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Treatment of gonorrhoea is threatened by antimi-
crobial resistance, and decreased susceptibility and 
resistance to recommended therapies is emerging in 
Europe. Current associations between resistance and 
molecular type remain poorly understood. Gonococcal 
isolates (n=1,066) collected for the 2009 and 2010 
European Gonococcal Antimicrobial Surveillance 
Programme were typed by Neisseria gonorrhoeae 
multi-antigen sequence typing (NG-MAST). A total of 
406 sequence types (STs) were identified, 125 of which 
occurred in ≥two isolates. Seven major genogroups of 
closely related STs (varying by ≤1% at just one of the 
two target loci) were defined. Genogroup 1407 (G1407), 
observed in 20/21 countries and predominant in 13/21 
countries, accounted for 23% of all isolates and was 
associated with decreased susceptibility to cefixime 
and resistance to ciprofloxacin and raised minimum 
inhibitory concentrations for ceftriaxone and azithro-
mycin. Genogroup 225 (G225), associated with cipro-
floxacin resistance, was observed in 10% of isolates 
from 19/21 countries. None of the other genogroups 
were associated with antimicrobial resistance. The 
predominance of a multidrug-resistant clone (G1407) 
in Europe is worrying given the recent reports of rec-
ommended third generation cephalosporins failing to 
treat infections with this clone. Identifying associa-
tions between ST and antimicrobial resistance aids the 
understanding of the dissemination of resistant clones 
within a population and could facilitate development 
of targeted intervention strategies.

Introduction
Gonorrhoea continues to present a public health prob-
lem within the European Union/European Economic 
Area (EU/EEA). In 2010, a total of 32,028 cases of gon-
orrhoea were reported by 28 European countries, giv-
ing a rate of 10.4 per 100,000 population [1]. Given the 
serious implications of gonococcal infection, which 

include pelvic inflammatory disease, infertility, ectopic 
pregnancy, early abortion and a fivefold increase in 
risk of human immunodeficiency virus (HIV) transmis-
sion [2], the need for effective treatment and control of 
gonorrhoea is evident. A significant challenge to this 
is that during the antibiotic era, the aetiological agent, 
Neisseria gonorrhoeae, has consistently developed 
resistance to each antibiotic introduced for widespread 
empirical treatment [3]. 

Empirical treatment of gonorrhoea is based on national 
or regional guidelines, many of which currently rec-
ommend third generation cephalosporins as first line 
therapy. Up until late in 2012, guidelines for Europe 
recommend 250 mg of ceftriaxone as a single intra-
muscular dose or 400 mg of cefixime as a single oral 
dose [4]. These were recently revised to recommend 
500mg ceftriaxone combined with 2g azithromycin [5] 
in response to growing evidence that cephalosporin 
therapy is becoming compromised by the emergence of 
isolates exhibiting decreased susceptibility and resist-
ance to the third generation cephalosporins, which 
have now caused treatment failure in several EU/EEA 
countries [6-11]. In 2010, the European gonococcal 
antimicrobial susceptibility programme (Euro-GASP) 
demonstrated that 9% of isolates from 21 European 
countries showed decreased susceptibility to cefix-
ime as well as an increasing trend in minimum inhibi-
tory concentrations (MICs) for ceftriaxone, and a high 
prevalence of resistance to ciprofloxacin (53%) and 
azithromycin (7%) [12]. In the absence of any alterna-
tive antimicrobial treatments, there is clearly an urgent 
need to develop strategies to limit dissemination of 
resistant strains to maintain effective treatment. 

Molecular epidemiological surveillance has the capac-
ity to provide novel information on the emergence and 
dissemination of antimicrobial resistant gonococcal 
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clones which might facilitate appropriate patient 
management and targeted intervention strategies. 
Neisseria gonorrhoeae multi-antigen sequence typ-
ing (NG-MAST) is highly discriminatory, reproducible, 
objective and transferrable and is well suited to appli-
cations aiming to answer short term epidemiological 
questions. Several studies have applied NG-MAST to 
characterise gonococci exhibiting decreased suscepti-
bility and resistance to various antimicrobials including 
the third generation cephalosporins [13-21]. However 
molecular epidemiological surveillance of consecutive 
isolates of all antimicrobial phenotypes within a pop-
ulation is necessary to explore associations between 
genotype and antimicrobial resistance profile and to 
fully understand how resistant strains emerge and dis-
seminate. While several such surveys have been con-
ducted within individual countries in the EU/EEA [22-25] 
and elsewhere [26-28], most examined gonococcal 
populations had been collected in 2008 or earlier and, 
accordingly, associations between sequence type (ST) 
and antimicrobial susceptibility may no longer be valid. 
Furthermore examples of decreased susceptibility to 
recommended third generation cephalosporins were in 
most cases not circulating in the gonococcal popula-
tion examined at the time of sampling. 

The current study aimed to assess the public health 
benefit of NG-MAST molecular epidemiological typing 
of gonococcal isolates as part of Euro-GASP.

Methods

Isolate collection
N. gonorrhoeae isolates were selected from the most 
recent sampling period (2010) within Euro-GASP. The 
sampling strategy for this multi-centre sentinel sur-
veillance scheme has been described previously [12]. 
Briefly, countries are requested to submit 55 consecu-
tive gonococcal isolates twice annually (in May/June 
and November/December) aiming as far as possible to 
provide isolates representative of the national distribu-
tion of cases of gonorrhoea. Where available, countries 
submitted information on date specimen obtained, 
specimen site, sex of patient, age, sexual orientation, 
previously diagnosed with gonorrhoea, and concurrent 
sexually transmitted infection (STI) diagnosed in this 
episode.

A total of 1,066 isolates were selected for molecular 
epidemiological typing from 21 EU/EEA countries. The 
criteria for selection were that isolates were consecu-
tive to ensure no bias in antimicrobial susceptibility, 
and that a full antimicrobial resistance profile had 
been determined as part of EUR0-GASP.
  
 Most (n=828; 78%) were solely from the first sampling 
period in May/June 2010 in Austria, Belgium, Denmark, 
France, Germany, Italy, the Netherlands, Sweden and 
the United Kingdom (UK). Isolates were selected from 
this sampling period for all other participating coun-
tries but further isolates (n=139; 13%) were additionally 

selected from the second sampling period (November/
December 2010) for countries submitting low numbers 
(<50 isolates in the first collection period): Cyprus, 
Greece, Hungary, Ireland, Romania and Slovakia. The 
remaining 100 isolates (9%) were additionally selected 
from 2009 for countries submitting very low numbers 
(<50 isolates from both sampling periods in 2010) 
(Latvia, Malta, Slovenia) or for countries where isolates 
from the second sampling period in 2010 were unavail-
able and <50 isolates had been submitted in the first 
sampling period of 2010 (Portugal, Norway and Spain). 
As Cyprus, Hungary and Romania did not participate 
in EURO-GASP 2009, only very low numbers (≤17) were 
available from 2010 for inclusion in the current study.

Antimicrobial susceptibility testing
Gonococcal isolates from each country were submitted 
on Microbank beads (Pro-Lab Diagnostics, Cheshire, 
UK) frozen on dry ice to one of three centres (the Health 
Protection Agency, UK, Örebro University Hospital, 
Sweden and the Statens Serum Institut, Denmark) for 
centralised susceptibility testing. All isolates were 
tested for susceptibility to ciprofloxacin, azithromycin 
and spectinomycin by a previously decribed breakpoint 
method [12]. MICs were determined by agar dilution for 
gentamicin as described [12,29] and by Etest for cefix-
ime and ceftriaxone (AB Biomerieux, Solna, Sweden). 
The MIC was confirmed by Etest for any isolates resist-
ant to azithromycin by the breakpoint method or show-
ing gentamicin MICs>8 mg/L. All isolates were also 
tested for penicillinase production using the chromog-
enic reagent Nitrocefin (Oxoid, Basingstoke, UK). 

Determination and analysis of Neisseria 
gonorrhoeae multi-antigen sequence types
Permission to type isolates submitted for suscep-
tibility testing was obtained from all participating 
laboratories. All typing was performed at either the 
Health Protection Agency, UK, or at Örebro University 
Hospital, Sweden. Isolates originally referred to the 
Statens Serum Institute in Denmark for susceptibility 
testing were sent frozen on Microbank beads to the 
Health Protection Agency, London, UK for typing. A 
total of 1,066 isolates were typed as described [30] by 
NG-MAST, which differentiates strains on the basis of 
sequence variation in fragments of two hypervariable 
genes, the porin PorB (porB) gene and subunit B of the 
transferrin binding protein (tbpB) gene. Allele numbers 
and STs, including any new alleles or STs were assigned 
via the online NG-MAST database (www.ng-mast.net). 

The alleles defining the most frequently observed 
STs (represented by 10 isolates or more), were com-
pared against all alleles in the dataset to determine 
if predominant STs were part of a wider collection of 
closely related types. Similarity of alleles was evalu-
ated in BioNumerics v6.1 by neighbour joining multiple 
alignment, followed by individual pairwise alignment 
against the most frequent allele to determine number 
of base pair (bp) differences. For example, for ST1407 
(porB 908, tbpB 110), all porB alleles from isolates 
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with tbpB allele 110 were compared for similarity to 
porB allele 908, and all tbpB alleles from isolates 
containing porB allele 908 were compared for similar-
ity to tbpB allele 110. Different STs were assigned to a 
’genogroup‘, if one identical allele was shared and the 
other allele showed ≥99% similarity (≤5 bp difference 
for porB and ≤4 bp for tbpB). Genogroups were named 
using the letter G followed by the number of the pre-
dominant ST within each group. For example G1407 is 
the genogroup in which ST1407 is the predominant ST.

Statistical analyses
Potential associations between genogroups and (i) 
antimicrobial susceptibilities and (ii) patient character-
istics (sex, age and sexual orientation) were explored 
firstly by univariate analysis and then where appropri-
ate by multivariate analysis using STATA v11.2. For this 
analysis, patients were subdivided into age groups 
(0–24 years, 25–34 years, 35–44 years or ≥45 years). 
Most of the patients in the 0–24 year age group were 
aged 15–24 years (99%; 360/363), while the remaining 
three patients were aged 0–7 years.

For the univariate analysis, crude odds ratios (OR) and 
95% confidence intervals (CI) were calculated where 
datasets contained sufficient numbers. A Pearson 
chi-squared test was used to test if these ORs were 
significantly different from one (i.e. testing the null 
hypothesis that there was no difference in odds of 
resistance/decreased susceptibility between the group 
in question and the specified baseline group). For data-
sets where a cell equalled zero, this analysis could not 
be performed. In these cases of small cell numbers, 
Fisher’s exact test was performed. 

The multivariate analysis used logistic regression to 
model the odds of associations between genogroup 
and resistance controlling for other variables. The P 
value produced from the Wald test was used to test the 
null hypothesis that the odds ratios were not signifi-
cantly different from one.

Table 1
Most frequently observed Neisseria gonorrhoeae multi-antigen sequence types in each country, and frequency of the three 
most common among all isolates (n=1,066), EU/EEA countries, 2009–2010 

Country Most frequent ST STs n ST1407 n (%) ST2992 n (%) ST225 n (%) Isolates typed n
Austria ST1407 20 16 (32) 2 (4) 0 (0) 50
Belgium ST1407 31 7 (14) 4 (8) 1 (2) 50
Cyprus ST3128 5 0 (0) 0 (0) 0 (0) 12
Denmark ST225/3158 36 3 (6) 1 (2) 6 (12) 50
France ST2/2992 27 4 (8) 7 (14) 2 (4) 50
Germany ST25 18 14 (28) 0 (0) 0 (0) 50
Greece ST5405a/5505a 24 6 (12) 0 (0) 1 (2) 50
Hungary ST5332a 10 2 (12) 0 (0) 0 (0) 17
Ireland ST2992 25 3 (6) 16 (32) 0 (0) 50
Italy ST1407 25 17 (34) 5 (10) 0 (0) 50
Latvia ST3227 14 0 (0) 0 (0) 2 (7) 29
Malta ST225 16 3 (6) 1 (2) 23 (46) 50
Netherlands ST1407 52 16 (16) 7 (7) 3 (3) 100
Norway ST2992 26 7 (14) 11 (22) 0 (0) 49
Portugal ST1407 28 7 (14) 4 (8) 0 (0) 50
Romania ST1407/4120 7 2 (22) 0 (0) 0 (0) 9
Slovakia ST437 19 2 (4) 0 (0) 0 (0) 50
Slovenia ST1407 19 14 (28) 2 (4) 8 (16) 50
Spain ST1407 43 28 (28) 9 (9) 0 (0) 100
Sweden ST225 31 1 (2) 3 (6) 4 (8) 50
United Kingdom ST1407 62 14 (14) 4 (4) 0 (0) 100
Total N (%) 166 (16) 76 (7) 50 (5) 1,066 (100)

EEA: European Economic Area; EU: European Union; ST: sequence type.

a New ST.
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Results

Frequency of Neisseria gonorrhoeae 
multi-antigen sequence types 
Of the 1,066 isolates typed, 406 different STs were 
identified, representing 313 porB alleles and 113 tbpB 
alleles. One hundred and twenty five clusters (≥2 iso-
lates with the same ST) and 281 STs represented by a 
single isolate were identified, and 216 new STs defined. 
The most frequently observed types (represented by 
≥10 isolates) were STs 1407 (n=166), 2992 (n=76), 225 
(n=50), 25 (n=18), 2 (n=17), 359 (n=16), 387(n=15), 437 
(n=14), 3227 (n=12), 5405 (n=10) and 5595 (n=10), with 
5405 and 5595 being new STs. Of these, all had unique 
porB alleles but some STs shared the same tbpB allele 
(STs 1407 and 5595, STs 225 and 437, STs 2292 and 
359 and STs 387 and 3227 shared, respectively, tbpB 
alleles 110, 4, 29 and 118). 

The prevalence of the three most common STs (1407, 
2992 and 225) varied between countries (Table 1). 
ST1407 accounted for >10% of isolates in 13/21 coun-
tries, whereas ST2992 and ST225 were observed 
in >10% of isolates in 3/21 countries in both cases 
(Table 1). ST1407 was the most frequent ST observed 
in Austria, Belgium, Italy, the Netherlands, Portugal, 
Romania, Slovenia, Spain and the UK (Table 1).

Definition and frequency of 
Neisseria gonorrhoeae multi-antigen 
sequence typing genogroups 
Further analysis of the porB and tbpB alleles of the 
STs observed in ≥10 isolates showed that several other 
STs within the total collection were highly related to 
these, sharing one identical allele and differing by 
≤1% at the other allele (in most cases, the porB allele). 
Seven major genogroups, characterised as G1407, 
G225, G2992, G25, G387, G359 and G2, were defined 
(Table 2), encompassing 557 (52%) of isolates. The 
remaining 509 isolates were represented by 313 STs, of 
which only STs 5405 (n=10), 995 (n=9), 951 (n=8), 4347 
(n=8), 5505 (n=8),  292 (n=7), 2400 (n=7), 5402 (n=7), 
384 (n=6), 1034 (n=6),1780 (n=6) and 5598 (n=5) were 
observed in ≥5 isolates. The largest and most diverse 
genogroups were G1407, comprising ST1407 and 25 STs 
differing by ≤5 bp in the porB allele and two STs by 1 bp 
in tbpB, and G225 comprising ST225 and 28 other STs 
differing by ≤5 bp at the porB locus (Table 2). 

Distribution of Neisseria gonorrhoeae multi-
antigen sequence typing genogroups
G1407 was observed in all countries examined, with 
the exception of Latvia, and was the most frequent 
type, observed in 15–50% of isolates from Austria, 
Belgium, Cyprus, Denmark, England and Wales, Greece, 
Hungary, Italy, Portugal, Romania, Slovakia, Slovenia, 
Spain and the Netherlands (Figure). In contrast G1407 
was comparatively uncommon (≤8%) in France, Ireland, 
Malta and Sweden (Figure). G225 was observed in 
19/21 countries and was the most frequently observed 
type in Malta and Sweden and was most common after 

Table 2
Neisseria gonorrhoeae multi-antigen sequence types within 
the seven major genogroups defined based on sequence 
similarity at porB and tbpB alleles, EU/EEA countries, 
2009–2010

Genogroup 
n (%)a

Predominant 
ST (n)

STs within each genogroup (n)

≥99% similar to  
porB allele  

xb

≥99% 
similar 
to tbpB 
allele xc

G1407
248 (23)

1407 (166) 5595 (10), 3149 (9), 3158 (8), 
3128 (7), 4120 (7), 5570 (5), 
5600 (4), 2212 (3), 5594 (3), 
3431 (1), 3779 (1), 4275 (1), 
4359 (1), 4951 (1), 5588 (1), 
5619 (1), 5622 (1), 4974 (1), 
5480 (1), 5625 (1), 5581 (1), 
5649 (1), 5205 (1), 5599 (1), 
5591 (1)

5332 (6), 
4741 (4)

G225
107 (10)

225 (50) 437 (14), 5463 (6), 1132 (5), 
5017 (2), 5423 (2), 2616 (2), 
3150 (2), 5180 (2), 205 (1), 
346 (1), 1342 (1), 1365 (1), 
1399 (1), 2687 (1), 289 (1), 
1340 (1), 2202 (1), 3141 (1), 
3153 (1), 3952 (1), 4315 (1), 
5703 (1), 2625 (1), 5655 (1), 
3056 (1), 4473 (1), 5374 (1), 
5330 (1)

G2992
84 (8)

2992 (76) 5515 (2), 5049 (1) 5194 (1) 
5237 (1), 5192 (1) 5385 (1)

5227 (1)

G25
43 (4)

25 (18) 51 (7), 3003 (4), 356 (3), 
4589 (2), 5384 (2), 273 (1), 
881 (1), 5424 (1), 807 (1), 
5341 (1), 4338 (1), 5172 (1)

G387
37 (3)

387 (15) 3227 (12), 5185 (4), 5191 (1), 
5486 (1), 5503 (1), 5186 (1), 
5190 (1), 5498 (1)

G359
20 (2)

359 (16) 1929 (2), 5485 (1), 1313 (1)

G2
18 (2)

2 (17) 226 (1)

EEA: European Economic Area; EU: European Union; porB: porin B; 
ST: sequence type; tbpB: transferrin binding protein subunit B.

a 	 The percentages are calculated from a total of 1,066 isolates.
b 	 STs that share an identical tbpB allele with the most frequent ST 

within the genogroup but vary at the porB allele.
c 	 STs that share an identical porB allele with the most frequent ST 

within the genogroup but vary at the tbpB allele.
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Figure
Proportion of various Neisseria gonorrhoeae multi-antigen sequence typing genogroups within each participating country, 
EU/EEA countries, 2009–2010

EEA: European Economic Area; EU: European Union; G:genogroup; ST: sequence type.		

a Other STs refer to the isolates with STs which did not belong to a defined G.		
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Table 3
Characteristics of patients infected with the most frequently observed Neisseria gonorrhoeae multi-antigen sequence typing 
genogroups/sequence type, EU/EEA countries, 2009–2010  

Genogroup (n)
Mean patient 
age (range in 

years)

Patients of 
known sex n

Male patients 
n (%)

Patients of 
known sexual 
orientationa n

Males of 
known sexual 
orientation n

MSM n (%b)
Heterosexuals 
of both sex n 

(%b)
G1407 (248) 33.3 (17–69) 244 218 (89) 155 129 72 (46) 83 (54)
G225 (107) 29.1 (7–56) 104 85 (82) 78 59 13 (17) 65 (83)
G2992 (84) 31.7 (18–66) 84 81 (96) 41 38 36 (88) 5 (12)
G25 (43) 24.6 (16–40) 43 18 (42) 35 10 2 (6) 33 (94)
G387 (37) 28.6 (18–69) 36 21 (58) 30 15 0 (0) 30 (100)
G359 (20) 32.9 (18–69) 20 16 (80) 11 7 5 (45) 6 (55)
G2 (18) 22.1 (15–38) 18 12 (67) 11 5 0 (0) 11 (100)
ST5405c  (10) 30.9 (6–51) 10 8 (80) 9 7 0 (0) 9 (100)
All isolates (1,066) 31.4 (0–76) 1,050 868 (83) 660 478 222 (34) 438 (66)

EEA: European Economic Area; EU: European Union; MSM: men who have sex with men.

a 	 All female patients were included in the heterosexual patient group.
b 	 The percentage is relative to the number of patients of known sexual orientation.
c 	 ST5405 was not found to be part of a larger genogroup. 
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G1407 in Denmark, Romania, Slovakia and Slovenia, 
accounting for 14–30% of isolates (Figure). G2992 
was observed in 14/21 countries and predominated 
in Ireland and Norway, while G25 predominated in 
Germany (Figure). 

Neisseria gonorrhoeae multi-antigen sequence 
typing genogroups and epidemiological 
characteristics of linked patients
The most frequently collected variables were age and 
sex, known for 1,030 and 1,050 patients, respectively. 
Sexual orientation was known for only 586 patients 
(478 males and 108 females) (Table 3). 

Statistical analysis showed there was no clear associa-
tion with age category for most genogroups, with the 
exception of G1407 which was significantly less com-
mon in patients aged <25 years (OR: 0.43; p<0.0001, 
chi-squared test), whereas G2 was significantly more 
common in this younger group (OR: 15.63; p=0.0004, 
chi-squared test). The proportion of males infected 
was significantly lower for G25 (OR: 0.13; p<0.0001, 
chi-squared test) and G387 (OR: 0.27; p=0.0001, chi-
squared test) but was significantly higher for G2992 
(OR: 6.14; p=0.0005, chi-squared test) and G1407 
(OR: 2.01; p=0.0017, chi-squared test). Where sex-
ual orientation was known, statistical associations 
were observed between men who have sex with men 
(MSM) and infection with G2992 (OR: 15.86; p<0.0001, 
chi-squared test) and G1407 (OR: 1.75; p=0.003, chi-
squared test), although 54% of patients infected with 
G1407 were heterosexual (Table 3). MSM were less fre-
quently infected with G225 (OR: 0.039; p=0.0015, chi-
squared test), G387 (p<0.0001, Fisher’s exact test) and 
G2 (p=0.01, Fisher’s exact test).

Neisseria gonorrhoeae multi-antigen sequence typ-
ing genogroups or sequence types and antimicrobial 
resistance 
The consensus antimicrobial susceptibility category or 
modal MIC was calculated for all genogroups/STs rep-
resented by ≥10 isolates (Table 4). Most deviation from 
the consensus was observed for azithromycin, which 
supplementary testing by Etest showed was due to iso-
lates exhibiting MICs close to the breakpoint for resist-
ance (1.0 mg/L).

The modal cefixime MIC was raised for G1407 compared 
with other genogroups (Table 4), with 77/248 isolates 
(31%) showing decreased susceptibility to cefixime 
(MIC >0.125 mg/L) while 176/248 isolates (71%) had 
MICs ≥0.125mg/L. Almost all isolates (239/248; 96%) 
had cefixime MICs ≥0.06mg/L. The association between 
G1407 and decreased susceptibility to cefixime was 
highly significant (OR: 17.9; p<0.0001, chi-squared test) 
by univariate analysis and by multivariate analysis to 
control for patient age, sex and sexual orientation (OR: 
31.2; p<0.0001, chi-squared test). There were no exam-
ples of decreased ceftriaxone susceptibility (MIC >0.125 
mg/L), but the modal MIC was raised for G1407 com-
pared with other genogroups (Table 4). All isolates of 

G1407 were ciprofloxacin resistant (p<0.0001, Fisher’s 
exact test). While the consensus azithromycin suscep-
tibility for G1407 was sensitive, the proportion of iso-
lates showing MICs just above the breakpoint and so 
in the resistant category was significant after control-
ling for patients age, sex and sexual orientation (OR: 
11.5; p<0.0001, chi-squared test). Decreased cefixime 
susceptibility was observed in a further nine STs rep-
resenting 10 isolates in the total study population. Of 
these, seven isolates shared tbpB allele 110 but the six 
porB alleles differed from allele 908 by >5 bp. One iso-
late possessed porB allele 908 but differed markedly 
at the tbpB allele from 110. The STs of the remaining 
two isolates (STs 3168 and 5606) appeared unrelated 
to ST1407.  

All isolates belonging to G225 were resistant to cipro-
floxacin, indicating a statistically significant associa-
tion by Fisher’s exact test (p<0.0001). All ten isolates 
of ST5405 were resistant to ciprofloxacin also (Table 
4), significant association by Fisher’s exact test 
(p=0.0032).

Discussion
To our knowledge this is the first study to supplement 
a regional antimicrobial resistance surveillance pro-
gramme with molecular typing to provide enhanced 
surveillance of gonorrhoea. This approach has not only 
provided novel information on NG-MAST STs circulat-
ing in 21 of the 30 EU/EEA countries, but also provides 
insight into the dissemination of antimicrobial resist-
ant gonococcal clones within the region. 

While considerable diversity of gonococcal STs exists 
both within and between countries, some STs pre-
dominate, and this is even more apparent if STs are 
grouped into genogroups to facilitate robust statistical 
analyses. Most notably, G1407 accounted for 23% of 
isolates overall, and predominated in 13/21 countries. 
Relatedness of NG-MAST STs has been considered in 
comparatively few studies and multiple approaches 
are described [14,15,21,25,31,32]. Failure to consider 
relatedness of STs could lead to the prevalence of 
clonal groups being underestimated and reduces the 
power of any statistical analyses exploring associa-
tions between organism and/or patient characteristics 
and STs. Our approach was to consider strains highly 
related if strains varied at just one allele by ≤1%. 
Use of such a high cut-off ensures only very closely 
related strains are clustered, but given the variation in 
approaches described thus far, there is a need to agree 
a standard approach in the near future to allow compa-
rability between studies.

Most molecular surveys of consecutive gonococcal iso-
lates from earlier sampling periods ranging between 
2003 to 2005 did not demonstrate predominance of 
ST1407 or related types in individual European coun-
tries [24,25,33,34] or elsewhere [26,28]. In contrast 
ST1407 was documented in more recent surveys 
in Portugal [25] and Norway [23], and a centre that 
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performs molecular typing of all cases of gonorrhoea 
in Scotland showed that ST1407 first emerged in 
2007 and by 2009 accounted for 15.4% of cases [35]. 
The current study provides further evidence that the 
wide dissemination of ST1407 in the EU is likely to 
be a recent phenomenon. ST1407 and related STs are 
known to be distributed globally, documented in stud-
ies specifically investigating decreased susceptibility 
and resistance to third generation cephalosporins, in 
Europe [6,9,13,14,19], the United States [20], Canada 
[21], Australia [18], Hong Kong [17] and Taiwan [36] and 
in a survey conducted in Japan [27]. ST1407 has also 
caused most of the treatment failures with third gen-
eration cephalosporins in EU/EEA countries [6-11]. 

Our study demonstrates that there appear to be no 
isolates of G1407 that are highly sensitive to cefixime, 
with 96% of isolates showing MICs ≥0.06mg/L, and 
presents the first clear evidence that all G1407 iso-
lates circulating currently in the general gonococcal 
population in the EU/EEA are ciprofloxacin resistant, 
strongly associated with decreased susceptibility/
resistance to cefixime and show raised MICs for ceftri-
axone and azithromycin. This highlights the potential 
of molecular epidemiological typing as a tool to predict 

antimicrobial resistance, as it is evident that ciproflox-
acin and cefixime in particular would be inappropriate 
regimes to treat G1407 infection. Two isolates were 
identified that exhibited decreased susceptibility to 
cefixime but were considered unrelated to G1407. The 
low incidence of these types may suggest they repre-
sent less biologically fit gonococcal clones and/or have 
recently been imported from regions such as the Far 
East, where greater diversity in STs showing cefixime 
decreased susceptibility is reported [15-17,36]. ST1407 
is known to be part of a major globally predominant 
clone, multilocus sequence type (MLST) ST1901 which 
probably originated in Japan [11], and recent analy-
sis of ten additional genomic markers has provided 
further evidence of the clonal nature of ST1407 and 
closely related NG-MAST STs [32]. MLST ST7363 is also 
reported as a major clone associated with decreased 
susceptibility and resistance to cephalosporins, which 
also has shown its ability to develop high-level resist-
ance to cefixime and ceftriaxone [37]. MLST was not 
performed in the current study but is an excellent 
means of determining longer-term evolutionary rela-
tionships between strains [38] and so could help to 
resolve the lineage of these non-G1407 isolates.   

Table 4
Consensus antimicrobial susceptibility results for Neisseria gonorrhoeae multi-antigen sequence typing genogroups/sequence 
type represented by 10 or more isolates, EU/EEA countries, 2009–2010

Genogroup 
or ST

Isolates
n

Beta-
lactamase

Consensus resistance category
(Isolates differing from the consensus) Modal MIC mg/L (range)

Azithromycin Ciprofloxacin Spectinomycin Gentamicin Cefiximea Ceftriaxonea

G1407 248 Negative S (44b) R (0) S (0) 8 (4–16) 0.125 
(0.032–0.25)

0.047 
(0.008–0.125)

G225 107 Negative S (1c) R (0) S (0) 8 (4–16) 0.023 
(<0.016–0.064)

0.016 
(0.003–0.047)

G2992 84 Negative S (14d) S (1) S (0) 8 (2–8) 0.023 
(<0.016–0.064)

0.006 
(0.002–0.016)

G25 43 Negative S (0) S (1) S (0) 8 (4–8) <0.016 
(<0.016–0.064)

0.003 
(<0.002–0.016)

G387 37 Negative S (0) S (0) S (0) 8 (4–8) <0.016 
(<0.016–0.016)

<0.002 
(<0.002–0.002)

G359 20 Negative S (1c) S (0) S (0) 8 (4–16) 0.064 
(<0.016–0064)

0.008/0.012 
(0.004–0.023)

G2 18 Negative S (0) S (0) S (0) 4 (2–8) <0.016 
(<0.016–0.032)

0.003 
(<0.002–0.012)

ST5405 10 Negative S (0) R (0) S (0) 8 (4–8) <0.016 
(<0.016–0.023)

0.004/0.006 
(0.003–0.006)

EEA: European Economic Area; EU: European Union; MIC: minimum inhibitory concentration; S: susceptible; ST: sequence type; R: resistant.

a 	 Cefixime and Ceftriaxone MICs are described according to the Etest scale.
b 	 40 of the 44 with an R category were within one doubling dilution of the breakpoint.
c 	 Isolates that differ from the consensus were within one doubling dilution of the breakpoint.
d 	 10 of the 14 with an R category were within one doubling dilution of the breakpoint.
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Treatment failure in patients infected with gonococci 
exhibiting cefixime MICs of the levels in the current 
study have been documented in the UK [10], Norway [9] 
and Austria [6] and all belonged to G1407. One ST1407 
isolate with high-level resistance to cefixime (MIC=4 
mg/L) and ceftriaxone (MIC=1–2 mg/L), also associ-
ated with treatment failure using cefixime, has been 
described from France [11]. This strain demonstrates 
that the ST1407 clone can by a single additional muta-
tion in its penicillin-binding protein 2 (penA) mosaic 
gene develop high-level resistance to both cefixime 
and ceftriaxone, which is the last remaining option for 
single antimicrobial empiric treatment of gonorrhoea 
[11]. The observed predominance of ST1407 and related 
STs in many EU/EEA countries is therefore worrying 
given their potential to be therapeutically challenging. 
While shown to be associated with MSM, it is evident 
that G1407 is circulating in the heterosexual popula-
tion also and, accordingly, the risk of future treatment 
failure is not restricted to any one patient group. G1407 
therefore represents a potential major public health 
problem if it continues to disseminate without any 
measures taken to restrict this. 

G225 was the most prevalent genogroup after G1407 in 
the current study. ST225 has been reported as a highly 
prevalent strain in EU/EEA countries [22,25,33,34], with 
a confirmed association with ciprofloxacin resistance 
[22,25,33]. Given that most studies began sampling 
as early as 2003 to 2005, the continued persistence of 
G225 by 2010 indicates that it is a highly successful, 
stable NG-MAST clone. Interestingly, a recent Canadian 
study of isolates showing decreased susceptibility to 
cefixime and/or ceftriaxone showed that 19% of iso-
lates were ST225 [21]. All isolates of G225 in the current 
study were sensitive to cefixime and ceftriaxone, but 
the potential for this strain to show decreased suscep-
tibility is of concern given its potential to predominate 
and persist. While strong associations between ST225 
and MSM are reported [25,34], these were not con-
firmed in all studies [39] including this one. This could 
indicate a shift in the distribution of G225 since the 
earlier typing studies, with possible bridging between 
homosexual and heterosexual networks. It is acknowl-
edged however that the completeness of the sexual ori-
entation variable in the current study was low, which 
may have introduced a bias into this analysis. 

None of the other major genogroups defined in the 
current study showed an association with resistance 
to the antimicrobials tested, but G2, G25, G359 and 
G387 would appear to be particularly persistent strains 
also, all having been reported in a molecular survey 
in 2004 [34]. Individual STs from these groups have 
been reported in other studies which confirmed that 
these were susceptible to the antimicrobials tested 
[22,25,33]. As observed previously [34], genogroups 
G2, G25 and G387 were associated with heterosex-
ual patients, demonstrating their persistence within 
this patient population. In contrast other genogroups 
(G2992, G1407) were shown to be associated with 

MSM. While ST1407 has been reported in a high pro-
portion of MSM previously [13], to our knowledge this 
is the first time ST2992 and related types has been 
reported as a potentially MSM associated type. None 
of the molecular epidemiological surveys conducted 
to date have reported ST2992 as a prevalent ST [24-
26,28,33,34]. G2992 accounted for 8% of all isolates in 
our study and while widely distributed, it was particu-
larly predominant in Ireland and Norway, which may 
indicate an outbreak within MSM, although further lon-
gitudinal surveillance of a sufficiently representative 
sample would be required to verify this.

In our study the selection criteria for isolates were 
based on accepting from each country consecutive 
isolates with a full antimicrobial profile. There were 
no exclusion criteria based on epidemiological char-
acteristics and all patient ages were included. One of 
the age groups used for the analyses spanned 0 to 24 
year-olds however only three of the 363 patients in this 
group were less than 15 years-old. The inclusion of 
isolates from the latter patients was valid for the anti-
microbial resistance analyses. Only one of the three 
patients was related to a common genogroup (G225) 
therefore including these three patients should have 
had little effect on the overall statistical analyses.

In conclusion, this study shows clear associations 
between antimicrobial resistance and molecular type. 
The use of molecular epidemiological typing to predict 
antimicrobial resistance and follow the spread of anti-
microbial resistant gonococcal clones has added public 
health benefits as it can aid understanding of the dis-
semination of resistance within a population and facili-
tate development of targeted intervention strategies, 
for example by ensuring patients infected with strains 
likely to be therapeutically challenging are managed 
with aggressive therapy and test of cure. Additionally 
if the prediction of antimicrobial resistance was suffi-
ciently reliable this approach could directly impact on 
appropriate management of patients for whom culture 
and associated antimicrobial susceptibility testing has 
not been performed. While it is acknowledged that 
sample representativeness is a limitation of the cur-
rent study [12], additional molecular epidemiological 
typing has successfully demonstrated a ’proof of prin-
ciple‘ that this approach could be valid and have real 
public health value. However for this to be effective, 
ongoing, frequent molecular typing surveillance will 
be essential, as there is continual potential for novel 
STs and novel antimicrobial susceptibility profiles to 
emerge. Future work should focus on longitudinal typ-
ing of a representative sample to monitor stability of 
associations between ST and antimicrobial resistance 
and/or epidemiological characteristics, and to identify 
temporal changes and emergence of novel STs. 
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