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1. Key Points 
1.1 Study Population 
 
A total of 1,514 isolates were collected by the 231 GRASP collaborating laboratories during 
the three month data collection period in 2007, and sent to the Sexually Transmitted Bacteria 
Reference Laboratory (STBRL) for antimicrobial susceptibility testing.  After the exclusion of 
duplicates 1,400 isolates remained, of which 1,113 (80%) were recovered successfully and 
confirmed as Neisseria gonorrhoeae. Compared with earlier GRASP years there are now 
relatively more men in the sample; while the number of heterosexual cases has approximately 
halved, the number of cases in men who have sex with men (MSM) remained relatively 
constant. 
 
 

1.2 Antimicrobial Resistant N. gonorrhoeae 
 

• For the first time two isolates (0.2%) were categorised as exhibiting decreased 
susceptibility to cefixime (Minimum Inhibitory Concentration (MIC) ≥0.25mg/l) a third 
generation cephalosporin. Confirmation using Etests demonstrated a marginally lower 
MIC of 0.19mg/l than the 0.25 mg/l determined by the GRASP methodologies. Both 
isolates were susceptible to ceftriaxone (MIC 0.015mg/l) 

 
• The prevalence of ciprofloxacin (MIC ≥1mg/l) resistance increased slightly from 27% to 

28% between 2006 and 2007 (p=0.61). The prevalence of resistance is highest in 
MSM and increased to 47% compared with 44% in 2006.  Fifty-three percent of 
resistant isolates were from individuals in the 35-44 year age group. 

 
• Penicillin resistant (MIC ≥1mg/l or β-lactamase positive) GRASP isolates increased 

from 9.5% in 2006 to 24% in 2007 (p<0.001).  In 2007, 7.9% of isolates demonstrated 
plasmid-mediated penicillin resistance (PPNG or PP/TRNG), an increase from the 
3.4% in 2006 (p=0.002), and 15% of isolates demonstrated chromosomally-mediated 
penicillin resistance (CMRNG), a significant increase from the 3.9% observed in 2006 
(p<0.001).   

 
• Azithromycin resistance (MIC ≥1mg/l) more than doubled between 2006 and 2007 

from 1.8% to 4.1%, respectively (p=0.09). High-level resistance to azithromycin 
(>256mg/l) was detected for the first time. 

 
• Overall, 60% of isolates demonstrated tetracycline resistance (MIC ≥2mg/l) in 2007, a 

significant increase compared to the 37% observed in 2006 (p<0.001). Plasmid-
mediated tetracycline resistance (TRNG or PP/TRNG) was observed in 11% of 
isolates and chromosomally –mediated TetR resistance in 32% of isolates in 2007. 

 
• In 2007, no isolates demonstrated resistance to spectinomycin (MIC ≥128mg/l), or 

decreased susceptibility to ceftriaxone (MIC ≥ 0.125mg/l). 
 

• Non-genitourinary medicine (non-GUM) isolates continued to demonstrate lower 
prevalences of ciprofloxacin resistance (14%), penicillin resistance (12%), tetracycline 
resistance (37%) and azithromycin resistance (0%), compared with GUM isolates in 
2007. 

                                                 
 
1 Ordinarily there are 24 microbiological laboratories that participate in GRASP. However, in 2007 one 
laboratory was unable to participate. 
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2. Background 
2.1  Epidemiology of N. gonorrhoeae in the United Kingdom 
 
Neisseria gonorrhoeae is the second most common bacterial sexually transmitted infection 
(STI) in the United Kingdom, with a total of 18 710 uncomplicated infections diagnosed in 
GUM clinics in 2007.  This represents a 1% decrease compared with the 18 898 diagnoses 
made in 2006, continuing the decreasing trend in total diagnoses of gonorrhoea seen since 
20021. Gonococcal diagnoses tend to be concentrated in core risk groups in the UK. These 
include black ethnic populations and men who have sex with men (MSM). For the first time 
since 1998 diagnoses amongst MSM started to decline in 2007. However, of the 12,933 new 
episodes of gonorrhoea in men, 30% were among MSM2. Young people remain the most 
likely to be infected, with current rates highest in men aged 20-24 years (174.2/100 000) and 
women aged 16-19 years (136.9/100 000).   
 

Figure 1. Diagnoses of uncomplicated gonorrhoea made in GUM clinics by gender and male sexual orientation, 
UK: 1998 to 2007. 
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2.2  Global Gonococcal Antimicrobial Resistance 
 
Antimicrobial resistance in N. gonorrhoeae remains a problem worldwide and providing 
effective therapy will be a challenge in future years. The current status is: 
 

• There is growing evidence of decreased susceptibility to the third generation 
cephalosporins3,4 but as yet there are no reported therapeutic failures to ceftriaxone or 
cefixime. 

• Fluoroquinolone resistance continues to be prevalent worldwide, including reports of 
resistance of 99% in the Nanjing city of China5, 48% in Russia6, 70% in Japan7 and 
Sweden8 and 21% in New Zealand9. 

• Ciprofloxacin is no longer recommended first line therapy in most countries including 
the USA10 and UK11. 

• Azithromycin is not recommended as first line therapy for gonorrhoea but is often used 
to treat co-infection with C. trachomatis and there are reports from a number of 
countries of increasing resistance. The percentage of isolates resistant to azithromycin 
was reported to be 80% in a recent study inJapan7, and the emergence of strains with 
high-level azithromycin resistance (>256 mg/L) identified in Scotland in 2004, has been 
reported recently12. The increasing prevalence of resistance to this antimicrobial in 
England and Wales has also been highlighted in this report, as has the emergence of 
high-level resistant strains. The United States10 has reported the appearance and 
increasing prevalence of isolates with decreased susceptibility. 
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2.3 The Gonococcal Resistance to Antimicrobials Surveillance Programme  
 
The Gonococcal Resistance to Antimicrobials Surveillance Programme (GRASP) was 
established in June 2000, as collaboration between the Communicable Disease Surveillance 
Centre (CDSC), the Genitourinary Infections Reference Laboratory (GUIRL), Bristol and 
Imperial College, and was funded by the Department of Health13. In 2000 the pilot collection 
was carried out across 30 participating GUM clinics and laboratories. From 2001 the annual 
GRASP collection has consisted of 26 collaborating GUM clinics covered by 24 laboratories 
(see page 22)2.  
 
In 2007, the GRASP annual collection was undertaken by the Health Protection Agency, 
Centre for Infections.  GRASP has proven a successful collaboration with participating 
laboratories and GUM clinics collecting data on about 17 000 isolates since the first collection. 
 
This report presents the findings of the eighth year of isolate collection for this programme, 
highlighting the changes observed in antimicrobial susceptibility and gonococcal epidemiology 
between 2006 and 2007.   
 
 
 

2.4 Antimicrobial Resistance Glossary 
 

Table 1. Glossary of antimicrobial resistance and classification types. 

Classification Definition  
Penicillin Resistant Penicillin: MIC ≥ 1mg/l or β-lactamase +ve 
Tetracycline Resistant Tetracycline: MIC ≥ 2mg/l 
PPNG  Penicillin: β-lactamase +ve AND tetracycline: MIC<16mg/l 
TRNG Penicillin β-lactamase -ve AND tetracycline: MIC ≥ 16mg/l  
PP/TRNG Penicillin: β-lactamase +ve AND tetracycline: MIC ≥ 16mg/l 
CMRNG Penicillin: β-lactamase –ve AND MIC ≥ 1mg/l AND 

tetracycline: MIC between 2-8mg/l 
PenR Penicillin: MIC ≥ 1mg/l but β-lactamase –ve AND 

tetracycline: MIC<2mg/l 
TetR Penicillin: β-lactamase –ve AND MIC <1mg/l AND 

tetracycline: MIC between 2-8mg/l  
Ciprofloxacin Resistant  MIC ≥ 1mg/l 
Ciprofloxacin Decreased Susceptibility MIC ≥ 0.125mg/l to 0.5mg/l 
Ciprofloxacin Decreased Susceptible or 
Resistant 

MIC ≥ 0.125mg/l 

Spectinomycin MIC ≥ 128mg/l 
Azithromycin MIC ≥ 1mg/l 
Ceftriaxone (Decreased susceptibility) MIC ≥ 0.125mg/l  
Cefixime (Decreased susceptibility) MIC ≥ 0.25mg/l 

                                                 
 
2 In 2007 one laboratory was unable to participate. 
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3. Sample Description 
 

3.1 Retrieval in 2007 
 
A total of 1514 isolates were collected by the 23 GRASP collaborating laboratories during the 
three month data collection period in 2007, and sent to STBRL for antimicrobial susceptibility 
testing.  After the exclusion of duplicates 1400 isolates were retained, of which 1113 (80%) 
were retrieved successfully and the identity confirmed as N. gonorrhoeae.  
 
The retrieval rates for 2007 by region are shown in detail in table 2.  The overall retrieval rate 
in London was 86% compared with 74% of isolates outside of London, where retrieval ranged 
from 47% in the South West to 92% in the East Midlands.   
 
The demographic, clinical and behavioural data presented in this report includes information 
on all patients for whom a gonococcal isolate was referred, whilst the antimicrobial resistance 
data uses information only on patients for whom an isolate was retrieved. 
 

Table 2. The proportion of GRASP isolates confirmed as N.gonorrhoeae by region in the 2007 collection. 
 

Submitted Isolates N (%) Region  
Retrieved Not retrieved

Total 
 

East Midlands 88 (92) 8 (8) 96 
East of England 17 (63) 10 (37) 27 
London 537 (86) 88 (14) 625 
North East 30 (86) 5 (14) 35 
North West 105 (72) 40 (28) 145 
South East 79 (81) 19 (19) 98 
South West 24 (47) 27 (53) 51 
Wales 50 (86) 8 (14) 58 
West Midlands 97 (87) 15 (13) 112 
Yorkshire & Humberside 86 (56) 67 (44) 153 
Total 1113 (80) 287 (21) 1400 

 

3.2 Weighting of Data   
 
Since 2005, the percentage of isolates that are resistant to a particular antibiotic has been 
estimated using a weighted analysis.  This is because a simple percentage would under 
weight isolates from sites that have a lower retrieval rate.  Estimates for 2000-2004 have been 
recalculated in this way and so values presented in this report may differ to the unweighted 
estimates that have appeared in previous GRASP reports. The weight for a particular clinic in 
a particular year is inversely proportional to its retrieval rate and each estimate of the 
percentage resistant to a particular antibiotic in a particular year  is a weighted average of the 
percentages from the participating sites in that year.  
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3.3 Sample Distribution in 2007 
 
Of the total 1113 retrieved isolates in 2007, 1059 isolates were from patients who had 
attended a GUM clinic, whilst 54 attended a primary care setting such as general practice, or 
hospital in- or out-patient departments (table 3). Where more than one isolate per individual 
was received during the data collection period, results for the second isolate were only 
included in the analyses if the date of isolation of the second isolate was ≥ 28 days after the 
first isolate.  In 2007, as in previous years, such patients accounted for 1% of all isolates.   
 

Table 3.  Numbers of gonococcal isolates obtained in the GRASP collection: June-August 2007. 
 

Non-GUM clinic data GUM clinic data  
Region 

 
Total 

number of 
isolates 
referred 

Number of 
isolates 

referred (%) 

Number of 
isolates 
retrieved 

Number of 
isolates 

referred (%) 

Number of  
isolates 
retrieved 

Number of 
patients 

East Midlands 96 12 (13) 10 84 (88) 78 83 
East of England 27 0 (0) 0 27 (100) 17 27 
London 625 8 (1) 6 617 (99) 531 614 
North East 35 1 (3) 0 34 (97) 30 34 
North West 145 3 (2) 3 142 (98) 102 141 
South East 98 6 (6) 4 92 (94) 75 91 
South West 51 10 (20) 8 41 (80) 16 41 
Wales 58 10 (17) 9 48 (83) 41 48 
West Midlands 112 5 (4) 5 107 (96) 92 106 
Yorkshire & Humberside 153 13 (8) 9 140 (92) 77 139 
Total 1400 68 (5) 54 *1332 (95) 1059 1324 

* includes eight patients each represented twice due to more than one episode of infection 
 
 
 
In 2007, 46% of the isolates referred were 
from patients attending GUM clinics in 
London and 54% were from outside of 
London. The percentage of GUM clinic 
isolates contributing to the total by each 
region is shown in table 3. 
 
The trend observed over recent years of an 
increasing proportion of isolates from MSM 
has not continued in 2007, with 35% of 
isolates coming from MSM compared with 
39% in 2006. The proportion of isolates 
from heterosexual men and women have 
increased slightly since 2006, to 39% (36% 
in 2006), and 26% (24% in 2006) 
respectively, which is in-line with the latest 
KC60 trends1 (figures 1 and 2). 
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Figure 2. The proportion of gonococcal 
isolates from GUM patients by gender and 
male sexual orientation. GRASP 2001 to 
2007. 
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4. Patient Characteristics 
 
4.1 Demographic Characteristics  
 

 

Tables 4 and 5 present characteristics of 
all the GUM and non-GUM clinic patients 
referred to GRASP (including patients from 
whom we could not retrieve their isolates 
for testing). 
 
In 2007, most of the patients were 
diagnosed in GUM clinics. Although 12.4% 
of women had been diagnosed at their GP 
compared with 1.5% of men (figure 3), 
outpatient diagnoses were much fewer in 
both men and women. 
 
Of the 68 non-GUM clinic patients, 88% of 
diagnoses were made outside of London, 
principally in Yorkshire & Humberside, East 
Midlands, the South West and Wales. In 
contrast, only 54% of all GUM clinic 
diagnoses were made outside of London, 
with the highest number in the North West 
(11%). 
 
The majority of non-GUM clinic gonorrhoea 
diagnoses were made in patients under the 
age of 25 whereas GUM clinic diagnoses 
were more common in a wider age range 
of patients; those aged 20-34 years. 

Figure 3. Proportion of patients (%) by diagnoses 
service and gender 2007. 
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4.2 Clinical characteristics 
 
The presence of symptoms (discharge or dysuria) was most prevalent in heterosexual men 
and MSM, but almost half (47%) of women had no symptoms associated with their infection. 
Ninety-eight percent of women and heterosexual men and 61% of MSM presented with a 
genital infection, followed by throat isolates in 5.7% of women and 3.0% of heterosexual men 
(Table 4). Forty percent of MSM presented with rectal isolates. Previous gonorrhoea 
diagnoses were reported for 29% of all patients and 43% of MSM in 2007.  As in previous 
years chlamydia was the most prevalent concurrent STI, reported in 34% of women, 31% of 
heterosexual men and 17% of MSM. HIV prevalence among all GRASP patients with known 
status was 13% as in 2006. This prevalence varied by gender and male sexual orientation, 
and was highest among MSM (32%). 

4.3 Behavioural Characteristics 
 
In 2007, 51% of all individuals reported having between two and five partners (either in the UK 
or abroad) in the past three months. Ten percent reported sexual contact abroad in the past 
three months compared with 11% in 2006.   



 

*Resistance category definitions are listed on page 6 10

Table 4. Demographic, clinical and behavioural characteristics of GUM clinic patients with gonorrhoea from 
participating GUM clinics by gender and sexual orientation*: GRASP 2007. 

 
Characteristics Women%  Heterosexual 

men %  
MSM %  Total§ 

%  
GUM Clinic Locality     
          London 39 41 57 46 
          Outside London 61 59 43 54 
          Total (Baseline†) 343 506 459 1332 
Ethnicity     
          White 57 41 85 61 
          Asian or Asian British 3.7 6.3 4.1 4.9 
          Black Caribbean 21 30 1.6 18 
          Black African 4.0 7.4 1.6 4.4 
          Other Black 8.7 9.7 1.6 6.5 
          Other 5.3 5.7 5.9 5.7 
          Total (Baseline†) 321 475 437 1243 
Age Group     
          ≤15 4.4 0.6 0.0 1.4 
          16-19 39 15 5.2 18 
          20-24 33 35 22 30 
          25-34 19 31 40 31 
          35-44 2.3 11 23 13 
          45+ 2.0 7.7 11 7.3 
          Total (Baseline†) 343 506 459 1331 
Symptoms     
          Discharge and or dysuria 54 90 65 72 
          No discharge or dysuria 47 9.7 36 28 
          Total Baseline†) 325 496 439 1267 
Previously diagnosed with 
gonorrhoea 

    

          Yes 18 23 43 29 
          No 82 77 57 71 
          Total (Baseline†) 325 487 433 1251 
Concurrent STI‡     
          Syphilis 0.9 0.6 2.4 1.3 
          Chlamydia 34 31 17 27 
          Herpes 0.9 1.0 0.4 0.8 
          Warts 1.2 0.8 1.8 1.2 
          Other 13 4.0 6.0 7.0 
          Total (Baseline) † 330 498 452 1286 
Site of Infection‡     

Genital 96 99 61 85 
Rectal 4.2 0.4 40 15 
Throat 5.7 3.0 14 7.6 
Other 1.2 0.6 0.4 0.7 
Total (Baseline) † 331 499 457 1294 

HIV Status     
Negative 100 99 68 87 
Positive 0.0 0.8 32 13 
Total (Baseline) † 256 369 411 1043 

UK Partners (past 3 months)     
0-1 67 45 27 45 
2-5 31 50 56 47 
6-10 0.3 4.0 10 5.2 
11+ 1.5 0.4 7.1 3.0 
Total (Baseline) † 329 494 422 1251 

Sex Abroad (past 3 months)     
Yes 4.3 14 11 10 
Total (Baseline) † 329 497 426 1258 

* Sexual orientation was reported for 98% (965/988) of males at participating GRASP clinics.   
§ Total includes women, heterosexual men, MSM, individuals of unknown gender (1) and men of unknown sexual 
orientation (23) and includes eight patients for which there was more than one episode of infection. 
† Baseline figure is the number of patients for whom that variable is known. 
‡ A patient may present with more than 1 site of infection and/or concurrent STI.  
 



 

*Resistance category definitions are listed on page 6 11

 
Table 5. Demographic characteristics among non-GUM clinic patients with gonorrhoea from participating GRASP 

centres, 2003 to 2007. 
 

Year %  Characteristics 
2003 2004 2005 2006 2007 

Total 

Location       
          London 11 25 22 34 12 21 
          Outside London 90 75 78 66 88 79 
          Total (Baseline) ‡ 152 159 143 99 68 621 
Region   
          East Midlands 1.3 4.4 4.9 9.1 18 6.0 
          East of England 7.2 3.8 2.1 3.0 0.0 3.7 
          London 11 25 22 34 12 21 
          North East 1.3 0.6 2.8 2.0 1.5 1.6 
          North West 11 3.1 1.4 6.1 4.4 5.2 
          South East 7.2 3.1 3.5 4.0 8.8 5.0 
          South West 39 28 22 14 15 26 
          Wales 14 12 22 11 15 15 
          West Midlands 5.9 6.3 15 11 7.4 9.2 
          Yorkshire & Humberside 3.3 13 3.5 5.1 19 7.9 
          Total (Baseline) ‡ 152 159 143 99 68 621 
Gender   
          Male 32 33 38 22 25 31 
          Female 68 67 62 78 75 69 
          Total (Baseline) ‡ 148 158 143 98 68 615 
Age Group   
          ≤15 6.1 1.3 2.2 0.0 1.5 2.5 
          16-19 32 33 27 33 30 31 
          20-24 25 26 33 27 33 28 
          25-34 25 28 20 24 27 25 
          35-44 10 9.8 13 7.1 4.5 9.6 
          45+ 2.0 2.6 5.0 10 4.5 4.5 
          Total (Baseline) ‡ 147 153 139 98 67 604 

‡ Baseline figure is the number of patients for whom that variable is known. 
 
 
 

Table 6. Percentage of isolates resistant to specific antimicrobials among GUM and non-GUM patients, 2006 to 
2007. 

 
2006 

% (95% CI) 
2007 

 % (95% CI) 
Antimicrobial* 

GUM Non-GUM GUM Non-GUM 
Penicillin  
(≥ 1mg/l or β-lactamase +) 

9.5 
[6.7,13.4] 

2.8 
[0.6,12.3] 

24 
[18.3,30.1] 

12 
[4.9,25.1] 

Tetracycline (≥ 2mg/l) 37 
[29.0,45.6] 

17 
[11.1,25.2] 

60 
[51.3,67.5] 

37 
[23.1,54.2] 

Ciprofloxacin (≥ 1mg/l) 27 
[20.8,33.0] 

7.4 
[3.0,17.4] 

28 
[20.9,35.6] 

14 
[6.4,26.9] 

Azithromycin (≥ 1mg/l) 1.8 
[0.9,3.4] 

1.0 
[0.1,8.3] 

4.1 
[2.2,7.2] 

0.0 
[-,-] 

Spectinomycin (≥128mg/l) 0.0 
[-,-] 

0.0 
[-,-] 

0.0 
[-,-] 

0.0 
[-,-] 

Ceftriaxone  (≥ 0.125mg/l) 0.0 
[-,-] 

0.0 
[-,-] 

0.0 
[-,-] 

0.0 
[-,-] 

Cefixime (≥ 0.25mg/l) 0.0 
[-,-] 

0.0 
[-,-] 

0.2 
[0.0,0.6] 

0.0 
[-,-] 

 
 

 
 



 

*Resistance category definitions are listed on page 6 12

5. Antimicrobial Susceptibility 
 
Variation was observed in the 2007 collection in the proportion of isolates resistant to specific 
antimicrobials (Table 6).  

• Penicillin resistance in GUM clinic isolates increased from 9.5 % in 2006 to 24% in 
2007 (p<0.001) and also increased in non-GUM clinic isolates from 2.8% in 2006 to 
12% in 2007 (p=0.05).  

• Tetracycline resistance increased significantly in non-GUM and GUM clinic isolates to 
37% and 60% in 2007 (p<0.001), respectively.  

• Ciprofloxacin resistant GUM clinic isolates increased only slightly to 28% in 2007, 
compared with non-GUM clinic isolates which increased from 7.4% in 2006 to 14% in 
2007 (p=0.17).  

• Azithromycin resistance increased from 1.8% in 2006 to 4.1% in 2007 in GUM clinic 
isolates but was not detected in non-GUM clinic isolates in 2007. 

• Decreased susceptibility to cefixime remains unusual but was detected in two isolates 
(0.2%) from GUM clinic patients in 2007, but was not present in non-GUM clinic 
isolates.  

• No isolates demonstrated resistance to spectinomycin or showed decreased 
susceptibility to ceftriaxone.      

 
In 2007 the prevalence of resistance in GUM clinic isolates did not vary significantly between 
London and non-London clinics for any of the antimicrobials tested (Tables 7 and 8). 
 

Table 7. Percentage of isolates resistant to specific antimicrobials 2006 to 2007 in London and Non-London. 
London % (95% CI) Non-London % (95% CI) Total % (95% CI) Antimicrobial* 
2006 2007 2006 2007 2006 2007 

Penicillin  
(≥ 1mg/l or β-lactamase +) 

11 
[5.7,19.9] 

27 
[17.6,37.9] 

8.4
[5.4,12.8]

21 
[16.0,27.6] 

9.5 
[6.7,13.4] 

24 
[18.3,30.1] 

Tetracycline (≥ 2mg/l) 43 
[28.5,58.8] 

63 
[49.7,74.3] 

32
[23.3,41.3]

57 
[46.7,66.4] 

37 
[29.0,45.6] 

60 
[51.2,67.5] 

Ciprofloxacin (≥ 1mg/l) 31 
[21.7,42.9] 

29 
[18.0,43.7] 

22
[16.4,29.3]

26 
[19.6,34.2] 

27 
[20.8,33.0] 

28 
[20.9,35.6] 

Azithromycin (≥ 1mg/l) 1.1 
[0.6,2.1] 

3.2 
[1.5,6.4] 

2.3
[1.0,5.6]

4.8 
[2.1,10.8] 

1.8 
[0.9,3.4] 

4.1 
[2.2,7.3] 

Spectinomycin (≥128mg/l) 
 

0.0 [-,-] 0.0 [-,-] 0.0 [-,-] 0.0 [-,-] 0.0 [-,-] 0.0 [-,-] 

Ceftriaxone  (≥ 0.125mg/l) 
 

0.0 [-,-] 0.0 [-,-] 0.0 [-,-] 0.0 [-,-] 0.0 [-,-] 0.0 [-,-] 

Cefixime (≥ 0.25mg/l) 0.0 [-,-] 0.3 
[0.1,1.1] 

0.0 [-,-] 0.0 [-,-] 0.0 [-,-] 0.2 
[0.0,0.6] 

 
 

Table 8. Percentage of isolates resistant to penicillin and tetracycline 2006 to 2007, in London and Non-London. 
London % (95% CI) Non-London % (95% CI) Total % (95% CI) Resistance 

Classification* 2006 2007 2006 2007 2006 2007 
PPNG 1.0 

[0.5,2.2] 
1.2 

[0.6,2.3] 
1.5

[0.7,3.2]
1.0 

[0.4,2.8] 
1.3 

[0.8,2.2] 
1.1 

[0.6,2.0] 
TRNG 7.1 

[4.6,10.9] 
4.7 

[3.1,6.9] 
4.3

[2.7,6.6]
4.0 

[1.9,8.3] 
5.6 

[3.9,7.9] 
4.3 

[2.8,6.6] 
PP/TRNG 2.0 

[1.0,4.2] 
6.4 

[4.2,9.7] 
2.1

[1.2,3.5]
7.1 

[4.2,11.6] 
2.1 

[1.3,3.2] 
6.8 

[4.8,9.4] 
CMRNG 5.5 

[2.0,14.7] 
19 

[12.0,27.7] 
2.4

[1.0,5.4]
12 

[9.4,16.1] 
3.9 

[2.1,7.2] 
15 

[11.4,20.2] 
PenR 1.4 

[0.5,4.0] 
0.0 
[-,-] 

1.5
[0.4,4.9]

0.6 
[0.2,1.7] 

1.5 
[0.6,3.2] 

0.3 
[0.1,1.0] 

TetR 28 
[20.0,27.2] 

32 
[27.8,37.1] 

22
[14.3,31.3]

32 
[25.6,39.7] 

25 
[18.6,31.5] 

32 
[28.1,36.8] 

PPNG or PP/TRNG 3.0 
[1.4,6.3] 

7.6 
[4.9,11.6] 

3.7
[2.4,5.6]

8.1 
[4.8,13.4] 

3.4 
[2.3,4.8] 

7.9 
[5.6,11.0] 

TRNG or PP/TRNG 9.1 
[6.4,12.8] 

11 
[8.1,15.0] 

6.4
[4.5,9.0]

11 
[7.5,16.2] 

7.7 
[6.0,9.8] 

11 
[8.6,14.2] 



 

Region Key: East Midlands EM, East of England EE, London LN, North East NE, North West NW, South East SE, South 
West SW, Wales WS, West Midlands, WM, Yorkshire & Humberside YH. 
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6. Ciprofloxacin  
 
 
Overall, the prevalence of ciprofloxacin 
resistance increased slightly from 27% in 
2006 to 28% in 2007 (p=0.61).  
 
 
There was significant regional variation 
(P<0.001), ranging from 9.3% in the East 
of England to 46% in the South East (figure 
4).  
 
 
Resistance was more common in older age 
groups and varied from 7.7% in the under 
20’s to 53% in those aged 35-44 years. 
 
 
 
 
 
Ciprofloxacin resistant gonorrhoea was 
much more common in men than women, 
at 34% and 8.7%, respectively. The 
greatest burden of ciprofloxacin resistant 
gonorrhoea was found among MSM (47% 
prevalence) compared with heterosexual 
men (22%) and women (8.7%) (figure 5).    
 
 
 
 
 
 
 
 
 
Between 2006 and 2007, ciprofloxacin 
resistance decreased among black ethnic 
groups but increased among whites and 
Asians (figure 6). The prevalence of 
resistance remains highest amongst 
Asians with 47% of isolates resistant in 
2007 compared to 36% in whites.  
Following a gradual increase up to 2006, 
levels of ciprofloxacin resistance among 
black Africans and black Caribbeans have 
declined in 2007 to 22% and 5.3% 
respectively.  
 
 

Figure 4.  The prevalence of ciprofloxacin resistance 
by region, 2003 to 2007.                 
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Figure 5. The prevalence of ciprofloxacin resistance 
by gender and male sexual orientation, 2003 to 
2007.  
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Figure 6. The prevalence of ciprofloxacin resistance 
by ethnic group, 2003 to 2007. 
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Region Key: East Midlands EM, East of England EE, London LN, North East NE, North West NW, South East SE, South 
West SW, Wales WS, West Midlands WM, Yorkshire & Humberside YH.  
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7. Penicillin  
Penicillin resistance increased significantly 
from 9.5% to 24% between 2006 and 2007 
(p<0.001). The prevalence of resistance 
ranged from 13% in the West Midlands to 
33% in the North East although differences 
were not statistically significant (p=0.2) 
(figure 7). 
 
Significant differences were observed by 
ethnic group, with the lowest prevalence 
observed in the black Caribbean (3.8%) 
and black other (6.1%) ethnic groups. In 
contrast, 49% of Asian, 30% of white and 
23% of black African individuals had 
isolates that demonstrated penicillin 
resistance. 

 
 
 
 
Figure 7. The prevalence of penicillin resistance by 
region, 2003 to 2007. 
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7.1 Chromosomally-mediated resistance (CMRNG) 
Fifteen percent of isolates in the 2007 
collection showed chromosomally-
mediated penicillin resistance (CMRNG), 
compared with 3.9% in 2006 (p <0.001). 
 
The hydrophobic nature of the cell wall of 
CMRNG increases the likelihood that it will 
be isolated from rectal isolates and 
consequently it is more likely to be 
associated with MSM. In 2007, 31% (cf. 
8.0% in 2006) of MSM were infected with 
CMRNG isolates compared with 6.9% of 
heterosexual men and 4.6% of women 
(figure 8).  
 

Figure 8. The prevalence of CMRNG by gender and 
male sexual orientation, 2003 to 2007. 

0
5

10
15
20
25
30
35

2003 2004 2005 2006 2007
Year

%
 R

es
is

ta
nt

Heterosexual Men
MSM
Women

7.2 Plasmid-mediated resistance (PPNG or PP/TRNG) 
In 2007, 7.9% of isolates demonstrated 
plasmid-mediated penicillin resistance 
(PPNG or PP/TRNG), compared with 3.4% 
in 2006 (p=0.002).  Resistance was higher 
among individuals reporting sexual contact 
abroad and has increased since 2006, 
(19% cf 13%, p=0.31). Resistance 
increased markedly in black Africans (17% 
of isolates in 2007 cf. 1.7% in 2006) and 
Asians (28% in 2007 compared with 7.8% 
in 2006).  
 
 
 
 
 

Figure 9. The prevalence of PPNG or PP/TRNG by 
ethnicity, 2003 to 2007. 
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8. Azithromycin 
 
Overall, 4.1% of isolates demonstrated 
azithromycin resistance in 2007 (figure 10), 
an increase from the 1.8% in 2006 
(p=0.09). The prevalence of azithromycin 
resistance varied significantly by age, with 
the highest prevalence observed in those 
over the age of 45 (10%).  
 
In 2007, 4.6% of heterosexual men and 
4.7% of MSM had isolates that were 
resistant to azithromycin (figure 11). 
Increases in the prevalence have been 
observed in women since 2005 and 
heterosexual men since 2006. In 2007, 
high-level resistance (MIC >256mg/L) was 
observed for the first time in six isolates, 
with an even split between heterosexual 
men and women. 
 
Significant regional variation in the 
prevalence of resistance was observed in 
2007 (p<0.001). The prevalence ranged 
from 0% in the East of England, East 
Midlands and Yorkshire and Humberside to 
25% in the South West (figure 12). 
 
The prevalence of resistance was 7.1% in 
those who had had reported recent sexual 
contact abroad (cf. 3.8% in those with no 
recent sexual contact abroad). Nineteen 
percent of individuals reporting recent 
sexual contact in the Indian subcontinent 
were found to have azithromycin resistant 
isolates (cf. 4% in those with no recent 
sexual contact in the Indian subcontinent 
p=0.02). 
 
In 2007, 15 (1.1%) of patients with 
gonorrhoea were treated with azithromycin 
alone. These isolates were from patients 
attending clinics in the West Midlands, 
North West, East Midlands and London.   
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Figure 10.  The prevalence of azithromycin 
resistance, 2003 to 2007.   
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Figure 11. The prevalence of azithromycin 
resistance by gender and male sexual orientation, 
2003 to 2007. 
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Figure 12. The prevalence of azithromycin 
resistance by region, 2003 to 2007. 
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9. Other Antimicrobials 
9.1 Tetracycline 
 
Overall, 60% of isolates demonstrated 
resistance to tetracycline, compared to the 
37% observed in 2006 (p<0.001). 
Tetracycline resistant isolates varied 
significantly by age, ranging from 38% in 
the under 20s to 84% in the 35-44 year age 
group (p<0.001). 
 
In 2007, the prevalence of tetracycline 
resistance increased in MSM, heterosexual 
men and women (figure 13). The 
prevalence among females was 35%, 
whilst among heterosexual men and MSM 
it was 49% and 88% respectively. 
 
Tetracycline resistance was highest among 
white (68%) and Asian (78%) patients. 

Figure 13. The prevalence of tetracycline resistance 
by gender & male sexual orientation, 2003 to 2007. 
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9.2 Cefixime  
 

• For the first time since sensitivity testing for cefixime began in 2004, GRASP detected 
two isolates with decreased susceptibility to cefixime in the 2007 collection. 
Confirmatory testing by E-test demonstrated a marginally lower MIC of 0.19 mg/L than 
the 0.25 mg/L determined by GRASP methodologies.  Nevertheless these are the 
highest MICs recorded in GRASP to date.  Accordingly, the prevalence increased from 
0% in 2006 to 0.2% in 2007, although this was not a significant increase (p=0.12). Both 
isolates were susceptible to ceftriaxone (MIC 0.015mg/l), which reflects the general 
finding that gonococci are less sensitive to cefixime than to ceftriaxone. These isolates 
were observed in MSM from London who did not report sexual contact abroad. 
Therapies for these patients were ceftriaxone and cefixime. 

 

9.3 Ceftriaxone 
 
As in previous years, no isolates 
demonstrated decreased susceptibility to 
ceftriaxone in 2007.  Figure 14 shows the 
MIC drift in this antimicrobial. The graph 
clearly shows a shift towards higher MIC 
values as the years have progressed. 
 
 
9.4 Spectinomycin 
 
Since 2005 no isolates have been 
observed to be resistant to spectinomycin. 
 
 

 
Figure 14. The MIC drift in ceftriaxone: 2003 to 2007. 
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10. Antimicrobial Resistance Trends 
 
The trends in antimicrobial resistance observed between 2000 and 2007 are highlighted in the 
figures below. 
 
 
There was a significant increase in the 
prevalence of ciprofloxacin resistance 
(>1mg/l), between 2000 and 2007 (2.1% cf. 
28% p<0.0001). Figure 15 shows that the 
prevalence of resistance has continued to 
rise since the change in treatment 
guidelines in 2002/03, although the 
increase in recent years has appeared to 
have slowed. The increase between 2006 
and 2007 was not statistically significant 
(27% cf. 28% p=0.61). 
 
 
 
 

Figure 15. Trends in ciprofloxacin resistance, 
GRASP, 2000 to 2007. 
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Figure 16 shows a significant increase in 
the prevalence of penicillin resistance 
between 2000 and 2007 (p<0.001) and 
between 2006 and 2007 (9.5% cf. 24% 
p<0.001). Increases were observed in the 
prevalence of PPNG or PP/TRNG between 
2000 and 2007 (4.7% cf. 7.9% p=0.05), 
and between 2006 and 2007 (3.4% cf. 
7.9% p=0.002). The prevalence of CMRNG 
resistance increased between 2000 and 
2007 (4.1% cf. 15% p<0.0001) and 2006 
and 2007 (3.9% cf. 15% p<0.001). 
 
 
 
 

 
Figure 16. Trends in penicillin resistance, GRASP, 
2000 to 2007. 
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Between 2000 and 2007, there was a 
significant increase in the prevalence of 
tetracycline resistance from 37% to 60% 
(figure 17) and between 2006 and 2007 
(37% cf. 60% p<0.001). The prevalence of 
TRNG or PP/TRNG significantly increased 
between 2000 and 2007 (6.1% cf. 11% 
p=0.005), and also between 2006 (7.7% cf. 
11%) and 2007 (p=0.01). There was no 
significant difference in the prevalence of 
TetR between 2000 and 2007 (p=0.09). 
However, there was an increase in the 
prevalence between 2006 and 2007 (25% 
cf. 32%p=0.004). 
 
 
 

 
Figure 17. Trends in tetracycline resistance, GRASP, 
2000 to 2007. 
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11. Prescribing Practice 
The third generation cephalosporins; ceftriaxone, cefixime and spectinomycin are 
recommended as first line treatment for gonorrhoea11. Overall, in 2007 90% of patients were 
treated with the recommended antimicrobials, cefixime or ceftriaxone. There was little 
variation in prescribing practice by region, ranging from 83% of patients in the North West to 
97% of patients in the North East being prescribed a cephalosporin (p=0.22). Eighty-four 
percent of women were prescribed a cephalosporin, compared with 92% of heterosexual men 
and 91% of MSM (p<0.0001). 
 
Fluoroquinolones are no longer recommended as first-line therapy for gonococcal infections. 
However, national guidelines highlight the need for region specific prescribing strategies. In 
2007, 5.4% of GRASP patients were prescribed either ciprofloxacin or ofloxacin, compared 
with 14% in 2006 (p<0.01). Prescribing of a fluoroquinolone varied significantly by region, 
ranging from 0% in the East of England and Wales to 14% in the South East (p=<0.001). 
Fluoroquinolone prescribing also varied by gender and male sexual orientation with higher 
proportions of women being treated (8.6%) than heterosexual men (4.0%) and MSM (4.6%); 
differences were significant (p=0.005).  
 
There was a decrease in the use of penicillin (ampicillin) between 2006 and 2007 (2.9% cf. 
0.2%). Only female patients in London received this antimicrobial.   
 
Patients with gonorrhoea are often co-infected with C. trachomatis and so azithromycin or 
doxycycline  are used to treat patients known to be co-infected or when a patient is unlikely to 
return. In 2007, 54% of patients in GRASP were treated with azithromycin compared with 40% 
in 2006 and 8.6% in 2001 in addition to specific gonorrhoea therapy. There was significant 
regional variation, ranging from 6.1% in the North East to 71% in London clinics (p<0.0001). 
There was no significant difference in therapy between women (45%), heterosexual men 
(60%) and MSM (53%) (p=0.13). In a similar manner tetracycline (doxycycline) was used for 
18% of patients treated in 2007, with significant regional variation in prescribing. This variation 
ranged from 6.6% in Yorkshire & Humberside to 67% in the East of England (p<0.0001).  
 

Figure 18. Trends in the proportion of patients (%) receiving selected antimicrobials to treat gonorrhoea and/or 
chlamydial infection 2001 to 2007. 
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12. Discussion 
 
GRASP aims to provide timely data on antimicrobial resistance profiles13,14 to inform national 
guidelines11, and provide enhanced demographic and behavioural data to identify high risk 
groups15. This report, of the eighth year of GRASP, confirms that the first line therapies 
recommended in national guidelines of ceftriaxone, cefixime and spectinomycin remain effective. 
It is, however, a concern that two isolates have been detected with decreased susceptibility to 
cefixime. This is consistent with findings in other countries3,4, where there is growing evidence of 
a drift towards resistance and highlights that continued surveillance is essential to identify drift or 
emergence of resistance to these highly effective agents.  It is very encouraging that 90% of the 
patients treated at the sentinel clinics within GRASP in 2007 have been treated with a third 
generation cephalosporin, and that there are few patients treated with ciprofloxacin or ampicillin, 
ensuring rapid and effective therapy. 
 
The burden of antimicrobial resistance detected by GRASP is among MSM, with high levels of 
ciprofloxacin resistant and CMRNG. Asian individuals who have acquired infection by sexual 
contact in their country of origin16 are a smaller group (11 individuals) than MSM but have a high 
prevalence of ciprofloxacin resistant gonorrhoea (63%), as reported in previous GRASP reports. 
The increase in ciprofloxacin resistant gonorrhoea among black Africans and Caribbeans 
identified in the GRASP 2006 report has not been maintained in 2007. However, despite the 
decline in gonorrhoea among black heterosexuals15, the trend in this group is important and 
needs monitoring as this group continues to be disproportionally affected and the spread of 
resistant strains threaten to impede efforts to control transmission. 
 
The ability of N. gonorrhoeae to continue to evade antimicrobial therapy is evident in this year’s 
results with the emergence of high-level resistance to azithromycin. The mechanism of this 
resistance and identification of possible selective pressures that may have contributed to this are 
yet to be elucidated. However, it is a constant reminder that this organism is versatile and has 
been adept at becoming resistant to all the previous antimicrobial agents that have been used. 
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13. GRASP Methodology 
 
The GRASP collection combines laboratory and clinical data from sentinel laboratories. GRASP 
covers two distinct geographical regions: London, which includes seven laboratories and nine 
GUM clinics and outside of London where 17 GUM clinics and laboratories were purposely 
selected to provide good geographic coverage (with representation of all NHS regions) and to 
maximise the number of isolates collected.  Further details on the policies and procedures of 
GRASP can be found in the GRASP protocol17. 
 
All gonococcal isolates from consecutive patients (one from each patient episode, according to a 
hierarchy of preferred swab sites) identified in participating laboratories during the months of 
June, July and August are sent to the GRASP reference laboratory within STBRL for 
susceptibility testing. At each local laboratory, primary isolates of N. gonorrhoeae are sub-
cultured to obtain a pure growth and frozen in glycerol broth for transportation via courier or sent 
on chocolate agar slopes or on Amies charcoal swabs. Following retrieval and confirmation of 
identity of N. gonorrhoeae at STBRL, the MICs are determined for the following antimicrobial 
agents (the range of concentrations tested is shown in parentheses): penicillin (0.03-4.0mg/l), 
ciprofloxacin (0.002-64mg/l) spectinomycin (2-64mg/l), tetracycline (1-32mg/l), ceftriaxone 
(0.002 to 0.125mg/l), azithromycin (0.03–256mg/l) and cefixime (0.002-0.25mg/l).  
 
As part of the quality control, a two-way panel of isolates is exchanged biannually between the 
GRASP reference laboratory and the Scottish Bacterial Sexually Transmitted Infections 
Reference Laboratory. Isolates are tested, blinded to the originator’s results, using the agar 
dilution method for susceptibility to azithromycin, ceftriaxone, ciprofloxacin, penicillin, 
spectinomycin and tetracycline. The results for each isolate/antimicrobial combination are 
compared and an error recorded if a laboratory result is more than one or two doubling dilutions 
from the other.  The results in 2007 showed that the MICs obtained by the two laboratories were 
within one dilution of each other in 78% of cases and within two dilutions of each other in 89% of 
cases.  
 
GUM clinics provide demographic, behavioural and clinical data for each GUM patient included 
in the GRASP collection. Routinely collected clinical data are utilised. These included: gender, 
age, ethnic background, sexual orientation, postal area, previous gonococcal infection, symptom 
presence, concurrent STIs, HIV status, number of partners in the UK and abroad, test of cure 
and therapy received. This data from patients (from GUM clinics) and susceptibility data (from 
the reference laboratory) of their isolates are then linked.  
 
All results (unless otherwise specified) are based on GUM patients only.  A weighted analysis for 
antimicrobial resistance is hoped to produce estimates that reflect all GUM patients that have 
been sampled (i.e. including those that could not be successfully retrieved).  Each estimate of 
the percentage resistant to a particular antibiotic is a weighted average of the percentages from 
the participating sites. The weight for a particular clinic in a particular year is inversely 
proportional to the retrieval rate.  Analysis of antibiotic prescribing practice and the 
characteristics of patients diagnosed with gonorrhoea at GUM clinics is not dependent on the 
successful retrieval of isolates and has not been weighted.  
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