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Resistance to cephalosporins may lead to untreat-
able gonococcal infections. We describe the results
of the sentinel surveillance of gonococcal infections
and the evolution of the resistance of Neisseria gon-
orrhoeae to antibiotics in France from 2001 to 2012.
We also analyse the factors associated with decreased
susceptibility to third generation cephalosporins. In
France, surveillance of gonococcal infections is con-
ducted through a network of voluntarily participating
laboratories. Strains are sent to the national reference
laboratory to determine the minimum inhibitory con-
centration (MIC) for six antibiotics. During the study
period, the number of gonococcal infections increased
steadily. The susceptibility of 8,649 strains was stud-
ied for this period. The proportion of strains with
decreased susceptibility to cefixime (MIC>0.125 mg/L)
quadrupled between 2011 (0.7%:10/1,521) and 2012
(3.0%: 33/1,093; p<0.001). Between 2001 and 2012,
only two of the 8,649 strains, both collected in 2010,
had a MIC»o0.125 mg/L for ceftriaxone. Decreased sus-
ceptibility to cephalosporins increased with older
age and was more common in pharyngeal strains.
Decreased susceptibility to cefixime may indicate that
the national recommendation to use ceftriaxone as a
first line treatment for cases of urethritis and cervici-
tis has not been fully implemented. Enhanced surveil-
lance of pharyngeal strains is strongly suggested.

Introduction

Although gonorrhoea is a common sexually transmit-
ted infection (STI), normally responsible for uncompli-
cated genital infections, the disease can sometimes
lead to severe complications (salpingitis, epididymo-
orchitis, septicaemia) [1,2]. It also increases the risk of
transmission by human immunodeficiency virus (HIV)
[2]. Because of its short incubation time (mainly 2 to 5
days) [3] and characteristic symptoms in men, the inci-
dence of gonorrhoea can be used as a very sensitive
indicator of the relaxation of safe sexual behaviours,
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and as an early warning signal for increased risk of HIV
transmission [2].

Following acquired immunodeficiency syndrome (AIDS)
prevention campaigns in the 1980s and at the begin-
ning of the 1990s, the number of cases of gonorrhoea
in certain European Union (EU) and European Free
Trade Association (EFTA) countries [4], including France
[5], dropped significantly. This drop was the result of a
reduction of at-risk sexual behaviours [6]. The advent
of antiretroviral multitherapy in the mid-1990s brought
with it a resurgence of these behaviours in the general
population, especially in men who have sex with men
(MSM). It also led to a resurgence in cases of gonor-
rhoea in some EU/EFTA countries [5,6] as well as in the
United States [7].

In France, the epidemiological surveillance of gonor-
rhoea is based on two voluntary sentinel networks
relying on clinicians (the RésIST network) or public and
private laboratories (the Rénago network — National
Gonorrhoea Network -) [8,9]. Since the beginning of
the 2000s, an increase in gonococcal infections has
been observed by these networks, both in men and
women [9]. The RésIST network also highlighted that
this increase exists irrespective of sexual orientation
(8,9].

At the end of the 1990s and the beginning of the 2000s,
concomitantly with the resurgence of gonoccocal infec-
tions, several countries reported increasing levels of
gonococcal resistance to ciprofloxacin [2,10], a fluo-
roquinolone antibiotic, which was used at the time as
a single-dose first-line treatment for uncomplicated
urogenital gonorrhoea. Since the mid-2000s, single-
dose third generation cephalosporins (TGC), specifi-
cally oral cefixime and injectable ceftriaxone, became
the only remaining recommendable antimicrobial class
[11]. These treatments were officially recommended



FIGURE 1

Geographical distribution of the 133 laboratories in the Rénago® network according to participation in microbiological

surveillance, France, 2012
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2 Rénago is the national gonorrhoea network, a sentinel network based on voluntarily participating public and private laboratories.

in France at the end of 2005 [12]. However, the subse-
quent development of clinical and biological resistance
to TGC, especially to cefixime, and, since the end of the
20005, to ceftriaxone, may lead to a therapeutic dead
end in the coming years [2,11]. Surveillance of gono-
coccal susceptibility to these antibiotics is therefore
essential.

Given this worrying context, the objective of this study
was to describe the evolution of gonococcal infections
and the changes in the susceptibility of gonorrhoea
strains to antibiotics in France between 2001 and 2012.
Factors associated with decreased susceptibility to
TGC are also assessed.

Methods
The laboratories in the Rénago network are distributed
throughout all of metropolitan France. This network

helps monitor the resistance of Neisseria gonorrhoeae
strains to antibiotics. Laboratory participation to sur-
veillance is voluntary.

The laboratories receive patients referred by their doc-
tor who prescribed a microbiological diagnosis for gon-
orrhoea. An anonymous epidemiological file, collected
by the network laboratory microbiologist, provided
the following information for each patient: sex, age,
date of sample, anatomical site of sample, presence
of symptoms, co-infection with another STI, probable
country of infection, information on partner’s infection,
the place of consultation and specialisation of treating
physician, type of laboratory and geographical area to
which it belongs. The sexual orientation of the patient
is not reported. Information is consolidated and ana-
lysed by the Institut de Veille Sanitaire (InVS).
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Because of the large proportion of missing data for four
variables (presence of symptoms, co-infection with
another STI, probable country of infection, and infor-
mation on patient’s partner infection status), the latter
were used only for univariate analysis for descriptive
purposes. All other variables were included in the mul-
tivariate analysis; p<o.o5 was used as the level for sig-
nificance. Only the results of multivariate analysis are
presented here, unadjusted and adjusted odds-ratios
being very similar. For the analyses, the data concern-
ing the years from 2001 to 2009 were pooled to high-
light recent developments of the characteristics of
gonococcal infections and of antibiotic susceptibility
of strains in the period from 2010 to 2012.

Gonococcal infection is laboratory confirmed by a posi-
tive culture or a positive nucleic-acid amplification test
(NAAT) for N. gonorrhoeae by the network laboratories.
Strains isolated by culture by the network laborato-
ries are sent for antibiotic susceptibility testing to the
Alfred Fournier Institute in Paris, which is the national
reference laboratory (NRL) for gonorrhoea.

Because of the very high number of strains received by
the NRL as well as budget constraints, the InVS and the
NRL decided to separate epidemiological and microbio-
logical surveillance. Although the epidemiological data
collection continued for all laboratories in the network,
the number of laboratories sending their strains to the
NRL was reduced by about fifty per cent from the begin-
ning of January 2012 (in 2012, 63 of the 133 laboratories
in the network participated to the microbiological sur-
veillance). Nevertheless, a homogeneous geographical
distribution of laboratories continuing this microbio-
logical surveillance was ensured (Figure 1).

The NLR determines the minimum inhibitory concen-
tration (MIC) for six antibiotics (penicillin G, tetracy-
cline, ciprofloxacin, spectinomycin, ceftriaxone, and,
since 2008, cefixime) using Etest strips (first from AB
Biodisk, Solna, Sweden; then from AES Laboratory,
Combourg, France, and from May 2011 from i2a,
Pérols, France). These antibiotics were or are still rec-
ommended for the treatment of gonorrhoea [11]. The
presence of beta-lactamases is detected using Api NH
(bioMérieux, Marcy-I’Etoile, France) identification test
kits and, when there is any doubt, using a chromog-
enic cephalosporin test (cefinase, bioMérieux). The cri-
teria used to define resistance are those used by the
European Committee on Antimicrobial Susceptibility
Testing —EUCAST 2013 [13]. For TGC, no defined thresh-
old exists for resistance; strains with a MIC>0.125 mg/L
for cefixime and for ceftriaxone are regarded as hav-
ing a decreased susceptibility. A strain was considered
multi-resistant if it was resistant to penicillin G, tetra-
cycline and ciprofloxacin, and if the MIC for cefixime or
for ceftriaxone was »0.125 mg/L.

The factors associated with a reduction in suscepti-

bility of gonorrhoea to TGC in patients aged at least
15 years-old were determined through univariate and
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FIGURE 2

Annual number of reported gonococcal infections and
strains tested by the national reference laboratory for
gonorrhoea, Rénago network?, France, 2001-2012
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NRL: national reference laboratory.

2 Rénago is the national gonorrhoea network, a sentinel
network based on voluntarily participating public and private
laboratories. All laboratories participate to the epidemiological
surveillance. Until 2011, all laboratories participated to the
microbiological surveillance. In 2012, only 63 of the 133
laboratories of the network participated to the microbiological
surveillance.

multivariate analyses using Stata v.11.0 software,
excluding missing values. As the number of strains
with MICy0.125 mg/L for TGC was low, we studied the
factors associated with a MIC20.094 mg/L for cefixime
and a MICz0.032 mg/L for ceftriaxone. These values
were chosen arbitrarily to have a sufficient number of
strains with MICs above these cut-offs to allow com-
parison analyses. Taking into account such cut-offs,
6% of strains had decreased susceptibility to these
two antibiotics.

Results

Evolution of the number of gonococcal
infections and analysed strains

Between 2001 and 2012, 13,400 cases of gonorrhoea
were reported by the network’s laboratories. From
these cases, a total of 10,501 strains were sent to the
NLR. The NLR succeeded in recultivating 8,649 (82%) of
them to determine the susceptibility of N. gonorrhoeae
to antibiotics. The proportion of strains sent to the NLR
and then recultivated remained quite stable from 2005
to 2012 (84% on average for this period, range 82 to
870/0).

Figure 2 shows the increase in the number of reported
cases and the number of strains studied by the NLR



TABLE 1

Characteristics of cases of gonorrhoea, Rénago® network, France 2001-2012 (n=13,400)

Variables

2001-2009

Total 2001-2012

N (%)

N (%)

Total 6,407 (100) 1,807 (100) 2,211 (100) 2,975 (100) 13,400 (100)
Sex

Male 5,552 (87) 1,506 (83) 1,718 (78) 2,044 (69) 10,820 (81)
Female 846 (13) 299 (17) 493 (22) 928 (31) 2,566 (19)
Not provided 9 («1) 2 (<2) o (0) 3 (<1) 14 (<1)
Age (in years)

0-14 12 (<1) 8 («1) 5 (<1) 21 (1) 46 (<1)
15-24 1,838 (29) 673 (37) 916 (41) 1,387 (47) 4,814 (36)
25-34 2,323 (36) 598 (33) 687 (31) 904 (30) 4,512 (34)
35-44 1,318 (21) 305 (17) 318 (14) 347 (12) 2,288 (17)
245 years 688 (11) 180 (10) 228 (10) 254 (9) 1,350 (10)
Not provided 228 (4) 43 (2) 57 (3) 62 (2) 390 (3)
Anatomical site

Urethra or urine 4,905 (77) 1,394 (77) 1,598 (72) 1,972 (66) 9,869 (74)
Cervix or vagina 745 (12) 278 (15) 459 (21) 839 (28) 2,321 (17)
Anus 588 (9) 98 (5) 105 (5) 77 (3) 868 (6)
Pharynx 35 (1) 8 (1) 23 (1) 33 (1) 99 (1)
Other sites 112 (2) 24 (1) 25 (1) 35 (1) 196 (1)
Not provided 22 (<1) 5 (<1) 1 (1) 19 (1) 47 (<)
Presence of symptoms

Yes 4,336 (68) 1,099 (61) 1,365 (62) 1,739 (58) 8,539 (64)
No 127 (2) 97 (5) 93 (4) 160 (5) 477 (4)
Not provided 1,944 (30) 611 (34) 753 (34) 1,076 (36) 4,384 (33)
Co-infection with another STI

Yes 951 (15) 287 (16) 425 (19) 715 (24) 2,378 (18)
No 1,941 (30) 437 (24) 568 (26) 868 (29) 3,814 (28)
Not provided 3,515 (55) 1,083 (60) 1,218 (55) 1,392 (47) 7,208 (54)
Probable country of infection

France 1,691 (26) 502 (28) 576 (26) 719 (24) 3,488 (26)
Abroad 134 (2) 27 (1) 35 (2) 27 (1) 223 (2)
Not provided 4,582 (72) 1,278 (71) 1,600 (72) 2,229 (75) 9,689 (72)
Patient’s partner infected

Yes 212 (3) 76 (4) 102 (5) 124 (4) 514 (4)
No 122 (2) 38 (2) 47 (2) 90 (3) 297 (2
Not provided 6,073 (95) 1,693 (94) 2,062 (93) 2,761 (93) 12,589 (94)
Place of consultation

Private sector or clinic 3,410 (53) 1,175 (65) 1,425 (64) 1,581 (53) 7,591 (57)
Hospital 1,203 (19) 274 (15) 316 (14) 462 (16) 2,255 (17)
Specialised facilities for STIs® 831 (13) 321 (18) 398 (18) 751 (25) 2,301 (17)
Other structures o (0) 9 («1) 47 (2) 93 (3) 149 (1)
Not provided 963 (15) 28 (2) 25 (1) 88 (3) 1,104 (8)
Prescribing doctor

General practitioner 3,660 (57) 1,260 (70) 1,458 (66) 1,814 (61) 8,192 (61)
Gynaecologist 634 (10) 156 (9) 262 (12) 386 (13) 1,438 (11)
Dermatologist-venereologist 860 (13) 100 (6) 86 (4) 168 (6) 1,214 (9)
Other medical specialisation 877 (14) 256 (14) 320 (14) 381 (13) 1,834 (14)
Not provided 376 (6) 35 (2) 85 (4) 226 (8) 722 (5)
Type of Laboratory

Private 4,612 (72) 1,376 (76) 1,617 (73) 1,984 (67) 9,589 (72)
Hospital 1,610 (25) 352 (19) 500 (23) 804 (27) 3,266 (24)
Community clinic 185 (3) 79 (4) 94 (4) 187 (6) 545 (4)
Laboratory location (area in France)

Paris region 2,820 (44) 677 (37) 751 (34) 1,021 (34) 5,269 (39)
North-west 1,119 (17) 421 (23) 508 (23) 672 (23) 2,720 (20)
North-east 966 (15) 304 (17) 384 (17) 412 (14) 2,066 (15)
South-east 938 (15) 232 (13) 332 (15) 494 (17) 1,996 (15)
South-west 564 (9) 173 (10) 236 (11) 376 (13) 1,349 (10)

STI: sexually transmitted infection.

2 Rénago is the national gonorrhoea network, a sentinel network based on voluntarily participating public and private laboratories.
b Specialised facilities for the management of STI: STl clinics, free anonymous counselling and testing services and family planning centres.
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between 2001 and 2012. During the first five years of
the study, the number of laboratories participating in
epidemiological surveillance greatly increased, from
97 in 2001 to 151 in 2005. This number subsequently
remained quite stable before decreasing between
2011 (n=161) and 2012 (n=133). The yearly number of
strains whose susceptibility was examined by the NLR
increased tenfold from 150 in 2001 to 1,521 in 2011. In
2012, with the number of participating laboratories to
the microbiological surveillance decreasing by half,
1,093 strains were tested.

Since 2009, larger numbers of diagnoses are being
made using NAAT. NAAT accounted for only 6%
(84/1,444) of microbiological diagnoses of gonorrhoea
in 2009, this figure increased to 13% (237/1,807) in
2010, 25% (554/2,211) in 2011 and 47% (1,408/2,975)
in 2012. NAAT was exclusively used to diagnose
gonorrhoea in 3% (40/1,444), 8% (136/1,807), 14%
(302/2,211) and 28% (839/2,975) of patients, for each
of these years, respectively (p<o.001, chi-square test
for trend).

Epidemiological and clinical characteristics of
cases of gonorrhoea

The clinical characteristics of reported cases of gon-
orrhoea are shown in Table 1. Most were male (81%
over the whole study period: 10,820/13,400), yet the
proportion of female constantly increased, reaching
31% (928/2,975) of cases in 2012. The 15- to 24-year-
old age group was most affected, and saw a constant
increase over time for both sexes. Median age was
higher in men (29 years compared with 22 years in
women; p<0.001, analysis of variance) over the whole
study period, but decreased over time both in men and
women (from, respectively, 30 and 24 years between
2001 and 2009, to 26 and 21 years in 2012; p<o0.0o01 for
both comparisons).

Information on the presence of symptoms was miss-
ing for 33% (4,384/13,400) of cases. Considering those
with such information available, 98% (7,587/7,720)
of men and 73% (942/1,285) of women presented
with symptoms (p<o.001). Information on simultane-
ous infection with another STI was missing in 54%
(7,208/13,400) of cases. For cases with data, 32%
(1,456/4,622) of men and 59% (918/1,561) of women
had another STI (p<0.001), mainly co-infection with
chlamydia (19%: 862/4,622 of co-infection in men and
48%: 744/1,561 in women; p<0.001). Information on
probable country of infection (i.e. in France or abroad)
was missing in 72% (9,689/13,400) of cases. When it
was available, infection had occurred outside of France
in 7% (206/3,146) and 3% (17/561) of men and women,
respectively (p=0.001). The partner’s infection status
was hardly ever recorded by the laboratories, as the
information was missing for 94% (12,589/13,400) of
cases.

In men, samples were taken mainly from the urethra
or urine (90%: 9,741/10,820). Samples from the anus
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(8%: 842/10,820 over the whole study period, dimin-
ishing in recent years to 4%: 72/2,044 in 2012) and
pharynx (1%: 93/10,820) were much rarer. In women,
samples were taken mainly from the cervix or vagina
(90%: 2,320/2,566). Urethral (5%: 119/2,566) and anal
(1%: 24/2,566) samples were also much rarer.

Patients had mainly consulted in private general prac-
titioner offices or in clinics (67%: 6,588/9,859 and
41%: 1,000/2,424 of the men and women, respec-
tively, for whom information was available; p<0.001).
Consultation had occurred less frequently in hospitals
(17%: 1,632/9,859 and 26%: 621/2,424 of men and
women, respectively; p<o.001) and less frequently in
the following specialised facilities: STI clinics, free
Anonymous Counselling and Testing Services and
Family Planning Centres (15%: 1,521/9,859 and 32%:
772/2,424 of men and women, respectively; p<o.001).
The prescribing doctor was a general practitioner
in most cases (71%: 7,236/10,244 of men and 39%:
950/2,421 of women for whom information was avail-
able; p<o.001), a gynaecologist (50%: 1,209/2,421 of
women) or a specialist in dermato-venereology (11%:
1,127/10,244 and 3%: 83/2,421 of men and women,
respectively; p<o.001).

Finally, bacteriological samples were mainly taken in
private laboratories (74%: 7,992/10,820 of men and
62%: 1,586/2,566 of women; p<0.001). They were less
frequently collected in hospital laboratories (22%:
2,384/10,820 and 34%: 879/2,566 of men and women,
respectively; p<o.0o01) and rarely at a community clinic
(4% of men: 444/10,820 and of women: 101/2,566;
p=0.70).

FIGURE 3

Evolution of the resistance of gonococcal strains to
penicillin G, tetracycline and ciprofloxacin, Rénago®
network, 2001-2012 (n=8,649 strains)
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laboratories.



TABLE 2

Evolution of the susceptibility of gonoccocal strains to antibiotics, Rénago network?®, 2001-2012 (n=8,649 strains)

Antibiotics 20%{%’” 50(3/3 EIO(},Z; ,jczl/z)
Penicillin G

Susceptible strains (MIC<0.064mg/L) 1,251 (27) 383 (27) 130 (23) 284 (26)
Decreased susceptibility (0.064<MIC<1mg/L) 2,741 (59) 863 (62) 373 (66) 661 (60)
Il-;!g;\;ilec:g?t?\f;mal resistance (MIC>amg/L and beta- 161 (3) 46 (3) 1) 52 (5)
Ei)gsfilt-il\i;/)el plasmid-mediated resistance (beta-lactamase 477 (10) 108 (8) 52 (9) 96 (9)
Total number of strains tested (N=7,689 strains) 4,630 (100) 1,400 (100) 566 (100) 1,093 (100)
Tetracycline

Susceptible strains (MIC<o.5mg/L) 1,000 (22) 328 (23) 104 (18) 188 (17)
Decreased susceptibility (0.5¢MIC<1mg/L) 1,516 (33) 406 (29) 157 (28) 294 (27)
Low-level chromosomal resistance (1<MIC<16mg/L) 1,445 (31) 449 (32) 171 (30) 366 (33)
High-level plasmid-mediated resistance (MIC216mg/L) 670 (14) 217 (16) 132 (23) 245 (22)
Total number of strains tested (N=7,688 strains) 4,631 (100) 1,400 (100) 564 (100) 1,093 (100)
Ciprofloxacin

Susceptible strains (MIC<0.064mg/L) 2,831 (61) 814 (58) 861 (57) 664 (61)
Decreased susceptibility (0.032¢<MIC<0.064mg/L) 19 (<1) 2 («1) 7 (<) 1 (<2)
Low-level resistance (0.064¢<MIC<img/L) 200 (4) 53 (4) 117 (8) 19 (2)
High-level resistance (MICz1mg/L) 1,584 (34) 531 (38) 536 (35) 409 (37)
Total number of strains tested (N=8,648 strains) 4,634 (100) 1,400 (100) 1,521 (100) 1,093 (100)
Spectinomycin®

Susceptible strains (MIC<64mg/L) 4,631 (100) 1,400 (100) 1,426 (100) 1,093 (100)
Total number of strains tested (N=8,550 strains) 4,631 (100) 1,400 (100) 1,426 (100) 1,093 (100)
Cefixime?

Susceptible strains (MIC<0.125mg/L) 1,983 (100) 1,391 (99) 1,511 (99) 1,060 (97)
Decreased susceptibility (MIC>0.125mg/L) 8 («1) 8 (1) 10 (1) 33(3)
Total number of strains tested (N=6,004 strains) 1,991 (100) 1,399 (100) 1,521 (100) 1,093 (100)
Ceftriaxone

Susceptible strains (MIC<o.125mg/L) 4,631 (100) 1,398 (100) 1,521 (100) 1,093 (100)
Decreased susceptibility (MIC>0.125mg/L) o (0) 2 («1) o (0) o (0)
Total number of strains tested (N=8,645 strains) 4,631 (100) 1,400 (100) 1,521 (100) 1,093 (100)
Multidrug resistance®

No multidrug resistance 1,989 (100) 1,396 (100) 563 (100) 1,075 (98)
Multidrug resistant strains 1 (<2) 3 (<) 1 (<2) 18 (2)
Total number of strains tested (N=5,046 strains) 1,990 (100) 1,399 (100) 564 (100) 1,093 (100)

EUCAST: European Committee on Antimicrobial Susceptibility Testing; MIC: minimum inhibitory concentration.

EUCAST 2013 criteria were used for the definition of resistance [13].

2 Rénago is the national gonorrhoea network, a sentinel network based on voluntarily participating public and private laboratories.
® In 2011, only 37% of strains were tested for penicillin G and tetracycline because of budgetary constraints.
¢ For spectinomycin, precise analysis of MIC values was restricted to the period when the new E-test was used (from May 2011).

4 Cefixime was tested from 2008 onwards. There is no official threshold defining gonococcal resistance to third generation cephalosporins

but 0.125 mg/L is used in practice [25].

¢ Defined as resistance to penicillin G (MIC>amg/L or beta-lactamase positive), tetracycline (MIC>amg/L), and ciprofloxacin (MIC>0.064mg/L)
and demonstration of elevated MICs of cefixime or ceftriaxone (MIC>0.125mg/L) [25].

Evolution of the susceptibility of gonococcal
strains to antibiotics

The analysis is based on 8,649 gonococcal strains
tested by the NLR. Proportionally, more strains were
tested from men (70%: 7,569/10,815) than women
(42%: 1,070/2,564; p<0.001). Furthermore anal sam-
ples were tested proportionally more often (84%:
730/868) than samples from the other anatomical sites
(63%: 7,898/12,478; p<0.001).

The majority of strains (73%:5,641/7,689) presented
decreased susceptibility to penicillin G (MIC>0.064

mg/L). The proportion of strains resistant to penicillin
G (MIC>1 mg/L) fluctuated between 10 (12/126 in 2002)
and 21% (109/512 in 2005; Figure 3, 13% on average:
1,003/7,689) during the study period, with, in 2012,
14% of strains resistant (148/1,093; 95% confidence
interval (Cl): 11.6—15.7). Nearly three quarters of resist-
ant strains (733/1,003) had a high level of plasmid-
mediated penicillin resistance (Table 2).

The proportion of strains resistant to tetracycline

increased from 29% (43/150) in 2001 to 56% (611/1,093)
in 2012 (Figure 3). In 2012, 33% (366/1,093) of the
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strains (95% Cl: 31-36) had low-level chromosomal
resistance and 22% (245/1,093; 95% Cl: 20-25) had
high-level plasmid-mediated resistance.

The proportion of strains resistant to ciprofloxacin
(MIC>0.06 mg/L) increased sharply between 2003
(15%: 30/195, 13%: 25/195 of which with high-level
resistance (MICz1mg/L) and 2006 (47%: 243/514, 43%:
221/514 of which with high-level resistance). It then
remained quite high at around 42% (Figure 3). In 2012,
2% (19/1,093; 95% Cl: 1.0-2.7) of the strains had low-
level resistance while 37% (409/1,093; 95% Cl: 35-40)
had high-level resistance.

No strain resistant to spectinomycin was detected
throughout the whole study period. The change in
E-test type from May 2011 means that a comparison of
the evolution of the distribution of MIC values before
and after this date could not be made for this antibi-
otic. Nevertheless, the median MIC between 2001 (6
mg/L) and 2011 until April (8 mg/L) remained relatively
stable. Similarly, the median MIC remained stable
between 2011 after May (16 mg/L) and 2012 (16 mg/L).

The proportion of strains with decreased susceptibil-
ity to cefixime (MIC>0.125 mg/L) was less than 1% until
2011 (Table 2). In 2011 it was 0.7% (10/1,521; 95% Cl:
0.3-1.2) and increased significantly to 3.0% in 2012
(33/1,093; 95% Cl: 2.1—4.2; p<0.001). The proportion of
strains with MIC values»0.094 mg/L increased consist-
ently between 2008 and 2012 (Figure 4).

In 2010, for the first time two strains of 1,400 (0.14%;
95% Cl: 0.02-0.57) showed decreased susceptibility to

FIGURE 4

Evolution of the distribution of minimum inhibitory
concentration values for cefixime, Rénago® network,
2008-2012

2008 == 2009 == 2010 == 2011 BN 2012

Decreased susceptibility _—

% of strains

0.094 0.125 0.19 0.25 0.38 05 | 20.75
MIC (mg/L)

MIC: minimum inhibitory concentration.

2 Rénago is the national gonorrhoea network, a sentinel
network based on voluntarily participating public and private
laboratories.
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FIGURE 5

Evolution of the distribution of minimum inhibitory
concentration values for ceftriaxone, Rénago® network,
2008-2012

2008 =W 2009 =W 2010 EE 2011 BN 2012

37 | Decreased
susceptibility

% of strains

o T T 1

0.032 0.047 0.064 0.094 0.125 0.19 20.25

MIC (mg/L)

MIC: minimum inhibitory concentration.

2 Rénago is the national gonorrhoea network, a sentinel
network based on voluntarily participating public and private
laboratories.

ceftriaxone, and both of these also showed decreased
susceptibility to cefixime. Both cases were in men. One
was about twenty years of age (MIC of 0.19 mg/L for
ceftriaxone and o.5 mg/L for cefixime). The other was
a MSM in his fifties (MIC of 0.75 mg/L for ceftriaxone
and 2 mg/L for cefixime) [14]. No decreased suscepti-
bility to ceftriaxone was subsequently found in 2011 or
in 2012. The upward trend in MIC values between 2008
and 2010 was not observed in the 2011 to 2012 period

(Figure 5).

Finally, multidrug resistant strains were rare over the
2001 to 2011 period (5/3,953: 0.1%; 95% Cl: 0-0.3)
but their proportion increased significantly in 2012
(18/1,093: 1.6%; 95% Cl: 1.0—2.6; p<0.001).

Restricted analysis of those laboratories which
reported throughout the whole study period and con-
tinued to participate in microbiological surveillance
during 2012 provided similar results in terms of the
evolution of the susceptibility of gonococcal strains to
antibiotics between 2001 and 2012 (data not shown).

Factors associated with a reduction in the susceptibil-
ity of gonococcal strains to third generation cephalo-
sporins in patients 15 years and older

Univariate analysis was performed using the variables
from Table 1. The proportion of strains with decreased
susceptibility to cefixime (MIC20.094 mg/L) and to cef-
triaxone (MICz0.032 mg/L) (Table 3) was significantly
associated with age group, year of surveillance and



TABLE 3

Factors associated with decreased susceptibility of gonococcal strains to third generation cephalosporins in patients 15
years-old and over, Rénago network?, 2001-2012

Cefixime® Ceftriaxone®

Variables MIC 20.094 mg/L MIC 20.032 mg/L

n/N (%) ORa (95% Cl) ORa (95% Cl)
Years
2001-2009 80/1,988 (4) Ref. - 201/4,622 (4) Ref. -
2010 79/1,394 (6) 1.43 (1.03-1.99) 0.034 152/1,395 (11) 2.52 (2.00-3.18) <0.001
2011 110/1,520 (7) 1.78 (1.31-2.43) €0.001 111/1,520 (7) 1.54 (1.19-1.98) 0.001
2012 115/1,090 (11) 2.65 (1.94-3.62) <0.001 89/1,090 (8) 1.66 (1.26-2.19) <0.001
Sex
Men 332/5,217 (6) Ref. - 485/7,556 (6) Ref. -
Women 52/768 (7) 1.73 (0.69-4.35) 0.24 67/1,061 (6) 1.49 (0.66-3.35) 0.34
Age group in years
15-24 98/2,048 (5) Ref. - 147/2,717 (5) Ref. -
25-34 140/2,113 (7) 1.41 (1.08-1.86) 0.013 203/3,103 (7) 1.28 (1.02-1.60) 0.036
3544 79/1,048 (8) 1.78 (1.30-2.45) <0.001 120/1,629 (7) 1.55 (1.19-2.01 0.001
245 60/659 (9) 1.97 (1.39-2.78) <0.001 72/951 (8) 1.49 (1.10-2.02) 0.010
Anatomical site
Urethra or urine 309/4,784 (6) Ref. - 435/6,763 (6) Ref. -
Cervix or vagina 45/690 (7) 0.56 (0.21-1.47) 0.24 58/949 (6) 0.69 (0.29-1.61) 0.39
Anus 19/392 (5) 0.88 (0.51-1.52) 0.65 43/729 (6) 1.19 (0.81-1.73) 0.37
Pharynx 7/35 (20) 4.21 (1.62-10.91) 0.003 7/52 (13) 2.86 (1.17-6.99) 0.021
Other sites 4/78 (5) 0.71(0.22-2.28) 0.56 8/113 (7) 0.96 (0.41-2.26) 0.93
Place of consultation
Private sector or clinic 286/3,994 (7) Ref. - 382/5,365 (7) Ref. -
Hospital 39/883 (4) 0.55 (0.30-1.00) 0.052 89/1,459 (6) 1.13 (0.71-1.79) 0.60
Specialised facilities for STIs? 51/983 (5) 0.77 (0.48-1.23) 0.28 68/1,276 (5) 0.86 (0.60-1.25) 0.44
Other structures 4/36 (11) 1.07 (0.32-3.58) 0.92 3/36 (8) 0.67 (0.16—2.85) 0.59
Prescribing doctor
General practitioner 276/4,198 (7) Ref. - 379/5,634 (7) Ref. -
Gynaecologist 28/363 (8) 1.18 (0.68-2.07) 0.55 35/587 (6) 1.38 (0.90-2.11) 0.14
Dematologist-venereologist 20/358 (6) 1.43 (0.83-2.47) 0.20 37/760 (5) 0.98 (0.61-1.57) 0.93
Other medical specialisations 50/903 (6) 1.19 (0.76-1.84) 0.45 85/1,288 (7) 1.13 (0.79-1.61) 0.51
Type of laboratory
Private 308/4,501 (7) Ref. - 428/6,349 (7) Ref. -
Hospital 63/1,251 (5) 1.19 (0.71-1.94) 0.52 107/1,966 (5) 0.72 (0.48-1.08) 0.12
Community clinic 13/240 (5) 1.24 (0.60-2.56) 0.56 18/312 (6) 0.98 (0.52-1.83) 0.94
Laboratory location (area)
Paris region 96/2,073 (5) Ref. - 170/3,379 (5) Ref. -
North-west 86/1,324 (6) 1.36 (0.98-1.90) 0.07 111/1,747 (6) 1.27 (0.97-1.67) 0.09
North-east 107/1,095 (10) 1.99 (1.45-2.73) €0.001 154/1,451 (11) 2.23 (1.73-2.87) €0.001
South-east 54/881 (6) 1.06 (0.72-1.56) 0.76 70/1,226 (6) 1.08 (0.78-1.49) 0.65
South-west 41/619 (7) 1.23 (0.81-1.85) 0.33 48/824 (6) 1.11 (0.78-1.60) 0.56

MIC: minimum inhibitory concentration; ORa: odds ratio adjusted for the other variables in the table; 95% Cl: 95% confidence interval; ref.:
reference group; STls: sexually transmitted infections.

For each variable, the number of strains with decreased susceptibility (n) is given relative to the total tested for the antibiotic (N) as well as
the percentage. The multivariate analysis includes all the variables in the Table. Significant results (p<o.o5) are in bold.

2 Rénago is the national gonorrhoea network, a sentinel network based on voluntarily participating public and private laboratories.

b Cefixime tested from 2008 onwards; MIC20.094 mg/L for 385 strains of 6,004 (6.4%).

¢ Ceftriaxone: MIC20.032 mg/L for 554 strains of 8,645 (6.4%).
4 Specialised facilities for the management of STI: STl clinics, free anonymous counselling and testing services and family planning centres.
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geographical area. This proportion was also greater
in the absence of gonorrhoea-associated STI, nota-
bly in the absence of co-infection with chlamydia.
Furthermore the proportion of strains with decreased
susceptibility to cefixime was associated with anatomi-
cal site of sample, presence of symptoms and place of
consultation.

Multivariate analysis (Table 3) was performed using
the variables from Table 1 excluding four variables with
a large proportion of missing data (as mentioned in
the methods section). The proportion of strains with
decreased susceptibility to cefixime (MICz0.094 mg/L)
increased in the 2010 to 2012 period. Indeed, this
proportion was 2.7 times greater in 2012 than for the
period between 2001 and 2009. This reduced suscep-
tibility increased with the patients’ age. It was almost
four times higher for strains derived from the pharynx
than for those derived from the urethra, even when
analysis was restricted to male patients (adjusted
odds ratio 4.2; 95% Cl: 1.5-11.6; p=0.006). Finally, the
decrease in susceptibility to cefixime was found to be
higher in the north-eastern area of France.

The proportion of strains with decreased susceptibility
to ceftriaxone increased in the 2010 to 2012 period, this
increase being particularly sharp in 2010. Taking 2010
as the reference year, the proportion of strains with
decreased susceptibility to ceftriaxone (MIC20.032
mg/L) significantly diminished in the 2011 to 2012
period. As was the case for cefixime, decreased sus-
ceptibility for ceftriaxone increased with patients’ age,
was higher for pharyngeal-based strains (even when
restricting the analysis to male patients) (adjusted
odds ratio: 3.4; 95% Cl: 1.4-8.2; p=0.008) and was
higher in the north-eastern area of France.

Multivariate analysis of the 2001 to 2012 period,
restricted to the laboratories which continued microbi-
ological surveillance in 2012, provided similar results
(data not shown).

Discussion

The microbiological surveillance network in France
shows that the proportion of resistant strains to anti-
biotics fluctuated around 13% for penicillin G over the
whole study period. It increased throughout the study
for tetracycline, reaching 56% in 2012. For ciprofloxa-
cin it increased between 2003 and 2006 after which it
remained high at around 42%. These three families of
antibiotics have a resistance level which prevents them
from being used in current practice for the treatment
of gonorrhoea. Indeed, according to the World Health
Organization, first-line treatment must cure at least
95% of patients and must not be used if more than 5%
of strains are resistant [2].

Gonorrhoea was susceptible to spectinomycin
throughout the study period. The marketing of this
antibiotic in France stopped in 2008 and then started
again since 2011. However, therapeutic failures for
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pharyngeal-based infections have led it to become a
second-line treatment when there are contraindica-
tions to beta-lactam antibiotics [15].

The proportion of strains with decreased susceptibil-
ity to cefixime (MIC>0.125 mg/L) remained moderate,
less than 5%, but it quadrupled between 2011 and
2012. Furthermore, the proportion of isolates with
high MIC values (MIC20.094 mg/L) increased consist-
ently in recent years (Figure 4 and Table 3). The only
two strains presenting MICs»o0.125 mg/L to ceftriaxone
were both detected in France in 2010, and one of these
was associated with therapeutic failure using cefixime
in an infected patient [14]. With respect to ceftriaxone,
the number or proportion of isolates with high MIC val-
ues (MIC=0.032 mg/L) did not increase in 2011 or 2012.
The very rare cases of decreased susceptibility to cef-
triaxone [14,16-19] and cases of therapeutic failure
with cefixime described in Japan, Canada and Europe
[14,20-23], confirm the recommendations made by the
French Agency for Medicine published in 2005 [12],
which were reaffirmed in 2008 [15]. These guidelines
recommend the use of ceftriaxone (500 mg single-
dose injection) in first-line treatment, and that the use
of cefixime (400 mg single-dose oral) be reserved for
cases of patient refusal or when parenteral treatment
is not possible.

Nevertheless, the increase in gonococcal decreased
susceptibility to cefixime observed in France suggests
that clinicians may have continued to prescribe this
antibiotic as a first-line treatment after the recom-
mendations of 2005 were published (and reaffirmed
in 2008). Indeed, a study performed in 2008 on gen-
eral practitioners in the ‘Sentinelles’ network showed
that only a minority of prescribing doctors were aware
of the 2005 recommendation to abandon ciprofloxacin
in favour of TGC [24]. By analogy, it is possible that
in 2012 doctors had not yet sufficiently implemented
the recommendation reiterated in 2008 regarding the
use of TGCs [15]. A new study on doctors’ prescriptions
could help support this hypothesis. Another hypothe-
sis to explain the recent increase in gonococcal resist-
ance to cefixime is the spread of a resistant clone [25].

The levels of resistance to penicillin G, tetracycline
and ciprofloxacin in France were higher than those
found in the United States, but of the same order for
TGC and multidrug resistance [26]. In contrast, the lev-
els of resistance in France were of the same order as
European levels for penicillin G and ciprofloxacin, but
lower for TGC [27].

We currently do not have data on the susceptibility of
gonorrhoea to azithromycin. In France this antibiotic is
taken in a single, 1 g dose with ceftriaxone in suspected
cases of urethritis and cervicitis [12,15]. Elsewhere,
notably in the United States, azithromycin is recom-
mended in monotherapy for gonococcal infections, in
the case of allergies to TGC [28]. Because of resistance
to azithromycin described in various countries [26,29]



this antibiotic is being tested within the Rénago net-
work as of 2013.

Our study shows factors associated with a reduction
in the susceptibility to TGC. We acknowledge that the
combination of data from 2001 to 2009 only allowed to
highlight the recent epidemiological and microbiologi-
cal changes. The proportion of strains with decreased
susceptibility to TGC increased with patients’ age.
This has already been observed for other antibiotics
(penicillin and tetracycline) in Canada [29]. A lower
proportion of gonococcal resistant strains in the case
of co-infection with chlamydia was found for cefixime
in the United Kingdom [30] and for ciprofloxacin at the
European level [27], although the reason for this is not
clearly established.

The proportion of strains with decreased susceptibil-
ity to TGC did not differ significantly according to sex.
Anal-based strains did not present higher decreases
in susceptibility than urethral-based strains. However,
the proportion of pharyngeal-based strains with
decreased susceptibility to TGC was three to four
times higher than urethral-based strains. This may be
explained by the horizontal transfer of gene mutations
associated with decreased susceptibility to TGC from
oral commensal Neisseria [31]. Anal and pharyngeal
gonorrhoea in men was probably acquired through
homosexual transmission, although the absence of
information on sexual behaviours from the Rénago
network prevents us from being certain about this.
Several studies have shown that MSM are likely to be
infected more frequently and more quickly than het-
erosexuals by resistant gonococcal strains [26,30,32].
This fact highlights the need for specific surveillance
of antibiotic susceptibility in MSM. We found that the
monitoring of anal strains brought information on
resistance similar to those of urethral strains. Despite
the absence of behavioural data, our study shows,
however, that increased monitoring of pharyngeal-
based strains with respect to decreased susceptibility
to TGC seems essential.

Finally, we observed a higher level of decreased sus-
ceptibility in the north-eastern area of France. It is hard
to interpret the reason for this. Obviously this area
should remain under close scrutiny, while still keeping
the national distribution of the network’s laboratories
homogeneous.

In the Rénago network, an increase in the number of
declared gonococcal infections occurred over the 2001
to 2012 period. Several interlinked phenomena contrib-
uted to this: the real growth in infections, the increase
in NAAT diagnoses, the increase in the number of par-
ticipating laboratories and the growing shift towards
the consolidation of laboratories. Despite this complex
evolution, the Rénago network continued to help moni-
tor gonococcal resistance to antibiotics. This micro-
biological surveillance network would appear to be
reliable as the changes that have been made to it have
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(the reduction by half of the number of laboratories
submitting strains to the NRL), a priori, had little or no
effect on the proportion of resistant strains observed.
Restricted analysis to those laboratories which con-
tinued to participate in microbiological surveillance in
2012 provides strong evidence for this.

The surveillance of gonococcal resistance by the
Rénago network brings with it several limitations.
Overseas French regions are not yet included in sur-
veillance. Furthermore, the laboratories participating
in the network do not provide a representative sample
of metropolitan France. Extrapolation of the results
therefore requires supplementary investigations. An
assessment of the completeness of this laboratory
surveillance system is ongoing but results are not yet
available. Finally, this network does not collect behav-
ioural data as microbiologists do not often have access
to such information. This explains the large amount of
missing values for certain variables. One way for us to
have behavioural data, in particular sexual orientation,
is to monitor the susceptibility of gonococcal strains in
patients diagnosed through our second voluntary net-
work, the RésIST network of clinicians.

The emergence of resistance to TGC is extremely wor-
rying as the latter represent the last line of treatment,
with no therapeutic alternatives currently available
[31]. This fact justifies the continuation of microbio-
logical surveillance of gonorrhoea at a collective
level in order to adjust therapeutic recommendations.
Meanwhile, surveillance of therapeutic failure with
respect to TGC is currently being implemented at the
European level [33]. Given the increase in NAAT diag-
nosis, it is essential that medical laboratories continue
to perform gonococcal cultures which adapt care to the
individual’s needs while waiting for molecular tests on
susceptibility to antibiotics to be developed and made
accessible [2].
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