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Surveillance of antibiotic resistance in Neisseria
gonorrhoeae in the Netherlands, 1977-95

M JW van de Laar, Y T H P van Duynhoven, M Dessens, M van Santen,
B van Klingeren

Objective: To evaluate the prevalence and epidemiology of penicillinase producing Neisseria
gonorrhoeae (PPNG) and tetracycline resistant Ngonorrhoeae (TRNG) in the period 1977-95 in
the Netherlands. To compare auxotypes, serovars, and antibiograms of PPNG, non-PPNG, and
TRNG. To identify determinants in patient characteristics for the epidemic spread of
TRNG/PPNG.
Methods: With respect to the national gonococcal surveillance all PPNG isolates from 30 labo-
ratories over the country in 1977-90 and all gonococcal isolates from five sentinel laboratories
(during 1 month per quarter) in 1991-5 were collected. Isolates were auxotyped and serotyped,
the susceptibility for various antibiotics was tested and plasmid contents were evaluated.
Additional data on PPNG infected individuals were collected retrospectively during a micro-
epidemic ofTRNG/PPNG. Univariate and multivariate analyses were performed to identify risk
factors for TRNG/PPNG infections.
Results: In 1995 an overall high prevalence of PPNG infection (27%) and TRNG among
PPNG infection (24%) was found in the Netherlands. Importantly, PPNG were found to have
higher MICs for ceftriaxone and ciprofloxacin than non-PPNG; clinically relevant resistance to
these antibiotics (or related agents) may emerge first among these strains. The observed diversity
of strains (123 auxo/serovar classes since 1988) indicates a continuous introduction of new
strains into the community. The epidemic increase ofTRNG/PPNG was mainly caused by A/S
classes NR/1B-6, PRO/1A-3, and PRO/1A-6, suggesting a clonal spread of a few strains; the
rapid spread was associated with transmission in high risk individuals (that is, prostitutes and
their clients).
Conclusion: The prevalence ofPPNG in the Netherlands remains high and reduced sensitivity
to other antimicrobials was detected among the PPNG strains. This underlines the necessity for
a continuous national surveillance of resistance in gonococci including limited epidemiological
information.
(Genitourin Med 1997;73:510-517)
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Introduction
In 1976 the first strains of Neisseria gonorrhoeae
were isolated with complete resistance to peni-
cillin through the production of [P lactamase.'-3
These strains occurred almost simultaneously
in many parts of the world and penicillinase
producing N gonorrhoeae (PPNG) have
become endemic since then with large geo-
graphical variations. Alternative therapy for
gonorrhoea became a necessity in many com-
munities.4'0 Penicillin is only recommended if
local surveillance resistance patterns indicate
that resistance is low (< 5%). At present,
spectinomycin, cephalosporins, and the newer
fluoroquinolones remain effective for gonor-
rhoea therapy.8- 1 High level plasmid mediated
tetracycline resistant N gonorrhoeae (TRNG)
was first observed in the United States in
19857 12 13 and is now spreading worldwide.
Although tetracyclines are not recommended
as the sole therapy for gonorrhoea (and would
only be effective in a multidose regimen), they
are widely used in some developing countries.
The use of tetracyclines for treatment of other
STDs, such as Chlamydia trachomatis genital
tract infection and non-specific urethritis, may
have encouraged the selection of tetracycline

resistant strains within Europe and the United
States.'4 15

Antibiotic resistance in gonococci has been
monitored in the Netherlands since penicilli-
nase producing strains of N gonorrhoeae were
first reported, in 1976. Among the PPNG iso-
lates in the Netherlands in 1985, 12 strains
were found with high level resistance to tetra-
cycline.'6 All these strains contained the 25.2
megadalton plasmid."7 18 In 1988, an increase
was observed of tetracycline resistant strains
among PPNG isolates (9%) reaching a peak in
1989 (40%).'4 The epidemic increase of
TRNG/PPNG was suggested to be related to
the introduction and clonal spread of a limited
number of resistant strains.'4 Little is known
about factors that contribute to the introduc-
tion of antibiotic resistant gonococci. It has
been suggested that individuals who introduce
resistant gonococci may differ from the indi-
viduals who subsequently become infected
and contribute to the establishment of these
organisms in the community.'920

In this report, we evaluate the prevalence
and epidemiology ofPPNG and TRNG infec-
tions in the Netherlands in the period
1977-95, the current status of antibiotic resis-
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tance in N gonorrhoeae, and the nature of
the microepidemic of TRNG/PPNG. Two
sources of gonococcal data were used: the
National PPNG Surveillance Programme and
an additional survey on the microepidemic of
TRNG/PPNG. The surveillance data were
used to describe trends in PPNG and
PPNG/TRNG infections, trends in resistance
to other clinically relevant antibiotics and in
microbiological characteristics, whereas the
more detailed survey enlightened the charac-
teristics of the population in which the
TRNG/PPNG have spread. Finally, the
results were used to briefly review the appro-
priateness of the current gonococcal surveil-
lance programme.

Patients and methods
NATIONAL PPNG SURVEILLANCE PROGRAMME
Period 1977-90
During the period 1977 to 1990 almost all
(90-95%) PPNG isolates were sent to the
National Institute of Public Health and the
Environment (RIVM) for quantitative suscep-
tibility testing, auxotyping, serotyping, and
plasmid characterisation. The prevalence of
PPNG was calculated based on the annual
inquiries among the participating laboratories
on the total number of gonococcal isolates
(which more or less agreed with the number of
notified cases) and the number of P lactamase
producing strains. The prevalence of TRNG
was based on the annual number of gonococcal
isolates tested for their susceptibility to tetracy-
cline. Minimum inhibitory concentrations
(MIC) were determined for clinically relevant
antibiotics-penicillin, tetracycline, ery-
thromycin, spectinomycin, ciprofloxacin, and
ceftriaxone. The method was as described ear-
lier, using Isosensitest agar supplemented with
5% horse blood and multipoint inoculation.2122
The nutritional requirements for growth (auxo-
typing) were determined routinely since the
early 1 980s using the defined media and
method of Hendry and Stewart23 with slight
modifications as described previously.'4 Sero-
typing with a panel of 12 monoclonal antibodies
to gonococcal outer membrane protein I (Syva
Co, CA, USA) was introduced in 1987 using
the nomenclature according to Knapp et al.25
Auxotyping alone yields very limited data for
the epidemiology of gonorrhoea since the
majority of strains belong to two auxotypes-
that is, non-requiring (NR) and proline requir-
ing (PRO) strains. However, combinations
with serovar patterns enables us to perform
highly discriminative gonococcal typing into
auxotype/serovar (A/S) classes.'6 Within the
framework of the National PPNG Surveillance
Programme limited epidemiological data were
collected. A short form that included informa-
tion on the patient (sex, age, nationality, sexual
orientation, commercial sex, history of gonor-
rhoea, geographic location of infective contact,
date of isolation) and a laboratory identifica-
tion number, was sent by the laboratory along
with the PPNG isolate. Unfortunately, many
records were incomplete because the required
information was not available at the laboratory.

Period 1991-5
In 1991 the National PPNG Surveillance
Programme was modified into a sentinel sur-
veillance: all gonococcal (both PPNG and
non-PPNG) isolates from five sentinel labora-
tories in three large cities, accounting for
about 70% of total PPNG in preceding years,
were collected for MIC determination and
microbiological typing for 1 month quarterly
(March, June, September, and December of
each year). In 1994 the surveillance pro-
gramme on resistance in gonococci was
changed again: the auxotyping and serotyping
of isolates were no longer performed and also
the national annual inquiries on the number of
(3 lactamase producing) gonococcal strains
were discontinued. Hence, from 1994
onwards, the National PPNG Surveillance
Programme became restricted to quantitative
susceptibility testing of a sample of gonococcal
(both PPNG and non-PPNG) isolates from
five sentinel laboratories.

MICROEPIDEMIC OF TRNG/PPNG
Additional data collection
PPNG isolates strains from five main laborato-
ries in Amsterdam, Rotterdam, The Hague in
1989 and 1990 were included in this study:
auxotyping, serotyping, distribution of MIC
for tetracycline. PPNG isolates were defined
as TRNG/PPNG if they had a tetracycline
MIC of > 16 mg/l. From the routine database
characteristics were available as described
above. Because of incomplete records, addi-
tional epidemiological information was col-
lected retrospectively: the laboratory was
asked to reveal the treating physician by link-
ing the laboratory identification number with
their own code. Then the physician was asked
to fill in a short questionnaire, including the
same characteristics on the patient by retro-
spective case note review. Details of the study
design have been reported previously.27

Statistical analysis
To assess determinants of tetracycline resis-
tance, patients infected with TRNG/PPNG
were compared with those infected with non-
TRNG/PPNG strains. In univariate analyses,
associations between variables were examined
using %2 and Fisher's exact tests. Crude odds
ratios (ORs) and their 95% confidence inter-
vals (CIs) were calculated for the association
between TRNG/PPNG infection and statisti-
cally significant variables (p < 0.05). Multi-
variate logistic regression analysis was used to
adjust for confounding variables with resis-
tance to tetracycline as the outcome variable.
All analyses were performed separately for
men and women.

Results
NATIONAL PPNG SURVEILLANCE PROGRAMME
PPNG and TRNG prevalence
From 1984 onwards, the incidence of notified
cases of gonorrhoea dropped dramatically in
the Netherlands. Between 1981 and 1988, an
almost fivefold decrease in the gonorrhoea
incidence rate was observed: from 104 to 23
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Figure 1 Number ofPPNG isolates, prevalence ofPPNG (as proportion of reportec
gonococcal isolates), and tetracycline resistance (TRNG) as proportion ofPPNG isol
in the Netherlands, National PPNG Surveillance Programme, 1980-95.

cases per 100 000 population. Since 1988
sharp decline levelled off and the incid
was approximately nine per 100 000 in
and 1995. The absolute number of PI
cases in the Netherlands showed a decl
trend as well (fig 1). Between 1982 and
the number of PPNG decreased by 70°
1989 and 1990 the number more than
bled and in 1991 it decreased sharply a
Since then the number of PPNG
remained constant between 300 and 400 i

per year. However, the proportion of P1
among gonococcal isolates showed an up
trend. PPNG accounted for 1 1% of
reported cases in 1982, increased to a r

mum of 30% in 1990, and then persisted
endemic level of 20-30% of all cases.

In 1988, among the PPNG isolates
increase was observed of high level tetracy
resistant strains (TRNG). In 1989 the Ti
epidemic reached a peak with 40% ol
PPNG isolates being tetracycline resistani
fig 1) with large geographical vari

between cities. Since then the prevalence of
TRNG among PPNG decreased to 8% in
1991 but had increased again in recent years

40 (1995: 24%).

35 Auxotype serovar

30 During the period 1988 to 1993 a total of 123

auxotype/serovar (AIS) classes was found, with
25 m a predominance of NR/IB-1 and NR/IB-3

< which were present throughout, in varying
20 2 percentages (table 1). Specific A/S classes
15 L were found for various types of plasmid medi-

ated resistance: NRIIB-6, PRO/IA-3, and
10 PRO/IA-6 among PPNG/TRNG, NR/IB-2

among non-PPNG/non-TRNG, and NR/IB-6
among non-PPNG/TRNG. Transient A/S

0 classes were often found, contributing highly
to the distribution in a particular year and dis-
appearing thereafter-that is, NR/IA-3,
NR/IA-4, PRO/IB-1, PRO/IB-3 among non-

ates PPNG/TRNG and NR/IB-19 and NR/IB-22
for PPNG/non-TRNG.

PPNG/TRNG isolates
3, the Since 1991, all gonococcal isolates from five
lence sentinel laboratories (collected 1 month quar-
1994 terly) were tested to monitor resistance in
PNG gonococci. Overall, 26-2% of isolates collected
ining in the period 1991 to 1995 (n = 1702) were
1988 resistant to penicillin, tetracycline, or both (fig
Yo, in 2). High level resistance to tetracycline has
dou- increased between 1991 and 1995, both in
gain. PPNG and non-PPNG isolates. The percent-
cases age of TRNG among PPNG remains high
cases between 20-25% and the percentage of
PNG TRNG among non-PPNG isolates has
ward increased consistently (1995: 15%). Com-
total bined resistance TRNG/PPNG is found in 6%
naxi- of all gonococcal isolates (not in figure).
at an

Distribution ofMICs
;, an The distribution of ceftriaxone MICs was
rcline shifted to the right (that is, decreased suscepti-
RNG bility) for PPNG isolates compared with non-
f the PPNG isolates (fig 3). This was also found for
t (see ciprofloxacin, although the difference was less
ation pronounced. Since 1993, three strains were

Table 1 Diversity of auxotypelserovar classes (in percentages of annual number of isolates) among PPNG/non-TRNG,
PPNGITRNG, non-PPNGITRNG and non-PPNG/non-TRNG isolates, National PPNG Surveillance Programme,
1988-93*. AIS classes are shown if they represent at least 5% of total isolates in one of the presentedyears

PPNGlnon-TRNG PPNGITRNGt non-PPNG/non-TRNG non-PPNGITRNG

1988 1989 1990 1991 1992 1993 1988 1989 1990 1991 1992 1993 1991 1992 1993
Isolates 378 409 939 95 42 63 38 280 141 405 355 182 26 23 18

NR/IB-1 15 17 54 46 21 2 13 2 26 21 9 10 12 4
NR/1B-3 42 36 12 15 7 19 26 10 3 10 5 14 15 4 11
NR/IB-6 3 2 11 26 46 11 2 4 3 46 13
NRJ1B-2 2 5 5 20 19 11 4
NR/1B-19 10
NR/1B-22 27
NR/1A-3 2 2 7 4 8 17
NR/1A-4 2 5 5 13 6
NR/1A-6 2 2 5 7 4 4
NR/1A-8 7 11 4
PRO/1A-3 1 1 26 19 4 4 4 9
PRO/lA-6 2 1 2 14 31 6
PRO/lB-1 2 2 2 8 17
PRO/1B-3 1 4 4 22
PRO/IB-7 7 9
other classes 29 .33 24 26 36 17 8 9 17 47 50 53 7 40 38

*1988-90: A/S classes for all PPNG/non-TRNG and PPNG/TRNG isolates obtained from 30 participating laboratories nationwide.
1991-3: A/S classes for PPNG/non-TRNG, PPNG/TRNG, non-PPNG/TRNG, non-TRNG/non-PPNG isolate obtained from five
sentinel laboratories (1 month per quarter).

tIn 1991-3 the number of PPNG/TRNG isolates was too low to present in table with 8, 11 and 10 isolates with 6, 8, and 6
auxo/serovar classes, respectively.
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M Total PPNG
30 MEZ3 Total TRNG

E TRNG (%PPNG)
25i EM TRNG (%non-PPNG)

20
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CL)
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0
1991 1992 1993 1994 1995

n=534 (24%) n=432 (18%) n=273 (32%) n=228 (28%) n=234 (38%)

Figure 2 Resistance to Neisseria gonorrhoeae in the Netherlands, National PPNG
.Surveillance Programme, 1991 5: PPNG and TRNG as proportion of total number of
isolates and TRNG as proportion of total number ofPPNG and non-PPNG isolates. The
annual number ofgonococcal isolates and overall percentage of resistance (PPNG-TRNG)
is presented on the x axis per year.

A
M PPNG (n = 341)
BE non-PPNG (n = 1360)

<0.001 0.002 0.004 0.008 0.015 0.03 >=0.06

Ciprofloxacin (mg/I)

0.004 0.008 0.015 0.03

Ceftriaxone (mg/I)

>=0.06

Figure 3 MIC distributions for ciprofloxacin (A) and ceftriaxone (B) for PPNG and
non-PPNG isolates, National PPNG Surveillance Programme, 1991-5.

Table 2 Temporal distribution of auxotypelserovar classes during a microepidemic of
TRNG/PPNG, National PPNG Surveillance Programme, the Netherlands, 1989-90 (in
percentages of total number of TRNG per quarter)

1989 1990

1st 2nd 3rd 4th 1st 2nd 3rd 4th

TRNG/PPNG per quarter 52 51 68 49 17 8 44 22
NR/IB-1 (n = 29) 0 0 2 4 18 50 23 41
NRIIB-6 (n = 108) 81 45 25 33 47 13 0 0
PROIIA-3 (n= 51) 12 37 6 39 12 0 2 0
PRO/IA-6 (n = 70) 0 0 50 8 18 25 50 23
Other A/S class (n = 82) 7 18 17 16 5 12 25 36

found that were not inhibited by 0.03 mg/i cef-
triaxone (two non-PPNG (1.1%), one PPNG
(1.6%)). On the other hand, 18 strains (six
PPNG (1.8%) and 12 non-PPNG (0.9%))
were not inhibited by 0.03 mg/i ciprofloxacin;
the highest MIC was 1 mg/i found for one
PPNG isolate.

MICROEPIDEMIC OF TRNG/PPNG
TRNG prevalence
To investigate the increase of tetracycline
resistance 1257 PPNG isolates from five main
laboratories, participating in the National
PPNG Surveillance Programme, were
included in the additional survey. Eighty three
per cent (1047/1257) of the questionnaires
were returned with epidemiological informa-
tion on the patients. Together with the rou-
tinely collected information, 1185/1257
(94-3%) PPNG isolates were available for
analyses-that is, 472 in 1989 and 713 in
1990. In 1989 almost half of PPNG was also
TRNG (n = 220; 47%); in 1990 13% (n =
91; p < 0-001). The prevalence of TRNG/
PPNG varied in time and region: the preva-
lence of TRNG/PPNG reached a peak in the
second and third quarter of 1989 and the
highest prevalence was found in The Hague
(> 80% in the first and second quarter of
1989).

Auxotype serovar
The most prevalent A/S classes among the
non-TRNG/PPNG strains (n = 874) were
NR/IB-1 (45%) and NR/IB-3 (20%). For the
TRNG/PPNG isolates (n = 311), these A/S
classes were rarely found; NR/IB-6 (34%),
PRO/IA-3 (16%), and PRO/IA-6 (23%) dom-
inated. Otherwise, high level resistance to
tetracycline in the latter A/S classes ranged
between 81% and 91%. The percentage of
combined resistance (TRNG/PPNG) among
other common A/S classes was much lower,
with a maximum of 15%. There were also
marked differences in the temporal distribu-
tion of A/S classes among TRNG/PPNG iso-
lates (table 2): NR/IB-6 was highly prevalent
in the first 6 months of 1989 and disappeared
in 1990 whereas NR/IB-1 and PRO/IA-6 were
mainly responsible for TRNG/PPNG in the
second half of 1990.

Demography ofpatients
TRNG/PPNG infections were more common
in men than in women-that is, 49% ofPPNG
infections in men in 1989 were also tetracy-
cline resistant compared with 36% of PPNG
in women (p = 0.02). In 1990 this difference
between both sexes disappeared (men 12%;
women 16%). Table 3 shows that the percent-
age TRNG/PPNG differed per city per year:
in 1989 TRNG/PPNG mainly came from The
Hague and Rotterdam. In 1989 TRNG/
PPNG infections were more often found
among patients of Turkish nationality than in
1990. The percentage of patients reporting
commercial sex work (CSW) contacts was
highest for TRNG/PPNG infections in 1989
but the information was missing for 30% of
the patients (men 25%; women 46%). For
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Table 3 Characteristics of 1185 patients diagnosed with PPNG in 1989 and 1990 with
respect to resistance to tetracycline (TRNG), survey in five laboratories participating in the
National PPNG Surveillance JProgramme, the Netherlands

1989 1990

non-TRNG TRNG non-TRNG TRNG
(n = 252) (n = 220) (n = 622) (n = 91)

Reporting city:
Amsterdam 66-3 26-8 42-8 56-0
The Hague 12-7 38-2 30 6 31-9
Rotterdam 21-3 35.0 27-2 12-1

Sex:
Male 73-8 82-7 78.8 73-6
Female 24-6 15-9 20-4 26-4
Unknown 1-6 1-4 0-8 0.0

Age (years):
< 20 10-7 6-8 6-9 5-5
20-24 24-6 22-3 29-9 19-8
25-29 24-2 28-2 29-6 27-5
30-34 16-3 14-1 14-2 22-0
35-39 8-7 9-5 8.8 11-0
> = 40 12-7 18-2 10-6 14-3
Unknown 2-8 0.5

Nationality:
Dutch 29-8 25-5 24-0 18-7
Turkish 23-0 26-8 22-3 19-8
Moroccan 6-7 5-5 6-8 8-8
Surinam/Antilles 6-7 5.0 8 5 11-0
Latin American 6-7 4-1 5.0 11-0
Other 22-6 25-9 16-2 18-7
Unknown 4-4 7-3 17-2 12-1

Commercial sex:
Yes 37-3 46-4 33.0 39-6
No 34-5 16 8 37-8 39-6
Unknown 28-2 36-8 29-3 20-9

Table 4 Adjusted odds ratios (with 95% CI) for the association between statistically
significant variables and TRNGIPPNG infections in men in 1989 and 1990 (n = 368,
557, respectively)

1989 1990

OR (95% CI) OR (95% CI)
Commercial sex (ref no (n = 99 215)):
Yes (n = 176 204) 2-3 (13-4-1) 1-2 (0-7-2-1)
Unknown (n = 93 138) 1-7 (0 8-3 4) 0.5 (0-2-1-3)

Age (ref 20-29 years (n = 183 313)):
< 20 years (n = 29 37) 0-6 (0-2-1-4) 1-2 (04-3.6)
30-39 years (n = 90 138) 1-3 (0.7-2.3) 1-8 (1-0-3-2)
> = 40 years (n = 66 69) 1.1 (0-6-2-1) 1-6 (0 7-3 4)

Reporting city (ref Amsterdam (n = 174 235)):
The Hague (n = 92 180) 7-7 (4-0-15-2) 0.9 (0-5-1-6)
Rotterdam (n = 102 142) 4-3 (24-7.6) 0.3 (0-1-0-8)

Model 1989: -2 log likelihood, X2 = 76- 1, df = 7, p = 0-0001, adjusted OR is adjusted for all vari-
ables in the model.
Model 1990: -2 log likelihood, x2 = 19-7, df = 7, p = 0-0062, adjusted OR is adjusted for all vari-
ables in the model.

Table 5 Adjusted odds ratios for the association between statistically significant variables
and TRNGIPPNG infections in women in 1989 and 1990 (n = 248)

OR (95% CI)

Nationality (ref Netherlands (n = 71)):
Turkish (n = 12) 8-2 (1-9-34-8)
Moroccan (n = 7) 1-4 (0-1-14-2)
Surinam/Antilles (n = 17) 2-3 (0 6-9.4)
Latin America (n = 55) 3-4 (1-2-9-3)
Other/unknown (n = 86) 2-2 (0.8-5.3)

Age (ref 20-24 years (n = 67)):
< 20 years (n = 24) 1-3 (04-5-1)
25-29 years (n = 76) 1-9 (0.8-4.7)
30-34 years (n = 38) 1-8 (0 6-5 2)
35-39 years (n = 20) 1.9 (0.5-7 4)
> = 40 years (n = 23) 6-2 (1.9-19.7)

Reporting city (refAmsterdam (n = 126)):
The Hague (n = 59) 3-1 (14-6.8)
Rotterdam (n = 63) 1-9 (0.8-45)

Model: -2 log likelihood x2 = 30-1, df = 12, p = 00027, adjusted OR is adjusted for all variables
in the model.

men, commercial sex contacts were reported
more often (53%) in the first three quarters of
1989 then in the five consecutive quarters
(38%). Turkish men reported more commer-
cial sex contacts (62%) than Dutch men
(29%) but no difference was found between
TRNG/PPNG and non-TRNG/PPNG (not in
table 3).

Correlates of TRNGIPPNG infection
As the prevalence ofTRNG/PPNG was differ-
ent for 1989 and 1990 the logistic regression
analyses were carried out separately for both
years. Commercial sex contacts were indepen-
dently associated with TRNG/PPNG infection
for men in 1989 but not in 1990 (table 4).
Also it was shown that in 1989 PPNG from
The Hague and Rotterdam was more often
TRNG than PPNG from Amsterdam. In com-
bined multivariate analyses for 1989 and 1990
it was shown that commercial sex contacts in
The Hague and Rotterdam increased the risk
of acquisition of TRNG/PPNG with OR =
4.9 and 3-1, respectively; this association was
not found for Amsterdam (data not in table 4).
Also age was significantly associated with
TRNG in the combined analyses (OR.40,ys =
1.6; 95% CI 1 1-2.5). For women, only com-
bined analyses could be presented owing to
power problems for 1990: independent corre-
lates included a Latin American (mainly
Colombia and Dominican Republic) or
Turkish nationality and age 40 years or older.
In addition, PPNG isolates from The Hague
were more often TRNG compared with
Amsterdam after adjusting for the other vari-
ables (table 5). For women, the association
between TRNG/PPNG and commercial sex
work could not be studied as 50% of the data
were missing; an association with commercial
sex work was found univariately but was not
significant (OR,989 = 1.9; 95% CI 0.5-6.7).

Discussion
GONORRHOEA INCIDENCE RATES
The incidence of gonorrhoea decreased dra-
matically in the past decade but now appears
to stabilise. The reduction in the incidence of
gonorrhoea has been seen in many countries
over the past 10-15 years. This decline could
be due to the implementation of control pro-
grammes in the late 1970s and behavioural
changes as a result of the AIDS epidemic,
although the incidence rates were already
declining before the awareness of AIDS.'8 The
rates for decline differ for gonorrhoea and
PPNG (suggesting opposite trends) which
may be explained by different determinants of
transmission. PPNG are rarely diagnosed in
homosexual men suggesting that these infec-
tions are mainly spread in the heterosexual
populations.41929 32 The drop in incidence rates
started earlier in homosexual men, accounting
partly for the sharp decrease in 1984-6
whereas the decline among heterosexuals
started later (in 1987). It has been suggested
that gonorrhoea can be maintained at low levels
in communities largely through sustained
hyperendemic transmission in high risk core
populations.'9 31-34 This may account for the
present low (but stable) endemicity of gonor-
rhoea.

PREVALENCE OF PPNG AND TRNG
In the past decade, the PPNG prevalence (as
the number ofPPNG among the total number
of gonococcal isolates) increased consistently.
The epidemiological pattern of PPNG seen in
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the Netherlands is similar to that reported in
other countries.35 38 Assuming that the core

group theory also applies to PPNG,3' the
infection is maintained in the community by a

small group of high risk individuals. Since its
emergence, TRNG has become prevalent
in various populations in many coun-

tries.7 10153539-44 In the United Kingdom in
1988 only eight of 1500 (05%) gonococcal
isolates were tetracycline resistant'0; in the
Netherlands already 9% of all PPNG and 5%
of non-PPNG was TRNG.'4 Between 1988
and 1995, the TRNG/PPNG in the United
Kingdom increased in frequency to (an esti-
mated) 50% of PPNG isolates.45 In 1992, 42
of 378 isolates (11%) were TRNG at a geni-
tourinary medicine clinic in London.'5 In
France and Denmark the first TRNG infec-
tion was found in 198938 39 and in Spain in
1990.42 The French strain resembled the
Dutch strain that was highly prevalent during
the microepidemic of TRNG/PPNG (NR/IB-
6). Importation from the Netherlands was

therefore suggested. In 1994, 8.2% of the iso-
lates from the national Gonococcal Isolate
Surveillance Project (GISP, US) were TRNG,
of which 1.7% were TRNG/PPNG (CDC,
unpublished data).

CORRELATES OF TRNG/PPNG INFECTION

The epidemic increase ofTRNG/PPNG infec-
tions in 1989 could only be investigated with a

retrospective case note review. Most probably,
the introduction of TRNG/PPNG took place
in The Hague in 1988/1989. Surveillance data
revealed that in the first half of 1988 29% of
PPNG isolates from The Hague were also
tetracycline resistant whereas none of the
PPNG in Rotterdam or Amsterdam were; for
the second half of 1988 these figures were

59%, 25%, and 2%, respectively.46 Because
only incomplete information was available on

recent travel outside of the Netherlands, it
could not be confirmed or be ruled out that
importation contributed to the emergence of
plasmid mediated resistance to tetracycline.
There is strong evidence that commercial sex

was a major contributor to the spread and
establishment of TRNG/PPNG in the com-

munity (especially in The Hague and
Rotterdam). Although for women the associa-
tion could not be studied, there is indirect evi-
dence that commercial sex work played a
role-for example, the independent associa-
tion of TRNG/PPNG with certain ethnic
groups. These subgroups, including women

from Latin America who work as prostitutes
(as window prostitutes in Amsterdam30), are

known to contribute in the spread of
STD.303247 We therefore conclude that high
frequency transmitters, like prostitutes and
their clients, played an important role in the

spread ofTRNG/PPNG in the community.

AUXOTYPE/SEROVAR CLASSES
The microbiological typing scheme has proved
to be a useful tool in studying epidemic
increases.5 19 48 The serogroup IB was most
common among the Dutch isolates, with the
A/S classes NR/IB-1 and NR/IB-3 persisting

throughout. The distribution of A/S classes
among PPNG is quite different from that in
United Kingdom (London hospital) isolates.49
In these latter isolates the serotypes IA-1/2,
IA-4, IA-6, and IB-5/7 account for almost half
of the PPNG isolates49 and were relatively
uncommon in our isolates. The temporal dis-
tribution of the A/S classes show a heteroge-
neous mixture, in which certain A/S classes
appear, disappear, and re-emerge as was also
demonstrated by others.2649 The diversity in
strains suggests a continuous (re-) introduc-
tion of new (resistant) strains.
The epidemic increase of TRNG/PPNG in

the Netherlands was mainly caused by NR/IB-
6, PRO/IA-3, and PRO/IA-6, suggesting a
clonal spread of a few strains. Unfortunately.
genotyping data are not available to support or
oppose this theory. Further spread of tetracy-
cline resistance, due to the instability of the
25.2 MDa plasmid, which facilitates its own
transfer to other (sensitive) organisms, was
anticipated.'7 50 In fact, in several countries
other A/S classes were detected among TRNG
that were uncommon among our isolates:
NR/IB-2 accounted for 83% of the TRNG
isolates in London in 1992'5; isolates from the
United States in 1985 comprised at least 19
A/S classes, of which PRO/IB-1 dominated
(54%)13; Canadian TRNG isolates in 1986-9
expressed PRO/IB-1 (33%), PRO/IB-2 (27%),
Ornithine/IA-1/2 (15%).50

ANTIBIOTIC RESISTANCE
Various factors are involved with the emer-
gence and spread of antibiotic resistance in
gonococci. Resistance was often associated
with the importation of new strains and fur-
ther spread and establishment in the commu-
nity through transmission in high risk
individuals. 19 20 31 33 36 39 40 48 51 52 There is evi-
dence that these factors may be of major
importance for the introduction and early
spread of infection but are less important for
spread at an endemic level20 33 although it has
been suggested that prostitution remains
important for further spread of resistance.30
Treatment regimens for gonorrhoea are
important as antimicrobials may favour certain
resistant strains through selective pres-
sure'3 53-56; also there is evidence that non-
compliance and self administered antibiotic
treatment may facilitate the development of
resistance.'920 3353 57 Tetracycline has not been
used as a sole therapy for gonorrhoea in the
Netherlands, hence no selective pressure could
be expected. However, the treatment of com-
mon coinfections with C trachomatis (with
tetracycline) could have affected the spread of
TRNG.

Antimicrobial resistance shows wide geo-
graphical variation. Surveillance data from
local, national, and international levels are
needed to guide the clinician in the choice of
treatment; therapy is often initiated on basis of
clinical presentation without prior knowledge
of the antimicrobial sensitivity of N gonor-
rhoeae in the individual. At present, no resis-
tance to currently used antibiotics was
observed in the Netherlands except for one
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strain resistant for ciprofloxacin. Importantly,
our surveillance data show that PPNG strains
are less sensitive to other clinically relevant
antibiotics than non-PPNG; this trend was
also reported by the GISP study group.58
Resistance to fluoroquinolones or cephalo-
sporins can be expected to develop and could
emerge first on these strains.58 Until 1992,
most isolates tested in GISP have been
susceptible for ciprofloxacin.'058 In 1992 and
1993, decreased susceptibilities (MICs
> 0.125 mg/l) were detected.5859 Recently,
several reports have been published on clini-
cally important resistance to fluoroquinolones
in South East Asia, the United States,59 61 and

62-66 eueEurope, on reduced susceptibility to fluo-
roquinolones in the United Kingdom, United
States, Canada, Australia, and South East
Asia67-72 and on resistance to spectinomycin in
Korea.56 Also reduced sensitivity to
cephalosporins was reported.67374 Presumably,
it is not a question of whether they will
become resistant but when they will become
resistant. To limit selection pressure for the
development of microbial resistance to third
generation cephalosporins, the use of oral
cephalosporins (which will inevitably support
self medication) should be discouraged.

Conclusion
Because of the continuing threat of developing
resistance and the instability of microbiologi-
cal characteristics of gonococci a continuous
national surveillance is necessary. A pro-
gramme should include:
* limited information on gonorrhoea patients

to obtain an insight into the determinants
for infection with resistant gonococci. The
survey on TRNG/PPNG has shown that
background information is needed to indi-
cate the potential source and to identify the
groups at risk. Control measures should
include rapid detection, information on
possible source of infection, recent travel,
increased awareness, and appropriate ther-
apy for specific groups at risk.

* controlling of PPNG remains important
because of reduced sensitivity for other
antimicrobials: rapid treatment, contact
tracing, specific prevention programmes for
high risk individuals.

* monitoring resistance to cephalosporins and
fluoroquinolones: strains with decreased
susceptibility were detected in the
Netherlands; there is a threat of importation
and subsequent further spread from other
countries (Japan, South East Asia) where
the prevalence of resistance is high and
rapidly increasing.

* preventing further spread of strains with
reduced susceptibility to these antibiotics;
therefore, both local and national level sur-
veillance is needed (establish treatment
guidelines based on resistance patterns).
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