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Neisseria gonorrhoeae has consistently developed
resistance to antimicrobials used therapeutically for
gonorrhoea and few antimicrobials remain for effective
empiric first-line therapy. Since 2009 the European
gonococcal antimicrobial surveillance programme
(Euro-GASP) has been running as a sentinel surveillance system across Member States of the European
Union (EU) and European Economic Area (EEA) to monitor antimicrobial susceptibility in N. gonorrhoeae.
During 2011, N. gonorrhoeae isolates were collected
from 21 participating countries, and 7.6% and 0.5%
of the examined gonococcal isolates had in vitro
resistance to cefixime and ceftriaxone, respectively.
The rate of ciprofloxacin and azithromycin resistance
was 48.7% and 5.3%, respectively. Two (0.1%) isolates displayed high-level resistance to azithromycin,
i.e. a minimum inhibitory concentration (MIC) ≥256
mg/L. The current report further highlights the public health need to implement the European response
plan, including further strengthening of Euro-GASP, to
control and manage the threat of multidrug resistant
N. gonorrhoeae.

Introduction

Neisseria gonorrhoeae has consistently developed
resistance to antimicrobials used therapeutically for
gonorrhoea, including penicillins, macrolides, tetracyclines and fluoroquinolones [1,2]. Surveillance of N.
gonorrhoeae antimicrobial resistance is essential to
monitor the emergence and spread of the resistance
and to inform treatment guidelines. Furthermore, surveillance of antimicrobial resistance as well as treatment failures is also crucial, as reports are emerging
of decreased susceptibility, in vitro resistance and
clinical failure of the last line of agents for antimicrobial monotherapy: the extended-spectrum cephalosporins, cefixime (oral) and ceftriaxone (injectable)
[2-6]. The European management guidelines [7] have
recently been revised to recommend ceftriaxone (500
mg intramuscularly) in combination with azithromycin (2 g single oral dose) for first-line treatment of all
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uncomplicated gonorrhoea cases, in response to the
emerging in vitro and in vivo resistance to cefixime and
ceftriaxone.
Since 2009 the European gonococcal antimicrobial
surveillance programme (Euro-GASP) has been implemented by the European Centre for Disease Prevention
and Control (ECDC) as a sentinel surveillance system
across Member States of the European Union (EU) and
European Economic Area (EEA) to monitor antimicrobial
susceptibility in N. gonorrhoeae [8]. Here we describe
the spread of gonococcal isolates with in vitro resistance to cefixime and resistance to other antimicrobials
surveyed across Europe, and the subsequent European
response [9] to the threat of multidrug-resistant N.
gonorrhoeae (MDR-NG) [10].

Methods

During 2011 N. gonorrhoeae isolates were collected
from 21 participating countries (Table 1) and examined during two periods: May/June and November/
December. Participating countries followed one of two
paths. There was a centralised testing model [11], in
which antimicrobial susceptibility testing was performed on all isolates centrally by Etest (bioMérieux,
Marcy l’Etoile, France) to determine the minimum inhibitory concentration (MIC) of cefixime and ceftriaxone
or agar dilution for ciprofloxacin, azithromycin, spectinomycin and gentamicin. Alternatively, decentralised
testing was performed, i.e. antimicrobial susceptibility
testing was performed in the participant’s own national
reference or local laboratory. In 2011, ten countries
performed decentralised antimicrobial susceptibility
testing, by Etest or agar dilution (Table 1). As well as
countries fulfilling the criteria for decentralised testing
[11], an external quality assessment programme and a
panel of control strains [11] were established to ensure
comparability of data in this hybrid testing model.
The statistical significance of any changes in the proportion of isolates with resistance to tested antimicrobials
1

Table 1
Resistance to cefixime, ciprofloxacin and azithromycin in Neisseria gonorrhoeae isolates from 21 European Union/European
Economic Area countries, 2011
Country

Number of
isolates tested

Resistance
Cefixime

Ciprofloxacin

Azithromycin

Number

%

Number

%

Number

%

Method of testing

Austria

106

14

13.2

72

67.9

13

12.3

Centralised

Belgium

110

1

0.9

61

55.5

4

3.6

Decentralised (AG)

Cyprus

10

1

10.0

8

80.0

1

10.0

Centralised

Denmark

125

25

20

73

58.4

15

12.0

Decentralised (Etest)

France

109

0

0.0

49

45.0

2

1.8

Decentralised (Etest)

Germany

108

11

10.2

55

50.9

1

0.9

Centralised

Greece

100

3

3.0

74

74.0

5

7.9a

Decentralised (Etest)

13

1

7.7

8

61.5

0

0.0

Centralised

Hungary
Ireland

64

2

3.1

9

14.1

5

7.8

Centralised

Italy

99

3

3.0

60

60.6

4

4.0

Decentralised (Etest)
Centralised

Latvia

28

0

0.0

8

28.6

1

3.6

Malta

13

1

7.7

9

69.2

0

0.0

Centralised

Netherlands

217

0

0.0

56

25.8

12

5.5

Decentralised (Etest)

Norway

77

1

1.3

25

32.5

3

3.9

Centralised

Portugal

109

0

0.0

46

46.5b

8

7.3

Decentralised (Etest)

Romania

26

4

15.4

21

80.8

2

7.7

Centralised

Slovakia

113

41

36.3

80

70.8

7

6.2

Centralised

Slovenia

19

7

36.8

14

73.7

1

5.3

Centralised

Spain

100

15

15.0

59

59.0

14

14.0

Decentralised (AG)

Sweden

105

8

7.6

60

57.1

1

1.0

Decentralised (Etest)

251

7

2.8

75

29.9

0

0.0

Decentralised (AG)

Total: 1,902
(ciprofloxacin
total 1,892,
azithromycin
total 1,865)

145

7.6

922

48.7

99

5.3

United Kingdom

Total

AG: agar dilution.
a
b

Calculated from 63 isolates with azithromycin results.
Calculated from 99 isolates with ciprofloxacin results.

between years was determined by the Z-test (chosen
due to large sample size and dichotomous variables).

Results

A total of 1,902 N. gonorrhoeae isolates from 21 participating countries were examined in 2011, representing
an increase from the 1,766 and 1,366 isolates received
from 17 countries in 2010 and 2009, respectively.
The proportion of isolates that displayed in vitro resistance (formerly described as decreased susceptibility)
[11] to cefixime was 7.6% (145/1,902, Tables 1 and 2)
in 2011 using the European Committee on Antimicrobial
Susceptibility Testing (EUCAST) breakpoint (MIC>0.12
mg/L) [12]. This is a minor decrease compared to 2010
(8.7% versus 7.6%, Z-test, p=0.25) but still significantly higher than in 2009 (5.1% versus 7.6%, Z-test,
p=0.005) (Table 2). In 2010 and 2011, cefixime resistant
isolates were also detected in 17 countries, compared
to only 10 in 2009 (Figure). Seventeen isolates had an
MIC of 0.5 mg/L in 2011, which is an increase from two
2

and four isolates in 2010 and 2009, respectively. All
isolates showing in vitro resistance to cefixime were
additionally resistant to ciprofloxacin (MIC>0.5 mg/L).
In 2011, the first 10 (0.5%) Euro-GASP isolates with in
vitro resistance to ceftriaxone (>0.12 mg/L) were identified from the same geographical area (Austria and
Germany). All ten isolates had MICs of cefixime of at
least 0.12 mg/L and were also resistant to ciprofloxacin.
The rate of ciprofloxacin resistance decreased significantly from 62.7% (857/1,366) in 2009 to 48.7%
(922/1,892) in 2011 (Z-test, p<0.0002), and a significant
decrease from 13.2% (180/1,366) to 5.3% (99/1,865)
was observed for azithromycin resistance (MIC>0.5
mg/L; Z-test, p<0.0002) (Table 2), including two (0.1%)
isolates displaying high-level resistance to azithromycin (MIC≥256 mg/L) in 2011.
The modal MIC to gentamicin was 8 mg/L (MIC range:
0.5 to 16 mg/L) and no resistance to spectinomycin
(MIC range: 1.5 to 64 mg/L) was demonstrated.
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Table 2
Overall proportion of Neisseria gonorrhoeae isolates from 21 European Union/European Economic Area countries with
resistance to cefixime, ciprofloxacin and azithromycin, 2009–2011
Cefixime resistant

Ciprofloxacin resistant

Azithromycin resistant

Year

Cefixime
resistant/
total

Percentage

95%
confidence
intervals

Ciprofloxacin
resistant/total

Percentage

95%
confidence
intervals

2009

70/1,366

5.1

4.01–6.4

857/1,366

62.7

60.2–65.3

180/1,366

13.2

11.4–15

2010

153/1,766

8.7

7.4–10.1

930/1,766

52.7

50.3–55

127/1,766

7.2

6.02–8.5

2011

145/1,902

7.6

6.5–8.9

922/1,892

48.7

46.5– 51

99/1,865

5.3

4.4–6.4

Discussion

The results from Euro-GASP have demonstrated emerging cefixime and ceftriaxone resistance across the EU/
EAA region. The levels of in vitro resistance to cefixime
and ceftriaxone using the EUCAST breakpoints were
7.6% and 0.5%, respectively, in 2011. For comparison,
the level of in vitro resistance to cefixime was 5.1%
and 8.7% in 2009 and 2010, respectively, and no isolates with in vitro resistance to ceftriaxone have been
identified before 2011. However it should be noted that
definitive breakpoints have not yet been established
for cefixime and ceftriaxone, and several treatment
failures with cefixime (200 mg×2) [13] and cefixime
400 mg [6] have previously been caused by isolates
with lower cefixime MICs than the tentative EUCAST
breakpoint (>0.12 mg/L). Using an MIC breakpoint of
>0.06 mg/L for cefixime resulted in much higher proportions of the Euro-GASP isolates, 22.7% (400/1,766)
and 18.6% (353/1,902), displaying in vitro resistance
to cefixime in 2010 and 2011 respectively. And again
the same breakpoint applied to ceftriaxone gave more

Azithromycin
Percentage
resistant/total

95%
confidence
intervals

isolates displaying in vitro resistance: 1.4% (24/1,699,
2010) and 2.5% (47/1,902, 2011).
Even though the levels of resistance to ciprofloxacin
and azithromycin decreased significantly, the resistance level is still too high for these antimicrobials to
be used for empirical antimicrobial monotherapy [14],
unless the susceptibility has been confirmed with antimicrobial susceptibility testing before initiating the
therapy of the individual gonorrhoea cases. The wide
variation in resistance rates across the different countries (e.g. 0–36.8% for cefixime in vitro resistance) represents the few isolates from some countries and the
very diverse region covered by Euro-GASP.
Both gentamicin and spectinomycin are potential
options for gonorrhoea treatment; however the lack of
sufficient clinical efficacy and safety data and breakpoints for gentamicin [2,4,15,16], as well as the difficulties in acquiring spectinomycin in most countries,
the fear of rapidly selected resistance and the reduced

Figure
Geographical distribution of gonococcal isolates with in vitro resistance to cefixime (>0.12 mg/L) in Euro-GASP
participating countries, 2009–2011
2009

2010

2011

Countries with isolates that exhibit in vitro resistance to cefixime
Countries with no isolates that exhibit in vitro resistance to cefixime
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effectiveness of spectinomycin at clearing pharyngeal
infections [2,4,17] make these options less than satisfactory for first-line antimicrobial monotherapy. Our
results clearly show that new, or combinations of current, antimicrobials are desperately needed to maintain gonorrhoea as a treatable disease, and that every
effort must be made to preserve the efficacy of existing therapeutic options.
The decreasing susceptibility to the extended-spectrum
cephalosporins, the increasing number of reported
treatment failures to extended-spectrum cephalosporins (particularly cefixime), the associated morbidity
with N. gonorrhoeae infection and lack of alternative
treatment options have led to the development of a
response plan to control and manage the threat of
MDR-NG in Europe and to support Member States in EU
and EEA in their national responses to MDR-NG [3,9].
Euro-GASP is a sentinel surveillance system and so is
unable to detect treatment failures; the response plan
[9] therefore includes a strategy for the detection and
verification of treatment failures in a timely manner.
Molecular tests to diagnose gonorrhoea are advantageous in that they are highly sensitive and rapid, are
amenable to high-throughput and do not require an
invasive specimen. However the European response
plan [9] strongly emphasises that continued use of culture in sentinel sites is key to obtaining information on
antimicrobial susceptibility of N. gonorrhoeae isolates,
which is essential in order to detect emerging resistance. Even though an increase in the number of participating countries and progress in obtaining isolates for
Euro-GASP in some countries have contributed to the
increase in isolate numbers over the years, an absence
of participation and low isolate numbers from some
countries, along with differences in representativeness
are limitations of Euro-GASP. Therefore as part of the
European response, Euro-GASP will be strengthened to
ensure a greater representation of N. gonorrhoeae antimicrobial resistance profiles and associated epidemiological information in Europe. Training will be provided
to enable capacity building and encourage the collection of isolates from countries where no susceptibility
testing is currently performed. Decentralised testing
will be further promoted to improve timeliness of
reporting, engage national stakeholders and facilitate
the sustainability of Euro-GASP. Finally, the awareness
of policy makers, clinicians, patients, and key populations will be enhanced [9]. The European response [9]
aims to implement the actions as specified within the
World Health Organization global action plan on antimicrobial resistance of N. gonorrhoeae [18].
Effective control of gonorrhoea relies entirely on appropriate treatment with antibiotics, along with effective
prevention, timely diagnostics, contact tracing (including diagnostics, treatment and notification of contacts),
and surveillance. Both the European response plan [9]
and the revised European management guidelines [7]
contribute to the fight to keep gonorrhoea a treatable
infection. A further benefit of the European response
4

[9] is that a multidisciplinary collaboration between
national and international stakeholders is developed,
a network that will be valuable also for future gonococcal challenges.
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