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In Denmark surveillance of the in vitro susceptibility to ciprofloxacin of Neisseria gonorrhoeae was estab-
lished in 1990. The proportion of N. gonorrhoeae strains with decreased susceptibility or resistance to cipro-
floxacin (MIC > 0.06 mg/ml) was low (0.3 to 2.3%) up to 1995. Between 1995 and 1998 the rate of less-
susceptible and resistant strains rose from 6.9 to 13.2%. Among ciprofloxacin-resistant strains (MIC > 1
mg/ml), 81% were highly resistant (MIC > 4 mg/ml). Thirty-five N. gonorrhoeae strains (40 isolates) for which
ciprofloxacin MICs were 4 to 32 mg/ml were investigated for the frequency and patterns of mutations within
the gyrA and parC genes. The quinolone resistance-determining regions of the gyrA and parC genes were
amplified by PCR, and the amplicons were directly sequenced. Alterations at Ser-91 and Asp-95 in GyrA and
a single or double alteration in ParC were identified in 32 strains (91%). Ser-91-to-Phe and Asp-95-to-Gly
alterations in GyrA were detected in 28 strains (80%). The most common ParC alteration, Asp-86 to Asn, was
found in 19 strains (54%). The strains were analyzed for genetic relationship by pulsed-field gel electrophoresis
(PFGE). The analysis showed that nine strains with the same mutation pattern in the gyrA and parC genes,
originating from different geographical areas over 3 years, had the same PFGE patterns after SpeI as well as
NheI digestion (only one strain with one band difference in the NheI pattern), suggesting that a resistant clone
had spread worldwide. The results from this study strongly suggest that double gyrA mutations plus a parC
mutation(s) play an important role in the development of high-level fluoroquinolone resistance in N. gonorrhoeae.

After the emergence and worldwide spread of penicillin- and
tetracycline-resistant Neisseria gonorrhoeae strains, fluoro-
quinolones have been recommended as primary therapy for
uncomplicated gonorrhea in many countries (31). Over the
past 10 years, N. gonorrhoeae strains with decreased suscepti-
bility or resistance to fluoroquinolones have been found in
several countries, particularly in southeast Asia and western
Pacific areas (7, 10, 12, 13, 25, 30). An N. gonorrhoeae strain
with high-level ciprofloxacin resistance was reported for the
first time in 1994 (2). During recent years the rate of gonorrhea
has fallen dramatically in Denmark. Simultaneously, the pro-
portion of multiresistant gonococci has risen sharply (15). Sur-
veillance of susceptibility to ciprofloxacin in N. gonorrhoeae
was initiated in 1990. The proportion of strains showing re-
duced susceptibility or resistance to ciprofloxacin (MIC $ 0.06
mg/ml) was low (0.3 to 2.3%) up to 1995. Two gonococcal
isolates resistant to ciprofloxacin (0.3% of the isolates tested;
MIC, 1 mg/ml) were found in 1992. Resistant strains were not
detected between 1993 and 1994. However, since 1995 the
numbers of N. gonorrhoeae strains with decreased susceptibility
or resistance to ciprofloxacin have risen markedly.

To analyze quinolone resistance mechanisms in N. gonor-
rhoeae a number of studies of laboratory mutant strains (1, 4)

and clinical isolates (22–24, 29) were performed. The resis-
tance to fluoroquinolones was shown primarily to be associated
with mutations in the gyrA gene, coding for DNA gyrase, and
in the parC gene, coding for DNA topoisomerase IV (1, 4, 22,
23, 28), and less often with reduced uptake and accumulation
of fluoroquinolone in the cells (21). The level of fluoroquino-
lone resistance appears to correlate to the location and num-
ber of mutations in gyrA and parC. Among the strains exam-
ined so far only a few strains exhibited high-level resistance to
fluoroquinolone. In this paper, we report the occurrence of
fluoroquinolone resistance among N. gonorrhoeae strains iso-
lated in Denmark from 1995 to 1998 and the frequency and
patterns of mutations involving gyrA and parC genes in 35
strains (40 isolates) highly resistant to ciprofloxacin. We also
examined the genetic relationship of the 40 isolates by pulsed-
field gel electrophoresis (PFGE).

MATERIALS AND METHODS

Bacterial strains. From 1995 to 1998 a total of 809 culture-confirmed cases of
gonorrhea occurred in Denmark. The methods used for primary isolation and
identification of gonococci were the same as those described previously (20). All
strains were sent to the National Reference Laboratory for antimicrobial sus-
ceptibility testing. In total 40 clinical isolates of N. gonorrhoeae for which cipro-
floxacin MICs ranged from 4 to 32 mg/ml were available for the study. Informa-
tion about the origin of the strains investigated was available from the request
form sent to the reference laboratory or from the attending physician, who is
obliged to obtain information about country of exposure according to the com-
pulsory notification system for communicable diseases.

Antimicrobial susceptibility testing. Penicillinase production was demon-
strated by means of the chromogenic cephalosporin test (18). All strains were
examined for susceptibility to ciprofloxacin, penicillin, tetracycline, and ceftriax-
one by the agar plate dilution method using Danish chocolate agar medium (17).
The antibiotic concentrations (twofold dilution steps) used were as follows:
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ciprofloxacin, 0.001 to 32 mg/ml; penicillin, 0.016 to 4.0 mg/ml; tetracycline, 0.125
to 64 mg/ml (32 mg/ml in 1995); ceftriaxone, 0.001 to 0.25 mg/ml. Strains for which
the MICs of ciprofloxacin were 0.03 mg/ml or less, 0.06 to 0.5 mg/ml, and 1 mg/ml
or more were designated susceptible, less susceptible, and resistant, respectively (25).

Plasmid analysis. The plasmid profiles of penicillinase-producing N. gonor-
rhoeae (PPNG) strains were analyzed as described previously (20).

Determination of changes in gyrA and parC genes. PCR and direct DNA
sequencing of the amplicons were performed to identify mutations within the

TABLE 1. Susceptibility to ciprofloxacin of N. gonorrhoeae strains isolated in Denmark from 1995 to 1998

Yr No. of strains
testeda

No. (%) of strains with MICs (mg/ml) of CIPb: MIC (mg/ml)c

#0.03 0.06–0.5 $1 50% 90% Range

1995 276 259 (93.1) 8 (2.9) 11 (3.9) 0.004 0.016 0.002–16
1996 159 146 (91.8) 4 (2.5) 9 (5.7) 0.004 0.016 0.002–8
1997 177 156 (88.1) 11 (6.2) 10 (5.6) 0.004 0.128 #0.001–32
1998 197 171 (86.8) 14 (7.1) 12 (6.1) 0.004 0.128 #0.001–16

a One isolate per patient.
b CIP, ciprofloxacin.
c 50% and 90%, MICs at which 50 and 90% of the isolates were inhibited, respectively.

TABLE 2. Characterization and origin of 40 isolates of N. gonorrhoeae used in the study

Strainc b-Lactamase
production

MIC (mg/ml)d of: Size of b-lactamase
coding plasmid (kb)e

Place of
acquisitionCIP PEN CRO TET

31/95 1 16 .4 0.008 #4 7.2 Far East
76/95 1 8 .4 0.008 #4 4.9 Philippines
81/95 1 8 .4 0.004 #4 4.9 Thailand
86/95 2 8 1 0.008 #4 Unknown
121/95* 1 8 .4 0.004 #4 4.9 Thailand
128/95* 1 8 .4 0.004 #4 4.9 Thailand
139/95 1 8 .4 0.004 #4 7.2 Philippines
152/95 1 8 .4 0.064 #4 5.1 Thailand
160/95† 2 8 0.5 0.004 #4 PRCf

165/95† 2 8 0.5 0.008 #4 PRC
169/95 1 8 .4 0.002 #4 4.9 Unknown
181/95 1 8 .4 0.008 #4 4.9 Hong Kong
253/95 1 16 .4 0.002 #4 4.9 Thailand

66/96 1 8 .4 0.004 2 4.9 Thailand
72/96 1 8 .4 0.008 4 4.9 Philippines
80/96‡ 1 8 .4 0.016 4 4.9 Philippines
88/96‡ 1 8 .4 0.008 4 4.9 Philippines
109/96 1 8 .4 0.016 4 7.2 Philippines
110/96 1 8 .4 0.008 4 4.9 Philippines
135/96 2 8 1 0.008 4 Philippines

21/97 1 8 .4 0.002 1 4.9 Thailand
24/97 1 8 .4 ,0.001 1 5.1 Thailand
41/97 2 8 2 0.031 4 Unknown
125/97 1 8 .4 0.004 0.5 4.9 Iraq
134/97 2 32 0.5 0.004 4 India
137/97 1 8 .4 0.016 4 4.9 Rumania
163/97 1 8 .4 0.016 4 4.9 Denmark
165/97 1 8 .4 0.008 4 4.9 New Guinea
167/97a 1 8 .4 0.016 4 4.9 Denmark
176/97a 1 8 .4 0.016 8 4.9 Denmark

56/98 2 4 4 0.031 4 Unknown
63/98 2 8 1 0.016 4 PRC
88/98 2 4 0.5 0.004 1 Unknown
105/98 2 16 2 0.016 4 Unknown
182/98b§ 2 4 1 0.016 2 Denmark
193/98§ 2 4 1 0.016 2 Denmark
186/98 2 8 2 0.016 4 Unknown
183/98\ 2 4 2 0.016 2 Poland
194/98\ 2 4 2 0.016 2 Poland
202/98 1 8 .4 0.008 2 7.2 Philippines

a Strain from a patient known to have contact with the source of strain 165/97.
b Strain from a female patient known to have contact with the source of strain 183/98.
c Pairs of isolates from patients are indicated by identical symbols.
d CIP, ciprofloxacin; PEN, penicillin; CRO, ceftriaxone; TET, tetracycline.
e 7.2 kb, Asian type plasmid; 5.1 kb, African type plasmid; 4.9 kb, Toronto type plasmid.
f PRC, People’s Republic of China.
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gyrA and parC genes. PCR primers specific for genes corresponding to the
quinolone resistance-determining regions within GyrA and ParC were the same
as those used by Tanaka et al. (22, 23) and described by Belland et al. (1). The
DNA sequences were determined in both directions by using the ABI PRISM
dye terminator cycle sequencing ready reaction kit (Perkin-Elmer, Applied Bio-
systems, Foster City, Calif.) and an ABI 377A automated DNA sequencer and
analyzed by using Sequence Navigator software (Perkin-Elmer, Applied Biosys-
tems).

PFGE analysis. Genomic DNA was prepared as described previously (3).
Slices of DNA-containing agarose blocks were digested with SpeI and NheI (New
England Biolabs) overnight at 37°C in 100 ml of restriction endonuclease buffer
containing 10 U of enzyme. Digested blocks were electrophoresed in a 1%
agarose gel in a contour-clamped homogeneous electric field (CHEF DR III)
system (Bio-Rad). Running conditions were 22 h at 12°C at a voltage of 6 V/cm
with pulse times of 1 to 40 s.

The gels were stained with ethidium bromide, destained in distilled water, and
photographed under UV transillumination. Subsequently, the patterns were
scanned using a scientific imaging system (Digital Science ID; Eastman Kodak
Company, Rochester, N.Y.). PFGE fingerprints were analyzed with GelCompar
software (version 4.1; Applied Maths, Kortrijk, Belgium). The similarity of the
PFGE banding patterns was estimated with the Dice coefficient and the un-
weighted pair group method using arithmetic averages. A tolerance in the band
positions of 1.0% and an optimization setting of 0.5% were used. Bands smaller
than 5 kb were not included in the analysis of the NheI pattern. A 90% similarity
threshold was used to divide the outputs from the dendrograms into clusters.

RESULTS

Susceptibility to ciprofloxacin. In Denmark the first strains
displaying high-level quinolone resistance (MIC $ 4 mg/ml)
appeared in 1995. From 1995 to 1998 the percentage of strains
exhibiting decreased susceptibility to ciprofloxacin increased
from 2.9 to 7.1% and the percentage of ciprofloxacin-resistant
strains rose from 3.9 to 6.1% (Table 1). The MIC at which 90%
of isolates were inhibited increased from 0.016 to 0.128 mg/ml.
Among the 42 resistant strains isolated during the period, the
MICs for 7 strains were 1 or 2 mg/ml and those for 35 (83%)
were between 4 and 32 mg/ml.

Study population. Table 2 summarizes data on the pheno-
types and origin of 40 highly resistant N. gonorrhoeae isolates
from 35 patients. From five patients pairs of isolates were
available, of which four had been obtained before and after
treatment with ciprofloxacin. For all five pairs the second iso-
late exhibited the same phenotypic features as the first one.
Hence, only 35 strains were available for the comparative anal-

yses. Among these strains, 23 were PPNG and 12 were non-
PPNG. All the isolates were susceptible to ceftriaxone. Tetra-
cycline-resistant strains were common, but none was suspected
of carrying the tetM determinant (MIC # 8 mg/ml). Of the 35
patients, 24 had been infected abroad, primarily in east Asia.
Of the four who had acquired their infection in Denmark,
three had contacts with patients infected abroad. For seven
patients the country of acquisition was unknown. Among 27
strains isolated from 1995 to 1997 21 were PPNG (78%), while
only 1 of 8 was PPNG in 1998 (13%).

Plasmid analysis. All the 23 PPNG strains included in the
study contained the 4.2-kb cryptic plasmid as well as the
38.9-kb conjugative plasmid except one strain which did not
contain the 38.9-kb plasmid; 17 out of 23 PPNG strains carried
the 4.9-kb Toronto plasmid, four carried the 7.2-kb Asian
plasmid, and two carried the 5.1-kb African plasmid. Thus four
different plasmid profiles were represented among the strains:
17 strains contained the 4.2-, 4.9-, and 38.9-kb plasmids, 3
carried the 4.2-, 7.2-, and 38.9-kb plasmids, 2 carried the 4.2-,
5.1-, and 38.9-kb plasmids, and 1 carried only the 4.2- and
7.2-kb plasmids.

Mutation patterns in the gyrA and parC genes. Table 3
shows the mutation patterns found in gyrA and parC genes in
35 high-level quinolone-resistant strains. We identified multi-
ple mutations in gyrA and parC genes among these strains. All
strains except one had double mutations at codons 91 and 95 in
the gyrA gene with a single, double, or triple mutation(s) in the
parC gene. One strain (24/97) contained only a single mutation
at codon 91 in the gyrA gene.

Among the GyrA alterations identified, Ser-91 to Phe
(Ser-91 of N. gonorrhoeae GyrA corresponds to Ser-83 of Esch-
erichia coli GyrA [1]) was the most common, having been
identified in 34 of the 35 gonococcal strains (97%); a Ser-91-
to-Tyr alteration was detected in one strain (41/97). An Asp-
95-to-Gly alteration (Asp-95 of N. gonorrhoeae GyrA corre-
sponds to Asp-87 of E. coli GyrA [1]) was found in 30 strains
(86%). An Asp-95-to-Asn alteration was identified in four
strains (11%). An Asp-95-to-Ala alteration which has not been
described previously, was found in one strain (56/98). The

TABLE 3. Alterations in the GyrA and ParC proteins in 35 N. gonorrhoeae strains

Pattern

Amino acid substitutions in:
No. of
strains

CIPa MIC
(mg/ml)GyrA ParC

Ser-91 (TCC) Asp-95 (GAC) Asp-86 (GAC) Ser-87 (AGT) Ser-88 (TCC) Glu-91 (GAG) Tyr-104 (TAT) Leu-131 (CTC)

M1 Phe (TTC) 1 8
M2 Phe (TTC) Gly (GGC) Leu (CTG) 2 4–8
M3 Phe (TTC) Ala (GCC) Asn (AAT) 1 4
M4 Tyr (TAC) Gly (GGC) Asn (AAC) 1 8
M5 Phe (TTC) Gly (GGC) Asn (AAC) 3 8
M6 Phe (TTC) Gly (GGC) Pro (CCC) 1 8
M7 Phe (TTC) Gly (GGC) Lys (AAG) 1 16
M8 Phe (TTC) Asn (AAC) Asn (AAC) Leu (CTG) 3 4–8
M9 Phe (TTC) Gly (GGC) Asn (AAC) Leu (CTG) 11 8
M10 Phe (TTC) Gly (GGC) Lys (AAG) Leu (CTG) 1 32
M11 Phe (TTC) Gly (GGC) Asn (AAT) Lys (AAG) 8 8–16
M12 Phe (TTC) Asn (AAC) Asn (AAC) Pro (CCC) Leu (CTG) 1 4
M13 Phe (TTC) Gly (GGC) Arg (CGT) Tyr (TAC) Leu (CTG) 1 16

a CIP, ciprofloxacin.

VOL. 45, 2001 CIPROFLOXACIN RESISTANCE IN NEISSERIA GONORRHOEAE 119



double GyrA alteration of Ser-91 to Phe and Asp-95 to Gly was
detected in 28 of the 35 strains (80%).

Sequence analysis of the parC gene demonstrated a variety
of mutations at codons 86, 87, 88, 91, 104, and 131. The most
common ParC alteration, Asp-86 to Asn (Asp-86 of N. gonor-
rhoeae ParC corresponds to Asp-79 of E. coli ParC [1]), was
found in 19 strains (54%). A silent mutation in the DNA
sequence from CTC to CTG at codon 131 was also identified
in 19 strains (54%). A Glu-91-to-Lys alteration was found in 10
strains (29%), a Ser-87-to-Asn alteration was found in 9 strains
(26%), a Ser-88-to-Pro alteration was found in 2 strains (6%),
a Ser-87-to-Arg alteration was found in 1 strain (3%), and a
silent mutation at codon 104 (Tyr) was found in one strain
(3%).

Combination of gyrA mutations and parC mutations gave 13
different mutation patterns among the 35 strains (Table 3).
The alterations of Ser-91 to Phe and Asp-95 to Gly in GyrA
and Asp-86 to Asn in ParC were found in 14 strains (40%).
Some mutation patterns have not been observed previously.

There was no difference between the first and the second
isolates within pairs or between isolates from sex partners
either in antimicrobial susceptibility or in the mutation pat-
terns of gyrA and parC genes.

PFGE analysis. Genomic DNA from all 40 isolates of N.
gonorrhoeae was examined by PFGE after treatment with en-
donucleases SpeI and NheI. The PFGE profiles obtained after
SpeI digestion showed 12 to 17 DNA fragments ranging in size
from approximately 23 to 540 kb. The PFGE profiles identified
by NheI digestion showed 12 to 19 DNA fragments ranging
from approximately 20 to 650 kb.

The Dice coefficient and a 90% similarity threshold gave 12
different SpeI profiles and 15 NheI profiles among the 40 iso-
lates (Fig. 1 and 2). Out of eight strains, each of which had a
unique pattern of mutations in the gyrA and parC genes, seven
also had unique SpeI and NheI patterns, indicating that these
strains were genetically unrelated. Among the 11 strains with
the most common mutation pattern (M9), 9 (76/95, 181/95,
80/96, 72/96, 137/97, 163/97, 165/97, 167/97, 176/97) were clas-

FIG. 1. Dendrogram based on SpeI PFGE patterns of 40 N. gonorrhoeae isolates.
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sified into one cluster with identical SpeI patterns (Fig. 3) as
well as NheI patterns (Fig. 4) except for one strain (76/95) that
had one band difference from the other strains: the addition of
a large DNA fragment of approximately 540 kb in the SpeI
pattern. These nine strains were all PPNG carrying the 4.9-kb
Toronto type plasmid but originated from various places over
3 years. Of the eight strains with the second-most-common
mutation pattern (M11), six were classified into the same clus-
ter on the basis of the SpeI patterns or NheI patterns at 96 and
90% similarity thresholds, respectively. Five strains contained
the 4.9-kb Toronto type plasmid, and one harbored the 5.1-kb
African type plasmid. Among these six strains, five originated
from Thailand and one originated from Iraq.

Pairs of isolates recovered from the same patients (Fig. 5)
and strains from sexual partners (Fig. 3 and 4) showed the
same PFGE patterns after SpeI and NheI digestion. One pair
of isolates (121/95 and 128/95) had the same SpeI pattern but
differed in NheI pattern: that of the posttreatment isolate (128/
95) lacked two small bands of approximately 250 and 40 kb

found in that of 121/95 and had a large band of approximately
290 kb not found in that of 121/95 (Fig. 5).

DISCUSSION

Fluoroquinolones act by inhibiting the topoisomerase en-
zymes essential for DNA replication and recombination. Flu-
oroquinolone resistance in bacteria has been associated with
alterations in the GyrA subunit of DNA gyrase (type II topo-
isomerase) and in the ParC subunit of DNA topoisomerase IV
and with the reduction of drug accumulation in the cells. The
development of high-level fluoroquinolone resistance occursFIG. 2. Dendrogram based on NheI PFGE patterns of 40 N. gon-

orrhoeae isolates.

FIG. 3. PFGE analysis of genomic DNAs from N. gonorrhoeae
strains digested with SpeI. Lanes 1, 7, 13, and 19, lambda DNA ladder;
lanes 2 to 6, 8 to 12, and 14 to 18, strains 182/98, 183/98, 193/98, 194/98,
56/98, 63/98, 76/95, 181/95, 72/96, 80/96, 137/97, 163/97, 165/97, 167/97,
and 176/97, respectively. (See Table 2 for epidemiologic data.) The
DNA preparation of strain 182/98 was tested before and gave the same
pattern as that for 183/98, 193/98, and 194/98 (data not shown).

FIG. 4. PFGE analysis of genomic DNAs from N. gonorrhoeae
strains digested with NheI. Lanes 1, 7, 13, and 19, lambda DNA ladder;
lanes 2 to 6, 8 to 12, and 14 to 18, strains 56/98, 88/98, 86/95, 21/97,
66/96, 81/95, 76/95, 181/95, 72/96, 80/96, 137/97, 163/97, 165/97, 167/97,
and 176/97, respectively. (See Table 2 for epidemiologic data.)
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through stepwise mutations (6). Studies on laboratory mutants
and clinical isolates of N. gonorrhoeae have revealed that gyrA
mutation plays an important role in the development of fluo-
roquinolone resistance and that simultaneous parC and gyrA
mutation plays a complementary role in increasing the level of
resistance (1, 4, 28). The reduced fluoroquinolone accumula-
tion in the bacteria is thought to have an additional but lesser
effect (21). Previous studies have revealed that gonococcal
isolates fully susceptible to ciprofloxacin had no alterations in
GyrA and ParC or had a single alteration in GyrA alone (24);
strains exhibiting decreased susceptibility (MICs, 0.125 to 0.5
mg/ml) generally contained alterations only in GyrA (4, 10).
When a ParC alteration was detected in a less-susceptible
strain, only a single GyrA alteration was present (29). Cipro-
floxacin-resistant strains (MICs, $ 1 mg/ml), with few excep-
tions, had GyrA alterations at positions 91 and 95 and at least
one ParC alteration (4, 28, 29).

In this study we demonstrated that 91% of strains for which
ciprofloxacin MICs were 4 to 32 mg/ml and which were isolated
between 1995 and 1998 contained the double GyrA alteration
at the 91 and 95 positions and a single or double ParC alter-
ation(s). Our results strongly suggest that the double gyrA
mutation plus parC mutation play an important role in the
development of high-level resistance to fluoroquinolone in N.
gonorrhoeae. There was no significant correlation between the
number of mutations in the parC gene and the susceptibility to
ciprofloxacin. Strains with the same mutation pattern for parC
but with different levels of ciprofloxacin resistance (MICs, 8 to
64 mg/ml) have been found previously (28).

In our study 63% of the high-level ciprofloxacin-resistant
strains were PPNG. A high proportion of PPNG strains among
quinolone-resistant strains was also reported by Tapsall et al.
(26). Interestingly, the majority of the PPNG strains (83%)
contained the 4.9-kb Toronto type plasmid. All the PPNG
strains containing the 4.9-kb plasmid also contained the

38.9-kb conjugative plasmid, which is in agreement with pre-
vious studies (14, 20). A shift from predominantly PPNG
strains to non-PPNG strains among the ciprofloxacin-resistant
strains was observed in 1998.

A wide variety of phenotypes of quinolone-resistant N. gon-
orrhoeae strains with decreased susceptibilities to fluoroquino-
lones have been reported in Hong Kong and Japan (5, 11). A
single strain or closely related strains of N. gonorrhoeae have
been demonstrated to be associated with a focal area of en-
demic transmission in Cleveland, Ohio, (12) and Ontario, Can-
ada (9). Among quinolone-resistant N. gonorrhoeae strains a
shift from multiple subtypes being imported to a limited num-
ber of subtypes sustained domestically was documented in
Australia (26), and the spread of quinolone-resistant strains
has been assumed to be due in part at least to the presence of
these phenotypes in international commercial sex workers and
their clients (26). An increasing proportion of N. gonorrhoeae
strains highly resistant to ciprofloxacin (MIC, $ 4 mg/ml) was
observed among female sex workers in the Philippines from
1994 to 1997 (13). In Denmark infections with quinolone-
resistant strains were most often acquired abroad or through
contact with persons infected abroad (16). Although few in
number, they made up a high proportion of all cases. Accord-
ing to the country-wide laboratory surveillance system, en-
demic spread of gonorrhea was infrequent from 1995 onwards
(16).

PFGE is often considered the “gold standard” of molecular
typing methods (19) and has been applied successfully to a
wide range of bacterial species, both gram positive and gram
negative (27). In this study the most interesting observation
documented by PFGE is the identification of a cluster of nine
strains originating from different places (Philippines, Hong
Kong, Rumania, New Guinea, and Denmark) over 3 years,
which suggests that a common epidemic clone may be widely
spread. They also had identical patterns of mutations in the
gyrA and parC genes, which also substantiated the assumption
that they were genetically related. Close genetic relationships
between strains of N. gonorrhoeae recovered from distinct lo-
cations separated by thousands of miles over a 2-year period
have already been demonstrated by Xia et al. (32). No differ-
ences in the gyrA and parC mutation patterns or in suscepti-
bility to ciprofloxacin between pretreatment and posttreatment
isolates from the same patients or between sexual partners
were observed. Pairs of isolates from sexual partners had in-
distinguishable SpeI and NheI patterns, confirming that they
were isogenic and epidemiologically related. An interesting
point was the one band difference in PFGE pattern between
two isolates (121/95 and 128/95) from the same patient. On the
basis of the criteria defined by Tenover et al. (27), a single
genetic event such as a point mutation in the posttreatment
isolate could be reflected as a difference of one to three bands.
PFGE pattern variation between the posttreatment isolate and
the original isolate was previously reported by Harnett et al.
(8). In their report the interval between the recovery of the two
isolates was 4 months. The interval was short in our patient,
only 5 days.

In conclusion, the observations described in this study
showed that the increase in the number of ciprofloxacin-resis-
tant isolates of N. gonorrhoeae in Denmark was due to the
importation of resistant strains from abroad, that a resistant

FIG. 5. PFGE analysis of genomic DNAs from N. gonorrhoeae
strains digested with SpeI and NheI. Lanes 1, 11, and 20, lambda DNA
ladder; lanes 2 to 10 and 12 to 13 (after SpeI digestion), strains 80/96,
88/96, 121/95, 128/95, 160/95, 165/95, 31/95, 253/95, 109/96, 134/97, and
105/98, respectively; lanes 14 to 19 (after NheI digestion), strains 80/96,
88/96, 121/95, 128/95, 160/95, and 165/95, respectively. (See Table 2 for
epidemiologic data.)
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bacterial clone which might have originated in east Asia seems
to have spread worldwide, and that double alterations at Ser-91
and Asp-95 in GyrA plus a single or double ParC alteration(s)
play an important role in the development of high-level fluo-
roquinolone resistance in N. gonorrhoeae.
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