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Abstract
Objectives-To collect epidemiological
data on gonococcal infection in an east
London genitourinary medicine (GUM)
clinic; to perform antibiotic susceptibility
testing on Neisseria gonorrhoeae isolates
and relate results to patient data; to
assess the efficacy of current first-line
antibiotic therapy for treating gonor-
rhoea.
Methods-Gonococcal isolates were col-
lected from 113 patients attending the
GUM clinic at Newham General Hospital
over a one year period. Isolates (104)
were tested for susceptibility to various
antibiotics. Plasmid profiles were
obtained for penicillinase producing
gonococci (PPNG) and isolates exhibiting
high-level tetracycline resistance
(TRNG). Epidemiological information
was collected from clinic attenders by
routine note-taking.
Results-PPNG (16) accounted for 15%
of isolates tested, only three being
acquired outside the United Kingdom
(U.K.). Plasmid typing showed three
types of,-lactamase-encoding plasmids
were represented (2.9 MDa, 3.2 MDa and
4.4 MDa). Amongst the non-PPNG iso-
lates, high-level chromosomal resistance
to penicillin (CMRNG) was found in
3.5%, intermediate resistance in 57.5%
and full susceptibility in 39%. One isolate
showed decreased susceptibility to
ciprofloxacin (MIC = 0.06 mgIl). Three
PPNG isolates also possessed a 25.2 MDa
plasmid and expressed high-level tetra-
cycline resistance encoded by tetM. All
isolates were susceptible to cefixime,
cefotaxime, azithromycin and spectino-
mycin. Most gonorrhoea (90%) was seen
in local residents. The male:female case
ratio was 2:1 with homosexually-acquired
gonorrhoea accounting for only 3.5% of
the total. Most patients (96%) had
acquired gonorrhoea in the U.K.. A past
history of gonorrhoea was more frequent
in male patients. Concurrent chlamydial
infection was seen in 31% females and
16% males.
Conclusions-The high PPNG rate sup-
ports a previous decision to change first-
line therapy from amoxycillin with
probenecid to ciprofloxacin. There was
no evidence of clinical treatment failure
with ciprofloxacin. Cefixime, cefotaxime,
azithromycin and spectinomycin all
appear to be suitable alternative thera-

pies. Acquisition of gonorrhoea abroad
was associated with isolates exhibiting
penicillin resistance but such isolates
were also obtained from patients infected
locally and without a history of foreign
travel.

(Genitourin Med 1995;71:13-17)
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Introduction
Penicillin has been used as first-line therapy
for gonorrhoea for over forty years. However,
the increase in both chromosomally- and
plasmid-mediated resistance to this drug led
to a change in the World Health Organisation
(WHO) treatment recommendations in
1989.' These WHO guidelines now recom-
mend one of the following single-dose regi-
mens as first-line therapy: ciprofloxacin 500
mg orally, ceftriaxone 250 mg intramuscularly
(i.m.) or spectinomycin 2 g i.m.. Penicillin is
only recommended in areas where resistance
is rare. Tetracycline is widely used in many
parts of the world, especially where the WHO
recommended agents are not available or too
expensive. However, high-level plasmid-medi-
ated resistance to tetracycline in Neisseria gon-
orrhoeae, first described in 1985 in the USA,2
is now spreading worldwide, undermining this
treatment.
The genitourinary medicine (GUM) clinic

at Newham General Hospital serves a popula-
tion of diverse ethnic background in the east
end of London. Ciprofloxacin as a 250 mg
single oral dose has been first-line therapy
for the treatment of gonorrhoea in men and
non-pregnant women since 1987. Pregnant
women are usually treated with two 3 g doses
of amoxycillin, given 24 hours apart.
Spectinomycin is occasionally used as second-
line therapy.
The aim of this study was to determine the

susceptibility of all N gonorrhoeae isolated in
this clinic during one year to a range of anti-
biotics and to relate the findings to demo-
graphic data collected from the infected
patients. The efficacy of current treatment
regimens for antibiotic-resistant gonorrhoea
was assessed.

Materials and methods
Isolation ofNeisseria gonorrhoeae
Specimens were taken using a disposable loop
(urethral) or cotton tipped swab (cervical, rec-
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tal and pharyngeal) and inoculated directly
onto "GC medium" containing Columbia
agar base (Unipath, Basingstoke, Hants. UK)
with 5% defibrinated lysed horse blood
(Unipath) and antibiotics as follows: van-
comycin, 3 mg/l; colistin, 7.5 mg/l; nystatin,
12,500 U/1 and trimethoprim, 5 mg/l). Plates
were incubated immediately in a humidified
incubator at 37°C in an atmosphere of 5%
CO2 for up to 48 hours. Typical colonies of
Gram negative cocci that were oxidase posi-
tive were identified as N gonorrhoeae following
carbohydrate utilisation studies. Isolates from
113 patients were subcultured on to "GC
medium" without added antibiotics and
stored at -70°C in microbank vials (Pro-Lab
Diagnostics, Bromborough, Wirral, UK).
Subculture from -70'C was onto freshly-
made GC agar (Unipath) with 5% defibri-
nated horse blood, pre-lysed with 0.1%
saponin. All presumptive gonococcal isolates
were reidentified with Gram staining, oxidase
testing and carbohydrate utilisation. Nine iso-
lates failed to grow after subculture from the
vials. Isolates were re-subcultured twice more
before determining antibiotic susceptibility or
plasmid profiles.

Screeningfor other STDs
Urethral and cervical specimens were taken
for chlamydial culture. The presence of
Chlamydia trachomatis within McCoy cell
monolayers (ICN Flow, High Wycombe,
Bucks, UK) was demonstrated by iodine
staining for inclusion bodies after appropriate
incubation. Females had high vaginal swabs
taken to demonstrate Trichomonas vaginalis on
wet film. Patients were screened for trepone-
mal disease using a combination of the
non-specific Venereal Diseases Research
Laboratory test (VDRL; H. D. Supplies, UK)
and a specific Treponema pallidum haemagglu-
tination assay (Fujirebio, Mast Group, UK).
Presumptive positive sera were further tested
with a specific fluorescent treponemal anti-
body test (FTA; treponemal antigen from
Wellcome, UK and fluorescein-conjugated
sheep anti-human globulin from Binding Site
Ltd., UK). Patients screened within the last
year were not re-screened unless treponemal
disease was suggested clinically.

Minimum inhibitory concentrations (MICs)
MICs were determined by an agar dilution
technique on GC agar (Unipath) with 5%
lysed horse blood and added antibiotics at
appropriate concentrations. Antibiotics tested
included benzylpenicillin, 0.001-32 mg/l;
cefotaxime (Roussel), 0.001-1 mg/l; cefixime
(Lederle), 0 001-1 mg/l; spectinomycin
(Upjohn), 4-256 mg/l; ciprofloxacin (Bayer),
0.001-1 mg/l; tetracycline, 0-06-16 mg/l and
azithromycin (Pfizer), 0.004- 2 mg/l. In con-
trol plates, sterile water replaced the antibiotic
solutions. Inocula were prepared by removing
colonies from an overnight plate cultures and
preparing turbid suspensions in nutrient broth
(Unipath) to equate visually with the turbidity
of a McFarland 1.0 standard. A multipoint
inoculator (Mast Diagnostics, Bootle,

Merseyside, UK) was used to inoculate the
plates with 105 c.f.u./spot. WHO control
gonococcal strains A-E with known suscepti-
bility or resistance to penicillin, spectino-
mycin and ciprofloxacin were used as controls
in each MIC run. Plates were incubated at
37°C in 5% CO, and read 24 hours later. The
MIC was defined as the lowest concentration
of antibiotic at which growth of the gonococci
was inhibited. All MIC determinations were
performed twice on separate occasions.

3-lactamase testing
All isolates were tested for ,B-lactamase with a
0. 1 mM nitrocefin solution.

Plasmid profiles
All ,B-lactamase-positive isolates and those
exhibiting high-level tetracycline resistance
(MIC > 16 mg/l, presumed TRNG) had
plasmids extracted using the method of
Birnboim and Doly.3 The cultures used were
grown overnight initially on GC agar (Difco,
West Molesey, Surrey, UK) plus 1% Iso
VitaleX and half the growth was added to 1
ml of sterile saline before commencing the
plasmid extraction. Control strains of N gon-
orrhoeae containing 2-9 MDa, 3.2 MDa or 4-4
MDa ,B-lactamase plasmids were prepared
similarly as were control strains containing
either the 24.5 MDa conjugative plasmid or
the 25-2 MDa tetracycline resistance plasmid.
All plasmid extracts were electrophoresed at
120 V in agarose gel (1% for PPNG, 0.8% for
presumed TRNG). The gels were stained
with ethidium bromide (1 mg/l), viewed
under UV light and polaroid photography
performed.

Polymerase chain reaction (PCR) for tetM
PCR was performed on dilutions of whole
cells harvested from an overnight growth on
GC agar using a method described previ-
ously.4 All isolates expressing high-level tetra-
cycline resistance (MIC > 16 mg/1) were
tested. Appropriate positive (a known TRNG
strain provided by Dr. Joan Knapp, Center
for Diseases Control and Prevention, Atlanta,
USA) and negative controls were used in the
PCR test. Thermal cycling was performed in
the Hybaid Omnigene (Hybaid Ltd.,
Teddington, UK). Two primers based on the
sequence of the Ureaplasma urealyticum tetM
were used to amplify the gonococcal tetM
gene sequence. PCR products were analysed
by electrophoresis of a 10 ,u aliquot of reac-
tion mixture on 1% agarose gel. Molecular
weight markers (1 kilobase ladder, Life
Technologies, Paisley, Scotland) were used
on each gel.

Patient data
The notes of all patients from whom gono-
cocci were isolated were reviewed to allow
collection of relevant epidemiological and
clinical data. For each patient these included
age, postcode of residence, ethnicity, sex, geo-
graphical location of infection with gonor-
rhoea, history of foreign travel over the
previous six months, history of previous gon-
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Penicillin MIC distribution for gonococci isolatedfrom NGH patients (n = 104).
Susceptibility to penicillin is divided into four internationally recognised groups by MIC
data and fi-lactamase testing: full susceptibility (Pen S, MIC < 0-06 mgll), intermediate
susceptibility (Pen I, MIC 012-0.5 mgll), chromosomal resistance (CMRNG, MIC > 1

mgll, fi-lactamase negative) and plasmid-mediated resistance (PPNG, MIC > 1 mgll,
fi-lactamase positive).

orrhoea or other STDs, concurrent infection
with other STDs, antibiotic use within the
past three months, treatment prescribed for
the gonorrhoea at the clinic and the outcome
of therapy.

Results
Isolates were obtained from 113 consecutive
patients over a one-year period. MICs were

performed on 104 isolates. Benzylpenicillin
MICs (fig) we revealed the following distribu-
tion of susceptibilities: 16 (15%) ,B-lactamase
producing gonococci (PPNG, MIC >

16 mg/i); 3 (3% total, 3.5% non-PPNG)
chromosomally resistant (CMRNG, MIC >
1 mg/i); 51 (49% total, 57*5% non-PPNG) of
intermediate susceptibility (MIC 0. 12-
0.5 mg/i) and 34 (33% total, 39% non-
PPNG) fully susceptible (MIC < 0.06 mg/i).
One isolate had decreased susceptibility to
ciprofloxacin (MIC = 0.06 mg/i) whereas the
other 103 were fully sensitive (MIC
0-002-0.015 mg/i). Three PPNG isolates
exhibited high level tetracycline resistance
(MIC > 16 mg/i). Two CMRNG isolates
also exhibited low level tetracycline resistance

Table 1 Distribution of antimicrobial susceptibilities among gonococci (n = 104)

MIC (mg/l) No of isolates MIC (mgil) No of isolates

Penicillin Azithromycin
> 40 16 0-25 13

2-0 2 0-12 40
1.0 1 006 31
0-12-05 51 003 20
0-06 34

Spectinomycin
Ciprofloxacin > 64 0

0-06 1 32 70
003 0 16 34
0-015 0
0-008 10 Cefixime

.0004 93 0-12 1
006 2

Tetracycline 0.03 7
< 16-0 3 > 0-015 94

8-0 0
4.0 0 Cefotaxime
2-0 3 0-12 2
1 0 17 0-06 3

S 005 81 003 9
0-015 90

(MIC 2 mg/i). All isolates were very sensitive
to cefotaxime (MIC < 0-12 mg/i), cefixime
(MIC < 0.12 mg/i), spectinomycin (MIC <
32 mg/1) and azithromycin (MIC 0.25
mg/i). MIC distributions for these antibiotics
are shown in table 1.

Analysis of plasmids from the 16 PPNG
revealed that two contained the 2X9 MDa
"Rio" plasmid, nine contained the 3X2 MDa
"African" plasmid and five contained the 4-4
MDa "Asian" plasmid. Table 2 lists relevant
details of the patients from whom these iso-
lates were obtained. The three PPNG isolates
exhibiting high-level tetracycline resistance
contained a 25-2 MDa plasmid, in addition to
the 3-2 MDa "African" ,B-lactamase plasmid,
and gave a PCR product of the expected size
when tested with primers to tetM.

Heterosexual male gonorrhoea accounted
for 71 episodes (63%), homosexual male gon-
orrhoea for four episodes (3-5%) and female
gonorrhoea for 38 episodes (33.5%). One
patient (female) admitted to being a sex-
worker. The male modal age was 29 years
compared to a female modal age of 20 years.
Postcode analysis demonstrated 90% of
patients lived in Newham or surrounding East
London boroughs. Ethnicity data are shown
in table 3. Most patients (109) acquired their
gonorrhoea in the UK but single cases of gon-
orrhoea were acquired in each of the following
countries: Thailand, Ghana, Dominica and
Nigeria. Male patients admitted to having
more than one sexual partner in the previous
three months in 54% of cases compared with
24% of women. A past history of gonorrhoea
was obtained more often in men than in
women (39% vs. 18%) although the fre-
quency of other past sexually transmitted dis-
eases (STDs) was similar in both sexes (males
24%, females 21%). C trachomatis and T vagi-
nalis were detected in 31% and 13-5% of
females respectively. Only 16% of males had
C trachomatis cultured from their urethra. One
female and one male patient had positive tre-
ponemal serology (both VDRL negative).
Most patients (103) received a clinic-super-

vised single oral dose of ciprofloxacin (250
mg) at diagnosis. Three females were preg-
nant and received either Triplopen i.m. (1),
which comprises a mixture of benzylpenicillin,
procaine penicillin and benethamine peni-
cillin, or oral amoxycillin (2). Other antimi-
crobials used included spectinomycin i.m.,'
doxycycline for presumed non-specific ure-
thritis (3) and erythromycin.' Two females
failed to return for treatment of gonorrhoea
diagnosed after routine culture, despite fol-
low-up by a health advisor. Rates of return for
follow-up tests of cure were satisfactory (63%
females, 71% males). Six of the 77 patients
who returned showed evidence of persistent
gonococcal infection using culture tech-
niques. Within this group, two of the four
females and both males were reinfected by
untreated partners and had isolates fully sen-
sitive to ciprofloxacin with which they were
treated. The other two females were probably
treatment failures as the gonococci isolated at
follow-up had identical antibiograms to the

- s
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Table 2 Patient epidemiological data in relation to plasmid profiles for the 16 PPNG isolates

Conjugative
Country of /-Lactamase TRNG plasmids plasmid

Sex birth Ethnic group Country acquired plasmid (MDa) (252 MDa) (245 MDa)

M UK Black-Caribbean Dominica 2-9 No Yes
M UK Black-African UK 3.2 No Yes
M Ghana Black-African UK 3.2 No No
F Ghana Black-African Ghana 3-2 No No
F UK White UK (sex worker) 3-2 Yes No
M Nigeria Black-African Nigeria 4-4 No Yes
F UK Black-Caribbean UK 3-2 Yes No
M Zimbabwe Black-African UK 3-2 No Yes
F Zimbabwe Black-African UK 3-2 No Yes
M UK Black-Caribbean UK 3-2 Yes No
M Nigeria Black-African UK 3.2 No Yes
F Barbados Black-Caribbean UK 2-9 No Yes
M Guyana Black-Caribbean UK 4 4 No No
F Nigeria Black-African UK 4-4 No No
M Nigeria Black-African UK 4 4 No No
M Nigeria Black-African UK 4-4 No No

All PPNG isolates possessed the 2.6 MDa cryptic plasmid.

Table 3 Ethnic groups of male andfemale patients with
gonorrhoea

Ethnic Male Female
group (n = 75) (n = 38)

White 22 (29%) 23 (60%)
Black-Caribbean 41 (55%) 8 (22%)
Black-African 12 (16%) 3 (8%)
Other 0 (0%) 4 (10%)

initial isolate in each case. The pre- and post-
treatment isolates from each patient were sub-
sequently shown to belong to the same

auxotype-serovar class (data not presented).
One female patient had pelvic inflammatory
disease and received oral erythromycin, the
other received Triplopen i.m. but her initial
and subsequent isolates were found to be
PPNG on laboratory testing.

Discussion
Analysis of patient postcodes confirmed that
the GUM clinic served a very local patient
population in which white (40%) and black-
Caribbean (43%) ethnic groups were similarly
represented. However, there was a marked
difference observed when ethnicity was

divided by sex (table 3). The reasons underly-
ing this observation are not clear. Foreign
travel was not an important factor in the
acquisition of gonorrhoea, as most patients
(109) had acquired infection in the UK.
However, foreign travel and a high level of
immigration may affect the antimicrobial
resistance pattern of the strains circulating in
the local gonococcal pool. This may explain
the finding of a higher proportion of PPNG
(15%) amongst the isolates compared with
that reported from other London GUM clin-
ics: 4% at the Royal London Hospital,
Whitechapel5 and 5% at St. Mary's Hospital,
Paddington6. Three of the four isolates
acquired abroad were PPNG, the other a

CMRNG (penicillin MIC = 2 mg/l). All of
these "foreign" isolates were sensitive to
ciprofloxacin, spectinomycin, azithromycin,
cefixime and cefotaxime.
The ratio of male:female patients was 2:1,

which is similar to that seen on KC60 returns
for total English gonorrhoea cases7. The
asymptomatic nature of gonorrhoea in some

women may account for non-attendance at
GUM clinics. Homosexually-acquired gonor-
rhoea accounted for only four (3.5%) of the
total cases seen. All these were from white
patients and were isolated from the urethra
only; pharyngeal and rectal sites failing to
grow the organism. All four admitted unpro-
tected oral and anal intercourse within the
past three months. Recent concern has been
expressed over the increase in homosexual
male gonorrhoea case numbers.8 Homo-
sexually-acquired gonorrhoea accounts for
12% of total gonorrhoea cases at a nearby
teaching hospital (unpublished observations).
The reasons underlying the small number of
homosexual men seen at this clinic probably
reflects the strong representation of black-
Caribbean and black-African ethnic groups in
the local population amongst whom homosex-
ual practice is either less frequent or not
openly acknowledged. In addition, there is a
tendency for homosexual men to attend the
larger GUM clinics attached to London
teaching hospitals.

This study supports others suggesting that
a past history of gonorrhoea and other STDs
are risk factors for re-acquisition of gonor-
rhoea.9 The rates of C trachomatis isolation in
heterosexual males and females with gonor-
rhoea compare favourably with previous stud-
ies.'0 T vaginalis was demonstrated in 13*5%
of female patients. The two patients with pos-
itive treponemal serology were born overseas; a
Jamaican male (30 years) and a Ghanaian
female.29 Neither had a history of syphilis and
both were treated appropriately with i.m.
Triplopen.

Until recent years the standard first-line
therapy for gonococcal infection in London
GUM clinics consisted of single high dose
oral amoxycillin with probenecid. The treat-
ment of gonorrhoea has since become more
difficult owing to the increased prevalence of
CMRNG and PPNG. Today, fluoro-
quinolones such as ciprofloxacin have become
popular first-line agents and shown to be
suitable replacement for the high dose
amoxycillin plus probenecid regimen.
Unfortunately, there have been recent reports
of ciprofloxacin resistant gonococci with asso-
ciated clinical failure in London." Currently,
fewer than 1% of clinic isolates exhibit
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decreased susceptibility to ciprofloxacin,"2 and
some of these may still respond to a high dose
therapy. Only one study isolate exhibited
decreased susceptibility (MIC = 0.06 mg/l)
but the patient was cured microbiologically
and clinically at both one and three weeks
after ciprofloxacin therapy. Other alternative
treatments for gonorrhoea include spectino-
mycin and broad-spectrum cephalosporins
(such as cefotaxime or cefixime). Spectino-
mycin resistance is now very rare in the UK,
but occurs more commonly in South East
Asia.'3 Resistance to broad-spectrum cephalo-
sporins is rare worldwide. Azithromycin is a
new macrolide with combined activity against
both N gonorrhoeae and C trachomatis and has
the advantage of single dose oral therapy for
both infections. Although tetracyclines are not
used as a first-line therapy for gonorrhoea in
the UK, they are frequently used to treat non-
specific urethritis. Since 1985, there has been a
marked increase in the number of gonococci
exhibiting resistance to tetracycline due to
acquisition of a 25.2 MDa plasmid and early
reports from Holland'4 showed an association
with ,B-lactamase 3.2 MDa plasmid carriage,
as was found in this study.

Ciprofloxacin replaced high dose oral
amoxycillin and probenecid as first-line ther-
apy at Newham General Hospital in 1987
following an observed increase in treatment
failures with the amoxycillin regimen. The
susceptibility data support continued use of
ciprofloxacin as first-line clinic therapy. The
current high PPNG rate implies an unaccept-
able treatment failure rate if the traditional
amoxycillin plus probenecid regimen were
re-introduced as first-line therapy. Spectino-
mycin, cefixime, cefotaxime and azithromycin
all appear effective alternative therapies. This
work emphasises the need for continued sur-

veillance of antibiotic susceptibility patterns of
N gonorrhoeae if a successful therapeutic out-
come is to be achieved.

We are grateful to the staff ofboth the Genitourinary Medicine
Clinic and the Microbiology Department of Newham General
Hospital for their support. Antibiotics for laboratory testing
were kindly provided by Lederle Laboratories (cefixime),
Bayer U.K. Ltd. (ciprofloxacin) and Pfizer Ltd.
(azithromycin).
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