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Sexually transmitted infections are a major public health problem in France and other European countries.
Particularly, surveillance data about Neisseria gonorrhoeae infections have clearly indicated an increase in the
incidence of gonorrhoea in France in 2006. The French laboratories participated on voluntary basis in the
RENAGO (Réseau National du Gonocoque) network and sent all of their collected strains to the National
Reference Center for Neisseria gonorrhoeae. In this first French molecular epidemiological study, 93 isolates
collected in 2006 and representative of the French gonorrhoea epidemiology were selected. Antibiotic suscep-
tibility to six antibiotics was determined, and serotyping and N. gonorrhoeae multiantigen sequence typing
(NG-MAST) were performed. NG-MAST identified 53 sequence types (STs), of which 13 STs contained 2 to 16
isolates. The major STs identified in France were previously described elsewhere. However, two newly described
STs, ST1479 and ST1987, had only been found in France until now. ST1479 was characterized by a multiple-
resistance phenotype, whereas ST1987 presented a susceptibility phenotype. Moreover, among the predomi-
nant French STs, ST225, which had already been described in many countries, comprised isolates (14/16)
resistant to ciprofloxacin and with reduced susceptibility to ceftriaxone. Thus, the surveillance of resistance to
antibiotics is a priority in order to adapt treatment and decrease the transmission of resistant strains. Of note,

no predominant ST was identified among rectal isolates from men who have sex with men.

Gonorrhoea, caused by the gram-negative bacterium Neis-
seria gonorrhoeae, remains one of the most common sexually
transmitted infections (STIs), causing cervicitis, urethritis, ano-
rectitis, and conjunctivitis of the newborn. Complications are
epididymitis, prostatitis, salpingitis, and endometritis, which
can lead to infertility, ectopic pregnancy, chronic pelvic pain,
and cecity. Even though gonorrhoea is treatable and curable,
this disease contributes to a substantial burden of morbidity,
mortality, and infertility worldwide (10).

Over the last few years, the number of gonorrhoea cases has
increased regularly in many European countries (1-3, 6), the
United States (15), and China (7). The French National Ref-
erence Centre (NRC) for Neisseria gonorrhoeae receives iso-
lates of gonorrhoea diagnosed in France, through a voluntary
national network, RENAGO (Réseau National du Gono-
coque), including 235 laboratories located across the entire
national territory. Through this network, and particularly
based on 211 active laboratories that send all of their collected
isolates, an increase from 100 collected isolates in 1995 to more
than 600 in 2006 was observed. With a constant number of
participating laboratories, the average number of N. gonor-
rhoeae isolates per active laboratory and per year has signifi-
cantly increased: e.g., there were 3.75 isolates/lab in 2006 ver-
sus 2.5 isolates/lab in 2005 (4). In the same way, the number of
other STIs (including syphilis and Chlamydia trachomatis in-

* Corresponding author. Mailing address: Institut Alfred Fournier,
25 Boulevard Saint Jacques, 75014 Paris, France. Phone: 33-140-782-
600. Fax: 33-145-883-328. E-mail: laura.monfort@institutfournier.org.

¥ Published ahead of print on 30 September 2009.

3540

fections, including lymphogranuloma venereum) has in-
creased, reflecting the resurgence of risky sexual behavior in
France and more generally in Europe (3, 4).

One cause of concern is the development of resistance to
antimicrobial therapy (7, 11, 14, 17). Since the first report of
tetracycline resistance in 1985, gonococci that are resistant to
tetracycline have spread globally, with the coexistence of chro-
mosomally and plasmid-mediated resistance being observed in
the majority of resistant isolates (16). During a sentinel sur-
veillance study in Western Europe in 2004, a total of 1,055
gonococcal isolates were analyzed, showing 21.3% resistance
to penicillin (8). In addition, high levels of ciprofloxacin-resis-
tant gonococcal isolates have been reported worldwide, ini-
tially (in the early 1990s) in the Southeast Asia and Pacific
regions and more recently in different parts of Europe. For
example, in Scotland, episodes of gonorrhoea caused by cip-
rofloxacin-resistant strains reached 11% in 2002 and increased
to 15.3% in 2003, prompting a change of first-line therapy from
ciprofloxacin to broad-spectrum cephalosporins (11, 13). The
levels of resistance to penicillins, tetracyclines, fluoroquinolo-
nes, and oral cephalosporins have also recently begun to in-
crease in Japan. In this context, Tanaka et al. recently de-
scribed an N. gonorrhoeae isolate with reduced susceptibility to
ceftriaxone and a chromosomally mediated multidrug resis-
tance phenotype (18). Isolates with high-level azithromycin
resistance were recently reported in Scotland (14).

In France, the NRC for Neisseria gonorrhoeae has observed
that the number of isolates with high-level resistance to peni-
cillin due to penicillinase production increased from 7.2% in
2004 to 11.2% in 2006. The number of isolates with high
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TABLE 1. Characteristics of antibiotic susceptibility phenotypes of the French N. gonorrhoeae isolates studied
Phenotype Antibiotic susceptibility (MIC [mg/liter]) to*:

(no. of strains) Penicillin B-Lactamase Tetracycline Ciprofloxacin Ceftriaxone Spectinomycin  Erythromycin®
1(10) R (1-4) Positive hR (16-32) I or R (0.5-4) S (=0.004) S (4-8) S
2(6) 1 (0.064-0.19) Negative hR (16-32) I or R (0.5-2) S (=0.004) S (4-6) S
3(39) Sorl(=1) Negative S or I (0.125-1) S (<0.002-0.012) S (=0.004) S (4-12) S
4 (31) I (1-1.5) Negative Ior R (1.5-3) hR (=32) rS (0.016-0.032) S (4-8) S
5(Q2) 1 (0.5-0.75) Negative R (2) S (0.008-0.012) rS (0.012-0.016) S (6-8) S
6(5) 1 (0.125-0.75) Negative IorR (1-2) R or hR (4-32) S (0.003-0.016) S (4-8) S

“ The antimicrobial MIC interpretative standards and breakpoints for susceptibility and resistance (CLSI) for the antibiotics shown are as follows: penicillin MIC,
=(0.06 and =2; tetracycline MIC, =0.25 and =2; ciprofloxacin MIC, =0.06 and =1; ceftriaxone MIC, =0.5 and =1; and spectinomycin MIC, =32 and =64. S,
susceptible; I, intermediate; R, resistant; rS, reduced susceptibility (ceftriaxone MIC, =0.012 and =0.032 mg/liter); hR, high level of resistance (tetracycline MIC, =16

mg/liter; ciprofloxacin MIC, =32 mg/liter).
® Only the disk diffusion method was used for erythromycin.

resistance to tetracycline (MIC, =16 mg/liter) increased from
6.8% to 18%. More than 75% of isolates with high levels of
penicillin resistance were also resistant to high levels of tetra-
cycline. Resistance to ciprofloxacin reached more than 40%,
and ciprofloxacin-resistant isolates were significantly more re-
sistant to penicillin and tetracycline than were susceptible iso-
lates. Resistance to ceftriaxone was not observed, but 20% of
strains had increased MICs (0.016, 0.023, or 0.032 mg/liter) to
this agent (4).

At present, there is no effective vaccine against N. gonor-
rhoeae. The control of gonococcal infections depends on the
surveillance of populations at risk, on public health measures
to limit the spread of infection, and on early intervention to
treat infected individuals. For the prevention and control of
infection and for the efficient surveillance of antibiotic resis-
tance, it is crucial to have precise knowledge about the isolates
that circulate in different communities, including the emer-
gence of particular clones.

A number of typing methods have been used for molecular
epidemiology studies of N. gonorrhoea. Some of these methods
are based on growth requirements for specific nutrients, anti-
biotic susceptibility, differences in multilocus enzyme electro-
phoresis, and serological reactivity against surface antigens.
Because the above approaches present several limitations, mo-
lecular typing methods have been developed with improved
discrimination among gonococcal isolates. Of the currently
available sequence-based methods, N. gonorrhoeae multianti-
gen sequence typing (NG-MAST) is one of the most advanta-
geous because it generates a simple numerical sequence type
(ST) based on the combined sequences of two genes (por and
tbpB). In addition, an internationally accessible web database
allows strain comparison worldwide (9).

The aim of our study was to analyze the N. gonorrhoeae
populations circulating in France in 2006. In order to identify
clusters of isolates from high-risk groups and clusters with
particular antibiotic resistance phenotypes, we used the NG-
MAST method. This study represents the first molecular epi-
demiological study of N. gonorrhoeae isolates from France.

MATERIALS AND METHODS

N. gonorrhoeae isolates. All laboratories participating voluntarily in the
RENAGO network sent all strains isolated to the NRC for Neisseria gonorrhoeae
(Institut Alfred Fournier, Paris, France). In parallel, epidemiological data (pa-
tient gender, age, geographical location, and sampling type) were sent to the
French Institute for Public Health Surveillance (InVS). For each isolate, phe-

notypic analysis (serotype and antibiotic phenotype) was performed. Among 295
isolates submitted to RENAGO between January and June 2006, 93 isolates
were selected for this study in order to be representative of the entire population
based on antibiotic resistance and populations of patients. A first group of 67
isolates (group I) was selected from different antibiotic resistance phenotypes
(Table 1) and then from different geographic origins, from male and female
patients, and finally from different sampling locations (cervix, urethra, urine, and
knee fluid), in order to identify possible clusters. A second group of 26 isolates
(group II) was selected from rectal samples from men who have sex with men
(MSM), without of antibiotic phenotype restriction criteria, in order to identify
specific clusters in this high-risk population.

Culture and identification. The isolates were cultured on PVX chocolate agar
(bioMérieux, Marcy-I'Etoile, France) supplemented with 1% IsoVitaleX and
incubated overnight at 37°C with 5% carbon dioxide. Identification was per-
formed with the APT NH system (bioMérieux, Marcy-l’Etoile, France).

Phenotypic analysis. Isolates were tested by routine analysis for antibiotic
susceptibility and serotype. Susceptibility to six antibiotics (penicillin, ceftriax-
one, tetracycline, ciprofloxacin, spectinomycin, and erythromycin) was measured
using the disk diffusion method (bioMérieux, Marcy-I'Etoile, France). B-Lacta-
mase production was detected by the cefinase test (bioMérieux, Marcy-I'Etoile,
France). Etests (AB Biodisk, Sweden) were used to determine MICs of penicil-
lin, ceftriaxone, tetracycline, ciprofloxacin, and spectinomycin. Results were in-
terpreted according to the Clinical and Laboratory Standards Institute (CLST)
(Table 1). Isolates were serotyped with the Phadebact GC serovar test using
monoclonal antibodies (Orgentec SAS, Trappes, France).

DNA extraction. Isolates were retrieved from storage at —80°C in glycerol
broth, cultured on PVX chocolate agar supplemented with 1% IsoVitaleX, and
incubated overnight at 37°C with 5% carbon dioxide. A turbid suspension of the
gonococcal subculture was made in phosphate-buffered saline (optical density of
~2.0). The bacteria were pelleted by centrifugation at 2,000 X g for 5 min,
washed once, resuspended in phosphate-buffered saline, and boiled for 5 min to
lyse the cells. The lysate was centrifuged for 5 min at 2,000 X g, and the
supernatant was stored at —20°C until required.

Molecular typing by NG-MAST. Briefly, internal regions of the por and tbpB
genes were amplified by PCR from the DNA extracts, and both strands were
sequenced using with Big Dye v.1.1 chemistry on an ABI3730XL capillary se-
quencer (Applied BioSystems). Sequences were aligned, edited, and trimmed to
a fixed length from conserved positions as described previously (9) using Bio-
Numerics software (Applied Maths, Belgium). Alleles were assigned to each
sequence variant of por and tbpB, and the corresponding ST was assigned
through the NG-MAST website (http:/www.ng-mast.net) based on the combi-
nation of the alleles of the two loci. All French isolate data were deposited in this
database.

RESULTS

Our purpose was to provide a first overview of the epidemi-
ology of N. gonorrhoeae in France in 2006, based on analysis of
93 isolates. The 67 group I isolates (from a heterosexual pop-
ulation and various geographic and clinical sources) came from
Paris and its surroundings (25 isolates [37%]) and from other
regions (42 isolates [63%]). Sixty-one isolates were from males
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TABLE 2. Characteristics of French N. gonorrhoeae isolates associated with main NG-MAST sequence types

Total no. . Antibiotic Antibiotic susceptibility to?:
ST ISrOlali ].N(;' to f Serotype Geor%r?rll:;)hlc susceptibility
isolates 8OUP 1solales org phenotype®  Penicillin  B-Lactamase Tetracycline Ciprofloxacin Ceftriaxone Spectinomycin Erythromycin
225 16 I 12 B Paris + OR 4 I Negative IorR hR rS S S
I 2 B Paris + OR 3 Sorl Negative 1 N S S S
11 2 B Paris 4 1 Negative R hR S S S
1479 9 I 4 A Paris + OR 1 R Positive hR TorR S S S
I 2 A Paris + OR 2 I Negative hR 1 S S S
I 2 B Paris + OR 2 I Negative hR R S S S
1T 1 A Paris 1 R Positive hR 1 S S S
880 4 I 2 B Paris + OR 4 TorR Negative R hR 1S S S
11 2 B Paris + OR 4 I Negative R hR rS S S
26 3 I 2 B Paris 3 TorS Negative I N N S S
11 1 B Paris 3 1 Negative 1 N S S S
437 3 I 3 B Paris + OR 4 TorR Negative R R 1S S S
975 3 I 3 A Paris + OR 3 Sorl Negative S S S S N
1986 3 I 2 B Paris + OR 3 S Negative S S S S S
I 1 B 4 1 Negative R hR S S N
2 2 I 1 A Paris 3 S Negative S S S S S
I 1 B OR 3 I Negative S S S S S
211 2 I 2 A Paris + OR 1 R Positive hR R S S S
292 2 I 1 B Paris 6 1 Negative 1 R S S N
11 1 B Paris 4 1 Negative R hR rS S S
359 2 II 2 B Paris 3 S Negative I S S S S
1813 2 1I 2 B Paris 3 1 Negative 1 N N S N
1987 2 I 1 A Paris 3 S Negative N N S S S
I 1 B Paris 3 1 Negative 1 S S S S

“ As defined in Materials and Methods.

® Paris, Paris and its surroundings; OR, other regions outside Paris and its surroundings.

¢ As described in Table 1.

ag, susceptible; I, intermediate; R, resistant; hR, high level of resistance (tetracycline MIC, =16 mg/liter; ciprofloxacin MIC, =32 mg/liter); rS, reduced susceptibility

(ceftriaxone MIC, =0.012 and =0.032 mg/liter.

and 6 from women. This low number of isolates from women
could be explained by the asymptomatic or paucisymptomatic
gonococcal infections observed in women who did not attend
an STI clinic. The diagnosis of N. gonorrhoeae infection is more
often casual, generally on the occasion of a gynecological
checkup. Moreover, carriage in women is characterized by a
low number of bacteria, which are particularly difficult to iso-
late, among the commensal vaginal bacteria. The ages were
known for 56 men (mean, 32 years; range, 18 to 57 years) and
5 women (mean, 31 years; range, 18 to 62 years) and unknown
for 6 other patients (5 men and 1 woman). Fifty-six isolates
were obtained from male urethra, 6 from cervix, 4 from male
urine, and 1 from the fluid of a male’s knee. The last isolate
was included because it was collected from an exceptional
location and characterized by the rare antibiotic resistance
phenotype 2. The majority of the group II isolates (MSM)
came from Paris and its surrounding area (88%), with an
average patient age of 33 years (range, 20 to 54 years).

Serotyping was performed on all isolates, which were divided
into 29 serovars. The four largest groups were represented by
14 isolates (serovar Boprstvy), 11 isolates (serovar Boprsty), 10
isolates (serovar Ast), and 9 isolates (serovar Arst). Fourteen
other serovars comprised 2 to 5 isolates, while 11 serovars were
represented by a single isolate.

Based on the MICs obtained for penicillin (with or without
B-lactamase production), tetracycline, ciprofloxacin, ceftriax-

one, and spectinomycin, the 93 isolates could be classified into
six phenotypes (Table 1), representing an overview of the di-
versity of antibiotic resistance phenotypes observed in France.
Thirty-nine (42%) isolates had antibiotic susceptibility pheno-
type 3, characterized by a susceptibility to all tested antibiotics,
whereas 31 (33%) isolates had phenotype 4 (with reduced
susceptibility to ceftriaxone and high-level resistance to cipro-
floxacin). The remaining isolates were divided into the four
other susceptibility phenotypes, which were distinguished by
their combination of resistance to tetracycline, ciprofloxacin,
and ceftriaxone.

Based on NG-MAST, the 93 isolates were subdivided into 53
different ST, including previously described STs as well as new
STs. The majority of STs (75%) were only represented by
single isolate, whereas the remaining STs were represented by
2 to 16 isolates. The 13 most common STs were ST225 (16
isolates [17.2%]); ST1479 (9 isolates [9.7%]); ST880 (4 isolates
[4.3%]); ST26, ST437, ST975, and ST1986 (3 isolates [3.2%]);
and ST2, ST211, ST292, ST359, ST1813, and ST1987 (2 iso-
lates [2.1%]). These STs had been previously described in
other parts of the world, except for ST1479 and ST1987, which
were not found in the NG-MAST database and thus have only
been described in France so far (Table 2). There was no ap-
parent geographic clustering of STs according to regions of
France. Among the 67 group I isolates, we could identify 36
different STs, 10 of which included more than one isolate
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FIG. 1. Distribution of NG-MAST STs of the French N. gonorrhoeae isolates obtained in 2006 (n = 93) and the antibiotic (ATB) phenotypes
of the isolates. Others STs were represented only by one isolate. STs indicated by black stars are newly described STs in the NG-MAST database.

(ST225, ST1479, ST26, ST975, ST437, ST1986, ST2, ST1987,
ST211, and ST880), together clustering 61% of the isolates
(Table 2). Regarding the 26 isolates from group II, six STs
were found with more than one isolate (ST225, ST880, ST292,
ST359 and ST1813), grouping 38% of the isolates (Table 2).
The diversity indices were similar in the two groups (Simpson’s
index, 92.3% versus 94.7%, respectively). Fourteen isolates
from group I and two isolates from group II belonged to
ST225, among which 14 isolates were characterized by antibi-
otic resistance phenotype 4. ST1479 grouped eight isolates
from different geographic regions from group I and one isolate
from group II. The eight isolates presented the two similar
antibiotic resistance phenotypes 1 and 2 (differing by the pres-
ence or absence of a B-lactamase). Of note, the isolate from
knee fluid was ST1479. ST880 was represented by two isolates
from group I and two isolates from group II, all of which
exhibited antibiotic phenotype 4. Antibiotic resistance pheno-
type 5 (with a reduced susceptibility to ceftriaxone) was ob-
served only in two isolates from group I (ST21 and ST1985).
These STs were closely related, since they share the same tbpB
allele (allele 33) and their porB alleles differed by two single
nucleotide polymorphisms (allele 14 for ST21 and allele 467
for ST1985). Antibiotic phenotype 6 (resistance to tetracycline
and ciprofloxacin) was observed only in group II, in five iso-
lates of distinct STs.

Notably, the genetic diversity differed according to the sus-
ceptibility phenotype of the isolates. Isolates with antibiotic
phenotype 3 (susceptible to all tested antibiotics) were associ-

ated with many single STs, whereas a majority (22/31 [71%]) of
isolates with antibiotic phenotype 4 (with reduced susceptibil-
ity to ceftriaxone and high resistance to ciprofloxacin) were
clustered in the STs ST225, ST880, and ST437 (Fig. 1). In
addition, these three STs were closely related, as the allele
sequences of thpB gene were identical (allele 4). Moreover, the
por allele of ST225 (allele 4) differed from that of ST437 (allele
14) and ST880 (allele 489) by a single nucleotide polymor-
phism. These observations indicate a common ancestral origin
of these isolates, from which they acquired their phenotype.

DISCUSSION

The increase in gonorrhoea in many developed countries
and the occurrence of resistance to antimicrobial treatment
constitute an important public health problem. Sequence-
based genotyping methods have proven helpful to understand
the transmission patterns of infection and to follow the emer-
gence and spread of antibiotic resistance.

The 93 French isolates analyzed in this study revealed the
same antibiotic phenotype trend observed in others parts of
the world. All French isolates were susceptible to spectinomy-
cin. In France, this antibiotic is only used in case of B-lactam
allergy. Even though azithromycin was not tested, the proba-
bility that isolates were all susceptible to this agent is strong,
since no resistance to erythromycin was observed for any iso-
late. In France, azithromycin is not used for N. gonorrhoeae
treatment. In contrast, N. gonorrhoeae azithromycin resistance
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increased in Scotland (14). It may have occurred as a response
to exposure to sublethal levels of azithromycin resulting from
the treatment of C. trachomatis infections. Possibly another
reason was azithromycin being prescribed alone in N. gonor-
rhoeae infection, as suggested by Habib and Fernando (5).

Reduction of susceptibility to ceftriaxone is worrying, espe-
cially in combination with ciprofloxacin resistance. As a con-
sequence, since 2005, French guidelines have not recom-
mended fluoroquinolones for N. gonorrhoeae treatment, which
could hopefully result in a steady state or a decrease of resis-
tance over the next few years. Ceftriaxone became the recom-
mended treatment, always associated with azithromycin for C.
trachomatis infections (Groupe de Travail sur les Antibiotiques,
GTA no. 188, 6 June 2005; http://www.afsapps.sante.fr).

This study presents the first molecular epidemiology analysis
of N. gonorrhoeae strains that are currently circulating in
France. As in previous studies, the NG-MAST method re-
vealed numerous single STs, probably due to the lack of effec-
tive procedures for an exhaustive diagnosis in partners or in
the community. In addition, high recombination rates in N.
gonorrhoeae result in a rapid evolution of genotypes. Only six
isolates from women were analyzed, and all had different STs,
excluding any interpretation about genotype variability related
to gender.

No geographic clustering was observed, and even though
88% of isolates (23/26) from group II were isolated from MSM
from the same area (Paris), no predominant ST was identified
in this group. A particular antibiotic-resistant phenotype (phe-
notype 6) was only found in this group, with chromosomal
resistance to tetracycline, high-level resistance to ciprofloxacin,
and high susceptibility to ceftriaxone.

ST225, one of the main STs identified in France (16 iso-
lates), is characterized by 87.5% of isolates with resistance to
tetracycline and ciprofloxacin and by slightly reduced suscep-
tibility to ceftriaxone (0.016 to 0.032 mg/liter). This ST was
previously found to be prevalent in Denmark (S. H. Hoffman,
L. Lambertsen, L. Berthelsen, and S. Cowan, Presented at the
International Society for Sexually Transmitted Disease Re-
search 16th Meeting, Amsterdam, The Netherlands, 10 to 13
July 2005), Scotland (12), and Australia (19, 20) and has been
reported in Greece and Hong Kong (http://www.ng-mast.net).
In Scotland, ST225 was the most prevalent ST (with 85 out of
1,526 isolates), where it had the same predominant antibiotic
phenotype as in France (except that ceftriaxone was not re-
ported) (12). In Australia, Todd et al. (19) described 10 out of
14 isolates of ST225 that showed the same antibiotic resistance
phenotype as that in the present study, including the increased
MIC of ceftriaxone (0.03 mg/liter). The two prevalent STs
ST880 and ST437, which are genetically closely related to
ST225, presented the same antibiotic resistance phenotype in
our study as well as in other countries (http:/www.ng-mast
.net). These results are clearly indicative of the international
spread of the antimicrobial-resistant clone that comprises
ST225, ST880, and ST437. In contrast, French isolates from
ST292, resistant to ciprofloxacin (phenotypes 4 and 6), did not
share the same antibiotic resistance phenotype as ST292 iso-
lates from Scotland (12), suggesting a recent acquisition of
resistance in France.

ST1479 comprised isolates resistant to ciprofloxacin, with
plasmidic resistance to penicillin and tetracycline. This ST,

J. CLIN. MICROBIOL.

exclusively identified in nine French isolates (including knee
fluid sample), was characterized by the multiresistance pheno-
type 1 or 2. ST211, which was also associated with phenotype
1 in France (2 isolates), was previously found in Scotland (13),
London, Australia, Greece, and New Zealand (http://www.ng
-mast.net). However, the sequences of both genes (tbpB and
por) were distant between ST1479 and ST211. Therefore, it
cannot be determined whether antimicrobial resistance phe-
notype 1 was acquired independently in these two genomic
backgrounds or whether the genes tbpB and por evolved from
a common antimicrobial-resistant ancestor. Expectedly, the
susceptible isolates (antibiotic phenotype 3) were diverse.
Many STs of susceptible isolates (ST2, ST26, ST359, ST975,
ST1813, and ST1986) were observed in other countries (14;
http://www.ng-mast.net). In contrast, some STs that were de-
scribed as being frequent in other countries did not appear in
this study (ST661, ST547, ST835, and ST338) or were repre-
sented only once (ST147) (11-13, 17, 21). Thus, ST225 stands
out as the only widespread international clone, probably se-
lected by the widespread use of ciprofloxacin and oral cepha-
losporins.

In conclusion, this study provides a first overview of the
characteristics of N. gonorrhoeae infections in France. Even
though a large diversity of genotypes was found, few clones
associated with particular antimicrobial resistance phenotypes
were observed. Comparison with European and international
data identifies ST225 as one international multiresistant clone,
whereas ST1479 was prevalent in France but has not been
described elsewhere so far. Our results show that the worrying
increase in resistance is due to a combination of clonal spread
and emergence of resistance in distinct genomic backgrounds.

Epidemiological studies based on antibiotic susceptibility
testing remain a good phenotypic approach for the surveillance
of N. gonorrhoeae infections. NG-MAST provides improved
capacity for the detection of chains of transmission and helps
in predicting antibiotic susceptibility trends, as the antibiotic
resistance phenotype is generally conserved for a given ST.
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