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Table 1 Minimum inhibitory S R Y
concentration (MIC) values and Antimicrobials MIC breakpoint MIC (ng/mL) Susceptibility
o : o rate ( %)
susceptibility rates in Neisseria Range MIC50 MIC90
gonorrhoeae 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 0.25 922
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 1 -
CDZM cefodizime, CFIX TC 0.25 0.12-4 1 4 21.6
cefixime, CDTR cefditoren, MINO 0.25 0.06-1 0.25 0.5 520
SPCM spectinomycin, AZM ) ) ’ ’ ’
azithromycin, 7C tetracycline, CPFX 0.06 <0.008-16 8 8 25.5
MINO minocycline, CPFX LVEX 0.25 <0.008-8 4 8 27.5
ciprofloxacin, LVFX PUFX - <0.008-8 4 8 _
levofloxacin, PUFX
prulifioxacin, FOM fosfomycin FOM _ 8-16 16 16 B
Table 2 Changes in MIC — poicrobials MIC 1998 (N = 54) 2001 (N = 65)  2007-2009 (N = 51)
values and susceptibility rates in
clinical isolates of N. PCG Range _ 0.03-2 <0.03-4
gonorrhoeae from 1998 [6],
2001 [7], and 20072009 MIC50 - 0.5 1
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 ( %) - 100 922
SPCM Range 2-8 2-16 8-32
MIC50 8 8 32
MIC90 8 16 32
Susceptibility rate ( %) 100 100 100
CPFX 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
determined for all 52 clinical isolates of N. gonorrhoeae.
Amino acid substitutions were identified by comparison
with those obtained from the CFIX-susceptible strain N.
gonoirhoeae 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 Ile 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 Ile. Mosaic-like
structures of PBP 2 were detected in 27 strains (51.9 %) in

— 246 —



J Infect Chemother (2013) 19:50-56

53

Table 3 Amino acid substitutions identified in penicillin-binding protein (PBP) 1 and mosaic PBP 2 in the N. gonorrhoeae strains

PBP2

PBPI

11

Number
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542 545 549 552 555 556 566 574 575
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The strains in group Illa were identical to PBP 2X reported by Ito et al. [10] and those in group Illg were identical to SF-A reported by Pandori et al. [11]

this study; 10 of these strains were classified as groups IIIf,
IITg, ITTh, and IVa, which were not detected in the previous
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 Ilfa,

which were identical with PBP 2X reported by Ito et al.
[107 and those in group IIg, 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
and mutations of PBPs

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, IlIg, 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 Illa than in groups I and II; how-
ever, the geometric mean MIC of CDZM did not fluctuate
in any group.

Discussion

In this study, there 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
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Table 4 Susceptibility to antimicrobial agents in the N. gonorrhoeae strains with PBP 1 mutation and mosaic PBP 2

Classification Number MIC
;folates PCG AMPC CFIX CTRX CDZM 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

1 a 5 0.06-0.12 0.10 0.25-0.5 0.33 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

I 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 -

it ' g 1 0.25 - 0.5 - 0.016 - 0.008 - 0.008 - 0.06 -

il a 15 0.12-4 144 2-8 4.19 0.12-0.5 0.24 0.016-0.06 0.05 0.008-0.016 0.01 0.008-0.5  0.08

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

jies e 1 0.5 - 1 - 0.06 - 0.008 - 0.008 - 0.016 -

I f I 1 - 4 - 0.25 - 0.03 - 0.008 - 0.06 -

1L g 7 0.25-4 0.91 14 1.81 0.06-0.12  0.09 0.008-0.06 0.02 0.008-0.016 0.01 0.008-0.25 0.06

1 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

123
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Table 5 Susceptibility to antimicrobial agents in groups of N. gonorrhoeae strains stratifed by PBP mutations

Group-subgroup ~ PBP 1 substitution ~ PBP 2 mosaic ~ Number of strains PCG AMPC CFIX CTRX CDZM 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
1Id 1421P No 9 14.1 52 2.0 2.4 13 8.9
Illg L421P Yes 7 8.7 55 11.1 2.6 1.1 77
IITa L421P Yes 15 13.8 12.7 29.5 5.7 1.2 9.7

The geometric mean MIC rates for the strains in each group increased when the geometric mean MIC for the strains in group la 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
recently 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 seems 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., CIRX, 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 [-lactams in
N. gonorrhoeae, and because PBP 2, encoded by the pernA
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 penA 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 PRP 2
[9]. In addition, we found new patterns of mosaic PBP 2 in
Japanese N. gonorrhoeae clinical isolates and classified
them into groups Ilg, ITTh, 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 L421P mutation in PBP 1.

Because the association between mosaic PBP 2 patterns
and reduced susceptibility to CFIX and other fS-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 Ia, and a previous report [9] showed almost
the same increase in the MIC rate when group III 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/mlL and there was no unfavorable trend of
resistance to CTRX. However, the mean MIC of the strains
in group Illa 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 penA 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 intensively surveyed because strains with mosaic PBP 2
were commonly detected.
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| (RRUNESRSREET LAMPX =V ORBEELSA PA BIEEE

| RHTERL) C) > HIVI iR s (SDAZME =T
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ELISA : enzyme-linked immunosorbent assay, PA : particle agglutination, IC : immunochromatography,
IFA - indirect fluorescent antibody tachnique, PCR : polymerase chain reation, SDA : strand displacement
amplification, TMA : transcription mediated amplification.
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IRFEFETR P RHKEIR G S HEANRTRDSEH SNEV T EHBLN

| OR - EECEEECBRT BRBRE
x9 EME- 5T

HRRES LTDSSEVT | T
RAIE(E Chlamydia tra- | O IHEHDLIKE, 72137 7 I VT7HREENL AOKRSEE, BERTIH
comens = &e. L R SRR S W ERIERR (@) ThH
* 10 A% TAUCOPSE WEE MR SET 2 ADH B

HEOORE - WBICRRT D

& OOFABICHEmED |

BHHEBOBEBEAESONNRK,

ORFEBRPUANNABER | g T T T e e
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RO, CO3DDNY—2 & HSITTORBRREE. OLEREE O ORERERZR O
g;g;ﬁg%@%&% L | 300mEEIHMSNTING. C trachomatis DIRWBIECTHBMABEA |
DrsEsmEREERTS || PRBEAOKERO DRENS 05 IYTHREEND. ANWERSRER,
!
|

BT EHHBELTLD, &5+, HEART ARBRE TIREACOEHNT EBEORFERIBDON,
—EBIC IS POSFREEIRDRERR, B RER, B\ HEREFOBAEH

LB —h MR RHMESIREITISIVTELT FRBEREOR

| B&BBD C pneumonise IHANT C. trachomatis I & BEMERIEEHHT

L ABWZESHBELTVS.
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REOBIREZEORA > b

p BS
o Tp WX BEREDTCE Rz, BN T 2 HEE5 F 70 1 MEa N0 BUS 12
Lo THHiT 5.

BiEE

o TEME TR R BEBE 2 & O LTI - RS DHERFIN AU Tp B8 SFET 5720,
EHRECORMPHINTH 5. BT CHMBE O K 2 # > THRIRL
R A T4 FHF 8K P LBIRT Y.

e MHEN Vo I AHG END LIHEED Tp AR LRHEPET T 57
®, EHRERLTHRERSTHICT).

Pk 11

L oL, Tp EORRBEY
P RUR— EOBRIER
| T, EEFRLEEIERG
| ORI THRANICEE
| T3 BEREBOEEAT
| ISBETERL.

i k12

i STS [KIRHS24E® RPR
i (rapid plasma reagin) H*
P B0 RERZEICETPHA
i (Treponema pallidum
i hemagglutination assay)
i & FTA-ABS (fluorescent
i treponemal antibody

EEIMERIG i absorption test) EH'S2.
o M LI B MAT PR A A £ 5 45 2 WIBIE CIIET 5. ST ORI E%&%ma@mmﬁa
LS 2 IR E R REOBINCIZ L CICHHTH 5. MBHER | crzempaomssns
BT, MBPERATLY % I E X SN a5E, 1~22) et
BOFBRATHET 5. L B
o MFIMLIE EISICIE, Y VIBED ANV Y A K
PHE & T A IREPE A (serologic tests for DEBMERSEEREOBROBER
syphilis : STS)* " &, TpHiRESH 5. ARMBE  RROBR

SHEE NIRRT
BB (BFP)’

elZ LOIZSTS ® 2 & TPHA D EBMRAEZ 1w 2 &
(®), BHROBAEISTS B LU TPHA O &b

ECHEDIT S (B). FNIER"
o Zhi THFHETIT bR T STS, TPHA D% + + gz iﬁg;ﬁ%
, e ik
AR, WA R O B B DS X el
N, SESHEICUA ShoDB g s R
' e ' “H | FOBBRAIBIREDN S HBAE, 2~4 8k
[CARBENAB TS,

‘EVIRRERYE (BFP) [ 8BICRRLTULELTS
DA VR - BERE(CLDERE BER. MR I8
FRIREE, E, BIRWIELRELETSTS Hilsits
REFEAEND.

B Hsv
o 3 SV YitkiaEcid, HSV & VZV (RS - 3
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BUMTERICIE STS BARMES TPHA EOIREIC T LTS &5,
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* 14

BEAHCBLT, BEOB |
VR CHMEBED |
- W HIV

PCR [CKDBHDTEET S
o8, BEELD.

*x 15

AOU—TUIRETE, B
REFERESHVBEOS
BEVTEREATHCEN
BET, HENEETEED

B WELISAE T2 U,

ELISA D BEDBAEFE |
S[CHECBLOIRIYT |
Ow b (Western biot) &

THEERY /7m0 —HREY.

| BRMESRWITED LSBT EABHENTID.

s Topics  # LU HSV Bgigiti+ v b LAMP ORI DR
LAMP 3% (loop-mediated isothermal amplification) &, #HEEHSELH
0B BRETRED DI U OKEBREREE (> TJILI T I1ILAD
TR AEEMICERINTWAA L/ 7O MEREEBES T3 HSV 8
Fv NOBBOREETHTHY, EUIIKEERIRS TL U BETHRIC HSY

PHB YA NVA) B, F/-HSV 18 E 2R THRISUEHFET 5720,
ISR 5 HSV B2 W5 Z LIZHEETH 5

® [IfE - IHHOREL D SR L 2 AT T oD 4 VAGHEE, 74 VAR
OB (BEREIEEZE), SUHAEPRERRREICL D Y1 VARK
OBBIZE o T, HERHEZI S YA NVAZEEIWHTAZ LI T
EBWEINED, THOLOREITVWTNIEHORMEEL, FEHRICHSY
BYSEAFED NS TRCOEFUITRZ B DT ',

® TS8O HIV BEEBITEICE Y, RELED S (©).

@ 4%, PHRRAEICHV SN IgC ko A F i 28 1~ 2 Uit
@) <3, BEHRLI~3PBOIAL Y F78 (Column [ 4~ Foii] &
) Bdoiz. O IgGIRICINZ T IgM FiE b ¢ & 555 3 iUk
FEEMEHENDL EICRY, 74 ¥ FOUSEEM»S 1 hAIBEET
WEME RN &5, IgGHkB X U IgM HifkE & LICHIV 2 7EAE
ThHaPATEELRIETE 28 4 HAREENSE SN, L) RHOER
THIV BEOBW W HEL LTWwA.

| BHVBRELEES (REHBETADESRS, 2007 F)

1. MBHVRGEDRAOU—_ T8 (B5EY.4F%  ELISA, NFHSk  PA R#
IO KIS T4—% 1 IC, ) DERMBHET, DROVSTNHDBHDEEITE
HIV BREEEZ2Hd 5. M08 HIV 13 (Western blot 3k, XA E | IFA)
FEfzld HIV TIERE @IS | PCRAE) ZEMUSHAZRESS. IIEHIV
TUBIRE TIE, B3% 3N BREFRHTERD (U1 FDRE) 28, BIRZBED
5 HIV BROGEDIREN G DR SE 3 hBRICEREET OUENDD.

1) PUARESRRRE" " (Western blot ik, SIEAME | IFA, &)
2) HVIRERE, DAILASHESIUBEENE (PCRIEE) EDREMAICET
caE IR [HVEEREE! L)

2. I, BEHICEBEHEIPHVICERLTWEEEZ SNDER 1B D AEXRDED
BEEFAEL EB HIV OFEDR 2 —Z 0 ENBSMTHD, BIFOLTNHE
HIETIBEIT HIV BRRE ST .

1) HIV mERED B
2) WEREIOTUVOSEICHA, U GREOED. CO4BBM T U2 ERO
w, CDABMT USRS/ COBBIET U/ /SERBHODEA LV D REE
MREFREOVLTNHEET .
(U—_A SV ADIHD HIV BEE /AIDS BZHEE  [HIV BMEORZREE | JDRE
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