical signifi-
cance for all P-values was set at 0.05.

3. Results and discussion
3.1. Fluoroquinolone resistance

The proportion of isolates resistant to ciprofioxacin
(MIC > 1mg/l) increased remarkably from 6.6% in
1993-1994 to 73.5% in 2002 (Fig. 1). This difference was
statistically significant (P < 0.0001). The ciprofloxacin
MICsq (4mg/) and MICoy (32mg/l) for isolates in 2002
were 128- and 64-fold, respectively, which were higher
than those (MICsg: 0.03 mg/t and MICgg: 0.5 mg/]) for the
isolates in 1993-1994. The levofloxacin MICsgp (4 mg/l)
and MICgy (8 mg/l) for the isolates in 2002 were also
128- and 32-fold, respectively, which were higher than
those (MICs¢: 0.03mg/l and MICgp: 0.25mg/l) for the
isolates in 1993-1994. Moreover, gonococcal isolates in
2002 showed resistance to a new fluoroquinolones of
sitafloxacin and gatifloxacin (Table 1). In Fukuoka city,
about 75% of N. gonorrhoeae isolates have been found
to be resistant to ciprofloxacin. These findings seem to
reflect the longstanding usage of fluoroquinolones as a
drug of choice for the treatment of gonococcal infection
at sexually transmitted disease clinics in Fukuoka city.
The frequent use of fluoroquinolones against gonorrhoea
may lead to the rapid development of resistance to these
agents. This increase in fluoroquinoione resistance has also
been substantial in some Western Pacific countries. High
proportions of fluoroquinolone-resistant N. gonorrhoeae
are detected in China (85.2%), Hong Kong (79.5%), the
Philippines (37.9%) and Vietnam (42.7%). The percentage
of fluoroquinolone-resistant isolates in Hong Kong has in-
creased from about 50% in 1998 to 79.5% in 2000 and the
fluoroquinolone resistance rates have increased markedly in
China [5].

3.2. Penicillin resistance

The proportion of isolates with any type of resistance to
penicillin (MIC > 2mg/l) decreased from 27.9% in 2000 to
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Fig. 1. Changes in the proportion of the various antimicrobial-resistant N. gonorrhoeac isolates.

Table 1

Susceptibilities of N. gonorrhoeac isolates to fluoroguinolones and penicillin

Antibiotic Year MIC (mg/l)

50% 90% Range

Ciprofloxacin 19931994 0.03 0.5 <0.001-1
1995-1996 0.03 (1x) 1 (2x) 0.004-16
1997-1998 0.03 (Ix) 8 (16x) 0.002-16
1999 0.12 (4x) 8 (16x%) <0.001-16
2000 0.25 (8x) 16 (32x) <0.001-64
2001 4 (128x%) 16 (32x) <0.001-64
2002 4 (128x) 32 (64x) 0.002-64

Levofloxacin 1993-1994 0.03 0.25 <0.001--0.5
1995-1996 0.06 (2x) 1 (4x) 0.008-8
1997-1998 0.06 (2x) 8 (32x) 0.004-16
1999 0.25 (8x) 4 (16x%) <0.001-16
2000 0.5 (16x) 8 (32x) 0.002-32
2001 2 (64x) 8 (32x) 0.002-16
2002 4 (128x) 8 (32x) 0.004-32

Sitafloxacin 1993-1994 0.004 (1x) 0.015 (1x) 0.001-0.03
1995-1996 0.004 (2x) 0.03 (2x) <0.001-0.25
1997-1998 0.008 (2x) 0.12 (8x) <0.001-0.5
2001 0.12 (32x) 0.25 (16x) <0.001-0.25
2002 0.12 (32x) 0.25 (16x) <0.001-0.5

Gatifloxacin 1993-1994 0.015 (2x%) 0.06 (1x) <0.001-0.12
1995-1996 0.03 (2x) 0.25 (4x) 0.004-2
2001 1 (64x) 2 (32x) <0.001-4
2002 1 (64x) 2 (32x) <0.001-8

PenicillinG? 19931994 0.25 2 0.008-2
1995-1996 0.12 (0.5%) 1 ¢0.5%) 0.015-2
1997-1998 0.25 (1x) 2 (1x) 0.03-4
1999 0.25 (1x) 2 (1x) 0.008-4
2000 0.5 (2x) 2(1x) 0.008-8
2001 0.5 (2x) 2(1x) 0.0044
2002 1 (4x) 2 (Ix) 0.0044

2 Non-PPNG isolates only.
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13.5% in 2001 but increased to 29.9% in 2002 (Fig. {). The
prevalence of plasmid-mediated penicillin-resistant gono-
cocci (PPNG) strains decreased significantly from 7.9% in
1993-1994 to 0.9% in 2002 (P < 0.002). However, the per-
centage of chromosomal-mediated resistance (CMRNG) to
penicillin decreased from 27.4% in 2000 to 12.0% in 2001
and then increased to 28.9% in 2002. The MICsq of peni-
cillin for non-PPNG in 2002 were four-fold higher than
those in 1993-1994. However, the MICqq of penicillin for
non-PPNG in 1997-1998 were similar to that in 1993-1994
(Table 1). High prevalence of penicillin-resistant gonococcal
isolates remains a major problem in many parts of the West-
emn Pacific countries. Very high rates of combined forms
of penicillin resistance (CMRNG + PPNG) are recorded in
Korea (916 ). the Philippines (89%), China (80%), Brunei
(63%), Singapore (58%), Hong Kong (54%) and Vietham
(48%) [5]. The prevalence rates of penicillin-resistance in

these Western Pacific countries are much higher than that in
Japan.

3.3. Tetracycline resistance

The proportion of isolates with any type of resistance
to tetracycline decreased from 24.7% in 2000 to 13.9% in
2001 and then increased to 22.3% in 2002 (Fig. 1). Only
two (0.15%) isolates of plasmid-mediated high-level tetra-
cycline resistance (TRNG) were identified during the study
period. The tetracycline MICsg and MICyp for the isolates
in 2002 were only two-fold higher than those for the isolates
in 1993-1994 (Table 2). High rates of TRNG (between 25
and 70%) were prominent in Malaysia, Brunei, Singapore,
Vietnam, China and Papua New Guinea. The prevalence rate
of TRNG in Japan is remarkably lower than those in the
countries mentioned. In other Western Pacific countries rates

Table 2
Susceptibilities of N. gonorrhoeae isolates to various antibiotics
Antibiotic Year MIC (mg/h)
50% 90% Range
Tetracycline 1993-1994 0.5 1 0.06-8
1995-1996 0.25 (0.5%) 1 (Ix) 0.064
1997-1998 0.25 (0.5x) 2 (2x) 0.06-2
1999 0.5 (1x) 1(x) 0.03-2
2000 0.5 (1x) 2(2x) 0.03-16
2001 1(2x) 2(2x) 0.034
2002 1 (2x) 2 (2x) 0.06-16
Cefixime 1993-1994 0.015 0.12 <0.001-0.25
1995-1996 0.008 (0.5%) 0.06 (0.5x) <0.001-0.12
1997-1998 0.015 (Ix) 0.12 (1x) 0.002-0.5
1999 0.015 (I1x) 0.25 (2x) <0.001-0.5
2000 0.03 (2x) 0.25 (2x) 0.002-0.5
2001 0.015 (1x) 0.25 (2x) <0.001-0.25
2002 0.03 (2x) 0.25 2x) 0.002-0.5
Ceftriaxone 1993-1994 0.015 0.06 <0.001-0.25
1995-1996 0.015 (1x) 0.12 (2x) <0.001-0.12
19971998 0.008 (0.5x) 0.12 (Z2x) <0.001-0.25
1999 0.008 (0.5x) 0.06 (1x) <0.001-0.12
2000 0.015 (1x) 0.06 (1x) <0.001-0.5
2001 0.015 (1x) 0.06 (1x) <0.001-0.06
2002 0.015 (1x) 0.06 (1x) 0.002-0.12
Azithromycin 1993-1994 0.06 0.25 0.008-1
1995-1996 0.06 (1x) 0.12 (0.5x) 0.015-0.5
1997-1998 0.12 (2x) 0.25 (1x) 0.015-1
1999 0.12 (2x) 0.5 (2x) 0.015-0.5
2000 0.12 2x) 0.5 (2x) 0.008-0.5
2001 0.25 (4x) 0.5 2x) 0.008-0.5
2002 0.12 (2x) 0.25 (1x) 0.008-2
Spectinomycin 19931994 8 8 2-16
1995-1996 8 (1x) 16 (2x) 4-16
1997-1998 8 (1x) 16 (2x) 4-16
1999 8 (1x) 8 (1x) 2-16
2000 8 (1x) 16 (2x) 2-32
2001 8 (I1x) 16 2%) 2-16
2002 8 (1x) 16 (2x%) 4-16
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of TRNG range between 0.5 and 11% of strains examined

[5].
3.4. Cephalosporin resistance

The proportion of isolates resistant to cefixime (MIC >
0.5 mg/l) was very low, ranging from 0 to 3.2% during the
study period (Fig. 1). The MICsg and MICyq values for the
isolates in 2002 were only two-fold higher than isolates in
1993-1994. There were no significant changes in the gono-
coccal susceptibility to ceftriaxone. The MICsp and MICgyg
values of this agent for the isolates in the year 2002 were
similar to those in 1993—-1994 (Table 2). Only one isolate in
the year 2000 showed reduced susceptibility to ceftriaxone
(MIC = 0.5 mg/1). These data indicates that most gonococcal
isolates are susceptible to ceftriaxone and cefixime. These
later generation cephalosporins are very important agents in
the treatment of gonorrhoea as resistance to fluoroquinolone,
penicillin and tetracycline accelerates in Japan.

3.5. Spectinomycin resistance

No isolate resistant to spectinomycin (MIC = 128 mg/l)
was detected and there were no significant changes in the
gonococcal susceptibility to spectinomycin during this pe-
riod. The MICsy value of spectinomycin for the isolates
in the year 2002 was similar to that in 1993-1994. The
MICyg value for the 2002 isolates was only two-fold higher
than for isolates in 1993-1994 (Table 2). A single dose of
spectinomycin (2g) is one of first-line regimens for gon-

orrhoea recommended by the Japanese Society for Sexu-
ally Transmitted Diseases and is one of the alternative regi-
mens used in the United States [6] and the United Kingdom
[7]. Our resulis corroborate that a single dose of spectino-
mycin, as one of first-line regimens, is still effective against
gonococcal infection. However, only a small number of
spectinomycin-resistant N. gonorrhoeae were found in some
Western Pacific countries [5].

3.6. Azithromycin resistance

There were no significant changes in the gonococcal sus-
ceptibility to azithromycin during the study period. The
MICsp value of azithromycin for the isolates in 2002 was
only two-fold higher than for isolates in 19931994, The
MICyq of this agent for the isolates in 2002 were equal to
that in 1993-1994 (Table 2). Although azithromycin is not
recommended currently for gonococcal infection in Japan,
the agent could be one of the regimens to be used in gonor-
rhoea caused by isolates resistant to penicillin, tetracycline
and/or ciprofloxacin.

3.7. Multidrug resistance

The proportion of isolates of non-B-lactamase producing
N. gonorrhoeae (non-PPNG) resistant to any three antibi-
otics among penicillin, tetracycline and ciprofioxacin dur-
ing three periods are shown in Fig. 2. Only five (3.1%)
out of 159 non-PPNG isolates in 1997 were resistant to
both penicillin and ciprofloxacin. Three types of isolates

100
80
B PC-R/TC-R/FQ-R
60 s TC-R/CF-R
o PC-R/CF-R
PC-R/TC-R
40 oCF-R
oTC-R
oPC-R
20
05
0 3.3
1997 1999 2002
Year

Fig. 2. Changes in the proportion of isolates of non-PPNG resistant to any three antibiotics among penicillin, tetracycline and ciprofloxacin. PC-R:
penicillin resistance; TC-R: tetracycline resistance; and CF-R: ciprofloxacin resistance.
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Fig. 3. Changes in the auxotypes of N. gonorrhoeac isolates.

resistant to two antibiotics accounted for 3.3-4.5% of the
173 non-PPNG isolates in 1999. Of the 209 non-PPNG iso-
lates in 2002, three types of isolates resistant to two antibi-
otics accounted for 2.4-12.4%. Multidrug-resistant isolates
(resistant to penicillin, tetracycline and ciprofloxacin) were
significantly increased from 1999 (0.8%) to 2002 (11.0%)
(P = 0.0002). These results suggest that the isolates show-
ing resistance to ciprofloxacin have chromosomal mutations
in gyrA with or without parC genes that may be combined
with well-known chromosomal mutations at other loci such
as penA (decreased binding to PBP2) [8], penB (reduced
porin permeability) [9] and msr (mutidrug efflux pump) {10].
The treatment of gonorrhoea will therefore becomes more
and more complicated due to multidrug resistance to a va-
riety of antimicrobial agents.

3.8. Auxotype

Auxotyping is a useful epidemiological marker for mon-
itoring gonococcal epidemics. In various south-east Asian
countries, both prototrophic and proline-requring isolates
have been reported to be prevalent {11,12]. In this study,
the three predominant auxotypes were prototrophic (29.5%),
proline-requiring (50.6%) and arginine-requiring (11.6%) in
a total of 502 isolates tested (Fig. 3). There were dramatic
changes in the proportion of these auxotypes. The propor-
tion of prototrophic isolates significantly decreased from
84.4% in 1992-1993 to 7.7% in 2001 (P < 0.0001), while
that of the proline-requiring isolates significantly increased
from 4.4% in 1992-1993 and 80.8% in 2001 (P < 0.0001).
The proportion of arginine-requiring isolates increased from

o Susceptible

Intermediate

@ Resistant J

100

75

% 50

25

0 1

Prototrophic (n=16)

Proline-requiring {n=168)  Arginine-requiring {(n=15)

Fig. 4. Relationship between auxotype and ciprofloxacin susceptibility in N. gonorrhoeae isolates.
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Fig. 5. Comparison of amino acid substitution within QRDR in the GyrA protein between gonococcal isolates in 1992-1998 and 1999.

3.3% in 1992-1993 to 25.9% in 1995-1996 and then de-
creased to 7.2% in 2002. These data suggest that an as-
sociation exists between the increase in the proportion of
fluoroquinolone-resistant gonococci and the increase in the
proportion of proline-requring isolates.

We then examined the association between gonococcal
auxotype and ciprofloxacin susceptibility in 208 gonococcal
isolates in 2001. Significant differences were seen in the sus-
ceptibility to ciprofloxacin among the auxotypes. The resuits
are shown in Fig. 4. Of 168 proline-requiring isolates, 130
(77.4%) were resistant to ciprofloxacin, 31 (18.5%) were in-

termediate and only the remaining 7 (4.2%) were suscepti-
ble. Of 15 arginine-requiring isolates, no isolate was resistant
to ciprofloxacin, | (6.7%) was intermediate and the remain-
ing 14 (93.3%) were susceptible. Of 16 prototrophic isolates,
2 (12.5%) were resistant to ciprofloxacin, 1 (6.3%) was in-
termediate and the remaining 13 (81.3%) were susceptible.
These results indicated that the proline-requiring isolates
were more resistant to fluoroguinolone than the prototrophic
isolates or arginine-requiring isolates. Proline-requiring iso-
lates are generally less susceptible to antibiotics such as
penicillins or cephalosporins than prototrophic isolates. This

80
[bisolates in 1992-98 ® isolates in 1999 |
60
% 40
20
. FL — ﬂ —
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-Asp-Asn|87-Ser-Arg| 87-Ser-lle| 88-Ser-Pro Lys, GIn 92-Ala-Gly {116-Arg-His
D isolates in 1992-98 13.7 9.8 56.9 13.7 2 2
& isolates in 1999 5.5 437 42.6 55 0 05

Fig. 6. Comparison of amino acid substitution within QRDR in the ParC proteins between gonococcal isolates in 1992-1998 and 1999.
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has been reported previously for non-PPNG [13,14] and in
PPNG [15]. Therefore, proline-requiring gonococcal isolates
may acquire chromosomal-mediated resistance not onh to
B-lactams but also to structurally unrelated fluoroquinoloies
than do non-requiring isolates.

3.9. Substitution in GyrA and ParC

We also investigated the genetic alterations within QRDR
in the gyrA and parC genes in the isolates susceptible or
resistant to ciprofioxacin. The frequently identified subsiitu-
tions were a serine to phenylalanine substitution at position
91 (Ser-91 in N. gonorrhocae GyrA corresponds to Ser-87 in
Escherichia coli [16]) and an aspartic acid to asparagin: or
glycine substitution at position 95 within GyrA in both iso-
lates of 1992-1998 and1999 (Fig. 5). The frequently iden-
tified substitutions were a serine to proline substitution at
position 88, an aspartic acid to asparagine substitution at
position 86 and a glutamic acid to glycine, lysine or glu-
tamine substitution at position 91 in isolates of 1992—-1998.
A serine to arginine substitution at position 87 and a ser-
ine to proline substitution at position 88 within ParC were
identified in the isolates of 1999 (Fig. 6). Interestingly, of
87 isolates resistant to ciprofloxacin in 1999, 2 (2.3%) con-
tained five amino acid substitutions, 30 (34.5%) contained
four amino acid substitutions, 46 (52.9%) contained three
amino acid substitutions, 7 (8.0%) contained two amino acid
substitutions and 2 (2.3%) contained only one amino acid
substitution within the GyrA and ParC proteins. High-level
fluoroquinolone-resistant isolates are accumulating amino
acid substitutions within the GyrA and ParC proteins.

4. Conclusion

In Japan, where high prevalence of fluoroquinolone-resistant

isolates and increasing prevalence of multidrug-resistant
isolates have been shown, ceftriaxone, cefixime or specti-
nomycin are recommended as the first-line treatment regi-
men for gonococcal infections. Fluoroquinolones should be
avoided and the surveillance of antimicrobial resistance of
N. gonorrhoeae, the evolution of high-level fluoroquinolone
resistance and mutidrug resistance, should be continued in
Japan.
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Although we have a remarkable prevalence of sexually transmitted diseases (STD) in Japan, we did not have
the precise epidemiological surveillance of STD. Our research group, which received a grant from the MHW,
has been conducting a sentinel surveillance of STD in 9 model prefectures since 1998, with the strong
cooperation of the Japanese Medical Association and local related Medical Associations in 9 prefectures.

From this surveillance, we calculated the incidence rates per 100,000 persons per year with STDs, that is,
chancroid, syphilis, gonococcal infection, condyloma acuminatum, genital herpes genital chlamydial infection,
genital non-gonococcal non-chlamydial infection & trichomonas.

This is the report about such a sentinel surveillance of STDs surveyed in 2002, that is, the third report in our
report series of Japanese Sentinel Surveillance of STDs.

The response rate of this year's surveillance was 81%. This survey collected the information about all STD
cases which visited to gynecological, urological, dermatological and STD clinics in 9 model prefectures in June
and November in 2002. The incidence rates per 100,000 persons a year and male/female rates of each STD
are as follows.

Total STD 630.6 (1.14), chancroid 0.2 (female case 0.1), syphilis 4.0 (0.88), gonococcal infection 104.9 (0.32),
condyloma acuminatum 31.5 (1.09), genital herpes 57.7 (1.91), genital chlamydial infection 223.4 (1.78), genital
non-gono, non-chlamydial infection 202.4 (1.09), trichomonas 6.6 {3.13).

In general, the number of female STD cases is greater than the number of male cases. The male/female ratio
in all STDs is 1.14. 48.9% of STD cases were reported from gynecological clinics, and then 45.1% from
urological clinics and 5.4% from dermatological clinics.

The incidence rates of all STDs in 2002 compared to those in 2000 reveal an increase of 6.3% in women
and 22% in men. Especially, genital chlamydial infection has an increase of 65% in women and 26% in men.
The great prevalence of various STDs in Japan suggests that we will have a very dangerous condition of public
health in the future because the prevalence of HIV infection is said to tightly correspond with such a classical
STD prevalence.
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BREESNEESARICRA<ZOTN\DERENZ RBE
[CEBEEEPNCHEDOEBIY - DRKITEIZ OB
TLHDTHY . ZOASHRIADP T, HRERAES A
HLT\D, ZDEH. SOBOBRRETOEREMSV
DUVE dirty disease ER{UIF SV W DEBNIEM
EFCHTD EERETRNIHRE 22 DDH D,
LABMRRRESE L TOI 7 X/HIV BRI E BN
RV, DVR—LEFEARERBICRDOL TSHD.
risk DB WERNSEDB TE X, IVR—LERTHED
—MEL TLVELY (Flg. 27 3.

CNBOZ ENEREL TEHEL D THRRIEND
BWESRICSNTEZIHFVDAE XIED “un-
touchable 7 dirty disease” &L T2 DERMAKRES
HEVMNETDELN,

L7 LZDORSAREVRBIV DAL DINDERZE D <fx
(2, SPBEDDPICKARTLUTUDRT. @R EED
RBEEE . ZNICEDIEVIERBE DL WERER
FEORENERNTSETHERELBODENDEBES R
3, C&R2, FBERIUERDR \RIDORNODTES
ENBVEEHDEHBADND, &2 BEDER
BEESTEHTEERBE - EVRRREEREY—D
BIMEEN T\ DMBRPEBORESE. BERENDE
EMHARBNED. “BNK EENON MBI TNDK &
EoTH. BEEMDBU data DIESH. HEOBHERE-
PDEEAHTHEINEE D TELY,

Z2THIUONEBEREDRAUCAD . B9 €T
JVEDBREMSOBEBNEHE DL #ELFEHE
MRRMESERID 1/19 &#7/\—L. BEBHEDOIN 81%
DEXRESHCKRD. 8 BOMRPE (e, MmN
R REDIVIO-Y. BMETE. BRUIDEF AR
iE. WEREAE., MBD ST PRPME. FEMB - FED
STIPHMERN) I2DE. BUBIOFHA 10 DA
BEXNLURSENRAHESHL . MEEBROE
EEEANBFELTHEEHTHRSEL TND, COBS
PBElE 1998 EEICHFD . ABED 2002 FETK
3TT2DT. FREHCOBRFBEARBSEL TR
BERDHY. CORKNESRXERRETERICER.
BEND “MREMEELTO HIV B CEBIE DR
HERBREBIHBRICENEND L EHFL T\ D,
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1. RERBOECREERGE

E S MAKYD., 2NEN 1 FEETIVEZERU. £
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MRREEMC DEP T —RBEZEMTLE. Table
1 ZRLEN<BELEODIZ 6 B4 4,680 &R 11 8
HA 4,546 HERTH Do |

FHENS AOIR39,765906 AT, AHLEAD
125,439,273 AD 31.7% (0 1/3 ) CHiED. FBE
ARSI 6 BHARU 11 BET. ERAM 1/6 22 De €
D& ARAE(G 2002 FEDEHREIVED 19 DD 1
HEREL TNBSEICRBBEEITND,
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LTUTZEETDZLICTD)
GHIBREMHMSSN T DI PRBERIE TOAERIC
DTl FREERIE L TREEZTZ, EE. 20D
BEZ. FERBRHIDBONETSIIPHRUID
STIUPHMSBROERNICEDE, RREREZZED
2 BCHRIDBIL. ENENDT SZIPRBRIERUIE
DSZTIUPRBIEDIERIRICIEL T, RIRESHET
Bz,

3. REIBRUMEINDN

PEMBL. ZPNFNORERMRDSSROFAEBY
BABECKI>TORLZ, BHBERBMRICIE. T
BEIIR D K - B0 & CHREEFEERETREE R
BEETU. BIRROBECBHE, SROFBAEEBLE
FEOTICORESNEHERBLE. BEIREBERNS
LEBPEMEBMPROTICED . TNTOMSHLEZEST
BDoE,

Mt 6 BEAU 11 BEOZIETIVROE .

BlEENZENOATERSIL. SERBPEBICALO 10D
A - ENRBREHEEELUE, 20T, WHOYY
B%& 2002 EEOSHRBPEOAD 10 DA - EXERE
RELE, EBIC. ZORBREBVABEADEERIC,
A BT DBMBRREDOFEEFNRE—IOHEEEHL
Zo

1. BELQIRK (Table 1)

Table 1 CBVBERICSFDONKRERLED . RIZ
FVHDRED/NNSYFEHDEH. HIYOREKF 6 B
H980.5%. 11 AHE81.6%T. ZHRELTH81.0%&
BOE. COMDANIBZFHECL TL. DB0E
EOOWNEKTHDES X Do

2. EENBIOUHRBPERSESNSH (Fe 1. 2)

FI. BECOZERD. CORBM BIVERZIR
LTWBDEFEHTHE, Fig. 1 TRORDZHICT
L7z all STD OZERBENDHRERDE. ERAR
7 48.9% . HBD STD EMZESZRL TNDI EAD
D Do DUNTIMREERI 45.1%THD . RBENDSLHHD
BBENT D 5.4%CIEFDTUND,

%Eﬁé%ﬂlg%ﬂﬁt@ SENODRERITTND

SZRBENCHITDEEEENENICHRETLIZEDE
FlB.’I EBRICRL THD, MERBRPEDS DECTH
STD [FU\EE “WRESNEL TH DM REDI IO~
T, MBAILRR, MEBTS=IRPIE. FEM - I
MEBBNBED “FUVVERIMER FTNT ERAR
B THDHZEDRESNTND,

W, DERPICEZTDHEE STD DHEFEHE
Table 1 FAEMERE - EINE
20024E 5 6 AKARE 2002EE N AHIAE 2002 ERE S
g EUE | EBRE | MR ENE | EMER | MEERER | BN @R
deiEE 639 513 80.3 629 512 81.4 1268 1025 80.8
BF 224 196 87.5 224 199 88.8 448 395 88.2
SRR 490 463 94.5 476 446 93.7 966 909 94 .1
240 659 649 98.5 658 641 97.4 1317 1290 97.9
KER 1777 1285 72.3 1565 1132 72.3 3342 2417 72.3
RE 809 609 75.3 795 567 71.3 1604 1176 73.3
L& 339 259 76.4 360 339 94.2 699 598 85.6
= 180 150 83.3 178 153 86.0 358 303 84.6
& 694 556 80.1 689 557 80.8 1383 1113 80.5
a5t 5811 4680 80.5 5574 4546 81.6 11385 9226 81.0
20

-360-



