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Abstract The spread of antimicrobial-resistant Neisse-
ria gonorrhoeae worldwide is a critical issue in the con-
trol of sexually transmitted infections. The purpose of this
study was to clarify recent trends in the susceptibility of
N. gonorrhoeae to various antimicrobial agents and to
compare these data with our previous data. Minimum
inhibitorys concentrations (MICs) of various antimicrobial
agents wvere determined in N. gonorrhoeae strains
clinically isolated from male gonococcal urethritis. In
addition, amino acid sequencing of penicillin-binding
protein (PBP) 2, encoded by the penA gene, was analyzed
so that genetic analysis of mosaic PBP 2 could clarify
the susceptibility of the strains to cefixime and other
cephalosporins. The susceptibility rate for ceftriaxone,
cefodizime, and spectinomycin, agents whose use is rec-
ommended by the guideline of the Japanese Society of
Sexually Transmitted Infections (JSSTI), was 100 %. The
susceptibility rates of the strains to penicillin G and cip-
rofloxacin were lower than those in previous reports.
Mosaic PBP 2 structures were detected in 51.9 % of the
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strains and the MICs of the strains with the mosaic PBP 2
to cefixime were much higher than those of the strains
without the mosaic PBP 2. In the clinical situation, the
treatment regimen recommended by the JSSTI remains
appropriate; however, the susceptibility to cephalosporins
should be intensively surveyed because strains with
mosaic PBP 2 were commonly detected.

Keywords Neisseria gonorrhoeae - Antimicrobial
resistance - Penicillin-binding protein - Urethritis

Introduction

The current problem with Neisseria gonorrhoeae, the
pathogen of male gonococcal urethritis, is the spread
of antimicrobial-resistant strains. Quinolone-resistant
N. gonorrhoeae (QRNQG), in particular, is widely spreading
throughout many countries [1]. In addition, cefozopran-
resistant N. gonorrhoeae (CZRNG), defined as strains
resistant to almost all the cephalosporins except for cef-
triaxone (CTRX) and cefodizime (CDZM) [2], has been
observed, and the emergence of CTRX-resistant N. gon-
orrhoeae has been reported in Japan [3]. In recent years,
strains with reduced susceptibility to cephalosporins,
especially cefixime (CFIX), have been widely reported and
such strains have been shown to possess mosaic penicillin-
binding protein (PBP) 2 [4]. Therefore, it is critically
important to survey the susceptibility to antimicrobial
agents in clinical isolates of N. gonorrhoeae regionally
when we determine whether the optimal treatment can be
performed. In this study, we assessed the susceptibilities to
several antimicrobial agents and analyzed the molecular
mechanism of reduced susceptibility to CFIX in clinical
isolates of N. gonorrhoeae in Sapporo, Japan.
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Materials and methods
Bacterial strains

N. gonorrhoeae was isolated from male patients with
gonococcal urethritis clinically diagnosed by expert urol-
ogists between January 2007 and January 2009. Pus dis-
charged from the external urethral meatus was collected as
the specimen. We obtained 52 clinical isolates from these
patients. The specimens were inoculated on Thayer-Martin
selective agar (Becton-Dickinson, Franklin Lakes, NIJ,
USA) and incubated at 35 °C for 24-48 hin a 5 % CO,
atmosphere. N. gonorrhoeae was identified as a gram-
negative diplococcus by positive oxidase reaction. Finally, to
confirm the identification, N. gonorrhoeae was identified
using Gonochek II (Cosmo Bio, Tokyo, Japan). Strains
ATCC49226 and FA1090 (ATCC700825) were obtained
from the American Type Culture Collection. ATCC49226
was used as a quality control for susceptibility testing and
FA1090 was used as a reference strain for the genetic analysis.

Antimicrobial susceptibility test

The minimum inhibitory concentrations (MICs) of peni-
cillin G (PCG), amoxicillin (AMPC), ceftriaxone (CTRX),
cefodizime (CDZM), cefixime (CFIX), cefditoren (CDTR),
spectinomycin (SPCM), azithromycin (AZM), tetracycline
(TC), minocycline (MINO), ciprofloxacin (CPFX), levo-
floxacin (ILVFX), prulifloxacin (PUFX), and fosfomycin
(FOM) against clinically isolated N. gonorrhoeae were
determined using GC agar base (Becton-Dickinson) with
1 % IsoVitalX enrichment (Becton-Dickinson) according
to the Clinical and Laboratory Standards Institute (CLS)
procedure [5]. We compared the antimicrobial suscepti-
bilities to the above antimicrobial agents in clinical isolates
with those found in our previous reports {6, 7].

We defined the MIC50 as the concentration at which
50 % of isolates were inhibited and the MIC90 as that at
which 90 % of them were inhibited. The MIC breakpoints
for PCG, CTRX, CFIX, SPCM, TC, and CPFX were defined
according to the report of the CLSI [5]. Although the MIC
breakpoints for CDZM, MINO, and LVEX were not defined
in the report of the CLSI [5], they could be predicted from a
previous report [8]. The susceptibility rate was defined as the
proportion of strains with an MIC value of the breakpoint or
less divided by the total number of strains.

Classification of PBP 1 and PBP 2

Full-length ponA and penA genes were amplified from
genomic DNA by polymerase chain reaction (PCR). The
primers used for PCR amplification, and the conditions of
PCR and sequencing were reported in detail previously [9].

We especially investigated mosaic PBP 2 and analyzed the
translated amino acid sequences of mosaic PBP 2 to
compare them with those in previous reports. In the report
by Takahata et al. [9], strains classified as group I had no
alteration at any mosaic mutation in PBP 2 and no alter-
ation at amino acid 421 in PBP 1. Takahata et al. [9] also
classified the strains into subgroups Ta, Ib, Ic, and Id
according to the pattern of the amino acid substitutions.
Strains classified as group I had no alteration at a mosaic
mutation in PBP 2 and possessed the L421P mutation in
PBP 1; the group II strains were classified into subgroups
IIa, IIb, Ic, and IId according to the pattern of the amino
acid substitutions. Strains classified as group Il had both
the L421P mutation in PBP 1 and mosaic PBP 2, and were
classified into subgroups Illa, IlIb, Illc, Id, and Ille.
‘When any strains did not fit these classifications [9], we
classified them into additional groups and/or subgroups.
The mosaic-like structure of PBP 2 was classified into four
types according to the above report by Takahata et al. [9].
Because the report by Takahata et al. [9] revealed that the
amino acid substitutions in N. gonorrhoeae were respon-
sible for its reduced susceptibility to CFIX, we analyzed
the association between the pattern of the amino acid
substitutions in each strain and the geometric mean MIC in
each (sub)group. The geometric mean MIC indicates the
typical value of a set of MICs in each group. The increases
in the geometric mean MICs for the strains in each (sub)-
group were calculated, considering the MIC in the group Ia
strains to have the value of 1.

Results
Antimicrobial susceptibility

Antimicrobial sensitivity tests were done and MICs were
determined in 51 of the 52 clinical isolates of N. gonor-
rhoeae because 1 isolate did not grow well enough to allow
determination. The susceptibility rate to PCG was extre-
mely low and that to quinolone was also low. However, the
susceptibility rate to CFIX was 92.2 %. No strains resistant
to CTRX or SPCM were found (Table 1).

The changes in MIC values and susceptibility rates in
clinical isolates of N. gonorrhoeae obtained from 1998 [6],
2001 [7], and 2007-2009 showed decreased susceptibility
to PCG and CPFX. The susceptibility to CFIX had
decreased slightly. The susceptibility rate for CTRX and
SPCM was 100 %; however, the values for the ranges of
the MIC, MIC50, and MIC90 for SPCM have been
increasing recently {Table 2). Although SPCM can still be
recommended for the treatment of male gonococcal ure-
thritis, strains with low susceptibility to this agent were
predominant in the clinical isolates.
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Table 1T Minimum inhibitory

concentration (MIC) values and Antimicrobials MIC breakpoint MIC (pg/mL) rSatizc?yi/t:;nhty
susceptibility rates in Neisseria Range MIC50 MIC90
gonorrhoeete clinical isolates
PCG 0.06 <0.03-4 1 4 39
AMPC - 0.25-8 2 8 -
CTRX 0.25 <0.008-0.06 0.03 0.06 100
CDZM 2 <0.008-0.016 <0.008 0.016 100
CFIX 0.25 <0.008-0.5 0.06 0.25 92.2
CDTR - <0.008-0.5 0.06 0.5 -
PCG penicillin G, AMPC SPCM 32 §-32 32 32 100
amoxicillin, CTRX ceftriaxone, AZM - 0.016-1 0.12 i -
CDZM cefodizime, CFIX TC 0.25 0.12-4 1 4 21.6
cefixime, CDTR cefditoren, MINO 0.25 0.06-1 0.25 05 52.9
SPCM spectinomycin, AZM
azithromycin, TC tetracycline, CPFX 0.06 =0.008-16 8 8 255
MINO minecycline, CPFX LVFX 0.25 <0.008-8 4 8 27.5
ciprofloxacin, LVFX PUFX - <0.008-3 4 8 -
levofloxacin, PUFX _ - N
prulifloxacin, FOM fosfomycin FoM 8-16 16 16
TableZ Changes in MIC oo hials MIC 1998 (N = 54) 2001 (N = 65)  2007-2009 (N = 51)
values and susceptibility rates in
clinical isolates of N. PCG Ranee _ 0.03-2 <0.03-4
gonorrhoecee from 1998 [6], i -
2001 [7], and 2007-2009 MICS0 - 05 !
MIC90 - 2 4
Susceptibility rate ( %) - 26.2 39
CTRX Range ~ <0.008-0.25 <0.008-0.06
MIC50 - <0.008 0.03
MIC90 - 0.06 0.06
Susceptibility rate ( %)  —~ 100 100
CFIX Range - <0.008-0.25 <0.008-0.5
MIC50 - 0.015 0.06
MIC90 - 0.12 0.25
Susceptibility rate ( %)  ~ 100 92.2
SPCM Range 2-8 2-16 8-32
MICS0 8 8 32
MIC90 8 16 32
Susceptibility rate ( %) 100 100 100
CPEX Range <0.008-8 <0.008-32 <0.008-16
MIC50 0.125 0.25 8
MIC90 0.5 8 8
Susceptibility rate ( %)  44.4 323 255

Mutations of PBP 1 and PBP 2 in the clinical isolates

The complete sequences of the ponA and penA genes were
determines for all 52 clinical isolates of N. gonorrhoeae.
Amino acid substitutions were identified by comparison
with those obtained from the CFIX-susceptible strain N.
gonorrhoeae FA1090. The classification of PBP mutations
is shown in Table 3. Five strains were classified as group Ia
and 6 strains were classified as group Ib. One strain was

@ Springer

classified as group Ie, because deletion of R345 was
observed; this strain was not observed in the report by
Takahashi et al. [9]. Nine strains were classified as group
IId. Two strains classified as group Ie possessed the L421P
mutation in PBP 1 but did not have any mutations in PBP
2. Group IIf and IIg strains also possessed the L421P
mutation in PBP 1, but their PBP 2 mutations were dif-
ferent from those in groups IId and Me. Mosaic-like
structures of PBP 2 were detected in 27 strains (51.9 %) in
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B T T this study; 10 of these strains were classified as groups IIIf,
g, IIIh, and IVa, which were not detected in the previous
e N study [9]. Group IVa had a unique pattern, because this
strain possessed the mosaic-like structures in PBP 2 but not
the L421P mutation in PBP 1. The strains in group Ila,
U S L which were identical with PBP 2X reported by Ito et al.
[10] and those in group Ulg, which were identical with SF-
A reported by Pandori et al. {11], were the major popula-
tion of N. gonorrhoeae clinical isolates with the mosaic-
like structure of PBP 2 obtained in Sapporo.

Susceptibilities to penicillin and cephalosporins
Sl 1101 1wy v al- and mutations of PBPs

1]

542 545 549 552 555 556 566 574 575
K
Q
Q
Q
Q

Table 4 shows a summary of the strains’ susceptibilities
to penicillin and cephalosporins according to the group
classifications (the ranges of MIC, MIC50, and MIC90
for CFIX and CTRX in the 27 strains with a mosaic-
like structure of PBP 2 were 0.06-0.5, 0.25, 0.5, and
0.008-0.06, 0.03, and 0.06, respectively). We also analyzed
the association between mutations in PBPs and antimi-
crobial susceptibility, and the results are shown in Table 5.
We distinguished five subgroups, Ia, Ib, IId, IIlg, and IlIa,
because each subgroup included 5 or more strains that
could be analyzed. The geometric mean MICs of PCG,
AMPC, and CDTR were significantly higher in subgroup
11d and group III compared with these MICs in group I. The
geometric mean MIC of CFIX was higher in group III than
that in groups I and II. The geometric mean MIC of CTRX
was higher in subgroup IIJa than in groups I and II; how-
ever, the geometric mean MIC of CDZM did not fluctuate
in any group.

504 510 512 516 541

0
A
v
v
v

R345 deletion

R345 deletion
None

PBP2
1-500
None
None
None
None
Mosaic—1
Mosaic—2
Mosaic—4
Mosaic—4
Mosaic~|
Mosaic—1
Mosaic—1

537 761

Discussion

375 421
L
P
P
P
P
P
P
P
P
P
P

In this study, therc were a few N. gonorrhoeae strains that
were susceptible to penicillin, though the susceptibility rate
was lower than in 2002 [7]. Low susceptibility to penicillin
antimicrobials is also common in other regions in Japan
[12, 13]. These resistant strains are presumed to have
mostly chromosomally mediated resistance to penicillin.
When penicillin-resistant N. gonorrhoeae was first detec-
ted, most of these strains were penicillinase-producing
N. gonorrhoeae (PPNG) [6], but that is not the case now.
Penicillin with a penicillinase inhibitor might still be
effective against PPNG; however, penicillin itself can no
longer be recommended as an effective treatment regimen
for gonococcal urethritis.

The guideline of the Japanese Society of Sexually
Transmitted Infections (JSSTI) clearly shows only 3 anti-
microbial agents, CTRX, CDZM, and SPCM, as the rec-
ommended treatment regimens for patients with gonococcal

PBP1
1

Number
of isolates

TN SN NI o R e T e [

This study
I
1
n
144
v

Y
C
C
‘The strains in group Ifla were identical to PBP 2X reported by Ito et al. {10] and those in group IIlg were identical to SF-A reported by Pandori et al. {

Table 3 Amino acid substitutions identified in penicillin-binding protein (PBP) | and mosaic PBP 2 in the N. gonorrhoeae strains

Group Subgroup Group Subgroup
1
it
Il

Classification
Takahata et al. [9]

I

3t
i
111
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Table 4 Susceptibility to antimicrobial agents in the N. gonorrhoeae straing with PBP | mutation and mosaic PBP 2

Classification Number MIC
o e PCG AMPC CFIX CTRX cpzM CDTR

Group Subgroup Range Geometric  Range  Geometric  Range Geometric  Range Geometric  Range Geometric  Range Geometric
mean MIC mean MIC mean MIC mean MIC mean MIC mean MIC

I a 5 0.06-0.12 0.10 0.25-0.5 033 0.008 0.01 0.008 0.01 0.008 0.01 0.008 0.01

I b 6 0.12-0.25 0.20 0.5 0.50 0.008 0.01 0.008 0.01 0.008 0.01 0.016-0.03 0.02

1 e 1 0.03 - 0.03 - ND - ND - ND - 0.008 -

I d 9 0.25-2 1.50 1-2 1.70 0.008-0.03 0.02 0.008-0.03 0.02 0.008-0.016 0.01 0.008-0.25 0.1

I e 2 0.12-0.5 020 0.5-1 0.70 0.008 0.01 0.008 0.01 0.008 0.01 0.008-0.06 0.03

I f 1 0.03 - 0.25 - 0.008 - 0.008 - 0.008 - 0.008 -

I g 1 0.25 - 0.5 - 0.016 - 0.008 - 0.008 - 0.06 -

I a 15 0.12-4 144 2-8 4.19 0.12-0.5 0.4 0.016-0.06 0.05 0.008-0.016 0.01 0.008-0.5  0.08

I c 1 4 - 8 - 0.5 - 0.06 - 0.016 - 0.5 -

m e 1 0.5 - 1 - 0.06 - 0.008 - 0.008 - 0.016 -

m f 1 i - 4 - 0.25 - 0.03 - 0.008 - 0.06 -

m g 7 0.25-4 0.91 1-4 1.81 0.06-0.12  0.0% 0.008-0.06 0.02 0.008-0.016 0.01 0.008-0.25 0.06

m h 1 2 - 4 - 0.25 - 0.03 - 0.008 - 0.12 -

v a 1 2 - 2 - 0.12 - 0.03 - 0.008 - 0.25 -

ND not determined due to poor growth

¥S

96-08:61 (£107) Jeyiowsy) 0ajuy [
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Table 5 Susceptibility to antimicrobial agents in groups of N. gonorrhocae strains stratifed by PBP mutations

Group-subgroup  PBP [ substitution ~ PBP 2 mosaic ~ Number of straings  PCG ~ AMPC  CFIX CTRX CDzZM  CDTR
Ia None No 5 1.0 1.0 1.0 1.0 1.0 1.0

Ib A357T, Y537C No 6 1.9 15 1.0 1.0 1.0 2.7
1d L421P No 9 14.1 5.2 2.0 2.4 1.3 8.9
Illg 1.421P Yes 7 8.7 5.5 11.1 2.6 1.1 7.1
1la L421P Yes 15 13.8 12.7 29.5 5.7 12 9.7

The geometric mean MIC rates for the strains in each group increased when the geometric mean MIC for the strains in group Ia was regarded as 1

urethritis [14]; this is because isolated strains of N. gonor-
rhoeae in Japan are both quinolone- and penicillin-resistant.
Of note, CFIX, an oral cephalosporin, has been effective for
patients with gonococcal urethritis; however, its suscepti-
bility rate was shown to be decreased in the present study
and in another Japanese study [13]. This trend is visible not
only in Japan but also in the United States, where the per-
centage of N. gonorrhoeae isolates with CFIX MICs of
>0.125 pg/mL has been rapidly increasing since 2009 [15].
In clinical practice, the number of cases with treatment
failure of the CFIX regimen is not negligible. In general,
treatment failure of the CFIX regimen is considered to
occur because the susceptibility rate of CFIX has decreased
recenlly and the standard dose of CFIX in Japan,
300 mg/day, may be a relatively low dose. It is speculated
that the standard dose in Japan may not be high enough for
patients with gonococcal urethritis, However, a case of
CFIX treatment failure with the standard dose used in
Europe and the United States, 400 mg/day, was reported
from the United Kingdom [16]. In view of the situation, the
guideline of the JSSTI has already excluded CFIX from the
standard treatment regimen for gonococcal urethritis [14]
and it secems that the treatment of this condition with oral
cephalosporins should be reconsidered in Europe and the
United States.

In the present study, the clinical isolates showed a
100 % susceptibility rate with the treatment regimens
recommended by the JSSTI, ie., CTRX, CDZM, and
SPCM. The CTRX MIC was low enough for successful
treatment and had not changed in comparison with that in a
previous report [14]. Therefore, CTRX still maintains its
position as the appropriate treatment option for gonococcal
urethritis in this region. However, although the suscepti-
bility rate of SPCM was 100 % for clinical isolates of
N. gonorrhoeae in the present study, the range of its MIC is
gradually increasing. The particular mechanism of the
decreased susceptibility to SPCM could not be clarified and
we should carefully monitor its effectiveness henceforth.

Because PBP 1 and PBP 2 are responsible for the
chromosomally mediated resistance to f-lactams in
N. gonorrhoeae, and because PBP 2, encoded by the pend
gene, has stronger affinity for penicillin than PBP 1,

genetic analysis of PBP 2 will be critical to clarify the
f-lactam resistance of N. gonorrhoeae. Mosaic PBP 2, the
mosaic-like structure of the penAd gene in N. gonorrhoeae,
has about 60 amino acid alterations from the PBP 2 of
susceptible strains. In the particular genetic analysis of
mosaic PBP 2, it has been clearly revealed that reduced
susceptibility to CFIX is strongly associated with three
mutations (G545S, 1312 M, and V316T) in mosaic PBP 2
[9]. In addition, we found new patterns of mosaic PBP 2 in
Japanese N. gonorrhoeae clinical isolates and classified
them into groups Ilg, IiTh, and IVa. The amino acid
alterations in PBP 2 in groups Illg and IVa were identical
to those of SF-A reported by Pandori et al. [11] except for
valine being inserted between 488 and 489 in SF-A. Fur-
thermore, group IVa had an unusual pattern because this
strain possessed the mosaic-like structures in PBP 2 but not
the 1.421P mutation in PBP 1.

Because the association between mosaic PBP 2 patterns
and reduced susceptibility to CFIX and other f-lactams
needs to be clarified, we compared the MICs of the anti-
microbial agents among the subgroups classified by amino
acid alterations. We found increasing MIC rates in the
strains of the groups when the MIC in the strains of sub-
group Ja was considered to be 1. The geometric mean MIC
of CFIX for group IIla strains was about 30 times as high
as that in group Ta, and a previous report [9] showed almost
the same increase in the MIC rate when group I was
compared with group I. Interestingly, the geometric mean
MIC of CFIX for group Illg strains was about 11 times as
high as that for group Ia. These results suggested that the
amino acid alterations in the C-terminal of PBP 2 (from the
position at 549 to 575) affected susceptibility to CFIX with
the geometric mean MIC

Considering previous reports of an N. gonorrhoeae
strain with high-level resistance to CTRX in Japan [3, 4],
trends in the susceptibility to CTRX should be followed
carefully now. In the present study, the MIC90 for CTRX
was 0.06 pg/mL and there was no unfavorable trend of
resistance to CTRX. However, the mean MIC of the strains
in group ITla was six times as high as that in group Ia.
Indeed, the MIC of CTRX in a recently isolated highly
resistant strain was 2 pg/mL and the increased mean MIC
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was speculated to be 33 times that in group Ia [4]. Clini-
cally, although there are no therapeutic difficulties for
patients with gonococcal urethritis at present, the above
report [4] revealed that the MIC of CTRX could be easily
increased by transformation of the pend gene in a strain
with high resistance to CTRX. Therefore, we must con-
tinue to monitor susceptibility to antimicrobial agents
and recommend ordering pretreatment bacterial culture
examination.

In conclusion, in this study, the susceptibility rate of
clinical isolates of N. gonorrhoeae for CTRX, CDZM, and
SPCM was 100 %. In the clinical situation, the treatment
regimen recommended by the JSSTI is still appropriate.
The susceptibility rates of the isolates to PCG and CPFX
were lower than those in previous reports. In addition, the
susceptibility rate of CFIX in this study had decreased and
this decrease might reflect the clinical situation. This study
revealed that susceptibility to CFIX was reduced due to the
presence of mosaic PBP 2, and this finding again confirmed
a previous report. Susceptibility to cephalosporins should
be intensi vely surveyed because strains with mosaic PBP 2
were commonly detected.
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EpMERSNTHD, ER
COIRERRIE [C B MAYEDR
W - SHERICBUICHRTED
D CEDSRHOEND.

THIEAYEORHC, 20 ML EOS ML He RO THERIEICE Eh o™

THAREED B, CIPEIHBUS T A MESE Cd B i, Hipli v~
A7 A WA (herpes simplex virus : HSV) &4, & MRIEAEY A VA
{human immunodeficiency virus : HIV) &3 iE / # K P 0 58 R 4 9 4 3
(acquired immunodeficiency syndrome : AIDS), WHIIEYWE, 75397
HSEIZOWT, BRI, WdE, BWIROTER SISO WTH) EiF 5.

O - IESRICRE T A ERE ©

@ 1P T P52 YRSl ORI - NI s B 2 £ U D
LOVFE @O - HEISRZE D R S N W IE BV OIRECTH Y s
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eHEl, HIV YT, R MEEHTIED e OSTA% 1T - IHSH O IRZS -
EIRTHAE L, ZNDBMOREEE 2% HEIHD 7 v

OfE - WERICHE U A HRBREAERE

© % - IREENES

I - BEHOMERZE, #1UMPLHE 2 ICALhAs,
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2 1INE, HESE b U BRI —< (Treponema pallidum : Tp) BN LU72BRT
2, BERfca ) a ) LRERRCEV N D S IR O NER MR DA L

box [FETH] vy (@).

dvice MEBPEREZRBL T, BLREZERTS
DB TRERSRNUCAE U B MBAVEREICE, ZORRDERORE - WIRIC
CBRLTEUZE0 (5358 18 HSVBE), MATIHICBHD LD D IR
 OEREERO—DELTECRZOD (BBHE2H), TOMBRMECAHLE
| BIOBREOKBAIC SO TELZ SO (HIV BREDODR - IRFFZ) (25
- WehB. ThERERRILT, BYAREERIRY 24EH5H5

E
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ELISA: enZyme—Iinked immunosorbent assay, PA ! particle agglutination, IC: immunochromatograﬁhy.
IFA indirect fluorescent antibody technigue., PCR : polymerase chain reation, SDA : strand displacement
amglification, TMA : transcription mediated amplification.
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o HABPRAER TR, & R 1E, BC2~33hs. SIS
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(431, B

SHEESE 2 i “butterfly appear-
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@ﬁ%%mﬁ&@mﬁﬁé%&wéwﬁﬁ,ﬂyvyﬂmﬁ%KMTméﬁg

HE 0 FIBE S HGRI CHEE S v, F B0 AT 7h 5 Mg L
PRI LI XD WHISENTE 5,

o HE O, RECTEHETOBRRLNS Y, HFAI Do ki ikt
B LTHEMEMWROOFGECHENS (@), FLEABIIK - #4635 &
BRI A9 75 “butterfly appearance” % 235 (@),

o BB NG & D, A T LSRR 2 0

V%,

HSV

#10~30 MARD AN F AR F — T Nty 7 A X o CIE - IHEEA & HSV 2
WG U7z, TUER, MBI, HE 2 DRk (@) %98
THYENH B

240 CHITE DT E FH L WIREER 2 R 2, (BENAE & OB %83 5.

SWRANNRAENRET 2HELH 5.

HIV

S HIV BYe I BES 5 DIEPRRRZ 1, JW, Ml v 4V, Hidw (I
), BERAHObDIHHEN (@), enTbnrI5E (@) %%
T E D 5.

o FRIEMERIE D E (IHEER ) REUBRIED—DTH H A, EBITIE
HIV BSenBRncE S 577, BRI - $AETEITNGS - DIREAL R 2
Ll LIRS 2 in 4, L3805 5.

S HIV LM O BMENE NI L UFI P SHEHBERTW S, bAEICBY
% HIV e B & U° AIDS B#ITIE, 20~40 Ao B EME S ME A
KL, ZO70HERERED HIV BAE b 20~40 RO BHCE . HIV
KA CRETEEEDS {, R, FHREIA LN LMD 5,
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P .
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£ 20067 £D)
B HIV BB 1T 3 5 1 LI IREE
HhIF5E (3K, B

(EEEEER HIV - AIDS

B a7 ILED)

OHE - 75T U7 OIETE~OEAERIERR
al 28 Wit (RAIEEE). REHEETE
bt 205 i (REEER. BBEOSZITEHRE
IFEERAEOLHILRER.

IRSEZETR CRAEIRA SHEIPT RN SNEN T LS.

1B - MEEEIC SRR (T B

xS : p . oSl v B2

WERREE UTDSTEVT | WME - I53Y7

BEBE (S Chiamydia tra- | OWHFAHIE, T2 7 I VT IRMEND AOKSEI, MERTIH
chomatis (c&D. TR BMREIE 22 PR ROER B 252 b i R ERE (@) Thb
* 10 O FRICIIAE EEE BREERIET B ANH Y.

HESOCINE - WEEICRRT D
& OCFPERCHbmED |
HEIEOBREMESORN, |
CTEERIRR D A JU R

TEAROMRERY, ORERIER
RO, TO3DDII—

| Columa 7T XU T OUESBE
T30 O5IVTOBBEBRS, OLEEL, ORMRMK ORERERE, O
s | | 3OOMEESRSNTING. C. trachomatis DRWBHIETHDRALEA
ORsmsnTRmacy | | EBAOREEO LRSS 05 I VT RSN, ERERGEES,
BTEPHBELTLS, C]ORT HBRT, ARBWETIECACOEFIT HRBEORFERSED 5N,
D —BBICIXAEIEBROER, Bt EY WU PERAESBAES
B, —F, WEL BMRESIZEBITI/IZIVFELT HEBRBLEOR
E & 5% C pneumoniae [CHANT C. trachomatis |- KB EREIEEHHT
PEWNVZEDHEBELTUVS,

184088% 7PLIF—  BEEORE
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T X AEATC & v /osd, BURMHY & 2 W4k £ 70 W MEs Y SO
Lo TEET 5.

B

o GEPE TR RIBERE 2 & D 1R - WRSHOMEEIN 280120 Tp 2% AFET B 720,
B COBMDATINCTH B, WP THERRIREE D & 2 45 - CERI L 72
i AT A4 BT 8 Yot LT 57

o PUHTED o 7o AL B D LI D Tp AN LRI S5 T 5 72
W, EEEREOTHOE R ST

WBEILBERIG
© Mg G O & AT PRS0 & 5 45 2 W AR C a9 % ST o dRis
B L3 2 WA O BT & AT . iR

a1
LU, To SOmPRTER:

P LR E DERIG R

LT BRI IR
| DEREED CRANIC
L Uh. MEREBOEEEAT
DI TR

Dok 12

P STS IS A4Er RPR
i (rapid plasma reagin)
LB D, DRI L TPHA
i (Treponema pallidum
¢ hemagglutination assay)
i & FTA-ABS (fluorescent
i treponemal antibody
¢ absorption test) EHBD.
P& 13

| EEEEAESACROMFE
LR DERSTEORIE DN

;“M\ §,§g‘,}':,“ }; 5;4; AT TR B A B ; ;"%’. “; 73 IJ.A o~ 3 I &iﬁf&@ﬁb?ﬁﬁﬁ?ﬁ*‘y t"@)("‘
mﬁEuC%.“/@%%mmﬁbﬁlﬁ& AoNBYAE 1~20H0 A EDREACTRRT
HBOTRACHERT 5. Y

MM OGS, U YRl os vty
HUE L4 A PR PR BEE (serologic tests for DEBMERSEESEOBROBRR

syphilis 1 STS)*'# &, Tp PuliliEdid 5.

213 LHIZSTS @ 2#: & TPHA O EMHA % 1T - -
(), BitkoMa12 STS & & 0 TPHA O ik

FRMEES AU
EYFOBIRE (BFP)'

A CHEZHT 2 (8). ES ity iy
® ZhE TRFETITO T STS, TPHA O + + giﬁ;g;ig%%
TR, S A R 0D 1 B R S A 5 | . ﬁgﬁi%@;f@%%
SRR L A B Z*e - I 4
L S W | BOBBEARIIEDRENT B BEE. 2~4 8%
(CERENUE LS ED

"EYEEEIE (BFP) L BBICRRLTVELTS,

DA - MBI K DBEYE, BB, MR 18
FRIREE, Z8, BIEEYILAREITSTS iBtE
RETBEEND.
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® L HSV $ifiiiascid, HSV & VZV Oldg - 1

CIBBMERGERRE (HFR) OBRROMR
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2 s 8 16 32 64 128 256 512
& 32C 1280 5120 20480  81.920
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' S L hEE ol

Ol R E DB IR,
AT STS BRI TPHA SEOVMEIC ST LTI 5.
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LAMP 3% (loop-mediated isothermal amplification) &, BREHSEH
0 PEEEEHTHEESTE A UOEERSIEE. 1V T7ANI VI LA
BRI IEENICERINTOABC A/ IO NEEFEEL T3 HIV I8
C Ry NORBASBRTEETRTHY, EORRERRIRE T KU BETRRIC HSY
D BRESBEITEBEDCRD T ESTEIRA TS,

]

WEZE YA NVA) W, £72HSV 1 R E 2RI TORIBUSHHET 5700,
MFEHEAGD & HSV Bea BT 5 2 LTS 5.

o [ - INEOHERP ST L 2 AT TH OO0 L VARG, 74V AKHE
O (BRIBEE 2 L), SRR REEBRAI L5 7 4 VARR
OBIIZ X - C, HEBEES» SV A VAT EEEH T2 810k o T
EBWENEH, IRHOBRERThOEHORMBEEL, EBICHSY

* 14 P BRIYENEED NS T ORI R B b O TR WS
BESHIBNT. BEOS |
UREDA CHDUBIMEAD |
PCRICKIDHBLHTBETS
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S, BREED.
SN D HIV BRI, e D5 (®),
o8, PHRRAIT I & L7 1gG Hitk o> B & RHT 5 85 1 ~ 2 IL{CH A
(®) <, BEERI~3PAOYAL Y FYH (Column 74 ¥ F7H] &
B) Adorz £ TG HMIINA T IgM Hifk b B T & 5% 3 AU
EEDMHERDEI R, 94> KO BFHRIENS 1 2 HIEEE T
CESEE L 8B, TgG S XU M Ak E L b HIV 2 7 BER
TH% PUFURERETE 55 4 WRBEESMR S, L) RBORR
T HIV BSEOBH & L LT %,

| BHIVERERIES (REHEE T XBAEAS, 2007 6)

J 15

RO U~ TRETIE, B

REHFEREESBVREDR

BRI BTN |

BET HENERTEED

B LVELISAR TR U L., |

ELISAENBECHERT |

SICHEOBLH IRV T |

0w b (Western blot) &
THEHY DE0 1.

WREMROVINNERY .
(o SUADIOD HIV BERE /AIDS BHEE [HIV BREOBIIER) &0 R

1860%8% FLF— BREOKRE
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HIVACEERT D &, BT IO MR ol
£9 HIV-RNA BSHEIR L, EBICHV R 76
HigM B HIV IR BB T 1gG B HIV T
EDHET S (B), Bk BEE»5 104
BETHRENEEESIRDD L, -0V ARER
TR UBHERIICAS., —RICIThIh S
HIV UERE T, b OPTHRE DS HRAEIE
RIS ICIET 5 & TORBBRECEN, A& TE
1 DHBBEOHNE HIVIGEAS Y -2 J8

B - HRRE SO ICERD RN &1 2 DT
B COBREEYA Y RSN, 2O
> RO RERE T ) @ HIV A L ARFD
BWICHEL, BEAMOBORBRAMETHS.
HIV FUAEENTEN T H, BEIREHRED D™
A2 ROIHTCHH 2 EDERDNBIBEE HIVE
FARE (HIVHF#®E PCRELEYAILASH
B CECRMBO HIV FATERE CHRBTRET
H%5.

T — -

sHIV Ll OB CIEIER 5wy A VATH D, HIV ERBESL HIV 12
5% & B 7 S B e bR TR (R -8 T ae

vav) THIRT A

ME - IS

& WHIEROMA X iR 28 (Topics TR Z-HERT 8R4 ) S0, B
Wk, BEEMIREDY 7 7 3 DT BB OMAN T EER DR, AR

MRk H 5™ (9).

o IR TSR R T O W R, Rl FESE, i
WeENL, DIREHERIR RN, MR A X o TRISEEV It ST
WA ER, OIS THEOWEA D R WEHKRO-—~DEEF 2 Hh

5.

“AROU

=V TREEOHHT

{ %16
COHIVIBINERY, FFEI DI,
PP EODESEDREE
POBCRDIEENELIEDD
T MV ISR NERE
P ORE SRR,
D MAETHRETED. HV
| RO P RRERD
CRSBaRk. 5FvIRRO
PR YA, ROBLKED
| MmRSERATS. MRk
| PRI Gl DRBREERRIT
CODYD TUIELBRD, HIV 8%
| REORHMISEES LB
. SV

L OSEUTISHIING SO
| BB T B IR
DRSS B THD,
L ORBEIRTRVSN TV SIS
P BT R TERL,

WHE D I A 7%

{http://www.Ccrc-group.co.jp/cre/q_and_a/23.

HIV ik 126
HIV B
.

__HIV-RNA
e HIV FifE IgM
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B HIV v—H—OUh~OHIRRH
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O : EEREDESSD.

SEYF
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RENBEHL, O EEREOESSD, & HEREOESD. FEMPPSS. x  ig

EIEREULTHEELED
@GHE - VTIVTOEEREF Y &

wxﬁé‘

 ]??54?@&mmo2
55z
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(R - WOy
PEDTIRBHELS
PCR TIHBIRRG N S OH

EREGEANT, WG

LBVWTPCRIZISZIF
BEBEOHEHTES.

* 18

JeIZL, TMABHEEZD
EUTRABREOHDER
T, B, 0SEIPESSH
—BEOHDOIREL TEEL.

ané/or' '
CHBEUT

HE
and.
77\)7‘

oIHEA L OWE, 79I V7 oRBICE, RESSVEBEIEETH LD
R AT Bl RIEE (polymerase chain reaction : PCR) @7 ¥ 7 2
TOSTDL 79397 bIa=74 A (Wya - ¥AT VI AFA v 2 A
B, OB HRIIEE (strand displacement amplification : SDA) @ BD 7

=759 7®ET CT/GC (HANRZ by - Fod vy V), GEBEME
BEHE (transcription-mediated amplification : TMA) @7 7F 4 <®Combo
2 (BLLveEtr®, @), 2L ELTVE
2SDA B U TMA™ " RIBEHOMKE, 773 V7 RHOWEITRETH 5.

E‘""?‘“ HEH SRR

HEL B AT, SREEVERICEEL<,
—E C B R ETEREIER L THRET
R0 REOBEBREICE HEBREMTH
B % Thayer-Martin EXEHICHEE K > /£
WESOERIERICBREETHAPCERL, R’
BAOARERBICIURBIATHETICERTR

#TH (B). 0% 357 48 BEMKEE T AURE
ZFTZIEO8 %R EDBETHEERHNTES.
MERREZ 2 SRED DR \WERE T ILFI BRI
BLEOOD VS, BE EENECDRE
BHETE, HFRZMERESHETESMEE
LTEERESN TS,

18Bo%8% 7LAF— Wk
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~ COe 7IASA 2

DHEEEREY Y b

I Thayer-Martin BB (FIAEARY b
| FuF Y UB) SREBA AT Y
N (EBHAT A TURE),

5% Thayer-Martin 28K S
SDA I, Fl—#fErbikiE 79 3 V7 oREsL, &b oHh—Fom
ORFEDUTREL - TWh, L o0Ad, WEAT 7% 1135 750
W BRI THAT 5.
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R R R R R R R R R R T R L LT L R T

1) A gn. PERRRE. IRENMBUREECIR 7 b o A0 B LMK AT - SRR 2001,
D.46-65,

2) BARMIRBIESR T A Vo4 »BRE B - GBI A F74 22011 i
£53E 20110 2 suppl.

3) Bl OE MRS L UTEROREE OB & HE HIV EEE I BT A DIENTE
2. AL O, 2006 ¢ 22 1 627-35.
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* 1

transmitied infection :

3.
BRI OMAEICE
YEsRE :

* 2

2.

* 3

EWBERERLDSTD
(sexually transmitted !
diseases) QBEHERLT
WBD, S<OMBRECS |
WTREREERES v |
P EFTBEAILCKELS ¢
BEESLTWATEDERIN |
B LILED, YRPEE |
sexually transmitted |
diseases TIG<, sexually |

snt@m&amnotug

A - EEOBRIORENS |
S PBEEEEICNLT, B
1~4BZBCTERPHE |
B GHEBREECL

EREBTLS | ~2 80 |
SEEEMEOBREES |
3.

@ IHERISARE % 4 U HMIRIME (sexually transmitted infection : STD*' 1243,
W, BRI 4 VR (herpes simplex virus : HSV) BR¥JE, b}
RIERELY 4 WA (human immunodeficiency virus : HIV) BRYAE, HKiEmR
YFE, 79I VTREHEND .

eI L, MORBCEALNEWFHMNLHRERLET .

© BHIANVAZY A4 NV AWESgEO—IE, DRE- IR 277 4
THA - BER ) HEI S BEERRELZRET 5.

O HIV BYE ILESAH S 2~ 4 BEE T3, #50 %DBREHICL v I7vLy
7R BESREROERE & 51, RN REHEADEL S,
e HFDOMBERSRL 7 7 I V7 OREREE, TORSEEMERERYET
50, —ROBRECHFROLZFER, BHE LEEREALNS.

SHBIIAYOA—SFDO—FTH 2SN RA—< (Treponema pallidum
subspecies pallidum : BT Tp) %#WEAL T2 BEERIE" T, K0ods
WB A E 2L HOEB M, FCBHORELE LS

M Ty ITBRELTHLORIC I TE I~ 4o on, #heh
DI L > CHNLIREP R 5.

e 1 ~ 2 HI(RFA oM 2EM) IEPR L W, WERILEFD Ty DEH
%<, ME~OBYEE b L, MFFAMITEEZRT™ 6 3 LRI
HEE VYV, RIBRTHME~ORENT L 20 P b EEE £ 5.
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E4SEE O RAAEICEY 2 ERIET I
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T3] cEN2012F 1 BlcBRSNEe. £/28
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T, 201241k [H—2 Iy 7 AC KDk
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Ay & AU K BHBREICIET 5 QRA PEER
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DEFED S OERSRITHA U A REL
MRS RE CETORENSD, BHE
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BT [AEW] SbRIENS.

(Fe3 5T DRRRIERSEERY PO A B
#B% 1 2001.p.517 &D)

| WEEEHEES DERARPR.
o WBSICBLN B MR 1L, 48 1 I BIAAS, VLT, 45 2 oo il
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LB EHTH S,
VIRAREL - T
na.

o MERE, RVCIINE - MESHICITRT 5.
o s - HEHCIX, 1R, /|, Wbk, BROFOMIIE .

o WML, T X H KA HIETAOKE 8C, KO X I HVHAL) |
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o IR BB RICEET A, ot [BEETIH] v,

o3, WIS, WM BLIRORESS ©, L INOBERY Y5 ‘
LRI, RN 2
~ 3 BRNDBELDD.

f %8
L e, BRTREAUL
| BB CHIET 3.

Pk7

| BREEOESERICZL
[ < BRICYRTBRS. T
| OBSRCEMNESRTD
| ESBEEEIE.

JERR™" 248 .
© WIS - WU TINIMAEHDT. 3~ 6 BHTHRINES 5.

FRARER

o RYe ) HAY 3 HM~ 2 FEFIEOKE 2 M, AT Tp BPEF RN > THA
5K - REREDO—2E LTHELS.

SRIIME (@) L LTHA, HLACAL 2L e SEIK-BELT
R 22 5.

o B & W RO CB £ NS > 1 E § SRET, RECET |
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L. 2 BOmTEERE
LI ZORETED SitE
L CERISNET

o MWIRERS, TEPETON, RIBUBRS, £ 0K RET R ohoRBE OE)

' xa

L MREDFREALE
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FEEBA SRR » TIRICIE XA LT
Fa IR BERLIFE KD & butterfly
appearance” 2L TLS.

(Feir FoiED. JOHNS 1993% &h)

OEBElER 18 B
ROBEUSIBZERD, SRICEUIUCERNTIESES. REE
ENBVRET. ABODBLWFEDLERICELD. OEEESs

DEEL

DI (p.30) BR.

* & i
IREBEBREORAT, ME |
DBVRETSHS. i

* 9 :
HIBREN S EBGEEE |
LW ABUEERET. L |
THBW (5B, REIVY |
O—4, B\EERENSL, |
BENIEEBRILRNIER

LY

* 10
To [ESBIBRDTERED.

bELS.

DTS HIE N,

| ISR DE2

GREEF. JOHNS 20077 &b)
e FFRIMMITREM, DEB, kO% OEFECT, DEHE R, SWEE:
o CURERKERE, &  CERIIBOBBICH - TIMRICEXEET2 L, Fav

PR EIET 72 & 5 %IR8 “butterfly appearance”*® (@) * BT 5.
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© WeiE s SIS AT YIRS S 545 2 IR O BT Cd 5.

2 AR PAE R AT .

IREREEB Dak

@RI NR=D ) Y TH L2, TPl A EOPREITREEY D
B BWHCHAT LI b AR MR OR SR EOAD R L TRAES A,
BRI BIT S 4T L E ) BEND D B 20T 5.

Yy % &) % 1 500mg, #F72id DBECPCG (R¥y I Nz ¥R
F VKA N4 YY) 2 G®) 140 GHAL, %1 H 3RS 5.

RV YT LIVF—-DOBEE,
H 254 %.

o LTI 2~ 4 R, 2T 4~ 8 MR PG T 5.

S IRIEPIATE 0 2~ 12 R TRICEIND, Y=Y v Yo - ANVT AN T —
(Jarisch-Herxheimer) UGS " \23ET 5.

S IEFAIR O, BRRAEIRE STS OFHEIC & 5.

BEIALR A IV AR

o HiA LRI A VA, 18 (HSVD) & 28 (HSV-2) %% 5.

k1

C B TEEDHICT, B0
| REEBDEE LTI
P UTASARISACTED, B
) o “ o ) fBLUBRT B
o LHEFHREUCEATET D, MIBRWRIT R 58 LI SEbh A&, 1~ | ~coumTs~20n5tas
P EDRRGERRL. BT,
§ORIEL. To SCABTEM N
D RS OEBIGERT, &
§ERASVIESIEES S ShE
L TR TpRIEEALD
§OPTERICSHNSH RIS, L)
i ORABASDOIREENES
| ENBETHODCHEENS
i TohSHATUESICY, iR
L ESEITATEPETSS
SFRELIGHH (AMPC (7 €% >3 YR, ABPC (7 ¥ Ykf § o,
| BBORRISRERRICKD
| RN RIED

N R - i %13

A7) VIERRIEE 1 10mg 1 | hmiciy,. mmemen2 ~
12 BRERICREEE - R
DBk - URERAE - PO - T
L OHBOSEDIERD, —BiIc
RN 1BRETICHETD.
EonmEv—Uyya - AL
PONATRIBEW, TR %
D OBICSERT BT EICKBTIVE
§OMFYURBEEZISNTY
P B OBIBTHS0%, Ee
| HTRR75%CHOND. &
| BRI CORSKESSHU
| OBAL, BESANEOH
L RRE RO TIRHIETI LIS
L KOEETIUENDD

& &6

R o e

BELBRISCE, UVEBEOHLIAIEY BREAOTIBTD.

ZMBEET2EETRRE (serologic test for
syphilis : STS) &, ToHRENH B, STSIC
[EH 5 ZH#EX RPR(rapid plasma reagin) 5%
¢, Tp BskICE TPHA(Treponema pallidum
hemagslutination assay : #3& M L RX—< &
e Mk B ERER) & FTA-ABS (fluorescent
treponemal antibody absorption test ; ¥ b
LR R —THATARINGR) EPH25. ELD
ICSTS @ 23%k& TPHA EEMREEZITL, BiED
SEICSTS BELU TPHA EBRE THRESZINY
B INETHFEERTHFLATVWESTS KT
TPHA EEHER, IEaREOBRHTEIER
BAMREIN, KREFERICEBAINDDSH S,
HEHEENE S ESEOBAFRILLL2EEREOHK
BOREEEESEEFY POX—H—ICLUR

STSIFBEHEI~4BLTHBREED. R
PEDMOEIELR ETRBURBHSELD L
DH EMFHBEBY. STS OBMECI T
NMREEREICLSEBPBRERD. To R
1& STS B#ntk 2 ~ SEEN THEE LS.

AR, RAOD Tp HEKT S & STS Huikflila
THYRLHZDT, STS ERELATIRYE
IKBLSNhD. TPHA BBEILARRICHUT LD
BEICEST, AFIRERBRLEV. RIS
Ul hikEa2To 7% BIREROFROHE
®BHBRWIEE, STS HuEEZEEREYICEHL T
EEED 8 EBLUTICET I 2 £ TRRT HLED
H%B. BHEFFBETH STS EBED 16 8L
ERTHE AROT T2 R BBREIDED
N, WESRFEBINT 5.
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