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Two extended-spectrum cephalosporin-resistant Neisseria gonorrhoeae isolates were discovered among 6,340 (0.03%) French
isolates between 2010 and 2014. One isolate corresponded to the F89 multidrug-resistant N. gonorrhoeae isolate harboring a
penA mosaic; whole-genome sequencing highlighted an additional R251H substitution in the ftsX gene recently involved in
cephalosporin resistance. The other, ceftriaxone-resistant isolate (MIC, 0.25 mg/liter) harbored the PBP2 pattern XXXVI plus a
P551S substitution and belonged to sequence type ST1579 (multilocus sequence typing [MLST]).

Gonorrhea is currently a major public health problem, given
the worldwide emergence of isolates resistant to extended-

spectrum cephalosporins (ESCs) (1). Since 2010, five different
high-level ESC-resistant Neisseria gonorrhoeae strains have been
described: H041, GU140106, and FC428 in Japan (2–4); F89 in
France and Spain (5, 6); and A8806 in Australia (2, 7). The isolates
A8806, GU140106, and FC428 belong to the same multilocus se-
quence typing (MLST)-determined type ST7363 as H041, whereas
the F89 isolate belongs to the sequence type ST1901 (5). In 2013,
4.7% and 0.4% of European isolates were resistant to cefixime
(MIC, �0.125 mg/liter) and ceftriaxone (MIC, �0.125 mg/liter),
respectively (8). This study was conducted to monitor the emer-
gence of ESC-resistant N. gonorrhoeae isolates in France from
2010 to 2014. Whole-genome sequencing was used to characterize
4 N. gonorrhoeae isolates having the highest MICs of ceftriaxone
(MIC, �0.125 mg/liter).

From January 2010 to December 2014, a total of 6,340 N. gon-
orrhoeae isolates were collected from the Renago network in
France and sent to the French National Reference Center for
gonococci. MICs were determined by the Etest method (bioMéri-
eux, France). Statistical analysis was performed using the chi-
square test with R. During this period, the percentage of N. gon-
orrhoeae isolates resistant to cefixime (MIC, �0.125 mg/liter) or
having a MIC of ceftriaxone above the epidemiological cutoff
value (Ecoff) (�0.032 mg/liter) was 1.39% (88/6,340) or 3.47%
(220/6,340), respectively. From 2011 to 2012, the proportion of
cefixime-resistant isolates significantly increased up to 3.28% (36/
1,099) (P � 0.0001) and then decreased significantly to 1.24%
(14/1,131) (P � 0.0019) (Table 1). There is a decreasing trend of
ESC-resistant N. gonorrhoeae isolates in France since 2013 and
elsewhere in Europe since 2012 (8). This decline was confirmed in
2014 in contrast with the new increase observed in Europe in 2013
(9). This stabilization could be a result of (i) national recommen-
dations to clinicians in favor of the use of ceftriaxone (500-mg
single-dose administration), instead of cefixime at 400 mg (10),
and (ii) European recommendations for the application of dual
therapy combining ceftriaxone and azithromycin (11).

Only 2 isolates (0.03%) exhibited resistance to ceftriaxone
(MIC, �0.125 mg/liter), and 2 isolates had MICs of ceftriaxone at

0.125 mg/liter. To explain the ESC resistance, these four N. gon-
orrhoeae isolates were investigated by whole-genome sequencing.
The WHO A and WHO B isolates were sequenced to serve as a
control. DNA was extracted using the Wizard genomic DNA pu-
rification kit (Promega, Madison, WI), according to the manufac-
turer’s protocol. A DNA library was constructed according to the
Rapid Library preparation manual of GS Junior (Roche Diagnos-
tics, Meylan, France). Amplification was performed with the GS
Junior Lib-L library, and sequencing was carried out using the GS
Junior XL� kit in the 454-GS Junior instrument. Sequence anal-
ysis and assembly were performed by the software GS Junior Se-
quencer version 3.0, GS Run Browser version 3.0, and GS De novo
assembler version 3.0. The Genoscope server annotated the ge-
nome on the MicroScope platform (8). Single nucleotide poly-
morphism analysis of N. gonorrhoeae isolates was done by com-
parison to the FA1090 N. gonorrhoeae genome (Table 2).

These 4 isolates were clonally related to sequence type ST1901
by multilocus sequence typing or to ST1579 and, by N. gonor-
rhoeae multiantigen sequence typing (NG-MAST), belonged to
ST1407, ST225, ST3378, and ST6711. Unsurprisingly, the ESC
resistance resulted from the penA mosaic alleles (either XXXIV or
XXXVI pattern) associated with other determinants of resistance:
(i) an adenine deletion in the mtrR promoter (deletion A) facili-
tating an overexpression of the efflux pump MtrCDE; (ii) a ponA1
variant created by an L421P substitution in the ponA gene (PBP1);
(iii) a penB variant with a G101K/A102D or G101K/A102N
change in the PorBIb protein favoring the decrease of antibiotic
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entry in the bacterium; or (iv) a PilQ alteration, either pattern VI
or VII, including an 180QAATPAKQ insertion in all PilQ types
(Table 2).

The penA XXXIV pattern was classically described in the suc-
cessful NG-MAST ST1407 clone spreading worldwide (12–15)
and observed in the mosaic penA of the F89 strain. In the ESC-
resistant N. gonorrhoeae F89 isolate, the major contribution of the
A501P substitution in the penA mosaic to the increase of the MIC

of ceftriaxone was demonstrated (5). Interestingly, the whole-ge-
nome sequencing highlighted in the F89 isolate an additional mu-
tation in the FtsX protein at position 251 (R251H), which was not
described in the publication by Unemo et al. (5). This mutation in
a gene encoding a subunit of an ABC transporter has been recently
involved in cephalosporin resistance, through in vitro mutant ex-
periments after 86 subcultures under ceftriaxone selection pres-
sure (16). We suggest that this additional mutation in the FtsX
protein could favor the elevation of the MIC of ceftriaxone espe-
cially when it is combined with an A501P substitution. The R251H
substitution was also found in N. gonorrhoeae M1 and M2 isolates
and in a multidrug-resistant N. gonorrhoeae isolate, NCCP11945,
found in South Korea in 2008 (17). Further studies are necessary
to demonstrate the implication of this amino acid substitution in
the resistance.

The second N. gonorrhoeae isolate resistant to ceftriaxone, M3
(MIC, 0.25 mg/liter), had the penA XXXVI allele but included a
P551S substitution. This P551S substitution is known to be re-
sponsible for a significant increase in MIC of ceftriaxone and for a
decrease in acylation by penicillin (17). This PBP2 amino acid
alteration associated with those described in PilQ, PonA, and
MtrR and its promoter (Table 2) could explain the elevation of the
MIC of ceftriaxone.

For isolate M2, a truncated PilQ protein was found; azithro-
mycin resistance remain unexplained as neither 23S rRNA altera-
tion nor overexpression of the efflux pump MtrCDE was found by

TABLE 1 Evolution of N. gonorrhoeae isolates with cefixime resistance
and ceftriaxone MICs above Ecoff from 2010 to 2014 in France (Renago
network)

Yr

No. of isolates (%)

Total CFMra CROsdb CROrb

2010 1,399 8 (0.57) 83 (5.93) 2 (0.14)
2011 1,521 10 (0.66) 43 (2.83) 0
2012 1,099 36 (3.28) 44 (4.00) 0
2013 1,190 20 (1.68) 32 (2.69) 0
2014 1,131 14 (1.24) 18 (1.59) 0

Total 6,340 88 (1.39) 220 (3.47) 2 (0.03)
a Resistance to cefixime (CFMr) was defined by a MIC of �0.125 mg/liter in accordance
with the European Committee on Antimicrobial Susceptibility Testing (EUCAST)
guidelines.
b Decreased-susceptibility ceftriaxone (CROsd) isolates had MICs above the Ecoff of N.
gonorrhoeae (MIC, �0.032 mg/liter).

TABLE 2 Phenotypic and molecular characterization of N. gonorrhoeae isolates with decreased susceptibility to extended-spectrum cephalosporinse

Characteristic

Data for patient sample:

M1 M2 M3 F89 WHO A WHO B

Yr of isolation 2013 2010 2010 2010

MIC of drug (mg/liter)
Penicillina 2 4 0.38 1 0.006 0.125
Cefixime 0.064 0.25 0.5 4 �0.016 �0.016
Ceftriaxone 0.125 0.125 0.25 2 �0.016 �0.016
Tetracycline 4 6 3 2 0.25 1
Ciprofloxacin �32 �32 0.008 �32 0.002 0.008
Azithromycin 0.25 1.5 0.25 1 0.016 0.064
Spectinomycin 6 8 6 16 96 8

Molecular characterization
(pattern, mutation, or type)

PBP2 (penA) XXXVI � P551L XXXIV XXXVI XXXIV � A501P WT XIV
mtrR promoter Deletion A Deletion A Deletion A Deletion A WT WT
MtrR protein H105Y H105Y H105Y H105Y A39T D79N, T86A, H105Y
PBP1 (ponA) L421P L421P L421P L421P WT WT
Porin PorB1b (penB) G101K/A102D G101K/A102N G101K/A102D G101K/A102N WT A102S
PilQ (pilQ) VII Truncatedd VI VII VI VII
FtsX R251H R251H WT R251H WT WT
QRDR mutation (GyrA) S91F/D95G S91F/D95G WT S91F/D95G WT WT
QRDR mutation (ParC) S87R S87R WT S87R WT WT
NG-MAST ST225 ST3378 ST6711 ST1407 ST1752 Newb

MLST ST1901 ST1901 ST1579 ST1901 ST10316 Newc

a �-Lactamase was not detected by nitrocefin chromogenic test for all isolates.
b This sequence type was not previously assigned and was determined by its porB allele number 3622 and tbpB allele number 24 (99% homologous).
c This sequence type was not previously assigned and was determined by its allele numbers for seven genes, pgm (223), pdhC (153), gdh (188), aroE (67), fumC (111), adk (39), and
abcZ (129).
d PilQ is truncated at its 3= end at the 349th amino acid.
e Abbreviations: WT, wild type; QRDR, quinolone resistance-determining region. Wild-type sequence was determined by comparison with the genome of the N. gonorrhoeae
FA1090 isolate (accession number NC_002946.2).
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whole-genome sequencing (18). For all ciprofloxacin-resistant N.
gonorrhoeae isolates, mutations in the quinolone resistance-deter-
mining region (QRDR) of GyrA and ParC explained the resis-
tance.

In France, the proportion of N. gonorrhoeae isolates with resis-
tance to ESCs remains low. The F89 strain has not disseminated
widely, and the main clone circulating in France belongs to the
sequence type ST1901 (NG-MAST 1407). Whole-genome se-
quencing is a rapid and useful tool to investigate ESC-resistant N.
gonorrhoeae isolates in new clones. Nevertheless, phenotypic tests
remain crucial to surveillance of multidrug-resistant N. gonor-
rhoeae isolates in the absence of commercial molecular tests avail-
able for resistance identification.

Accession number(s). The sequences were registered on proj-
ect PRJEB13093 (ERP014629) of the European Bioinformatics In-
stitute (EMBL-EBI).
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