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Abstract Six hundred and ninety-nine strains of Neisseria
gonorrhoeae were examined by the agar dilution method
according to the M7-AS guidelines established by the
National Committee for Clinical Laboratory Standards
(NCCLS) determine to their p-lactamase production and
susceptibility to penicillin G, cefixime, ceftriaxone, tetracy-
cline, spectinomycin, ciprofloxacin, and azithromycin.
The frequency of isolation of penicillinase-producing N.
gonorrhoeae decreased gradually, from 7.3% of the test
isolates (55 isolates) in 1995 to about 1% in 1998 and
1999. In contrast, while B-lactamase-nonproducing N.
gonorrhoeae exhibiting chromosomally mediated penicillin
G resistance were not isolated from clinical specimens in
1995, the incidence of isolation of such resistant strains
increased markedly, to 8.2% of 159 isolates, in 1997 and
14.9% of 242 isolates in 1999. The incidence of the isolation
of tetracycline-resistant strains also increased between 1996
(none detected) and 1998-1999 (each 7%-8%), and a ten-
dency towards an increase in the frequency of isolates of
ciprofloxacin-resistant strains was also observed between
1995 (9.8%) and from 1997 to 1999 (more than 20%). There
were no isolates resistant to any two antibiotics among peni-
cillin G, tetracycline, and ciprofioxacin until 1997, but, in
subsequent surveys in recent years, multidrug-resistant
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ciprofloxacin) were detected in 1999,
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introduction

The incidence of gonorrhea has been in steady long
term decline, not only in Japan but also in many Western
countries. However, since the mid-1990s, an increase in
incidence has again been noted in Japan.' In spite of the
overall decline in the number of patients with gonorrhea,
the prevalence of isolates resistant to antibiotics has steadily
increased, both in Japan and in Western countries.™ Recent
in-vitro surveillance data on populations of gonococcal
strains and their antimicrobial resistance spectra show
that the temporal and geographic distribution of resistant
phenotypes varies.*® In particular, attention has been
focused on the increasing emergence of isolates resistant
to the antibiotics used for single oral-dose therapy in cases
of uncomplicated gonorrhea, such as penicillin and
fluoroquinolones,” which are considered the therapeutic
drugs of first choice worldwide. The frequency of isolation
of penicillinase-producing Neisseria gonorrhoeae (PPNG,
exhibiting plasmid-mediated penicillin resistance) began
to increase markedly in the early 1980s, and reached about
10% in Japan and Western countries.'”"* However, in
the 1990s, the frequency of isolation of PPNG gradually
decreased to 1% or less. Nonetheless, an increase in the
prevalence of B-lactamase-nonproducing penicillin-
resistant isolates in the past decade was confirmed in the
present study.

We designed a study to evaluate the susceptibility
of B-lactamase-nonproducing N. gonorrhoeae, isolated in
Fukuoka City in Japan between 1995 and 1999, to the
primary therapeutic drugs used for uncomplicated
gonorrhea.
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Subjects, materials, and methods
Gonococcal isolates

A total of 699 strains of N. gonorrhoeae were isolated from
different male patients with gonococcal urethritis seen at a
sexually transmitted disease clinic in Fukuoka City, Japan.
A total of 55, 61, 163, 174, and 246 isolates were detected
each year, respectively, from 1995 to 1999. In the present
study, the specimens were obtained from patients prior to
the administration of any antibiotic, and repeat isolates
from the same patients were not included in the study.

Isolation and identification

The specimens were directly streaked onto Thayer-Martin
Selective Agar (Becton Dickinson, Cockeysville, MD,
USA) and incubated at 35°C for 48h in a 5% CO,
atmosphere. For identification, more than four colonies
grown on the cultured agar that were suspected to be N.
gonorrhoeae were selected. The organisms were identified
by Gram staining, and oxidase and catalase tests. The iso-
lates grown on Chocolate II agar (Becton Dickinson)
were further confirmed to be N. gonorrhoeae, using the
Gonochek-I1 Kit (EY Laboratories, San Mateo, CA, USA).
All the N. gonorrhoeae isolates were maintained at —80°C"
until further testing.

Antibiotics

The following antibiotics were used; penicillin G (Sigma
Chemical, St. Louis, MO, USA), cefixime (Fujisawa Phar-
maceutical, Osaka, Japan), ceftriaxone (Roche Pharmaceu-
ticals, Tokyo, Japan), tetracycline (Wyeth Lederle, Tokyo,
Japan), spectinomycin (Sigma Chemical), ciprofloxacin
(Bayer Yakuhin, Osaka, Japan), and azithromycin (Pfizer
Pharmaceuticals, Tokyo, Japan).

Antimicrobial susceptibility testing

The antimicrobial susceptibility of the N. gonorrhoeae iso-
lates was determined by the agar dilution method according

127

to the M7-A5 guidelines'® established by the National
Committee for Clinical Laboratory Standards (NCCLS).
GC Agar Base (Becton Dickinson), containing 1% defined
growth supplement (1.1g L-cystine, 0.03g guanine HCI,
3mg thiamine HCl, 13mg p-aminobenzoic acid, 0.01g cy-
anocobalamin, 0.1g cocarboxylase, 0.25g nicotinanide ad-
enine dinucleotide [NAD], 1.0g adenine, 10g L-glutamine,
100g glucose, 0.02g ferric nitrate [in 1000ml H,0]) and
serial twofold dilutions of the test antibiotics, was inocu-
lated with 10*CFU/spot of each isolate, using a multipoint
inoculator (Sakuma Seisakusho, Tokyo, Japan). After incu-
bation of the cultures at 35°C for 20h in a 5% CO, atmo-
sphere, the minimum inhibitory concentration (MIC) was
defined as the lowest concentration of the antibiotic which
completely inhibited bacterial growth.

f3-Lactamase production

B-Lactamase production of the N. gonorrhoeae isolates
was tested using chromogenic cephalosporins (Nitrocefin;
Oxoid, Basingstoke, UK).

Statistical analysis

Differences between two groups were examined for statisti-
cal significance using the y* test. A P value of less than 0.05
denoted the presence of a statistically significant difference.

Results

PPNG isolates accounted for 7.3% of the total number of
tested isolates in 1995, whereas the prevalence of these
isolates gradually decreased to about 1% in 1998 and 1999.
These differences were statistically significant (P < 0.005
for 1998 and P < 0.05 for 1999; Table 1). The antimicrobial
susceptibility of B-lactamase-nonproducing isolates of N.
gonorrhoeae detected each year is shown in Table 2. No
apparent changes in the MICs,, MICy, or MIC range of
penicillin G for the isolates were observed for the tested
isolates; however, the MIC,, of cefixime increased (from
0.06 to 0.25 ug/ml), and the upper limit of the MIC range for

Table 1. Frequency of isolation of penicillinase-producing Neisseria gonorrhoeae (PPNG)

clinically from 1995 to 1999

Year Total no. of PPNG
isolates
No. of isolates Percentage

1995 55 4 7.3 7 .

Ns |
1996 61 3 49 -1 Ns

_J P < 0.005

1997 163 4 2.5 J P < 0.05
1998 174 1 0.6
1999 246 4 1.6 —

NS, Not significant
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Table 2. MICs of various antibiotics for f-lactamase-nonproducing isolates of N. gonorrhoeae

MIC (pg/ml)

Year

(no. of

Azithromycin

Spectinomycin Ciprofloxacin

Ceftriaxone Tetracycline

Cefixime

isolates) Penicillin G

Range 50% 90% Range 50% 90% Range

50% 90%

Range

90%

50%

90% Range

50%

90% Range 50% 90% Range

50%

0.03-0.12

0.06 012

8 4-16 012 025 0.004-16

8

0.06-1

1

0.001-0.06 0.015 0.06 0.002-0.12 0.5

0008 006 =

0.03-1

1

0.25

1995
(51)

006 012 0.015-0.25

0.004-8

1

0.015

16 4-16

8

1 0.06-1

0.001-0.06 0.12

=i

0.001-0.12 0.002 0.06

=

0.015-2 0.008 0.06

1996 006 1

(58)
1997

0.015-0.5

012 025

0.002-16

4

0.03

=0.001-0.12 012 1 0.06-2 8 16 4-16

0.004 0.06

0.001-0.5

0034 0015 012 =

1

0.12

(159)
1998

0.015-1

0.5

0.12°

0.002-16

=0.001-0.12 0.5 1 0062 8 16 4-16 012 8

0.002-0.5 0.015 0.12

0.03-2 0015 012

1

0.5

(173)
1999

0.5  0.015-0.5

=0.001-16 0.12

8

1 0032 8 8 2-16 012

0.001-0.12 05

=

0.008 0.06

0.001-0.5

=

0.0084 0015 025

2

0.25

(242)

MIC, Minimum inhibitory concentration

*Seventy-two isolates

cefixime shifted from 0.06 to 0.5pug/ml between 1995 and
1999. Similarly, the susceptibility of the gonococcal isolates
to azithromycin decreased slightly for the isolates of the
later years. Little or no change in the susceptibility of the
isolates to ceftriaxone, tetracycline, and spectinomycin was
observed from 1995 to 1999. On the contrary, the number of
gonococcal isolates resistant to ciprofloxacin increased
markedly between these years; the MIC,, increased from
0.25pg/ml in 1995 to 8pg/ml in 1998 and 1999.

According to the susceptibility interpretative category of
the NCCLS, the frequency of isolation of strains resistant
to penicillin G, tetracycline, and ciprofloxacin in each
year considered in the study is shown in Table 3. While
B-lactamase-nonproducing penicillin G-resistant isolates
(chromosomally mediated resistance to penicillin G; MIC,
Z2ug/ml) were not isolated in 1995, this type of resistance
was found in 2 (3.4%) of the 58 isolates in 1996, and in more
recent years, the prevalence of such resistant isolates
increased markedly, as follows; 13 (8.2%) of 159 isolates in
1997, 14 (8.1%) of 173 isolates in 1998, and 36 (14.9%) of
242 isolates in 1999. Furthermore, while no tetracycline-
resistant isolates (MIC, =2 pg/ml) were detected until 1997,
the prevalence of tetracycline-resistant isolates increased
to about 7% to 8% of the test isolates in 1998 and 1999.
Ciprofloxacin-resistant isolates (with an MIC of the antibi-
otic of Z1ug/ml) accounted for 9.8% of the total test iso-
lates in 1995, and the prevalence of isolates resistant to this
antibiotic increased further, to more than 20% of the total
number of clinical isolates tested since 1997. The resulis
indicated a marked increase in the frequency of isolation
of B-lactamase-nonproducing N. gonorrhoeae resistant to
penicillin G, tetracycline, or ciprofloxacin in recent years.
The frequency of isolation of organisms resistant to any
two antibiotics among penicillin G, tetracycline, and
ciprofloxacin from 1995 to 1999 is also shown in Table 3.
No isolates resistant to two antibiotics were detected until
1997, when 5 isolates (3.1%) resistant to both penicillin G
and ciprofloxacin were initially detected, while isolates
resistant to penicillin G and tetracycline or tetracycline and
ciprofloxacin were detected in 1998 at frequencies of 1.2%
to 2.3%. Three types of isolates resistant to two antibiotics
accounted for 3.3% to 4.5% of the 242 isolates in 1999. No
multidrug-resistant isolates (resistant to penicillin G, tetra-
cycline, and ciprofloxacin) were detected up to and includ-
ing 1998; however, 2 isolates resistant to the all three
antibiotics were detected among the 242 isolates in 1999.

Discussion

Recently, in the treatment of gonorrhea with antibiotics,
attention has been focused on the emergence of gonococcal
isolates showing decreased susceptibility to fluoroquino-
lones, which are used currently as the drugs of first choice
for the treatment of uncomplicated gonorrhea in Japan
and other countries.”” In the present study, the MICy, of
ciprofloxacin in 1999 was found to have increased by up to
32 times as compared with the value in 1995, and treatment
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Table 3. Comparative percentage of resistant strains of B-lactamase-nonproducing isolates of

N. gonorrhoeae

Resistance pattern

Number of isolates (%)

1995 1996 1997 1998 1999

(n=51) (n=58) (m=159) (n=173) (n= 242)
Penicillin G* 0 2(34) 13(82) 14(81) 36(14.9)
Tetracycline® . 0 0 1(0.6) 13(7.5) 20(83)
Ciprofloxacin® 5(9.8) 9(155) 36(226) 45(26.0) 56(23.1)
Penicillin G, tetracycline 0 0 0 2(1.2) 8(3.3)
Penicillin G, ciprofloxacin 0 0 5(3.1) 4(2.3) 10 (4.1)
Tetracycline, ciprofloxacin 0 0 0 4(23) 11(4.5)
Penicillin G, tetracycline, ciprofloxacin 0 0 0 0 2 (0.8)

*Resistance to penicillin G (MIC, 22 ug/ml)
®Resistance to tetracycline (MIC, =2 pg/ml)
°Resistance to ciprofloxacin (MIC, =1 pg/ml)

failure, probably due to the use of the drug in divided doses,
was noted in some cases. On the contrary, only small num-
bers of gonococcal isolates showing such a decrease in sus-
ceptibility were detected in the United States, probably
because the drug was commonly administered as a large
single dose to patients with gonorrhea there. The ditferent
dosage regimens used in the two countries may be respon-
sible for the difference in the incidence of isolation of
fluoroquinolone-resistant strains of N. gonorrhoeae in the
two countries. Furthermore, a tendency toward a decrease
in the susceptibility of gonococcal isolates to cefixime was
observed in 1997. Cefixime is widely used for the treatment
of various types of infections, including gonorrhea; there-
fore, changes in the susceptibility of gonococcal isolates
to cefixime should be continuously monitored. As for
other changes in the antimicrobial susceptibility of N.
gonorrhoeae, attention has been directed toward the de-
creased incidence of PPNG and the increased incidence
of p-lactamase-nonproducing penicillin-resistant isolates.
According to the Gonococcal Isolate Surveillance Project
documented in the annual report — 1998, the prevalence of
strains of N. gonorrhoeae exhibiting chromosomally medi-
ated penicillin or tetracycline resistance has recently in-
creased in the United States.’ In the present survey, there
was a tendency towards an increase in the frequency of
isolation of P-lactamase-nonproducing isolates exhibiting
low-level resistance to either penicillin G or tetracycline,
which was probably related to the increase in clinical
isolates exhibiting chromosomally mediated resistance in
Fukuoka City. This type of resistance to penicillins is
the result of an additive effect of mutations at multiple
loci,”” including penA, mir, and penB, while plasmid-
mediated resistance (high-level resistance) is due to PPNG
encoding a TEM-1 type f-lactamase. penA induces de-
creased binding of penicillin to penicillin-binding protein
(PBP) 2;* mtr confers increased resistance to a range of
hydrophilic and hydrophobic substances, including anti-
biotics;'”" and mtr also induces increased expression of
the MtrCDE effiux pump.”®” penB confers resistance to
penicillin and tetracycline and reduced susceptibility to
fluoroquinolones.""

In our study, the frequency of isolation of B-lactamase-
nonproducing N. gonorrhoeae showing resistance to

penicillin G (MIC, =2ug/ml) increased, and approached
about 8% in 1997 and 1998, and 14.9% in 1999. Similarly, p-
lactamase-nonproducing isolates resistant to tetracycline
accounted for 7.5% and 8.3% of the total isolates in 1998
and 1999. Ciprofloxacin-resistant isolates increased to more
than 20% of the total isolates in 1997. These data were
compatible with those in our previous study.’ It is possible
that the increased emergence of N. gonorrhoeae isolates
resistant to fluoroquinolones was chromosomally mediated,
with mutations in the gyrA or parC gene, as a result of the
more frequent usage of fluoroquinolones, rather than peni-
cillin and tetracycline, for the treatment of the infection.
The frequency of the clinical use of penicillin and tetracy-
cline for the treatment of gonorrhea has decreased, and the
reason for the emergence of organisms exhibiting chromo-
somally mediated penicillin or tetracycline resistance in
recent years has not yet been elucidated. On the other hand,
Bhuiyan et al*® reported that decreased susceptibility to
ciprofloxacin was frequently observed among isolates
exhibiting chromosomally mediated penicillin and tetracy-
cline resistance; similar results in the United States and
Thailand were reported by Fox et al” and Knapp et al.,”
respectively. These results suggest that chromosomally me-
diated penicillin and tetracycline resistance, together with
fluoroquinolone resistance, could be induced by the mtr and
penB mutations in N. gonorrhoeae, although the factor
inducing these mutations in N. gonorrhoeae remains to be
elucidated. Chromosomally mediated penicillin and tetra-
cycline resistance in N. gonorrhoeae isolates must be
sequentially monitored, although fluoroquinolones are
currently more widely used as the therapeutic drugs of first
choice for uncomplicated gonorrhea.”
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BRAEZBEZHOFEEEICRA 7 72HEA LRI
SNb, Tz, BHEAKRIIKEL IV T70
FRREEND R 2w, 793ITI 7200w T
DBREDFRIT ) RETH D,

3. MEHHEER

WRE A3 28 D R B IR YUAE 0 B DR 5 B2
EHIIHL ) OERHETHREING Z L23HES
NTwb?, =50ty 2 2A0—KI{LICk 33
DEEZLNTWS, HEOMKREERIREIZEREE
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~ Btk LB - 80%: 5 5 —

RBLUCHERRICZ LW, EROZ L ik
BHMHEAS T — S Vv 7 212 & o THT- &
Pl b e o TREREDTWA EHES N TV A,
EBELF—I Ny 7 ADOKRTEYT 5BHOKE
BRERDBBEIMEINTWS, HEOMKE X
MHEDO AT 7 EMRE UTEREICTEMN IS
2%, WEEHERIIEENICRES2 Lwvnwe Bk
LTLEIENRDED S,

v.& & & F #

R AL 2 R LT M T B
SV REZLHETEHAEMEORRBIZL DK
BIBREIED BRI RICHIEFE IR L o
2%, BEHIEOMEENE WD, WHEEHOHBE
BIEIZET0EEL LCIEBRLTHLEND 5,

LRI PED /S5 — Vi3 F O HUIE T O EH D
PEICHEING, bYPETIE, F/urREH
RV VIHERESR T F I YA 70 iRk
B CRAAMEREICH L THYIREDE2FELS S
EDORBERIEOE —RINEH L LTHHAS K
BENBRPIESRALNT W, T2, EERZE
HIasZLoHsrr oIV TREEIZNLTH F
0 Y RERNIFRESB DL DT, RER, TEH
ERIZH L THEORTWEH & 2o Tz, LA
L, &, ¥/ 08 VitERE» LB EZIZILORE
TIVTHHRMIBARIZEML TS, ozt
2%, LYPENIBITAMEREIEORWICHERL
TWBHBEEZLNTWS, EHICRIETIE, &O
72 BITA M EF L (AZT 72 %

® 2 WERIHEOHIEEE (HARBRRERR)

. REERELAI-RTEREL
a. ARIF )ALV (br¥¥ry)
E 2g HEHRS
b. ¥74YVAh (4t 7, r=+t7)
BE 1g HERS
c. E74Fvh (ETANRY)
#%00 20mg 1H2E3HME
2. WREMREE AR
a. 74TV VAL (VA4 k7, r=t7)
BE lg 102M7EM
(LT 2 AT VN FE—DBEARTIF )4 T v OFERH)
3. HERERARENER (PID)
a. ¥7+TVVA (AT, F=tT)
BiE 1H2g HEr>7HHE
(B 72 AT UNFE—DBEEANRIF I T4 Y % fEH)
4. REEEER
a. ¥7xVVL (V4E7, F=t7)
BE 1g HEEKS
b, ¥74F 34 (E7ANRY)
O 200mg 1HZ2E7HE

27— (845)

2) CIHEOMRESRBICHEIM LT, BEREKRS
AEEINTNE, BOAL 7z ATEELT714F¥
A (CFIXET7ANRY) PEROLBERTVWE LER
LRTWVAED, 74 F YA (CFIX £7A/8Y)
PEHTHo IEALBMESNTBYEELET
5, 74V VALCDIM 47, r=t7)
B R 28 L CRE D EIC B W TRER
BHOHAZEHOFTIIRDIDANLERL 2T
Wz, F72, bAFERZELET VT TIRECKIC
HANEAEORENZENTWS Z EHHEREO
BHEDERD—DTH B LEILN TS, itk
BAE I EEELSE RO, FEHEICX
AEHBEOMEEES LR IY, TNE2RERY
BHRT B NERD B, HEEIZIZT7 B EOK
EHIM % Bu 7o, KEREILOERO2DICH
BRBBREZITI ZEDPET L, HAEMBRIE
2LENH L FIA4 VISRENTOPETHRE IR
BB EE2ICRT. SOFL FI 4 VIKE
CDCOHFAL ¥4V (F3) LRIAPLRVERS
A3 N D AE TOME OEHIAE S — > DE
WEREBRSZELOFHBRICE DD TH S, HEH
BRI EZEELLTVEVI) BENH B0 T,

L3 HEEOBERBOFERE b LITHERIZE
2 TP Tk bk, T/, W TREL
7hDIFbREEFEDNY -V BRELHTED

B, b LTEEZ O RS T OME OREHMHER

MOBRESZIHRENDERETHDH, WHE
Yol TR ICRERICHER SMNIRBED & (5%
BENDD, FefREEIz e Shighs, B
fbFaztddy, BEREE ) BREOHME
b725F . BEAL L RERISER PHRETHER
T2, BERBILTWEY, BBESL LTRE
PeAREELAZ LD, Tz, INTHLHL,

% 3 kE CDC OWERIE (KEERER, FE
HE K, WEMEHETER) Cx T B HEIAR
ckTLFVA (BTANRY) 400mg BFCOIHE
kT PYTFVY (BETLY) 125mg  FRiEHELE
sty (Y 7aEYy) 500ng AECTHEE
AL A C AR 400mg ARECIHLE
ceRTuRHFI L (FFE Y R) 250mg ARCIBAE

553 YT RADEHAIBETE AR TRENA B0
crvzaTL Yy lg BOBE A
< FF¥H 421y » 100mg 1826, &M, 7Elﬁaﬁ

v o —E )T VET VT EEKTFEEE (VT4 RED)
CIHERTRE TRV, Fi, AT VTR T
CHEHERR OB LTV A B TIREID kv,
i RERER OMES L CHE ORI S5 — v OFEVH
5 HAETIE o OERFRIZEID bk v,
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WEEIE I ERYEL VW) T e 58— |
F—OBRELBRITLETH S, FITFEEEER
RMHE ST ERIRD = %  BEFERE R &
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x & &
WEEER Y 93 VT HRESR - FEHER
LIEMENIES I VT HRES - FEHERL
ZoWT3HFBICHENRWERIMETDH Y, &
TDHENCB TS 50 AT ERE
DEIEL, HEHEHEELOEMPHEL 2o T
Z)O
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