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ANTIMICROBIAL RESISTANCE IN NEISSERIA GONORRHOEAE

Preface

This technical review provides information on an-
tibiotic resistance (AMR) in the gonococcus from
a laboratory perspective. AMR is discussed in the
broader perspective of STD control, and the rela-
tionship between gonorrhoea and HIV transmis-
sion is emphasized, as it is relevant to understanding
the importance of gonorrhoea. The review is
divided into five sections, dealing with disease in-
cidence, trends and diagnosis; AMR and its mecha-
nisms in Neisseria gonorrhoeae; the rationale,
purpose and methods of AMR surveillance; treat-

ment; and prevention. A summary precedes and a
discussion of research and implementation needs
follows each section. The latter are expanded upon
in a separate concluding section. Aspects of the
biology of the gonococcus are discussed where rel-
evant. The bibliography is meant to be illustrative
and informative rather than exhaustive. The sub-
ject is broad and, inevitably, not everyone will agree
with the emphasis. Comments, suggestions and
criticisms are therefore welcome. The review was

completed in September 1999.



ANTIMICROBIAL RESISTANCE IN NEISSERIA GONORRHOEAE

WHO/CDS/CSR/DRS/2001.3

Vi

Glossary of terms and abbreviations

AGSP
AMR
CMRNG
CSW
DFA
DGI
DNA
EIA
ELISA
GASP
GISP
HAM
HIV
ICSO
IM
LCR
LOS
LPS
MIC
MIC

50

MIC,,
NAA
NAD
PAHO
PCR
PID
PPNG
QA
QC
QRDR
QRNG
RNA
RTI
SEAR
STD
STI
TRNG
WHO
WPR

Australian gonococcal surveillance programme
antimicrobial resistance

chromosomally mediated resistance in Neisseria gonorrhoeae
commercial sex worker

direct immunofluorescence assay

disseminated gonococcal infection

deoxyribonucleic acid

enzyme immunoassay

enzyme-linked immunosorbent assay

gonococcal antimicrobial surveillance programmes (WHO)
gonococcal isolate surveillance programme (USA)
homosexually active male

human immunodeficiency virus

the antibiotic concentration required to inhibit 50% of the inoculum
intramuscular

ligase chain reaction

lipooligosaccharide

lipopolysaccharide

minimal inhibitory concentration

antibiotic concentration required to inhibit half the isolates tested
antibiotic concentration required to inhibit 90% of isolates tested
nucleic-acid-based amplification assays

nucleic acid detection

Pan American Health Organization

polymerase chain reaction

pelvic inflammatory disease

penicillinase producing Neisseria gonorrboeae

(external) quality assurance

(internal) quality control

quinolone resistance determining region
quinolone-resistant Neisseria gonorrhoeae

ribonucleic acid

reproductive tract infection

South-East Asia Region (of WHO)

sexually transmitted disease

sexually transmitted infection

tetracycline-resistant Neisseria gonorrhoeae (high level, plasmid-mediated)

World Health Organization
Western Pacific Region (of WHO)
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SECTION A

Gonococcal disease —incidence,

trends and diagnosis

Summary of Section A

Gonorrhoea is a sexually transmitted disease caused
by the bacterium Neisseria gonorrhoeae for which
humans are the only natural host. It is transmitted
by human-to-human contact and is highly adapted
to the genital tract, surviving poorly outside the
human body. Nevertheless, it is versatile in resist-
ing attack, for example in its ability to develop re-
sistance to antimicrobials and in the antigenic
variability by which it evades host defences, thus
persisting and often causing asymptomatic (and
undetected) infection.

Among the etiological agents of treatable STDs,
N. gonorrhoeae (along with Haemophilus ducreyi)
stands out because of the extent to which anti-
biotic resistance compromises the effectiveness of
individual case management. Resistance also affects
control programmes. This is discussed in Section B.

The symptoms of gonorrhoea are similar to those
caused by other agents, most notably Chlamydia
trachomatis. N. gonorrhoeae causes infections prin-
cipally of the urethra in men and the endocervix in
women, although it may also infect extragenital
mucosal sites, including the oropharynx and
anorectum. Ocular infections also occur, and in
neonates can cause blindness. Genital infection in
men usually presents with a urethral discharge, but
silent infections are common in women and in the
case of extragenital infections. Disseminated gono-
coccal disease is uncommon.

Genital tract gonorrhoea gives rise to well rec-
ognized complications. These include upper repro-
ductive tract infections in women (such as pelvic
inflammatory disease—PID) with possible seque-
lae including infertility, ectopic pregnancy; fetal
wastage, neonatal ophthalmia and blindness, and
disseminated gonococcal infections. In addition,
gonorrhoea is associated with significant enhance-
ment of transmission of the human immunodefi-
ciency virus (HIV) (by up to 500%).

Rates of gonorrhoea vary greatly among coun-
tries in the developed and developing world. The
highest rates are in South and South-East Asia, sub-
Saharan Africa and Latin America. Available data

are often incomplete or inaccurate and are usually
prevalence rather than incidence data. Difficulties
in compiling data include:

Clinical presentation not specific enough for
diagnosis based solely on symptoms;

Inadequate facilities, materials or personnel for
laboratory-based diagnosis;

Lack of reporting mechanisms even when diag-

nostic facilities are in place;

Reluctance to report STDs to public health
authorities.

In many countries, incidence or prevalence data
are not complete enough to provide an accurate
picture of disease distribution. The distribution of
gonorrhoea is affected by many interrelated factors,
including sociogeographical factors, which produce
multiple microepidemics. There are a diversity of
gonococcal subtypes in different patient subgroups
and geographical areas, often with differing antibi-
otic resistance profiles. Factors influencing the
prevalence of particular gonococcal subtypes in-
clude overall rates of disease and transmission, and
the availability and misuse of antibiotics. This has
obvious implications for management of the dis-
ease. The highest rates of gonorrhoea are found in
lower socioeconomic groups and, in developed
countries, among homosexually active men (HAM),
travellers and clients of commercial sex workers
(CSW). The concept of a ‘core group’ of high-
frequency transmitters of STD who exhibit risk-
defining behaviour was originally developed for
gonorrhoea.

Control of gonorrhoea (and other STDs) re-
quires a complex, integrated and comprehensive
strategy of education, counselling, diagnosis, treat-
ment and case-finding. Key elements are preven-
tion (through promotion of safer sexual practices)
and the availability of health care services.

The ability to control the disease is limited by
the significant proportion of infections that remain
undiagnosed. Factors contributing to this include
the large number of asymptomatic infections,
especially in women, failure to recognize or act on
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symptoms and deficiencies in diagnostic facilities.
A syndromic approach to diagnosis and disease
management is often effective for STDs, although
this is of limited value in vaginal discharge syn-
dromes in women and, by definition, cannot reach
asymptomatic patients.

Laboratory diagnosis still relies mainly on con-
ventional test methods. Problem areas include
invasive specimen collection procedures, loss of
viability of the fragile gonococcus especially when
specimen transport is required, and lack of suit-
able reagents and trained personnel. Non-culture-
based assays have some advantages, but they are
expensive, require specialized equipment, and do
not permit susceptibility testing.

Gonorrhoea remains a significant disease glo-
bally. While it is more frequent in poorer countries
(and in marginalized groups in all countries),
disease rates remain unacceptably high in developed
countries, and appear to be increasing at present,
at least in some population subgroups, such as
HAM. Consequences of a high disease rate include
a high incidence of complications and long-term
morbidity, as well as increased HIV transmission.

Antibiotic resistance increasingly compromises
effective treatment of gonorrhoea. Inexpensive
treatment regimens have been rendered ineffective
while efficacious ones are often unaffordable. The
temptation to use ineffective but cheaper remedies
(which are ultimately more expensive because of
failure to control disease spread and the cost of
inevitable complications) must be resisted. It is nec-
essary to demonstrate the benefits of appropriate
treatment. For gonorrhoea, this will require con-
tinuing, high-quality susceptibility surveillance.

A1. Rates and patterns of
gonococcal disease

A1.1 Overview

Reliable data on the incidence of gonorrhoea are
difficult to obtain. Recent global estimates by
WHO suggest that of the estimated 62 million new
cases in 1995, most occurred in South and South-
East Asia, sub-Saharan Africa and South and Cen-
tral America. The incidence was significantly higher
than the 1990 estimates of 25 million new cases.
However, there were significant methodological
differences between the two studies. What was
evident was the paucity of information actually
available and the importance of collecting incidence
and prevalence data (7).

In 1995, the estimated prevalence of gonorrhoea

(for adult males aged 15 to 49) was 2% in sub-
Saharan Africa, 1% in South and South-East Asia
and 0.6% in Latin America and the Caribbean.
Rates in developed countries were approximately
one-tenth of those in developing nations (Western
Europe, 0.07%; North America, 0.1%; Australa-
sia, 0.1%). Prevalence rates for females were even
higher, reaching 2.8% in sub-Saharan Africa, 1.4%
in South and South-East Asia and 1.1% in Latin
America and the Caribbean. Again, the more de-
veloped nations had lower prevalences: 0.2% in
Western Europe; 0.4% in North America and
Australasia (1). These investigators, while acknowl-
edging deficiencies in the quantity and quality of
the data, estimated the incidences for 1995. The
highest rates per 1000 population (aged 15-49)
were in sub-Saharan Africa (males 57.71, females
65.47), South and South-East Asia (males 30.03,
females 31.80), and Latin America and the Carib-
bean (males 27.56, females 29.23). The lowest rates
were in East Asia and the Pacific (males 4.35,
females 3.79), Western Europe (males 5.59, females
6.01), and North America and Australasia (10.85
for males and 12.04 for females).

The incidence of gonorrhoea, as of other STDs,
is influenced by many factors, including patterns
of sexual behaviour, population demographics, and
economic and social conditions (2). A considera-
tion of some of these factors, which is a separate
topic and the subject of reviews in its own right, is
nonetheless relevant to understanding the role of
appropriate antibiotic therapy in the treatment and
control of gonorrhoea. Thus, brief references to
some pertinent points are made below.

A1.2 Rates of gonorrhoea in developed countries

In industrialized countries the increased incidence
of gonorrhoea seen during and after World War II
was followed by a decline in the 1950s, then an
increase until the 1970s, followed by another de-
cline. The increases reflected the ‘sexual revolution’
of the 1960s, during which period there was a de-
crease in the ratio of infections in males relative to
females, and the ‘baby boom’ of the 1950s, which
led to an increased incidence of the disease in young
adults 20 years later. The decline in incidence from
the 1970s on has been attributed to a number of
factors including the decline in the size of the 18—
24 age group as the baby boom generation aged,
better education, improved diagnostic facilities,
better antibiotic treatment, and better contact
tracing (2).



WHO/CDS/CSR/DRS/2001.3

ANTIMICROBIAL RESISTANCE IN NEISSERIA GONORRHOEAE

The rates of gonorrhoea continued to decline in
the 1980s and early 1990s in Sweden and some
other European countries and gonorrhoea virtually
disappeared as an endemic disease (3). In Sweden
the incidence rate was 487 cases per 100,000 popu-
lation in 1970 and less than 5 per 100,000 in 1992.
This was attributed to a continuing programme of
information and education, extensive use of diag-
nostic facilities to detect asymptomatic as well as
symptomatic infections, and effective antibiotic
treatment (4).

In some other industrialized countries the
decline in gonorrhoea was less marked until the
appearance of AIDS. The publicity surrounding
sexual transmission of HIV and the behavioural
changes which accompanied this increased aware-
ness led to substantial decreases in the rates of gon-
orrhoea in Western Europe, Australia and the
United States in the 1980s and early 1990s (5, 6,
7,8, 9, 10). Some illustrative examples include the
abrupt decrease in rates of disease in parts of Greece
in 1986 and sustained low rates thereafter (10); the
decline in incidence in Finland from 265 to 6 cases
per 100,000 population over the two decades end-
ing in 1995 (11); the estimated 1990 incidence in
France of 74.8/100,000 in men and 14.2/100,000
in women aged 15-59 (12); the decline in the
number of reported cases in Norway from more
than 10,000 in 1981 to less than 300 in 1993 (cited
by Gerbase et al (7)); the decrease in incidence from
104 to 23 per 100,000 population in the Nether-
lands from 1981 to 1988 and then to about 9 per
100,000 in 1995 (9).

There is evidence that the incidence of gonor-
rhoea has risen again during the late 1990s in some
subpopulations. In the USA, although overall rates
continue to decline, the incidence in HAM appears
to be increasing in some US cities (13, 14, 15, 16).
In Europe and Australia similar trends have been
reported (17, 18). In Australia in 1998 rates in some
centres increased by 50%, having risen by 20% in
previous years. The sustained increase over several
years suggests that this is not merely a cyclical phe-
nomenon. Endemic transmission of gonorrhoea
was once again significant in Sweden in 1997 and
1998 (19) and the incidence of gonorrhoea in Den-
mark increased sharply in 1998, especially in HAM
in Copenhagen (20).

In former Eastern bloc countries there has been
a substantial increase in the incidence of gonor-
rhoea and other STDs, although in some instances
this has been followed by an apparent rapid de-
cline, which may actually reflect changes in data

collection methods. In the Slovak Republic, it was
reported that sexual behaviour had changed
considerably, as manifested by male homosexual
activity, ‘sexual liberty in general, enhanced pro-
miscuity and prostitution’. Between 1990 and 1996
the number of cases reported decreased by almost
90%. It is not known whether this decrease was
real because of ‘fear of HIV infection (frequent use
of condoms)’ or due to ‘failure in notification’ by
treating practitioners (21). Estonia generally fol-
lowed Western European trends up to and through
the 1980s, but with higher incidence rates: 250/
100,000 population in 1981, declining to 100 in
1988. The incidence increased substantially, reach-
ing 233 in 1993, and then declining in 1994 and
1995. This may have been due to the introduction
of more effective antibiotic treatment (such as
quinolones and cephalosporins) as more than half
the isolates examined in one 1994 study were
PPNG. However, incomplete case reporting may
also be a factor in the apparent decline (22). Sur-
veillance problems were also reported from the
Russian Federation. The rates in St Petersburg in-
creased to 468/100,000 in 1993 and a sudden
apparent drop in 1994 was attributed to failure of
notification (23). There are doubts about the reli-
ability of current surveillance in Eastern Europe and
Central Asia due to a marked decrease in mass
screening and contact tracing (24). Additionally,
attendance at state clinics has declined and many
patients are treating themselves or visiting private
practitioners. It is believed that only about 5% of
cases of gonorrhoea are currently being reported
and it is anticipated that reporting will decrease even
further so that ‘STD epidemics will de facto disap-
pear on paper’.

A1.3 Rates of gonorrhoea in less developed
countries

It is generally accepted that rates of gonococcal dis-
ease are high in less developed countries, but esti-
mates are usually based on prevalence rather than
incidence data (2). Disparate rates are reported from
different countries and subgroups, but are always
much higher than in developed countries (I, 2).
Control of STDs in developing countries is com-
parable to the situation existing in industrialized
nations at the beginning of this century (25).
Estimated prevalences of gonorrhoea in South
Africa are 10 to 12% in attendees at family plan-
ning or antenatal clinics (26) and 14.3% in female
sex workers (27). Core groups (see below) are re-
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sponsible for much of the transmission of gonor-
rhoea (28). In Malawi ‘Cervical infection with
Neisseria gonorrhoeae was found in 5% of urban
antenatal women, comparable to infection rates in
low-risk populations in other countries in the
region’ (29).

In developing countries, the publicity given to
HIV has had less of an effect than in more devel-
oped countries. However, control programmes in
Thailand, which successfully targeted HIV trans-
mission rates, also led to declines in gonorrhoea
and other STDs. From 1987 to 1993 the number
of notified cases of gonorrhoea declined by more
than 80% (30). Gerbase et al (/) cite examples of
steady declines in STD rates in Costa Rica, Chile
and Zimbabwe, but note that other countries have
reported increasing numbers of cases since 1990.
They caution that the apparent declines might
reflect variations in the quality of surveillance or in
access to health care. In a longitudinal 6-year study
ending in 1994, rates of gonorrhoea declined in
three Latin American countries (Mexico, Argentina
and Brazil) but increased in Venezuela (31).

For 10 countries in the WHO WPR, working
estimates of gonorrhoea rates were deduced from
prevalence surveys published between 1990 and
1997. Only properly designed studies with labora-
tory support were analysed. In 8 of the 10 coun-
tries prevalence rates were below 1%; higher rates
were reported only in Papua New Guinea (4%) and
Cambodia (3%) (32). However, rates in high-risk
groups differed markedly from those in the general
population or in low-risk groups. For example, in
the Philippines prevalence rates in female CSWs
were 10.6 to 22.2% and in a female prison popula-
tion the prevalence was 9.2%. In contrast, in ante-
natal women (considered low risk for STIs) the
prevalence was 1% or less (33). Similarly, in Viet
Nam 1997 estimates were 10% in CSWs but 0.5%
in the general population aged 15 to 49 (34).

In China, acquisition of data was hampered by
poor surveillance at the time gonorrhoea re-emerged
in the 1980s. An apparent increase in crude inci-
dence rates was due in part to better surveillance
and improved diagnostic methods (35). Rates in
the southern region were higher than in other parts
of the country, and increased substantially up to
1989 (35). The prevalence in China as a whole was
still estimated to be less than 1% in 1998 (32). In
Mongolia, following enormous social upheavals
after 1990, the number of cases of gonorrhoea in-
creased substantially from 51 per 100,000 in 1983
to 142 in 1995. At this time there was a decline in

active surveillance, suggesting that the latter
figures may be underestimates (36). Recent preva-
lence data from Indonesia, based on laboratory-
confirmed cases using molecular techniques (37),
indicated a 15% gonorrhoea rate in CSWs in
Jakarta, Surabaya and Menado.

A2. Limitations of available data

Gonorrhoea prevalence and incidence data are sub-
ject to biases and limitations. Available data may
be derived from clinical or laboratory-based diag-
nosis and are of variable quality.

When reporting is based on clinical presenta-
tion incorrect diagnosis is common, as several in-
fectious agents cause similar symptoms. When
reporting is based on laboratory diagnosis, the sen-
sitivity and specificity of the tests used affect the
accuracy of diagnosis.

Underdiagnosis is also a significant problem
because, particularly in women, V. gonorrhoeae in-
fection may be asymptomatic or produce symptoms
of insufficient magnitude (‘oligosymptomatic’
patients) to prompt health-seeking behaviour. Thus,
robust screening programmes and laboratory-based
diagnosis are needed to avoid underreporting.

Another problem is the underreporting of dis-
ease, even when it is accurately diagnosed, so that
notified disease may represent only a fraction of
cases (25). In some estimates, as few as 10% of di-
agnosed cases are reported in developed countries
(38). Recent reports from Eastern Europe suggest
that less than 5% of cases are reported (24). The
reasons include privacy/stigmatization concerns,
flaws in reporting systems, a perception by patients
and practitioners that little is to be gained from
the notification process, and general lack of inter-
est. Thus ‘report based systems tend to underestimate
substantially the total number of new cases’ ().

Furthermore, clinic-based notification systems
cannot provide complete data if only public health
clinics are included or when the specialist services
are not used by all social strata. For example, in
London and Leeds STD rates were found to be
extremely high in certain ethnic groups that did
not use public facilities (39, 40). When surveys are
conducted in specific population groups, care needs
to be taken in extrapolating the results more gen-
erally (7). This is especially true for gonorrhoea
because the disease is concentrated in ‘core groups’
whose incidence and prevalence rates are not rep-
resentative of the general population or of the
reproductive age group (see A3 below).
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Different surveillance mechanisms have been
tried. One approach has been a shift from clini-
cian-based to laboratory-based notification. While
this led to improved notification rates for some
diseases, there was still significant underreporting
of gonorrhoea, largely for the same reasons that
clinician-based notification failed.

Newer diagnostic techniques which use easily
obtained self-collected samples are more accessible
to patients and more sensitive (see A4.2 below) and
offer the possibility of more precisely determining
disease rates. Together with risk assessment data,
the information generated can be used to develop
a profile of those most likely to be at risk of disease
and, therefore, to establish criteria for effective
screening programmes (47). Any innovation that
improves either diagnosis or notification will of
course lead to an apparent increase in disease rates.

While primary gonorrhoea rate data are incom-
plete, data on sequelae and complications (such as
ophthalmia neonatorum and PID) are even fewer.
Mid-1980s data from Cameroon indicate that up
to 30% of newborns developed ophthalmia neona-
torum when their mothers had gonorrhoea at the
time of delivery. A 17% rate of gonococcal infec-
tion in young women attending antenatal clinics
in the same country (in 1984) is believed to corre-
late with the 40% prevalence of infertility in older
women (42). A longitudinal Swedish study (43)
compared the incidence of PID over two periods
and noted a significant decrease in gonococcal PID
over a period during which the incidence of gon-
orrhoea decreased. A longitudinal study in Argen-
tina (31) also found that decreasing rates of PID
correlated with trends for gonorrhoea.

Accurate estimates of the burden of gonococcal
disease are important for a number of reasons, not
least of these to increase awareness of the problem.
Advocacy is needed to increase the resources allo-
cated to STD control, especially in developing
countries (2). The current paucity of data can lead
to underestimation of disease incidence, with con-
sequent reduction in the allocation of resources
(24). Outcome parameters for intervention pro-
grammes are particularly difficult to determine in
the absence of incidence data; increasingly, ‘con-
trol programmes are data driven’ (25). Our inabil-
ity to provide accurate estimates of incidence and
prevalence makes it difficult to perform cost-
benefit analyses of interventions. The secondary
benefits of preventing sequelae are even more diffi-
cult to quantify given the lack of data.

Even with the inadequacies of many reporting

systems, trend data from longitudinal studies are
useful as long as the limitations of the sample (size
and representativeness) are taken into account.
However, apparent trends are affected by any fac-
tors that change over the course of the survey, such
as surveillance and diagnostic methods, the thor-
oughness of data collection, access to health care,
or health-seeking behaviour. None of these is likely
to remain constant for prolonged periods.

A3. Transmission and distribution
of gonorrhoea

The dynamics of transmission of gonorrhoea
are affected by both organism-dependent and
organism-independent factors.

Organism-dependent factors, infectivity and
virulence, determine its intrinsic ability to colonize,
persist on and infect mucosal surfaces (see A4 and
E4.1 below). Particular strain subtypes become as-
sociated with sociogeographical patient groupings,
e.g. HAM (44). These associations of gonococcal
subtypes with patient subgroups may influence
antibiotic susceptibility patterns (45).

The recognition of organism-independent in-
fluences on transmission dynamics led to the con-
cept of ‘core groups’ of patients who are ‘high
frequency transmitters’ of gonorrhoea (46, 47) and
have a disproportionate influence on disease rates.
The core groups may be identified by occupation
(CSWs, long-distance truck drivers) or by sexual
orientation (e.g. HAM). It is now understood that
the behaviour of individuals within a group defines
the risk. There has been continuing refinement of
the approaches to behaviour modification, with
distinctions being made between groups and indi-
viduals (48). The ‘core group’ concept, originally
developed for gonorrhoea, has also been applied to
other STDs. The aim is to recognize those who
should be targeted for intervention (49). Targeted
intervention, including appropriate antibiotic
therapy, has a greater impact on an epidemic when
the prevalence is low and the disease is still con-
centrated in core groups (50).

Gonorrhoea may thus be regarded as occurring
in a series of microepidemics, each in a group of
individuals with shared characteristics such as age,
sex, race, sexual preference and geographical loca-
tion (51). The extent to which disease occurs,
spreads and is maintained in these groups, i.e. the
size of the microepidemic, depends on complex
events described as ‘risk behaviours in risk space’

(52). Within a microepidemic, individuals are
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infected with particular subtypes of gonococci
which have adapted to or been selected by this mi-
lieu (45, 53).

The effects of appropriate antibiotic treatment
may be explored, to some extent at least, using the
well-established formula

R =BcD

where R is the reproductive rate of the disease,
B = ‘transmissibility’ of the organisms, ¢ = the rate
of partner exchange and D = the duration of infec-
tiousness. When R = 1 the disease is endemic and
stable. Values greater than or less than 1 indicate,
respectively, increasing or decreasing disease rates.
Typical values for D are 0.5 years and for 3 0.5,
meaning that the rate of partner exchange needed
to maintain stable disease is 4 per year (54). (This
formula is provided only for illustrative purposes.
For details the reader should consult the original
articles.)

For most individuals in a community the rate
of acquisition of gonorrhoea is too low to main-
tain the survival of the organism in the popula-
tion. In a core group, however, the rate of partner
exchange is high enough for the reproductive rate
R toremain 1 or above. Within core groups, some
individuals restrict themselves to intragroup con-
tact while others have additional contacts outside
the group. Potterat has used the term ‘socio-
geographic space’ to illustrate how particular sub-
sets of the community socialize, interact and
transmit gonococci.

The transmissibility of the organism, 3, and the
duration of infectiousness, D, are both affected by
availability of appropriate treatment. It has been
shown that gonococci are no longer cultivable from
the male urethra 12 hours after appropriate therapy
(55, 56), whereas the patient remains infectious for
longer periods in the absence of effective therapy.
Brunham & Plummer (54) estimated D to be
approximately 6 months for untreated gonorrhoea.

Transmissibility is dependent at least to some
extent on strain subtype as well as on the infecting
inoculum (57). Thus, male-to-female transmission
(by genital-to-genital contact) is more efficient than
the reverse, due in part to the much higher num-
bers of organisms present in male urethral discharge
than in vaginal secretions. Holmes et al (58) esti-
mated the risk of female-to-male transmission to
be about 22%; this risk increased with the number
of exposures (59). The infecting inoculum, and thus
B, is rapidly reduced following effective treatment,
but may also be somewhat reduced, decreasing

transmissibility at least temporarily, even with sub-
optimal treatment. (Other important behavioural
factors, such as condom usage and rate of partner
exchange, are not considered further in this review.)

Improved diagnosis, particularly case-finding of
asymptomatic individuals, can also decrease disease
rates in the absence of behavioural change. In a re-
cent study of indigenous people in South Australia
(60), a programme of improved testing and treat-
ment reduced disease prevalence by half over a
three-year period. Despite minimal changes in
condom use, and no change in the rate of partner
exchange, the value of D decreased. Perhaps sig-
nificantly, gonococci in this region remain suscep-
tible to the penicillins, facilitating cheap and
effective therapy.

Gonorrhoea has been described as a disease of
the marginalized (61) and this concept is useful
when considering regional disease distribution and
populations at risk.

The concept of marginalization at the interna-
tional level reflects the fact that the burden of gon-
orrhoea falls disproportionately on less developed
countries. ‘First world’ nations have had low rates
of gonorrhoea for many years, the greatest decline
in most cases occurring after the advent of the AIDS
epidemic, apparently as a welcome by-product of
efforts to contain the spread of HIV. (However, in
some Western nations, such as Sweden, the rate of
gonococcal disease had already declined signifi-
cantly before the appearance of HIV; see Al above).
This is in stark contrast with the situation in less
developed countries. Where data are available (/)
it is evident that rates of gonorrhoea vary inversely
with the degree of economic development. This is
illustrated by data emerging from former Eastern
bloc countries, and in the lower rates of gonorrhoea
achieved in some Asian countries as economic con-
ditions improved.

Marginalization occurs within countries, in that
individuals lower on the socioeconomic scale have
higher rates of gonococcal disease (61). Examples
include indigenous populations in Australia, and
the urban poor in the United Kingdom and the
United States. In less developed countries also, those
in lower social strata appear to have higher disease
rates. Additionally, disproportionately high rates
occur in HAM in developed countries.

Another important factor in the spread of gon-
orrhoea and of antibiotic-resistant gonococci is the
increase in travel, both within and between coun-
tries. The influence of travel on the spread of STDs
was recently reviewed (62, 63). There has been an
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exponential rise in travel for pleasure in the past
few decades, as well as in movements of migrant
workers and refugees (63). The amount and speed
of travel favours transmission of strains from one
country to another during the presymptomatic
incubation phase of infection (62). Individual trav-
ellers spread new strains of gonococci upon return-
ing to their country of origin. For example, as the
rate of gonorrhoea declined in Sweden, endemic
PPNG disappeared, but resistant strains continued
to be isolated from patients with overseas contacts.
Similarly, in Finland, which had a higher rate of
disease than other Nordic countries, while there was
a significant decrease in the overall rate of gonor-
thoea from 1990 to 1995, the number of imported
cases remained constant and thus represented an
increasing proportion of the total (64).

Certain core groups of travellers are particularly
associated with spread of STDs, including gonor-
rhoea, and of resistant strains: female ‘international’
CSWs, long-distance truck drivers, sailors and mi-
grant workers (62, 63). Illegal immigrant CSWs
were responsible for importation and maintenance
of PPNG and QRNG in Sydney, Australia (65, 66).
Socioeconomic differences between former Eastern
bloc countries and Western Europe have led to in-
creased travel by sex workers and their clients (62).
Long-distance truck drivers and sailors constitute
a significant male core group. There is also a sepa-
rate group of ‘sex tourists” (usually older men) who
travel ‘specifically for the purpose of sex’ (62).

A4. Relevant characteristics of
the gonococcus

The biology of the gonococcus is fascinating. Since
to the non-expert the extent of knowledge may seem
overwhelming, this section attempts to provide brief
insights into some characteristics of the gonococ-
cus that are critical to understanding the epidemi-
ology, management and treatment of gonorrhoea.
Some of these points will be treated in more detail
in other sections of this document.

Neisseria gonorrhoeae is a Gram-negative diplo-
coccus. It is found in humans only. It is closely
related to and probably derived from Neisseria
meningitidis, but has become highly adapted to
survival in the genital tract. It is transmitted by
human-to-human contact and survives poorly out-
side the human body. The gonococcus is a very
successful pathogen. It can evade or adapt to host
defences, persist without severely damaging the
host, and be transmitted to and infect other hosts

(thereby maintaining itself). Particularly in women,
gonococci may produce only mildly symptomatic
or asymptomatic disease; this adaptation allows the
organism to persist and disseminate over long pe-
riods. The host’s attempt to eliminate the organ-
ism sets up ‘pathogen-host coevolution... a
Darwinian process that involves both the genera-
tion of genetic diversity in the pathogen and the
operation of immune selection at the molecular
level by the host’ (67).

One of the noteworthy characteristics of the
gonococcus is its phenotypic and genotypic vari-
ability, which enable it to evade the host response.
Phenotypic variability occurs through differential
expression of existing parts of the genome. Geno-
typic variation is achieved by incorporation of new
genetic material, which can be acquired either by
conjugation or transformation. Some examples of
the adaptability of the gonococcus follow.

As a result of its evolutionary adaptation to the
genital tract, the gonococcus has special require-
ments when grown iz vitro, e.g. CO,, sulfur in the
form of cysteine, and iron. Gonococci often have
additional, multiple requirements, hence the diffi-
culty in formulating media to support optimal
growth. The fastidious culture requirements of the
gonococcus have implications for traditional labo-
ratory diagnosis and antibiotic susceptibility test-
ing. However, determination of growth factor
requirements provides a means of differentiating
gonococci into auxotypes (68).

The gonococcal cell wall has many similarities
to those of other Gram-negative cell bacteria. Stud-
ies of its structure have helped explain aspects of
the host/parasite interaction. Components such as
pili, outer membrane proteins and lipopoly-
saccharides are involved in the attachment and
binding of the bacteria to epithelial surfaces, their
passage through the epithelium and their interac-
tion with phagocytes. Variations in the outer mem-
brane porin protein (P1, Por) affect permeability
and penetration of antibiotics into the organism.
The variability of the epitopes of this protein,
sometimes in combination with other phenotypic
characteristics, has served as another means of dif-
ferentiating gonococci for epidemiological purposes
and of analysing the spread of antibiotic-resistant
subtypes (69, 70).

Another important feature of the gonococcus is
its antigenic variability. This is a survival mecha-
nism for an organism with a very restricted host
range, whose chameleon-like ability to alter those
parts of the organism that are in contact with the
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host has frustrated attempts to produce a vaccine.
The antigenic variability of N. gonorrhoeae is due
in part to its ability to acquire genetic material from
related organisms. This capacity for genetic recom-
bination makes it a prime example of a ‘panmictic’
or non-clonal organism.

In the context of antibiotic resistance, the most
obvious example of incorporation of new genetic
material is the acquisition by the gonococcus of
penicillinase-determining plasmids. This led to dis-
persion of the penicillinase genes by conjugation,
and PPNG quickly spread throughout the world,
reducing the utility of this group of antibiotics.
Gonococci can also acquire DNA by transforma-
tion, which is as important to antibiotic resistance
as conjugal transfer of plasmids.

Development of antibiotic resistance is but one
of many adaptations the gonococcus is continually
making to ensure its survival. Resistance alone is
not sufficient to ensure its survival and may be
less important than other components of the

‘coevolution’ process.

A5. Diagnosis
A5.1 (linical diagnosis

Neisseria gonorrhoeae causes both symptomatic and
asymptomatic genital and extragenital tract infec-
tions. There is a broad spectrum of clinical presen-
tations and the symptoms overlap those of other
STDs, most notably Chlamydia trachomatis infec-
tion. It is thus difficult to diagnose gonorrhoea on
clinical grounds alone. Some examples of the more
common clinical presentations and the problems
associated with clinical diagnosis follow.

Uncomplicated gonococcal infections

Gonococcal disease of the genital tract most often
presents as urethritis in men and cervicitis in
women. Men with urethritis complain of a urethral
discharge in about 80% of cases and of burning on
micturition about half the time (7). Although
about 10% of patients may be asymptomatic at the
time of diagnosis, many of these are actually in the
pre-symptomatic stage of gonorrhoea (7I). The
incubation period of gonorrhoea in men was esti-
mated by these authors to range from one to 57
days (mean 8.3; median 5.8), which is longer than
previously reported. Women with cervicitis some-
times complain of abnormal or increased vaginal
discharge. However, asymptomatic genital infec-
tions are more common in women than in men.
When specifically asked, many women acknowl-

edge the presence of a discharge which was not
uncomfortable enough to prompt them to seek
treatment.

Extragenital gonorrhoea

Extragenital sites of infection include the anorec-
tum, oropharnyx and eyes. Proctitis, with anorec-
tal pain, tenesmus and rectal discharge is one
presentation of anorectal gonorrhoea, although
many of these infections are asymptomatic. Pha-
ryngeal infections are rarely symptomatic. Ophthal-
mic infections in neonates present as conjunctivitis
with discharge. Eye infections may also occur in
adults. In both age groups there is risk of disease
progression with corneal involvement and perfora-
tion. A non-progressive form of ophthalmic dis-
ease in children has been seen in recurrent epidemics

in Australia (72).

Complicated gonococcal disease

The more common complications of both genital
and extragenital gonorrhoea occur in women and
neonates. Ascending reproductive tract infections
in women (pelvic inflammatory disease, PID) have
multiple presentations (endometritis, salpingitis,
tubo-ovarian abscess, pelvic peritonitis) and may
be caused by a number of different organisms, alone
or in combination. However, V. gonorrhoeae is a
leading cause of PID. Sterility or damaged Fallo-
pian tubes, leading to ectopic pregnancy, are well-
recognized sequelae.

About 1-2% of mucosal infections give rise to
disseminated gonococcal infections (DGI), with
women disproportionately affected. The percent-
age of DGI in a community is dependent on the
subtype of the prevalent gonococcus (73, 74). Pres-
entation is usually with different combinations of
mild systemic symptoms, infective arthritis, rash
and tenosynovitis (75).

To this list of long-recognized complications may
now be added the significant enhancement of HIV
transmission (76). This is thought to result from
an increase in the viral load in the semen (77) or
cervico-vaginal fluids (78, 79) those co-infected
with gonorrhoea and HIV, and to an increase in
the number of target cells for HIV in the inflam-
matory exudate present in symptomatic bacterial
STDs (80).

Thus, gonorrhoea has a wide variety of clinical
presentations, none of them uniquely caused by the
gonococcus. A significant proportion of gonococ-
cal infections is not recognized because they occur

in asymptomatic or ‘oligosymptomatic’ patients or
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are still in the incubating (‘presymptomatic’) phase.
Causes other than gonorrhoea account for most
cases of vaginal discharge. Gonorrhoea may account
for up to 20% in high-prevalence settings, but
often 10% or less, even in high-risk groups. Simul-
taneous infection with more than one agent, for
example co-infection with V. gonorrhoeae and C.
trachomatis is common in some settings, although
this may be less frequent than first thought in other
groups, such as HAM (71, 81). Multiple infections
and the non-specific nature of symptoms compli-
cate the diagnosis and management of the indi-
vidual patient as well as the implementation of
public health measures to control gonorrhoea. Sim-
ple tests, such as microscopy, are reliable for
etiological diagnosis in male urethritis but in other
cases, diagnosis may require costly and sophisticated
laboratory services. Since material and human re-
sources for differential diagnosis are often not avail-
able where STDs are most prevalent, treatment
algorithms for the syndromic management of STDs
have been devised for resource-poor settings. In the
absence of adequate laboratory facilities, these
algorithms can be used to treat infections caused
by all organisms likely to be involved in male ure-
thritis or vaginal discharge. This approach, while
clinically effective, necessitates prescribing multi-
ple antibiotics. Evaluations of these syndromic
approaches to management have also highlighted
gaps which occur in the detection and treatment
of asymptomatic infections, especially in women.
However, syndromic management systematizes the
approach to treatment of STDs in resource-poor
settings.

Combining the assessment of STD risk factors
with syndromic management algorithms increases
the utility of this approach.

Different algorithms may be applied, depend-
ing on the level of diagnostic facilities available, and
can be adapted to local disease prevalence. Inter-
mittent prevalence studies using sensitive tech-
niques are recommended to determine the relative
contribution of various STDs to the total disease
burden and to different syndromes in a given lo-
cality. Susceptibility surveillance is an essential com-
ponent.

A5.2 Laboratory diagnosis

One regrettable consequence of the introduction
of syndromic management has been the loss of sup-
port for laboratory-diagnostic facilities in some set-
tings, usually as a cost-cutting measure.

General remarks

Laboratory diagnosis has been the subject of a re-
cent review (82). This section incorporates relevant
portions of a WHO Western Pacific Region manual
of tests for the detection of reproductive tract in-
fection (83).

The ideal diagnostic test is rapid enough for the
results to be available while the patient waits, as
well as being easy to perform, inexpensive, highly
sensitive and specific, and requiring no specialized
equipment. It should use samples obtained by non-
invasive procedures. The results should be reliable,
reproducible and robust. Additionally, in the case
of gonorrhoea, it should include determination of
antibiotic susceptibility. Clearly, a single test with
all of these characteristics does not yet exist. Thus,
a variety of culture-based and other methods are
used, singly or in combination, depending on the
needs, resources and objectives.

In the case of gonorrhoea, the objectives of labo-
ratory testing are often not simply the diagnosis
and treatment of the individual patient, but the
control of disease transmission. Therefore, testing
may be used to screen asymptomatic patients for
infection (case-finding) and to generate prevalence
and/or incidence data for epidemiological purposes
or to validate syndromic management algorithms.
The benefit to gonorrhoea control of using diag-
nostic laboratory protocols in case-finding has
recently been demonstrated (60).

The choice of test(s) is greatly influenced by cost,
as well as by logistical factors such as access to
facilities and availability of suitable transport. Ap-
propriate collection and transport of samples is
particularly critical for gonorrhoea. In the female
genital tract, gonococci reside in the endocervical
glands and not the vaginal squamous epithelium,
so that sampling for culture requires an endocervi-
cal swab under direct vision. This requires privacy,
proper lighting and a vaginal speculum that can be
reliably resterilized, facilities that are not always
available. Additionally, some women are reluctant
to undergo a pelvic examination, for personal or
cultural reasons.

When direct inoculation and incubation of cul-
tures is not possible, efficient transport is needed
to maintain the viability of gonococci. Delayed
culture is more suited to diagnosis in men than in
women because there is a much higher number of
gonococci in urethral discharges than in endocer-
vical material and because urethral specimens are
relatively clean, whereas the female genital tract has

an extensive normal flora.
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Microscopy techniques

Examination of a Gram-stained smear requires a
well-maintained, good-quality microscope and the
services of a competent microscopist. For urethri-
tis in men, this is a sensitive and specific test that is
inexpensive and rapid enough to be performed
while the patient waits. The sensitivity of the Gram
stain is greatly reduced in asymptomatic infections.
In endocervicitis, the sensitivity of this test is less
than 50%, when compared with properly per-
formed culture. Gram-stained smears are less use-
ful in diagnosing rectal gonorrhoea, and the best
results are obtained when samples are taken under
direct vision with a proctoscope. Pharyngeal speci-
mens are not suitable for smears. Gram stain is not
optimal for diagnosis of gonorrhoea at other sites,
such as the conjunctiva and skin. In general, detec-
tion rates are lower when Gram-stained smears are
examined by inexperienced microscopists (84). In
developing countries, where skilled microscopists
and well-maintained microscopes may not be avail-
able, performing the test may only complicate
diagnostic algorithms (85).

Culture-based methods

Culture based systems have a high degree of
specificity, but are expensive and require personnel
trained in handling the fastidious gonococcus. Even
seemingly basic skills, such as inoculation of cul-
ture plates, may be inexpertly performed (84).
Culture media vary widely in quality; optimally
prepared and quality controlled GC agars are criti-
cal to the success of this diagnostic method.

The two basic requirements for reliable gono-
coccal culture media are that they be enriched
enough to support the growth of the fastidious V.
gonorrhoeae and selective enough to suppress the
often extensive normal flora. Both the nutrient and
selective properties of gonococcal culture media
have been steadily improved, so that the sensitivity
of culture as a diagnostic tool has significantly in-
creased. In the clinic, newer molecular techniques
offer no significant advantage over optimized cul-
ture techniques in terms of positivity rates and
specificity (86).

In addition to isolation media of demonstrable
quality, elevated CO,, humidity, and an incuba-
tion temperature of 35-37 °C are required to
support gonococcal growth. Carbon dioxide can
be supplied by a variety of means (including the
low-tech candle jar), but the initial cost and main-
tenance of a reliable incubator, and even the

availability of a reliable electricity supply, may pose
difficulties in resource-poor settings.

Identification of N. gonorrhoeae can be problem-
atic. A number of techniques are available, and their
applicability and use depend on resources, exper-
tise and circumstance. For a review see Knapp (87).

Presumptive identification, usually based on
growth on selective GC agar, Gram stain morphol-
ogy of the growth, and simple and inexpensive tests
for ‘oxidase’ and ‘superoxol’ positivity (88), is re-
garded as sufficient for diagnosis in many settings,
particularly for samples from the genital tract.

In developed countries, definitive identification
is more usual, particularly for isolates from extra-
genital sites. Definitive identification relies on the
above criteria plus one or more tests that explore
carbohydrate utilization patterns, immunological
characteristics or enzyme profiles. Carbohydrate
utilization tests are the most widely used. These
tests may be growth-dependent (in which acidifi-
cation of media containing glucose, but not media
supplemented with other sugars, is diagnostic for
N. gonorrhoeae), or growth-independent (based on
constitutive enzyme activity). The latter are easier
to perform, less expensive and more reliable.
Nucleic-acid-based techniques for identification of
gonococci are also available, but are not practical
because of their cost.

The choice of tests for definitive diagnosis de-
pends on the objectives of the testing laboratory.
For STD clinics, distinguishing between gonococci
and non-gonococcal Neisseriae may be sufficient.
Immunological methods such as co-agglutination
or, previously, fluorescent antibody tests, have
often been used for this purpose. For laboratories
that have broader goals, or when diagnosing non-
genital infections, complete speciation is usual.

As discussed below, antibiotic susceptibility test-
ing should be part of the diagnostic process if at all
possible.

Enzyme immunoassay

Tests based on antigen detection and enzyme im-
munoassay have been developed and extensively
investigated. However, a meta-analysis of studies
conducted in low- and high-prevalence settings and
in symptomatic and asymptomatic men and women
concluded that ‘there are few to no situations for
which this assay is recommended’ (86).
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Nucleic-acid-based techniques
General remarks

Because culture-based diagnosis of gonorrhoea has
specimen collection and transport requirements
that may pose difficulties, there has been an impe-
tus to develop tests based on nucleic acid detection
tests, some of which reportedly have high sensitiv-
ity and specificity. For the diagnosis of urethritis
and endocervicitis, a non-invasive first-catch urine
sample usually suffices.

Extensive use of nucleic acid detection tests is
limited by their cost, even in developed countries.
This technology has been shown to be cost-effec-
tive in screening for Chlamydia trachomatis in the
United States, where appropriate therapy is avail-
able. The long-term sequelae of this infection, such
as infertility and PID are significant and costly (89).
Whether these methods will also be cost-effective
for gonorrhoea in developed countries, where dis-
ease has declined considerably, is still a matter of
debate. In developing countries the cost of perform-
ing a single test of this kind may exceed the total
annual per capita health budget, and there are also
considerable infrastructure and maintenance costs.
Another major disadvantage of these tests is that
they do not, at present, permit determination of
antimicrobial susceptibility, information that is es-
sential for disease control. (See also C1).

Nucleic acid hybridization tests (‘probe’ tests)

In tests of this type a specific probe binds to com-
plementary nucleic acid present in the sample. The
signal is amplified by means of a chemiluminescent
label on the probe. A commercial test for
N. gonorrhoeae is available that includes specimen
collection kits and a lytic transport medium that
stabilizes the preparation for one month. The cur-
rent version is a combined test that also detects
C. trachomatis. A review of a number of studies con-
cluded that the sensitivity of the test is about 85%
and the specificity 99% (86), although the sensi-
tivity was as low as 54% in one report (90).
Hybridization tests can also be used to confirm
culture-based diagnosis of V. gonorrhoeae, but they
are expensive for this use.

Nucleic acid-based amplification assays (NAA)

A number of techniques are available for the am-
plification of gonococcal DNA using cycling probe
technology. Theoretically, even a single DNA copy,
from live or dead organisms, can be amplified to
detectable levels. The sensitivity of this test, for all

anatomical sites, has been estimated to be about
95% (86). False positive results may arise due to
specimen cross-contamination (e.g. during trans-
port of leaking urine containers) or environmental
contamination of samples (41). Although it is
claimed that new laboratory procedures minimize
the latter problem, Shapiro (91) has suggested
using probability theory to estimate the likelihood
of contamination. False negative results may arise
from the presence of inhibitors of NAA in body
fluids. Additionally, patient specimens that are self-
collected may be inadequately sampled, sometimes
deliberately. Some of these problems have not been
addressed in commercial test protocols (92).

More recent data suggest that the specificity of
some commertcial NAA tests is lower than reported
by Koumans (86). In high-prevalence populations
not previously tested with these products, 16% of
positive results failed to confirm on retesting and
82% of equivocal results were not confirmed. This
may be due to differences among Neisseriaceae in
different geographical areas (93).

Often with the aid of external funding, NAA
has been used in developing countries at facilities
where syndromic management is in place but labo-
ratory facilities are lacking. The goal of these
programmes is to determine the frequency of
occurrence of gonorrhoea in order to design and
refine algorithms for managing STDs (94). In de-
veloped countries, NAA assays are particularly use-
ful in outreach programmes that target groups who
do not utilize existing services, such as alienated
urban youths (95) and populations in remote areas
where culture-based testing is impractical. In these
settings, self-collected samples other than urine (e.g.
tampons or swabs) have been demonstrated to be
useful in women (92).

Since the most effective applications for NAA
tests still need to be established, it has been sug-
gested that initially they be used broadly, with
continuous monitoring of their performance (41).

Summary of laboratory diagnostic methods

A table of available test protocols, modified from
the WHO Western Pacific document on detection
of reproductive tract infections (83) follows. Some
commercial tests based on nucleic acid detection
combine testing for C. trachomatis and N.
gonorrhoeae at a much lower cost than when these
assays are performed separately.

There is as yet no test that allows rapid exami-
nation of samples from all the major sites of

1
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gonococcal infection while the patient waits. A
rapid, inexpensive and reliable near-patient test
would improve case-finding and, thus, efficient
treatment and disease management. While syn-
dromic management has been successful in some
patient presentations, such as urethral discharge in
men, algorithms for vaginal discharge have resulted
in overtreatment because even in high-prevalence
settings only about 10% of cases are caused by V.
gonorrhoeae ot C. trachomatis (41).

While the NAA tests provide a means of increas-
ing the sensitivity of testing, they require expen-
sive equipment, usually located at a centralized
laboratory, and are most economical when per-
formed in batches. For these reasons it is unlikely
that the current generation of NAA kits will pro-

vide point of care testing. Some commercial assays
use cycling probe technology under isothermal con-
ditions. Miniaturized assays using reagents that are
stable at room temperature are now being devel-
oped (41) and this initiative is actively encouraged
(96). International programmes are under way to
provide inexpensive diagnostics to developing coun-

tries (97).

Section A.Research and
implementation needs

1. Incidence, prevalence and cost-benefit data

Gonorrhoea is grossly underreported, particularly
in areas where the incidence is high. Accurate and
reliable incidence and prevalence data are essential

CHARACTERISTICS OF N. GONORRHOEAE DETECTION ASSAYS @

Microscopy Culture DNA Detection Amplification & Detection
PACE 2C PCR LCR
Sensitivity' 95% 85%-100% 85% 89%-97% 95%-100%
Specificity’ 98%-100% 100% 98% 94%-100% 98%-100%
Advantages rapid, gold standard rapid, viable viable organisms not required, extremely sensitive,
inexpensive * susceptibility organisms allow non-invasive sampling, can detect
testing available not required (. trachomatis in same sample
Disadvantages insensitive for stringent handling, expensive expensive, requires expertise
females, rectal usually requires
samples; 48hrs forgrowthand  * susceptibility no test for sample
ineffective for additional time for testing not possible inhibitors
pharyngeal identification
samples approved for * susceptibility testing not possible
multi-staged urethral samples from
QA necessary men and endocervix
samples
Level of use on-site lab on-site lab, intermediate, intermediate, intermediate,
intermediate referral lab referral lab referral lab
Training moderate moderate moderate moderate to extensive moderate
Equipment light microscope incubator, light water bath, microfuge, thermal heat block, thermal cycler,
microscope, luminometer cycler,incubator, microfuge, Imx processor
candle jar microwell reader
Ease of easy moderate moderate moderate to difficult, moderate, automated
performance automated
Cost US$0.50 US$1.00 (+$1-3 US$ 6.00 US$ 11.00 (US$ 14.00 US$ 14.00

to confirm positive
isolates)

maintenance costs
usually low

for simultaneous
(. trachomatis detection)

high capital and
maintenance costs

high capital and
maintenance costs

1. Sensitivity and specificity are for detection of N. gonorrhoeae in urethral, endocervical and urine samples by culture, except for microscopy, which

is for detection in urethral samples from symptomatic men.

@ Modified from “Laboratory tests for the detection of reproductive tract infections”(83).
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to define the true scope of the problem, to moni-
tor the success of intervention programmes, and to
provide a basis for informed advocacy. While ‘im-
proving global estimates of the prevalence and
incidence of STDs will require concerted efforts
by international agencies, national health services,
private companies, and the research community’
(1), epidemiological sentinel surveys are probably
more realistic goals in the short term. Newer diag-
nostic tests may facilitate such surveys, which can
be conducted in carefully selected groups of
patients representative of the general population,
such as pregnant women or military recruits. How-
ever, gonorrhoea is usually concentrated in sub-
populations that have much higher incidence and
prevalence rates.

Even in developed countries the introduction
of new diagnostic tests must be justified by a cost-
benefit analysis (41) and such analyses have helped
justify intervention programmes in developing
countries (98). Economic data provide a rationale
for adequate treatment regimens.

2. Diagnosis

There is a great need for low-cost, effective, sim-
ple, near-patient tests both for diagnosis and for
case-finding. The NAA tests currently available
should be used selectively in developed countries
to improve diagnosis rates and, in combination with
risk assessment, to help define patient risk mark-
ers. A future goal is optimal targeting of NAA tests
based on cost-benefit analysis (41).

In developing countries NAA tests can be used
to improve local syndromic management by more
reliably defining etiologies (for example, the con-
tribution of gonorrhoea to vaginal discharge syn-
dromes in the patient population). These tests also
have potential in screening programmes aimed at
determining prevalence and treating asymptomatic
and oligosymptomatic individuals.

It is hoped that newer NAA tests being devel-
oped with cycling probe technology will not re-
quire expensive test equipment and centralized
facilities; issues of cost, availability, distribution, and
how best to use such tests will need to be addressed.
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SECTIONB

Antibiotic resistance in Neisseria gonorrhoeae

Summary of Section B

Among the etiological agents of treatable STDs,
N. gonorrhoeae and Haemophilus ducreyi stand out
because of the extent to which antibiotic resistance
compromises the effectiveness of individual case-
management and disease-control programmes. The
gonococcus continues to develop resistance both
to older, less expensive antimicrobials and to more
recently introduced agents. Local and international
trends need to be documented.

Obstacles to obtaining quality data include: lim-
ited use of culture-based diagnosis, which is essen-
tial for susceptibility testing; a high degree of
variability in sampling and test methods; reliance
on point prevalence studies, which may quickly
become outdated.

Data may be obtained from national and re-
gional surveillance programmes (including those
sponsored by international organizations), local
studies in developing countries (which are often
externally funded), and case reports of unusual re-
sistant strains or of treatment failures.

A standard treatment regimen is expected to cure
95% or more of gonorrhoea infections. Because of
the close correlation between in vitro resistance and
clinical failure, in general, an antibiotic should not
be used when more than 5% of strains are resistant
to it. The rationale of this recommendation will be
considered, as well as: treatment strategies and
expected outcomes for groups at high risk; the re-
lationship between in vitro susceptibility and clini-
cal outcome; use of pharmacokinetic data. For
approved antibiotics, the breakpoint method is
practical for determining susceptibility patterns and
guiding treatment regimens.

Major resistance problems exist in regions where
gonorrhoea is most prevalent. In much of the world
gonococci are resistant to penicillins and
tetracyclines, and resistance to multiple agents is
common. In some developed countries the
penicillins are still used effectively, but imported
infections must be identified and treated accord-
ingly. There is no reliably documented resistance
to the third-generation cephalosporin antibiotics

recommended for treatment of gonorrhoea
(cefixime—oral and ceftriaxone—injectable), but the
cost of these agents limits their use in many
countries. There is cross-resistance between
penicillins and the less expensive earlier-generation
cephalosporins.

Significant quinolone resistance has emerged in
the WHO Regions of the Western Pacific and
South-East Asia and has spread to countries on the
Pacific rim. The use of these agents needs urgent
review. Spectinomycin appears to have retained its
effectiveness. Data for other agents are sparse. Even
though they are not recommended, co-trimoxazole,
chloramphenicol/thiamphenicol and aminoglyco-
sides are used, usually in resource-poor settings;
available data suggest that resistance to these agents
sometimes reaches unacceptable levels.

Resistance may be mediated by alteration of the
antibiotic’s target or by exclusion or destruction of
the antibiotic. The emergence and spread of resist-
ance in V. gonorrhoeae has occurred mainly by the
acquisition of new DNA via conjugation and trans-
formation and determinants may be located on the
chromosome or on extrachromosomal elements
(plasmids). In contrast to plasmid-mediated resist-
ance, chromosomal resistance often occurs incre-
mentally. Both forms of resistance can coexist in
one organism and resistance to multiple antibiot-
ics is common. Chromosomal alterations which
affect permeability can simultaneously reduce
susceptibility to penicillins, tetracyclines and
macrolides and plasmids often carry the determi-
nants both for penicillinases and high-level tetra-
cycline resistance.

For the penicillins and quinolones there are
multiple resistance mechanisms, involving porins
(uptake), efflux pumps and the cellular targets of
these antibiotics. High-level resistance to
spectinomycin and aminoglycosides probably
occurs by point mutations affecting their ribosomal
target sites. Once antibiotic resistance has emerged,
the resistant strains have a selective advantage if
treatment regimens are not changed and they
become endemic once a critical number of indi-
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viduals have been infected. This often occurs as a
consequence of infection by the resistant strain of
high-frequency transmitters in core groups, e.g.
CSWs. The impact of travellers on the spread of
resistant strains to new communities has been well

documented.

B1. Current drug resistance problems
and trends

B1.1 Collection, validity and relevance of
susceptibility data

The highest rates of gonorrhoea are found in
resource-poor settings where laboratory facilities are
limited or unavailable. In these circumstances, sus-
ceptibility testing or even culture of V. gonorrhoeae
is problematic. Susceptibility testing requires stand-
ardized sampling and assay methods to ensure
accuracy and to enable comparison with data gen-
erated elsewhere (see C1 below). Serious technical
errors, such as the use of susceptibility discs of in-
appropriate potency, have led to incorrect estimates
of resistance in a number of studies.

Monitoring of gonococcal susceptibility is not
universal in developed countries because the inci-
dence of endemic gonorrhoea is so low. Neverthe-
less, the most current data are from some of these
countries because they have the resources for ad-
equate testing and some of them have longitudinal
surveillance programmes (9, 99, 100, 101) which
permit continuing assessment of resistance patterns
and monitoring of emerging trends (66). In the
developing world, resistance data are often obtained
from point prevalence studies, which, while
valuable, cannot be used to follow trends. The pre-
vailing gonococcal strains and their antibiotic sus-
ceptibilities can change very rapidly; this means that
short-term studies need to be repeated regularly to
be useful in defining treatment regimens.

The enthusiasm for gonococcal susceptibility
surveillance decreased in some locations as a con-
sequence of the emphasis on syndromic manage-
ment, and in developed countries, the introduction
of non-culture-based diagnostic tests has led to
decreased availability of isolates for susceptibility
testing.

Even when isolates are cultured, the strains avail-
able may be limited to geographical areas in close
proximity to the laboratory, or to a particular sub-
group of patients. Data are most often obtained
from major population centres or from screening
of subgroups such as CSWs. Strains from special-
ized clinics to which patients are referred after treat-

ment failure may be over-represented, introducing
a bias into the sample. As long as any biases in the
sample are recognized, and the sampling procedure
remains relatively constant over a long period, it is
still possible to use the data to analyse resistance
trends (102).

In conclusion, global data on gonococcal sus-
ceptibility are incomplete and the available data
must be viewed in the context of the sample of
strains used.

B1.2 Sources of data

For many years WHO has recommended establish-
ing a global surveillance programme for gonococ-
cal susceptibility (103, 104). The aim of this
gonococcal antimicrobial susceptibility programme
(GASP) is to create ‘a series of networks of labora-
tories based in WHO regions that will monitor
gonococcal antimicrobial susceptibility and dis-
seminate information on trends in susceptibility
and emergence of resistance. These data can then
be used to direct the choice of appropriate treat-
ment regimens (105) (see also section C3).

The most effective surveillance programmes
merge data generated at various levels. Local data
are needed to establish antibiotic regimens for
syndromic management; regional or global data
provide early information on the emergence and
spread of resistance in adjoining countries and else-
where in the world that may soon affect the local
situation (/06). Developed countries have an in-
terest in effective intervention ‘on the grounds that
it’s better to stop it there than stop it here’ (107).

The progress of GASP has been slow due to a
delay in establishing laboratories, networks and
infrastructure for activities such as quality assur-
ance. However, programmes have been established
in Latin America and the Caribbean, and in the
WHO Regions of the Western Pacific and South-
East Asia (105, 106, 108). Within these regions, a
number of national networks are at various stages
of development.

In addition to data generated by GASD, there
have been numerous independent studies of gono-
coccal susceptibility, conducted over short periods
in more limited geographical areas, some of which
have been merged into more broadly based surveil-
lance programmes (109). Some of these studies in-
volved only small numbers of isolates from selected
groups of patients, whereas others have provided
substantial information about the local situation.

Case reports of unusually resistant strains are
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useful because they may signal new or emerging
resistance. When the resistant infection was
acquired abroad, such reports may provide an early
warning of the emergence of resistance in areas
where surveillance is lacking.

B1.3 Use of susceptibility data for epidemiologically
based treatment regimens

When and on what basis should a standard treat-
ment regimen be altered? Since, for gonorrhoea,
the clinical success of a treatment regimen corre-
lates closely with the susceptibility of the organ-
ism, standard regimens can be based on in vitro
susceptibility determinations and should be
modified when susceptibility patterns change.

i. Overall rationale

A standard treatment regimen is expected to cure
95% or more of gonorrhoea infections, a criterion
that has been accepted for many years (110, 111,
112), although the precise origins of this principle
are unclear to this reviewer. Thus, in general, an
antibiotic should not be used when more than 5%
of local isolates are resistant to it. While the ration-
ale for this choice was not explained, McCutchan
etal (713) recommended that, in the United King-
dom, a change from standard penicillin treatment
of gonorrhoea would be needed when PPNG dem-
onstrated ‘a rise to more than 5% in indigenous
disease’. The authors carefully distinguished
between endemic and imported cases. In the USA,
McCormack (114) suggested that ‘if the prevalence
of PPNG in any area...constitute a substantial
minority (perhaps 5 per cent)...penicillins will cease
to be the drugs of choice’. However, a lower ‘trig-
ger’ level of 3% was later suggested as cause for a
change in the standard regimen in the USA (115).
Various panels of specialists have also recommended
that ‘regimens yielding lower cure rates (i.e. than
95%) should only be used with great caution
since...they may select for resistant strains’ (171,
112).

Although the 5% failure rate criterion may have
been derived empirically, and some experts suggest
that ‘there is no recognized level at which a therapeu-
tic regimen should be changed’ (116), 5% resistance
is the cut-off now most generally applied (9).

ii. Treatment strategies for groups at high risk

A more stringent criterion is recommended for
‘high-risk groups’. In groups ‘such as sex workers
and their clients. ..treatment regimens...should be

nearly 100% effective’ in order ‘to reduce the risk
of development and transmission of resistant strains
...to the general population’ (112). McCutchan et
al (113) recommended targeting patients failing to
respond to treatment, contacts of those known to
harbour resistant strains and travellers from areas
where resistance is endemic, even when the level of
resistance is below 5%. Ison et al (116) suggested
that a differential approach based on patient char-
acteristics (ethnic origin, sexual orientation and
travel history) be used in combination with resist-
ance data. Such approaches require a degree of
sophistication that may not be available in less
affluent settings. However the ‘zero tolerance of re-
sistance” approach for high-frequency transmitters
of disease is consistent with strategies for gonor-

rhoea control.

iii. Relationship between in vitro susceptibility and
clinical outcome: MIC breakpoints

While the correlation between in vitro estimations
of susceptibility/resistance and likely clinical out-
come is extremely strong for gonorrhoea, it is not
absolute. Occasionally, gonorrhoea is self-limited,
with spontaneous elimination of the organism. The
duration of carriage is site specific (117), being
longer for anal and cervical colonization and shorter
for pharyngeal infection. Therefore, care must be
taken not to credit a ‘cure’ to treatment with an
inadequate regimen. Inadequate therapies may tem-
porarily suppress symptoms and lead to transient
culture negativity, but symptoms may reappear
after cessation of the antibiotic.

For some antibiotics, the correlation between 77
vitro activity and clinical outcome is so strong that
in practical terms they can be equated. PPNG will
almost invariably fail penicillin treatment. Spectino-
mycin resistance is always very high level, occur-
ring in a single step, obviating the need for complex
interpretive criteria. High-level plasmid-mediated
tetracycline resistance correlates with a very high
probability of treatment failure. However, the situ-
ation may be less straightforward for some
CMRNG, where resistance (e.g. to penicillins and
quinolones) develops incrementally, producing a
broad MIC range in isolates. (See section B2). For
strains at either end of this range, which are easily
classified as sensitive or resistant, there is an excel-
lent correlation with clinical outcome. For strains
with intermediate levels of resistance, an increas-
ing number of treatment failures are observed as
the MIC approaches a critical level.

The concept of a MIC ‘breakpoint’ was devel-
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oped to facilitate treatment decisions based on sus-
ceptibility testing. Organisms with MIC at the
breakpoint are considered too resistant for the in-
fection to be reliably cured with usual doses. While
some infections with these organisms will respond
to treatment, the breakpoint is usually set conserva-
tively to avoid inadequately treating a potentially
resistant infection. Against N. gonorrhoeae strains
for which the MIC is at the breakpoint, penicillins
have about a 10-15% probability of treatment fail-
ure. Failure rates rise rapidly, approaching 100%,
as the MIC increases (/18). For the quinolones,
there is an even higher rate of treatment failure at
the currently accepted breakpoint, which for
ciprofloxacin is 1 mg/l. Treatment failures occur in
about 60% of patients infected with gonococcal
strains for which the MIC is this high, and about
8% treatment failures occur when the MIC is el-
evated but still below the current breakpoint (19).

The breakpoint method provides a reasonable
approach to establishing treatment regimens for
penicillins and quinolones. For other antibiotics,
the situation is less clear; breakpoints are sometimes
determined arbitrarily, resulting in potentially weak
correlations between susceptibility and clinical re-
sponse. With azithromycin, treatment failures have
been reported even when the infecting strains had
MICs below the tentative, empirically derived
breakpoints (120). For third generation cephalo-
sporins, breakpoints have not been established be-
cause treatment failure has yet to occur. There are
no published clinical trials of other antibiotics that
are occasionally used to treat gonorrhoea, such as
co-trimoxazole and gentamicin, and breakpoints
have yet to be set. In the absence of such studies, it
is important to examine isolates from treatment
failures to determine their susceptibility to the an-
tibiotic used.

As discussed in Section C2, the choice of sus-
ceptibility test method is critical to the numerical
MIC value obtained in mg/l. Different, but equally
valid numerical MIC values will be obtained with
different methodologies. The categorization of
strains as susceptible/resistant is dependent on ad-
herence to the criteria of the particular test method
and use of appropriate controls and quality assur-
ance procedures. It is possible to compare results
of different properly performed studies with regard
to the proportions of resistant strains present. How-
ever, direct comparison of the numerical MIC
values obtained by different techniques is usually
not possible.

iv. Use of pharmacokinetic data

A theoretically more complete approach to estab-
lishing susceptibility breakpoints, described by
Moran and Levine (121), takes into account the
pharmacokinetics of the drugs. The authors calcu-
lated the ‘therapeutic time’, an estimate of the
number of hours that drug concentrations in blood
remained at four or more times the MIC, . (The
MIC, is the amount of antibiotic which will in-
hibit 90% of strains examined and, as the authors
themselves point out, its value is sample depend-
ent.) The MIC, is a useful parameter for monitor-
ing trends, but it does not necessarily reflect the
range of MICs or the proportion of strains for which
MIC:s are above a critical or breakpoint value. As
discussed in section C2, MIC values vary with the
test method used, so that the ‘therapeutic time’ es-
timates would also vary. Additionally, susceptibil-
ity is often assessed by methods other than MIC
determination. Despite these limitations, the
pharmacokinetic approach has merit because of its
inclusion of additional parameters likely to influ-
ence clinical outcome.

In addition to efficacy, the choice of a standard
treatment regimen must be based on additional
factors such as: the cost and availability of the anti-
biotics; their safety and tolerability; the likelihood
of adequate compliance with the regimen by pa-
tients; the possibly of compromising the usefulness
of the drug in treating other infectious diseases; and
strategies for delaying the emergence of resistance.
Some of these factors are considered elsewhere in
this review, but the reader is referred to the recent
document ‘Management of sexually transmitted
diseases’ (112).

B1.4 Recent resistance data

Resistance data are often incomplete (see section
B1.1). In the discussion that follows, agents that
are recommended for the treatment of gonorrhoea
(penicillins, cephalosporins, quinolones, spectino-
mycin) are considered first, followed by the less
frequently used agents, and by a consideration of
high-level tetracycline resistance. Regional resist-
ance data are organized using the current WHO
regional divisions (Africa, Europe, Western Pacific,
South and South-East Asia, and the Americas). Data
from individual countries are reported when avail-
able and pertinent.

As discussed in the previous section, it is gener-
ally recommended that an agent no longer be in-
cluded in treatment regimens when resistance,
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determined by in vitro testing, is of the order of
5%. However, in more affluent countries treatment
regimens may be changed before this level of re-
sistance is reached, while in resource-poor settings
an agent may continue to be used as first-line treat-
ment, despite a higher rate of resistance, because
there are no other affordable treatments.

Penicillins (penicillin, ampicillin, amoxycillin)

Summary. In much of the world, penicillin
resistance is very frequent in gonococci (see B2
below). The usefulness of penicillins is increas-
ingly compromised by chromosomally mediated
resistance (CMRNG), while penicillinase-
mediated resistance (PPNG) remains a major
problem.

In the Americas, excluding the USA and Canada,
data from 1995 on 10,500 isolates from 10 coun-
tries indicated a PPNG rate of about 10%, up from
less than 5% in 1990 (105). Data from individual
countries in this region confirm this trend. In Ar-
gentina, PPNG rose from 1.9% in 1980 to 28% in
1992-1994, declining to 14% in 1996. The pro-
portion of CMRNG also continued to rise and
reached 19% in 1996 (122). In Trinidad and To-
bago 7.6% of 518 strains were reported to be peni-
cillin-resistant in 1997; 70% of them were PPNG
(123). In the USA, the Gonococcal Isolate Surveil-
lance Programme (GISP) reported 17.9% penicil-
lin resistance in 1997 (5.1% PPNG and 12.8%
CMRNG) (124).

In the WHO Western Pacific Region, 1998 data
are available for about 10,000 isolates from 16
countries. The proportion of isolates resistant to
penicillins by any mechanism ranged from 9% in
New Caledonia to 90% in the Republic of Korea.
Particularly high levels of resistance were recorded
in China (62%), Hong Kong Special Administra-
tive Region of China (69%), the Philippines (82%),
Viet Nam (77%) and Singapore (59%). PPNG were
widely distributed throughout the WPR in 1998;
although they represented less than 10% of isolates
in a number of centres (Australia, China, Hong
Kong SAR, Fiji, Tonga, New Zealand and Japan),
their frequency was particularly high in the Philip-
pines (79% of isolates), the Republic of Korea
(74%) Singapore (57.2%), Viet Nam (62.7%) and
Mongolia (26%). The surveillance programme has
detected an increasing proportion of CMRNG
since its inception in 1992. In Hong Kong SAR,
CMRNG isolates now represent 66.4% of strains,
while the proportion of PPNG has declined to

2.6%. This has been ascribed to the widespread use
of quinolones, which are able to cure strains of
plasmids (125). In some countries, data were avail-
able that demonstrated different resistance frequen-
cies in urban and rural areas. In urban Australia,
penicillin resistance is about 40%, most of it
CMRNG. In contrast, in northern Australia, where
the rates of gonorrhoea are up to 100-fold higher,
only 1-2% of isolates were resistant (18).

In SEAR countries PPNG rates are also gener-
ally high. Studies of strains isolated in Thailand and
Indonesia show high proportions of both PPNG
and CMRNG (102, 126) Djajakusmah et al (127)
confirmed the high rate of PPNG in Bandung, In-
donesia, but did not find any CMRNG, despite
continuing use of benzathine penicillin in broth-
els. In India, studies from Mumbai (128) and Delhi
(129) reported 94% and 8% PPNG, respectively.
In Sri Lanka, PPNG rates have declined consider-
ably (130), while in Bangladesh 23% of isolates
collected in 1997 were PPNG (131).

Studies from a number of African countries in-
dicate that a high proportion of isolates are peni-
cillin-resistant; penicillins have been of little use in
the region for a considerable time. PPNG first ap-
peared in South Africa in 1977, and in the 1980s
reached proportions necessitating withdrawal of the
penicillins for treatment (26). In the United Re-
public of Tanzania, PPNG rates ranged from 26 to
74% in different patient subgroups (132). An ear-
lier study indicated that CMRNG represented a
considerable proportion of isolates (/33). In
Malawi, PPNG rates were reportedly 36% ina 1993
report (134) but >83% in a 1996 study (29). In
the Gambia, 77% of isolates were PPNG in 1997
(135). From 1988 to 1996 PPNG rates in eight
African countries (Cameroon, Cote d’Ivoire, Ethio-
pia, Mozambique, Rwanda, South Africa, Zaire and
Zambia) ranged from 47% in Rwanda to 82% in
Cameroon (136). Bogaerts et al (137) followed
PPNG in Rwanda from 1985 to 1993, at which
time there was a sudden increase. In Ethiopia in
1997 70% of 68 isolates were PPNG (138).
CMRNG were also common in these countries
(136). There was a high rate of PPNG (56%) in
Kenyan isolates in 1995-1996 and 9% of the peni-
cillinase-negative strains were CMRNG (139).
Guyot et al (140) reported that 83% of 100 iso-
lates from Liberia were penicillin-resistant.

In some parts of Europe, penicillins are still used
effectively to treat gonorrhoea (/41). However, re-
sistance is frequent in imported cases (10, 11, 142,

143, 144). In Scotland in 1996, 2.6% of isolates
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were PPNG and 5% CMRNG (/45). About one-
third of Swedish isolates in 1997 were PPNG, but
only a few of these were acquired locally (79). Thirty
per cent of isolates examined in France in 1997
were penicillin-resistant, with equal contributions
made by PPNG and CMRNG (146).

Data from the Middle East are sparse. In Dubai
(United Arab Emirates) and Saudi Arabia penicil-
lin resistance appeared to be frequent in small sam-

ples (147, 148).

Cephalosporins

Summary. The cephalosporins recommended for
use in gonorrhoea are third-generation agents.
Ceftriaxone is the injectable agent and cefixime
the oral cephalosporin most widely used. There
is no documented case of treatment failure with
these agents. The situation regarding the
continued efficacy of earlier-generation cepha-
losporin agents, which are not standard treat-
ments in most developed countries, is less clear.
Resistance to the earlier-generation cepha-
losporin antibiotics can be expected when
chromosomal resistance to the penicillins is

present.

Cephalosporin antibiotics are usually classified
by ‘generations’ which roughly correspond to the
time of their introduction and activity. Third-gen-
eration cephalosporins are unaffected by the TEM-
1 B-lactamase of PPNG. Beta-lactamases capable
of inactivating third generation cephalosporins are
found in other Gram-negative bacteria, but have
not yet been detected in V. gonorrhoeae. Alteration
in gonococcal susceptibility to third-generation
cephalosporins is thus chromosomally mediated
and step-wise (see section B2).There is evidence of
a slight ‘shift to the right’ in the mean MICs of
these agents, i.e. that some decrease in susceptibil-
ity has occurred. However, the high activity of third-
generation cephalosporins, especially of ceftriaxone,
means that there is still considerable ‘reserve
capacity’ in terms of the possibility of increasing
the dose of this agent. Actually, some guidelines
have decreased the recommended dosage of
ceftriaxone from 250 to 125 mg single dose IM
injection. One reason for this is that when oral
cefixime became available, the bioavailability of its
active form was equivalent to that of a 125 mg IM
dose of ceftriaxone. The ceftriaxone dose was re-
duced in the interests of uniformity, although many
still prescribe the higher 250 mg dose.

The utility of earlier-generation cephalosporins

in the treatment of gonorrhoea is less clear.
Cephalosporins are not equally resistant to the
action of the beta-lactamase of PPNG, and earlier-
generation cephalosporins are especially suscepti-
ble to this enzyme (149).

Chromosomally mediated mechanisms affecting
the susceptibility of V. gonorrhoeae to B-lactam
antibiotics include modification of penicillin-bind-
ing proteins (PBPs) and decreased penetration of
antibiotics into the cell (150). Both penicillins and
cephalosporins are affected by these resistance
mechanisms.

PBPs, enzymes involved in cell wall metabolism,
are the targets of the B-lactam antibiotics. Multi-
ple amino acid substitutions within their trans-
peptidase domains have occurred over time (150),
leading to 100-fold or greater increases in penicil-
lin MICs (151). Cephalosporins, even within the
same generation, have different affinities for the
various PBPs and this is reflected in differential
antimicrobial activity. For example, ceftriaxone is
significantly more active than cefotaxime.
Clendennen et al (152) reported that in 1989 more
than 10% of 135 gonococcal isolates from US serv-
icemen in the Philippines were resistant to
cefuroxime and cefoxitin, whereas all were suscep-
tible to cefpodoxime and ceftriaxone. It is thus dif-
ficult to fully predict the efficacy of cephalosporins,
particularly as the highly transformable gonococci
continually acquire new genetic information from
related species (153).

Continuous monitoring of the susceptibility of
N. gonorrhoeae to cephalosporin antibiotics is
required. Because chromosomally mediated
penicillin resistance also correlates with resistance
to earlier-generation cephalosporins, such as
cefuroxime, considerable evaluation is recom-
mended before using these agents to treat gonor-
rhoea (149, 154). The criteria for resistance to
earlier-generation cephalosporins are unclear and
not sufficiently standardized to permit meaningful
comparisons of different studies. When the same
strains were examined in different laboratories sub-
stantially different results were obtained (755). This
study and others cited by Phillips (/49) indicate
that resistance is frequent enough that treatment
failure would be common in regions where peni-
cillin resistance is high. Resistance to these agents
may be due either to PPNG or to CMRNG. As
the two may coexist, reliable monitoring of
CMRNG requires that the bacteria be ‘cured’” of
the B-lactamase plasmid. Therefore, stability to -
lactamase is not a sufficient criterion for activity.
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(See also discussion on [-lactamase inhibitors

below.)

Quinolones

Summary. Quinolone-resistant gonococci
(QRNG) have emerged and spread relatively
recently in areas with a high burden of gono-
coccal disease combined with antibiotic overuse
or misuse. Emergence and spread of QRNG may
have been accelerated by the introduction of the
quinolones for the treatment of other diseases.
The highest rates of QRNG are found in some
WPR and SEAR countries, where emergence
and spread of QRNG have been systematically
documented since 1992. Bordering regions have
recorded the importation of QRNG with result-
ant sustained domestic transmission. As well as
the frequency of resistance, the MICs of resist-
ant strains have increased. The use of these oral
agents is now severely compromised in many
settings where the rates of gonorrhoea are par-
ticularly high.

Those quinolones most widely used in the treat-
ment of gonorrhoea (norfloxacin, ciprofloxacin and
ofloxacin) are classified as second-generation agents
(156). The data presented here relate mainly to this
group. Fourth-generation quinolones, such as
trovafloxacin, have been tested for the treatment
of gonorrhoea, but information on resistance to this
agent is not yet available. Trovafloxacin has been
recently withdrawn from use in many countries
because of side-effects.

The use of quinolones to treat STDs and the

emergence of resistance in gonococci have been
reviewed (157, 158). Criteria for in vitro resistance
to quinolones (as expressed by numeric MIC
values) are method dependent but are more uni-
form than for some other antibiotics. The criteria
of Knapp et al (159) are widely used.

Initially, gonococci were extremely susceptible
to quinolones. Resistance, which is exclusively
chromosomally mediated, has developed incremen-
tally. Ciprofloxacin MICs for the first less suscep-
tible strains were of the order of 0.06 mg/l. MICs
of 1 mg/l were later observed and now MICs may
be as high as 16-32 mg/l. Patients infected with
strains showing decreased susceptibility or inter-
mediate resistance usually respond to currently rec-
ommended doses of quinolones (e.g. 500 mg of
ciprofloxacin), although treatment failure has
occasionally been reported even with these dose
regimens (119, 160). Treatment failures are more
frequent with the lower doses previously used (e.g.
250 mg single dose ciprofloxacin). Infections with
strains for which MICs are very high will not re-
solve even with the higher doses currently recom-
mended. Because MICs increase in a stepwise
manner, due to alterations in multiple targets (see
B2 below), it is important to monitor MIC trends.
High-level quinolone resistance is more likely to
emerge in areas that already have a high prevalence
of strains with intermediate susceptibility, suggest-
ing that quinolones should not be used in those
regions (158). Therefore, wherever data differenti-
ating low- and high-level QRNG are available, they
will be provided.

In the Western Pacific Region the WHO WPR

Percentage of Neisseria gonorrhoeae isolates that were less sensitive to or resistant to quinolone antibiotics
in 14 countries in the WHO Western Pacific Region in 1996. Less sensitive: ciprofloxacin MICs 0.06-0.5 mg/I;

Resistant: ciprofloxacin MICs 1 mg/l or more.
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GASP has monitored the emergence and spread of
QRNG in an increasing number of countries since
1992. In each centre, both the number of QRNG
isolates and their MICs have progressively increased.
Data for 1996 are summarized in the figure. Note
that it differs from a similar figure published previ-
ously (05), in which the categories were reversed
due to an error in the original.

There was some further significant change in
1998 in the proportion of less sensitive strains
present in the WPR surveys. The proportion of less
sensitive strains remained particularly high in China
(36.4%), Hong Kong SAR (44%), Japan (50%)
and the Republic of Korea (51.5%). In a large
sample from Fiji and a small one from the Solo-
mon Islands, no QRNG were detected. Many WPR
centres reported an increase in the proportion of
resistant strains seen in 1998 or else maintained
the high numbers seen in previous years. The high-
est proportions of fully quinolone-resistant isolates
were seen in the Philippines (63%), Hong Kong
SAR (48.8%), China (54.2%) and the Republic of
Korea (11.2%). Lower rates, but still cause for con-
cern, were found in Viet Nam (8%), Singapore
(7%) and New Caledonia (7.5%). In other centres
there was less of an increase in fully resistant
isolates. In Australia, resistant strains accounted
for 3.2% of all isolates; most of these were from
Sydney.

QRNG have been isolated from travellers return-
ing to their home countries from the WPR. These
include cases and clusters in North America and
the United Kingdom (161, 162, 163, 164). In the
USA, there has been intercity spread and transmis-
sion of isolates with low level quinolone resistance
(165, 166).

Both low- and high-level QRNG have been de-
tected in areas of South and South-East Asia, in-
cluding New Delhi (129, 167), Mumbai (128), Sri
Lanka, Myanmar and Nepal (WHO SEAR GASP,
1998, unpublished), often at rates that severely limit
quinolone use, as in Thailand (726) and Sri Lanka
(130). Over a third of isolates from Bangladesh were
QRNG in 1997, 11% having high-level resistance
(131). Some countries in the SEAR and WPR re-
main free or relatively free of QRNG, including
Indonesia (102, 127), Fiji, and Pacific Island States
such as the Solomon Islands. This may reflect low
quinolone use in these countries. Quinolones have
only recently become the recommended treatment
for gonorrhoea in Indonesia. Quinolone-resistant
strains isolated in Sydney, Australia from 1994 to
1999 were imported from SEAR countries shown

in the figure, as well as from Vanuatu, Malaysia,
Thailand, Indonesia, Iceland, Sri Lanka and India.
This suggests that QRNG continue to spread.

In many European countries QRNG account
for only a low percentage of strains, mostly im-
ported. There have been reports of QRNG in the
Russian Federation, England, Scotland, Spain,
Greece, Finland, Estonia, Sweden, France, Norway
and the Netherlands (9, 11, 19, 142, 144, 145,
146, 160, 163, 168, 169, 170). Not all of these
publications report the proportion of all isolates
that QRNG represent. A longitudinal study in
London (160) reported only 18 cases of QRNG
(four with high-level resistance) among about 5,000
isolates examined between 1989 and 1997. How-
ever there was a significant decrease in the suscep-
tibility of isolates to the quinolone agents as
measured by MIC shifts. Seventeen per cent of iso-
lates in Sweden in 1997 were QRNG; although
most of these were imported from Asia, a small
number were acquired locally (19).

In Africa quinolones are not extensively used
because they are not generally available, and resist-
ance appears to be commensurately low, although
data are few. All isolates tested in Malawi by Lind
et al (134) were fully sensitive and the same was
true in 1996 (29). Similarly, isolates from the United
Republic of Tanzania, South Africa, Céte d'Ivoire, the
Gambia, Rwanda and Zaire examined up to 1993
were quinolone sensitive (26, 132, 133, 135, 171,
172). In an earlier study from 1985 to 1990 in
Rwanda, Bogaerts et al (/73) reported the appear-
ance of low-level quinolone resistance and instances
of treatment failure, but this was subsequently reversed
(137). The resistance may have been related to wide-
spread use of early quinolones to treat diarrhoea.

In the Americas case reports document the pres-
ence of highly resistant QRNG in Brazil (174), but
none were found in Argentina in two studies (122,
175). Dillon et al (176) noted the presence of low
level quinolone resistance in several regions of the
Caribbean and the Americas from 1993 to 1995.
Among 72 isolates in Honduras (77) and 518 in
Trinidad and Tobago (123) there were no QRNG.
In Uruguay between 1994 and 1997, 6% of 119
strains showed decreased susceptibility to
ciprofloxacin, with two strains having high-level
resistance (178).

In the Middle East, 1996 data from Dubai sug-
gested the presence of low level quinolone resist-
ance in a small sample (147). Another small sample
from Saudi Arabia in 1998 (148) did not include
any QRNG.
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Spectinomycin

Summary. This injectable agent retains its activ-
ity against N. gonorrhoeae in most parts of the
world.

Resistance to spectinomycin, previously rare, was
notable during the mid-1980s, coinciding with its
use to treat US servicemen in the Republic of
Korea (179). There were other reports of spectino-
mycin-resistant strains originating in the Far East
(180). Resistant strains were detected only sporadi-
cally prior to this time, but the drug had only been
used as a second line agent before the appearance
of PPNG (181). The emergence of spectinomycin
resistance in PPNG isolates and the availability of
alternative treatments led to a decrease in its use.
Some treatment failures with spectinomycin have
been reported despite in vitro susceptibility (182).
A possible explanation is poor distribution of the
antibiotic from the intramuscular injection site.

In the Western Pacific Region, Clendennen et
al (183) reported that in 1989 8% of strains from
military personnel in the Philippines were
spectinomycin-resistant. Data have been available
from the WPR GASP study since 1992. Spectino-
mycin resistance was detected at that time in China
(184) but it has since decreased to low levels. Spo-
radic resistance was reported in Papua New Guinea,
New Caledonia, Viet Nam and Australia between
1992 and 1998. In recent years all isolates from
the Republic of Korea have been susceptible.

In the South-East Asia Region, Clendennen et al
(152) reported that in 1990 8.9% of 305 strains
from Thailand were spectinomycin-resistant, whereas
no resistance was detected in 1994-1995 (126).
All 94 isolates tested in Bangladesh in 1997 were
susceptible (131), as were 33 strains in Mumbai (128)
and 50 isolates tested in Bandung, Indonesia (127).

In several African studies, all isolates were re-
portedly susceptible to spectinomycin (133, 137,
140, 172).

In the Americas, the 1996 USA GISP reported
that all isolates were susceptible to spectinomycin.
Up to 1995, only sporadic resistance was noted in
the PAHO GASP data (105, 175). No resistance
was found in Trinidad and Tobago (123).

In Europe, all 337 Finnish isolates were
spectinomycin-sensitive in 1993 (1) as were 104
in London (7/42). French isolates from 1997 were
all sensitive to this agent (/46).

In the Middle East, all isolates in two small sur-
veys in Dubai (/47) and Saudi Arabia (148) were
spectinomycin-sensitive.

Tetracyclines

Summary. Both chromosomal and plasmid-
mediated resistance are widespread. The
tetracyclines are no longer recommended for
treatment of gonorrhoea because of increasing
resistance, as well as the need for multiple dose

therapy, which decreases compliance.

However, tetracyclines are cheap, generally avail-
able and widely used in the informal health sector
of many countries. Additionally they are often used
as adjunct therapy in the syndromic management
of STD in settings where co-infection with agents
such as C. rachomatis is likely. In this situation, it
is not possible to evaluate what if any contribution
tetracyclines may make in the management of gon-
orrhoea. Azithromycin (see below) is frequently
used to treat C. zrachomatis infections in developed
countries, but tetracyclines are less expensive and
are therefore more widely used in treatment strate-
gies aimed at both organisms. In N. gonorrhoeae,
plasmid-mediated tetracycline resistance (TRNG)
is high level. The emergence and spread of TRNG
have been closely monitored since they were first
reported in the United States in 1985 (185, 186).

In the 1997 GISP study in the USA, 25.6% of
isolates were tetracycline-resistant (17% chromo-
somally mediated and 8.6% TRNG) (124). In the
rest of the Americas, regional data showed an in-
crease in TRNG from less than 5% in 1990 to
nearly 15% in 1995 (105). A Nicaraguan study
from 1989 reported 22% TRNG (187). The pro-
portion of TRNG in Caribbean and Latin Ameri-
can countries in 1993-1995 ranged from 6% to
63% and chromosomally mediated resistance from
5% to 71% (176). In Trinidad and Tobago, 10%
of strains were tetracycline-resistant, half of these
being TRNG (723). In Argentina, an increase in
TRNG from 2% in 1993 to 8.8% in 1996 was
documented by Fiorito et al (/22). Chromosomally
mediated resistance was nearly 25%.

In the WHO Western Pacific study, TRNG were
widely but unevenly distributed. In 1998, particu-
larly high proportions of TRNG were seen in Sin-
gapore (84%), the Solomon Islands (74%) and Viet
Nam (35.9%), continuing a pattern observed in
earlier years. In all other centres TRNG was below
10%. Malaysia did not supply data in 1998; TRNG
rates in that country have historically been high.
The pattern of TRNG distribution has changed
only slightly in the WPR in the past seven years. It
has been speculated that the use of quinolone anti-
biotics, which can cure bacteria of plasmids, may
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be the reason for a decrease in TRNG in Hong
Kong SAR, from 4.5% to 2.1% from 1993 to 1995
(125). PPNG also decreased over this period. How-
ever, there are no experimental data to support this
hypothesis.

TRNG are a significant problem in the WHO
SEAR, and in Thailand accounted for about 16%
of isolates in 1994—1997 (126). An additional 55%
of strains had chromosomally determined resist-
ance. Indonesia has particularly high rates of
TRNG, and virtually all N. gonorrhoeae isolates
show one or the other form of resistance (102, 127).
In India, Bhalla et al (729) found 28% of 50 con-
secutive isolates in New Delhi to be TRNG. In
1997, 10% of 94 isolates from Bangladesh were
TRNG (131).

In Europe, TRNG were detected in the United
Kingdom and the Netherlands soon after the first
American reports (188, 189). In both countries
TRNG have increased and represent a high pro-
portion of strains (9, 142). TRNG were not
detected in Sweden until 1992, and then only in a
small number of imported isolates; but chromo-
somally mediated resistance to the tetracyclines was
already at a high level and increasing (143). TRNG
were detected in Greece in 1990 (/44) and in Fin-
land in 1993 (11), but only in low numbers; there
was also substantial chromosomally mediated
resistance. TRNG have also been reported in Den-
mark, Spain, France and Scotland (9, 145).

Data from Africa are of particular interest be-
cause of the continuing use of tetracyclines in the
informal health sector. The emergence and spread
of TRNG in Africa has been documented in sev-
eral studies (133, 136, 172). Up to 1993 TRNG
increased rapidly, to 61% in Cote d’Ivoire, 12 %
in Rwanda and 30% in Zaire. Among strains from
Northern Tanzania, 35% were TRNG in 1992. In
Rwanda TRNG spread rapidly after 1989 (137).
TRNG were absent from strains examined in
Durban, South Africa up to 1993 (170), although
studies cited by Pham-Kanter et al (26) suggest that
tetracycline resistance is frequent in other parts of
that country. In Malawi, the majority of isolates
were tetracycline-resistant (/34). Other data con-
firm that TRNG are widespread in Africa: 82% in
Cameroon, 65% in Ethiopia, 21% in Mozambique,
41% in South Africa, 62% in Zambia, 84% in the
Gambia and 284% in Malawi (29, 135, 172).

Other antibiotic agents

Summary. Other agents, some of them not rec-
ommended for this purpose, are used to treat
gonorrhoea in many parts of the world. The high
cost of efficacious antibiotics often leads to the
use of suboptimal regimens. Lack of data on re-
sistance contributes to their continued use.

Azithromycin

This new macrolide has been explored in the treat-
ment of gonorrhoea because of its efficacy in the
treatment of C. trachomatis infections. Even if dem-
onstrated to be efficacious, its cost would be a lim-
iting factor in using it to treat gonorrhoea. Some
reports from countries where gonococci remain
relatively sensitive to antibiotics have shown
azithromycin to be reasonably effective in a 1g oral
dose. Other reports indicate that there is an unac-
ceptable rate of treatment failure with this dose
(despite initial 77 vitro susceptibility of the isolates)
and that higher doses are associated with a high
frequency of side-effects (120, 190, 191, 192,193).
Increases in azithromycin MICs have been reported
during treatment (192, 194). Parameters for de-
fining azithromycin resistance in V. gonorrhoeae and
correlations with treatment outcome are not yet
available (720). This means that susceptibility
surveillance is not yet possible. Absorption and dis-
tribution issues may explain some of the treatment

failures.

Co-trimoxazole (sulfamethoxazole-trimethoprim
combination)

Determining susceptibility to this combination is
technically more complex than for other antibiot-
ics (see section C2). This agent is rarely if ever used
to treat gonorrhoea in developed countries; there-
fore data sources are limited. The most recent data
include those of West et al (132, 133) which indi-
cate increasing resistance in regions of Tanzania
where co-trimoxazole is used. Similarly, resistance
was found in 18% of strains in the Gambia (/35)
and 64% in Ethiopia (138). Guyot et al (140) re-
ported that 100 strains from Monrovia, Liberia all
showed intermediate resistance.

Aminoglycosides

These agents (mainly kanamycin and gentamicin)
are most often used in less developed countries.
Criteria for resistance are not standardized and few

data are available. One study in Ethiopia estimated
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kanamycin resistance to be 17% among 68 isolates
(138). All fifty isolates tested by Djajakusumah et
al (127) in Indonesia were susceptible to kanamy-
cin. Gentamicin MICs for 100 Liberian isolates
were in a narrow range, 4 to 8 mg/l (140). A
Malawi study (29) suggested that for strains tested
using the assay methods of the US GISE, gentamicin
MICs <4 mg/l indicated ‘highly susceptible’, 8-16
mg/l ‘moderately susceptible’, and 232 mg/l ‘low
susceptibility’. Fifty-seven of 63 isolates were in the
moderate or low susceptibility categories. MICs for
strains from treatment failures ranged from 4 to 16
mg/l, but treatment success was noted with two
strains for which the MIC was 32 mg/l.

Chloramphenicol/Thiamphenicol

According to Moran (personal communication of
internal document) criteria for correlating the MIC
of these agents with clinical outcome are not well
developed. One study (795) found that treatment
failure with thiamphenicol became significant at
MICs of 0.5 mg/l and above. Data are not avail-
able on the current prevalence of strains of this type.
Using a MIC of 22 mg/l as the cut-off for resist-
ance, 12% of 50 isolates from female CSWs in
Bandung, Indonesia were resistant (/27). Thiam-
phenicol is widely used in Indonesia, and these
levels of resistance make its use for gonorrhoea of
questionable value. Chloramphenicol is widely used
in a number of countries for many types of infec-
tions. Some unpublished studies on gonococci iso-
lated from travellers indicate substantial levels of
resistance to chloramphenicol. Ten of 46 isolates
tested in Delhi in 1996 had chloramphenicol MICs
of 24 mg/1 (129).

B2. Mechanisms of antibiotic resistance
in the gonococcus

General considerations

The gonococcus, originally highly susceptible to
antibiotics (/96) can adapt to adverse conditions.
A hostile environment in which antibiotics are
present may select for the multiple changes which
result in resistance and treatment failure.
Mechanisms of antibiotic resistance in gonococci
may be conveniently grouped as those that involve
reduced access of the antibiotic to the target site
and those that involve alteration of the target site
itself. Access of antibiotics to the target site may be
limited by: reduced permeability of the cell enve-
lope caused by changes in porin proteins; active
export of antibiotics from the cell by means of

efflux pumps; and destruction of the antibiotic be-
fore it can interact with the target. Alteration or
deletion of the target site of the antibiotic results
in a reduction of its affinity for the antibiotic.

Genetically, these changes may be mediated by
either chromosomal or extra-chromosomal ele-
ments (plasmids). Multiple resistance determinants
may coexist in a single organism so that the level of
resistance can increase incrementally and a single
strain can be resistant to a number of different an-
tibiotics.

In gonococci, chromosomally mediated resist-
ance is generally slow to emerge and disseminate.
While genetic transformation, the mechanism of
acquisition of these determinants, is common in
N. gonorrhoeae, clinically relevant resistance requires
multiple gene transfers (197). Plasmid-mediated
resistance, at present limited to penicillins and
tetracyclines, is transmitted by means of conjuga-
tion. This process requires the presence of a conju-
gative plasmid to mobilize the plasmid carrying the
resistance determinants. Since not all strains pos-
sess conjugative plasmids, the rate of spread of
resistance may be limited to some extent. How-
ever, conjugative plasmids are also transferable dur-
ing conjugation, so that some recipient strains then
become donors themselves (197). Different rates
of dissemination of extrachromosomally mediated
resistance have thus been observed. For example,
the ‘Asian’ PPNG plasmid spread more rapidly than
the ‘African’ PPNG plasmid because initially only
strains carrying the former determinant also con-
tained conjugative elements. In V. gonorrhoeae,
plasmid-mediated resistance spreads more rapidly
than chromosomally mediated resistance.

A description of resistance mechanisms for some
individual antibiotics follows. Particular attention
is given to the penicillins for illustrative purposes.

Penicillins (Penicillin, ampicillin, amoxycillin,
penicillin/B3-lactamase inhibitor combinations)

The penicillins were widely used for the treatment
of gonorrhoea for many years (and still are in some
regions). Originally, N. gonorrhoeae was extremely
sensitive and treatment with 150,000 units of peni-
cillin was efficacious in most instances (/98) de-
creased in vitro susceptibility appeared, it was
associated with treatment failure (/96). Increasing
the recommended dose of penicillin ‘temporarily
alleviated the clinical problems resulting from
infection with these strains’ (798), but almost in-

exorably levels of resistance increased and large
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numbers of treatment failures again occurred, even
with high-dose regimens (55). This was an exam-
ple of stepwise accrual of chromosomal changes over
a period of many years. The targets of B-lactam
agents are the penicillin binding proteins (PBPs),
enzymes located in the cell envelope that partici-
pate in cell wall metabolism. Alterations in PBP-2
and PBP-1 decrease their affinity for the penicillins,
and thus the susceptibility of the organism (799).
PBP-2 is encoded by the penA locus (200).

Changes in other loci such as mz#r and penB pro-
duce additive effects. The m#r locus mediates re-
sistance to a wide range of antibiotics, detergents
and dyes (201) through an active efflux system
(202). Mutations in the penB locus, which affect a
porin, result in reduced permeability of the cell
envelope to hydrophilic antibiotics and other com-
pounds (197, 203). Gonococci possess two alleles
for porin, P1A and P1B (WI and WII/III in the
Swedish nomenclature(204)), but in a given strain
only a single porin is expressed, resulting in mutu-
ally exclusive serogroups. CMRNG are associated
with the 1B (WII/WIII) serogroup (69). The gono-
coccus also has a porA ‘pseudogene’ which is not
expressed (205). In contrast, N. meningitidis ex-
presses two porins, PorA and PorB. The combined
effect of penA mutations and increased expression
of mzr is to increase the MIC of penicillin by 120-
fold (197). Gonococci exhibiting these changes are
termed chromosomally resistant N. gonorrhoeae
(CMRNG) (206). Reduced susceptibility to
cephalosporins (207), tetracyclines (200) and other
agents (208) is also mediated by chromosomal
mechanisms.

Resistance to penicillins is also mediated by a
plasmid-borne, inducible TEM-1 type [3-lactamase.
This enzyme hydrolyses the [-lactam ring of
penicillins, thus inactivating them. In contrast to
the slow evolution and incremental increase in
resistance associated with chromosomal changes,
acquisition of the plasmid confers resistance in a
single step. Penicillinase-producing V. gonorrhoeae
(PPNG) were detected at the same time in the
United Kingdom (209) and the USA (210). The
first isolates were imported, respectively, from
Africa and the Far East. Although the same TEM
type of B-lactamase was present in both instances,
the gene was carried on plasmids of different sizes,
which became known as the ‘African’ and ‘Asian’
plasmids. Transmission of the resistance by conju-
gation required the presence of another mobilizing
plasmid, which was already present in the Asian
PPNG when it was first isolated, but was not found

in the African strains until 1981 (211). Thus the
Asian strain disseminated more widely and more
quickly. Subsequently, a number of PPNG carry-
ing plasmids of different sizes were described, but
they all appear to be related (197). It is possible
that the plasmid was initially acquired from
Haemophilus species (212).

Lactamase production (PPNG) and chromo-
somal changes (CMRNG) can coexist in the same
isolate. This is relevant because of the clinical use
of penicillins in combination with B-lactamase
inhibitors. These substances, such as clavulanic acid
and sulbactam, prevent the [3-lactamases from in-
activating the penicillins. Combinations such as
amoxycillin/clavulanic acid are widely used to treat
other infections. In theory, and sometimes in prac-
tice (213) they represent an effective oral therapy
for PPNG infections, but more commonly single-
dose regimens of penicillin/inhibitor combinations
have failed (214). This appears to be due to PPNG
strains having a high frequency of underlying
intrinsic or chromosomally mediated penicillin
resistance. Chromosomally mediated resistance can
be measured reliably only after the organism is
‘cured’ of its plasmid and the MICs reassessed (215).

Cephalosporin antibiotics

Altered gonococcal susceptibility to cephalosporin
antibiotics is chromosomally mediated and is due
to the same changes that account for decreased peni-
cillin susceptibility (197, 207). There is cross-re-
sistance between penicillins and early generation
cephalosporins such as cefuroxime (207, 216).
However, this is not the case for the later genera-
tion cephalosporins such as ceftriaxone and
cefixime. Not all cephalosporins are hydrolysed by
the TEM-1 type [-lactamase, and therefore some
of these compounds are active against PPNG. Other
[B-lactamases (cephalosporinases), which are con-
stitutively expressed by many other Gram-negative
genera, have thus far not been detected in gono-
cocci and there has been no transfer of genetic
material encoding production of extended spectrum
[-lactamases into pathogenic Neisseriae. If such an
event were to occur it would be devastating for
gonorrhoea treatment programmes that rely heav-
ily on the third-generation cephalosporins.

Spectinomycin and aminoglycosides

In N. gonorrhoeae, resistance to spectinomycin or

to aminoglycosides usually occurs via a single-step,
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chromosomal mutation, resulting in high-level re-
sistance. The different ribosomal genes involved in
spectinomycin and aminoglycoside resistance are
linked (197, 217). However, the somewhat elevated
gentamicin MICs reported for some isolates appear
to be consistent with porin-related mechanisms.
The possibility exists that in the future gonococci
will acquire and express plasmid-borne genes en-
coding enzymes (present in many other bacterial
species) that inactivate aminoglycoside antibiotics

(197).

Quinolone antibiotics

The quinolone antibiotics most widely used for the
treatment of gonorrhoea are ‘second generation’
agents such as ciprofloxacin and ofloxacin. In a
manner reminiscent of the development of chro-
mosomal penicillin resistance, resistance to these
antibiotics has developed incrementally over a
number of years and multiple chromosomal
changes are involved. Access of quinolones to their
targets is reduced by changes in cell permeability
and possibly by efflux mechanisms. These events
produce low-level quinolone resistance.

The targets of the quinolones are topoisomerases,
including DNA gyrase. High-level clinically rel-
evant resistance is mediated by alteration of the
target sites, initially via mutation in the gyr4 gene.
Multiple amino acid substitutions have been de-
scribed which, when combined, result in high-level
resistance. Multiple mutations also occur in the
parC gene which codes for the production of
topoisomerase IV, a secondary target for quinolones
in gonococci, but again found in association with
high-level resistance. Changes in ParC seem to arise
in the presence of mutations affecting GyrA. The
more recent (fourth generation) quinolones are
more active against strains with altered ParC, but
are less effective against GyrA mutants. Thus, these
compounds will in theory be active against some,
but notall, ciprofloxacin-resistant gonococci (160).
The newer quinolones have yet to be assessed for
efficacy against gonorrhoea. One of theses agents,
trovafloxacin, has been withdrawn from use in
many countries because of toxic side-effects.

Quinolone resistance is almost exclusively me-
diated by chromosomal mutations, which affect
either the target sites or access of the antibiotic to
the cell. Plasmid-mediated resistance to nalidixic
acid in Shigella dysenteriae was reported in 1987
but was never confirmed. Plasmid-mediated resist-

ance was recently reported in a clinical isolate of

Klebsiella pnewmoniae. The resistance determinant
was carried on a broad host range plasmid and was
transferable to other Enterobacteriaceae and to Pseu-
domonas aeruginosa (218).

Tetracyclines

The tetracyclines are generally not recommended
for treatment of gonorrhoea because they must be
administered in multiple doses over several days,
raising the prospect of decreased compliance and
inadequate dosage. However, they are cheap and
therefore widely used, particularly in the informal
health sector.

Both chromosomal and plasmid-borne resistance
mechanisms are found in gonococci, the latter be-
ing responsible for high-level resistance. Chromo-
somal resistance is linked to the mtr and penB
alterations which also reduce susceptibility to the
penicillins (797). The combination of these and
other chromosomal mutations results in clinically
significant resistance (/57). High-level tetracycline
resistance in gonococci (TRNG) results from the
acquisition of the zezM determinant and was first
reported in 1986 (219). tetM in N. gonorrhoeae
exists as two slightly different ‘Dutch’ and ‘Ameri-
can’ types, located on a self-mobilizing plasmid
(220). A study of the molecular epidemiology of
the zetM genes by PCR suggests that the Dutch
type may have originated in the Far East and the
American type on the African continent (221). The
tetM plasmid is widely dispersed in the normal geni-
tal tract flora; the mobility of the plasmid and the
selective pressure created by the use of tetracyclines
to treat other STDs has contributed to the wide-
spread dispersal of the TRNG phenotype (206).

Sulfonamide-trimethoprim combinations

Sulfamethoxazole and trimethoprim (co-
trimoxazole) have been combined in an oral for-
mulation which is used as a multi-dose treatment
for gonorrhoea. As discussed above for the
tetracyclines, the need for multiple doses has im-
plications for the development of resistance due to
poor compliance.

The two components of the drug produce a se-
quential block in the synthesis of tetrahydrofolate,
which serves as a carrier of methyl groups. In the
absence of tetrahydrofolate, several essential func-
tions such as conversion of uridine to thymidine,
required for DNA synthesis, are inhibited. Under
certain conditions, the lack of thymine metabolites
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is critical and bacteria undergo ‘thymineless death’.
Trimethoprim is not particularly active against
gonococci and is in fact used as a selective agent
for the growth of gonococci in primary culture
plates. This is because of reduced affinity of gono-
coccal dihydrofolate reductase for trimethoprim.
Resistance to the sulfonamides can develop sepa-
rately by several mechanisms (197). Gonococci, in
contrast to many other genera, do not appear to
have the ability to utilize exogenous thymine or
thymidine and thus to bypass the block in synthe-
sis of tetrahydrofolate. However, many strains of
gonococci were resistant to the trimethoprim com-
ponent of the combination and Ho et al (222) pos-
tulated that this was due to increased production
of dihydrofolate reductase by the organism or to
decreased cell permeability.

Newer macrolides

A number of newer macrolides have been made
available for treatment of Chlamydia trachomatis
infection, most notably azithromycin. Chromo-
somal resistance to erythromycin, an earlier mac-
rolide, was dependent on expression of the mtr
phenotype discussed above (201). Slaney et al (223)
have shown that susceptibility to azithromycin is
also affected by mzr. It is possible that ribosomal
mutations may also determine azithromycin resist-
ance in V. gonorrhoeae (194). Treatment failures
have been reported with low-dose (1 g) azithro-
mycin regimens (120, 190, 192). Higher doses are
not well tolerated (793).

B3. Factors contributing to spread
of resistance

B3.1 Antibiotic use and misuse

It is no accident that antibiotic-resistant N. gonor-
rhoeae emerged in regions where there is a large
informal health sector and the use of antibiotics is
not well controlled. (See also section D4.) Resist-
ance to the penicillins, both chromosomally and
plasmid-mediated, spread from South and East Asia
(210, 223). Spectinomycin resistance appears to be
related to the availability of this antibiotic in the
region in the 1980s and resistance virtually disap-
peared after the drug was withdrawn. More recently,
quinolone resistance has emerged and spread from
the same focus (106). The spread of TRNG, in
Africa and elsewhere, is also an apparent conse-
quence of the use and probable misuse of the inex-
pensive, readily available tetracyclines (133).

In the above settings there is easy access to anti-
biotics in the informal health sector (225). In one
study, about 75% of those attending a STD clinic
in Ghana had self-medicated prior to presentation
(226). The antibiotics had been acquired from a
variety of sources and were taken in inappropriate
doses, often as mixtures of different agents. Between
70 and 95% of gonococci examined at this clinic
were resistant to commonly available antibiotics.
Anecdotal reports tell of commercial sex workers
in Asia supplying clients with oral quinolones as a
means of ‘prophylaxis’, and self-prescribing of pro-
phylactic antibiotics in CSWs in the Philippines
was a factor contributing to the emergence of anti-
microbial resistance in that country (227). The
availability of antibiotics of all varieties in the in-
formal health sector has led to the development, in
many bacterial and parasitic genera, of resistance
to a wide range of antimicrobials. In the Philip-
pines, gonococci are said to exist in an ‘antibiotic
soup’ (Donovan, 1999, personal communication)
and emergence of resistant strains appears to be
inevitable. Ironically, some aid agencies that sup-
ply free antibiotics (without any support pro-
gramme to ensure their appropriate use) ‘further
complicate the problem of resistance development
of STD pathogens’ (226).

Nearly thirty years ago, Willcox (224) stated that
‘in countries free from social or political turmoil,
with limitations on prostitution and widespread
clinic and contact-tracing services, where antibiot-
ics are not procurable except on doctor’s prescrip-
tion, where self-treatment or subcurative treatment
of undiagnosed gonorrhoea is rare, and where sev-
eral effective (if more costly) antibiotics are readily
available for use against resistant gonococci, the situ-
ation (antibiotic resistance) has so far largely been
kept in check’. The situation is similar today, with
regional antibiotic resistance reflecting differences
in the availability of resources between first- and
third-world countries. As discussed in section A,
the burden of disease is disproportionately high in
those countries least able to provide appropriate
diagnosis and management, and the levels of anti-
biotic resistance are also highest in these countries.
Many factors contribute both to the high rates of
gonorrhoea and the emergence, survival and spread

of antibiotic-resistant strains.

27



ANTIMICROBIAL RESISTANCE IN NEISSERIA GONORRHOEAE

WHO/CDS/CSR/DRS/2001.3

28

B3.2 Epidemiology of the spread of
resistant gonococci

Gonococci are essentially non-clonal organisms;
they are highly transformable, acquiring DNA from
closely related species, and also undergo antigenic
variations that regularly alter their phenotype and
genotype. Nevertheless, there are epidemiologically
useful strain differentiation techniques. A widely
accepted system takes advantage of multiple
phenotypic characteristics to define an auxotype/
serovar (A/S) class (70). Auxotyping of V.
gonorrhoeae, determination of a strain’s growth re-
quirements, was first described by Catlin (68).
Auxotrophy, the requirement for a specific nutri-
ent, is determined by the inability to grow in oth-
erwise complete culture media lacking that
supplement. Gonococcal strains may be auxo-
trophic for multiple compounds. All gonococci re-
quire cysteine for growth. The most familiar
association of a gonococcal auxotype with a disease
manifestation is that of AHU (arginine, hypoxan-
thine and uracil) with disseminated gonococcal
infection. Serological classification of gonococci,
based on reactions to monoclonal antibodies raised
against epitopes on the major porin (PI, Por) or
outer membrane protein, was developed contem-
poraneously in Sweden and North America (re-
viewed by Bygdeman (69); Sarafian & Knapp (70)).
The A/S system provides an extended phenotype
and increased discrimination by combining results
of two independent, stable systems.

Phenotyping systems have been successfully ap-
plied to the study of gonococcal strain populations.
A waxing and waning of ‘successful’ strains can be
detected in longitudinal studies. About 30-40%
of isolates are represented by a small proportion of
A/S classes and persist for some time. Other A/S
classes account for small numbers of isolates each
and may only appear transiently (70). Different A/
S classes are at times found only in certain
subpopulations or core groups. Factors that may
be involved in the persistence of particular A/S
classes include their ability to cause asymptomatic
infection and their resistance to antibiotics. It has
also been suggested that host factors, such as
serovar-specific antibodies in vaginal secretions,
may produce a level of herd immunity to particu-
lar subtypes, resulting in the selection of new
subtypes (228).

Genotyping of gonococci uses a variety of tech-
niques. In general, the highly discriminatory geno-
typic methods have not proved as useful in
longitudinal studies with gonococci because of the

propensity of the organism for horizontal genetic
exchange and recombination. One genotyping sys-
tem that is often applied to antibiotic-resistant
strains is pulsed field gel electrophoresis (PFGE).
There are a wide variety of PFGE methods, includ-
ing the choice of restriction enzymes, different pulse
times and ramp rates, and different criteria for in-
terpreting the band patterns. Nevertheless, in lon-
gitudinal studies using A/S typing and genotyping
singly or in combination, it has been possible to
track the spread of certain gonococcal subtypes,
including those exhibiting antibiotic resistance.
Further, outbreaks of antibiotic-resistant gonor-
rhoea have been demonstrated to be caused by
strains that are closely related, phenotypically and/
or genotypically (151, 166). The spread of PPNG
and TRNG has been monitored using plasmid pro-
files and other markers (229).

The results of these and others studies suggest
that there are a number of stages in the establish-
ment of an antibiotic-resistant subtype in a com-
munity. At first there is sporadic isolation of
multiple subtypes with little or no secondary spread.
As the new strain continues to be imported, sec-
ondary spread may occur until ultimately there is
sustained local transmission of the resistant strain.
A resistant strain becomes endemic once there is a
critical mass of individuals infected with the strain;
this is usually associated with infection of core trans-
mitters, such as CSWs (230). Strains that are not
introduced into core transmitters are unlikely to
persist. This sequence of events was hypothesized
for plasmid-mediated resistance and is supported
by data on the appearance of PPNG in Florida
(231). However, as illustrated in the following ex-
ample, it appears to apply as well to chromosomally
mediated resistance. In Sydney, Australia
chromosomally mediated quinolone resistance
(QRNG) has been closely monitored for more than
adecade. Initially, resistance was low level (in terms
of MIC) and of low prevalence (2-3%). There were
multiple A/S phenotypes, imported by travellers,
and little or no endemicity. This pattern persisted
for some years, with little or no secondary spread,
although the MICs for the resistant isolates in-
creased substantially. Twelve years after QRNG were
first detected, their rate of isolation rose suddenly,
manifested as a high rate of endemic infection in
CSWs and their clients, caused by a limited number
of A/S subtypes (66). The CSWs involved were
illegal immigrants who used condoms far less
frequently than their local counterparts. The
QRNG were confined to heterosexual patients and
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were not found among a large number of isolates

from HAM.

B3.3 Introduction and spread by travellers

The effect of the increasing volume of travel
(whether for pleasure, or by migrant workers or
refugee populations) on the spread of STDs has
been reviewed recently (62, 63). In particular, the
current speed of travel facilitates spread of strains
from one country to another during the
presymptomatic incubation phase of infection (62).
The importance of strain importation by individual
travellers is exemplified by the case of Sweden. As
rates of gonorrhoea declined, endemic PPNG dis-
appeared, but continued to be isolated from pa-
tients with contacts abroad. Additionally, there are
core-transmitters of STDs among travellers: itin-
erant female CSWs, long-distance truck drivers,
sailors and migrant workers (62, 63). Illegal immi-
grant CSWs were responsible for importation and
maintenance of PPNG and QRNG in Sydney,
Australia (65, 66). Socioeconomic differences be-
tween former Eastern bloc countries and Western
Europe have led to increased travel by sex workers
and their clients (62). Long-distance truck drivers
and sailors constitute a significant male core group.
There is also a separate group of ‘sex tourists’ (usu-
ally older men) who travel ‘specifically for the pur-
pose of sex’ (62).

Mulhall (62) identified travellers as ‘important

targets for sexual health promotion’ and also found
that, in contrast to STD clinicians, there was in-
sufficient awareness of risks of STD acquisition
among specialists in travel medicine. Most initia-
tives for travellers have been ‘AIDS and mobility’
programmes. Mulhall recommended a fresh ap-
proach to developing a comprehensive sexual health
promotion programme for travellers. An integrated
programme of education, diagnosis and treatment
is required for refugee and migrant populations if
STDs are to be controlled in these groups (63).

Section B. Research and
implementation needs

In gonorrhoea, there is a close relationship between
therapeutic outcome and 77 vitro susceptibility to
antibiotics. Monitoring susceptibility, to determine
the prevalence of resistance and to detect any change
in pattern at an early stage, allows us to devise stand-
ardized treatment regimens for use both in devel-
oped and developing countries.

At present, there are significant gaps in gono-
coccal susceptibility data, especially in those regions
with the greatest disease burden. Continuous moni-
toring of susceptibility is needed here, in part as a
means of curbing the use of inexpensive but po-
tentially ineffective antibiotics to treat gonorrhoea.

Surveillance is considered in more detail in the

following section.
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SECTION C

Detection of antibiotic resistance in

N. gonorrhoeae

Summary of Section C

Since antibiotic resistance affects our ability to treat
and control gonorrhoea, continuing surveillance is
essential to monitor both its emergence and spread.
Population-based surveillance of susceptibility pat-
terns is required in order to establish standardized
treatment regimens that cure at least 95% of
infections and to modify the regimens when the
situation changes. For this purpose, samples of
gonococcal isolates must be sufficiently large and
representative.

Effective surveillance requires both laboratory
facilities and procedures capable of detecting re-
sistance and the infrastructure for handling and
analysing data.

Surveillance based on clinical outcome involves
issues such as accuracy of diagnosis, compliance
with therapy, definition of ‘cure’ and follow-up
assessment, and needs to be supported by valid labo-
ratory data.

Effective surveillance of AMR is limited by the
fact that gonorrhoea occurs most frequently in
resource-poor settings where facilities are not avail-
able for isolation and susceptibility testing of
fastidious organisms.

The reference method for susceptibility testing
of N. gonorrhoeae is the agar dilution MIC. Sim-
plified agar-based methods, such as breakpoint de-
termination, permit economical screening of large
numbers of isolates, but these tests can usually be
performed only in centralized laboratories which
may not always receive a representative sample of
strains. Disc diffusion methods have become more
reliable with the development of better media and
the availability of commercially produced antibi-
otic discs. The E-test is also reliable, but is more
costly than disc methods. While NAA-based
systems may ultimately simplify testing, we will
continue to rely on conventional methods in the
immediate future.

Whatever methods are used, data generated in
different laboratories must be comparable in order
to assess local, regional and global trends in the
emergence and spread of resistance. Attempts to

establish a uniform susceptibility test protocol have
not been successful and numerical MIC values ex-
pressed in mg/l are significantly affected by meth-
odology. Nevertheless, classification/categorisation
of isolates (i.e. susceptibility or resistance) deter-
mined in different laboratories can be directly com-
pared, other than by use of numerical values as long
as suitable criteria and controls are in place. A set
of reference cultures has been developed that can
be used to define categories of sensitive, interme-
diate or resistant but whose MIC value will vary
with different test methods. In order to ensure con-
sistent results, stringent quality control (internal
checks) and quality assurance (external checks) pro-
cedures must be in place. This has been achieved
in some of the longer established regional surveil-
lance programmes.

The introduction of these procedures has facili-
tated the development of a number of regionally
based surveillance structures which can merge data
from various sources on a continuing basis and
therefore can track the appearance and dissemina-
tion of resistant gonococci. WHO programmes
have also sought to build the necessary infrastruc-
ture for surveillance within each country in a re-
gion. Even where this has not been completed (due
to lack of testing facilities) significant data have been
generated by intermittently collecting strains for
testing elsewhere.

It seems an opportune time to form a network
to establish and maintain a database of gonococcal

resistance patterns.

C1. Overview and principles of
surveillance

The objective of gonococcal susceptibility surveil-
lance is to provide a timely and continuous assess-
ment of the emergence and spread of resistance.
These data are needed to devise appropriate treat-
ment regimens and to change them promptly and
appropriately, when necessary.

In large parts of the world, many classes of anti-

biotics are no longer effective against gonorrhoea.
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Resistance is not uniform within regions or coun-
tries, and can emerge quickly in any locality. It may
spread rapidly or slowly, depending on a number
of factors, including the mechanism of resistance
and whether the strain is being spread by core trans-
mitters. Continual monitoring of antibiotic suscep-
tibility is required to ensure effective treatment.
Antibiotic-resistant gonococci may be introduced
into new areas by travellers, and in these cases it is
recommended that treatment be ‘chosen accord-
ing to international data on sensitivities’ (232)—a
recommendation that assumes that these data are
both known and available. Effective treatment regi-
mens are based on knowledge of prevailing resist-
ance patterns. Because local patterns can change
due to importation of new strains or development
of resistance, it is clear that surveillance must be
population based, rather than based on the assess-
ment of individual patients, and that awareness of
regional and global, as well as local, trends is of
great importance.

The relationship between in vitro susceptibility
determinations and likely treatment outcome is
probably stronger in gonorrhoea than in any other
disease. This is because the gonococcus at present
lacks some of the more elaborate means of inacti-
vating antibiotics such as extended spectrum beta
lactamase production, and infections with gono-
cocci are for the most part of mucosal surfaces.
Standard treatment regimens, aimed at curing at
least 95% of patients, are derived from population-
based surveillance of the prevalent susceptibility
patterns. (See sections B1.3 and D1.) This strategy
is particularly important because the preferred treat-
ment for gonorrhoea consists of a single dose of
antibiotic, administered to the patient on presen-
tation (i.e. before any susceptibility test is available).
In settings where syndromic treatment is used,
knowledge of the local susceptibility pattern is criti-
cal. When the prevalence of resistant gonococci rises
to a certain level (usually 5%), treatment regimens
should be changed. This contrasts with the
approach to treatment of many other bacterial in-
fections, in which every strain is isolated and tested
for susceptibility and disease is managed on an
individual case basis. Thus, the philosophy and
laboratory methods used for susceptibility surveil-
lance in gonorrhoea may differ from those used in

other infectious diseases.

C2. Laboratory-based methods for
detecting resistance

General remarks

Preferably, surveillance of gonococcal susceptibil-
ity is population based and continuous. At the same
time it is also important to recognize individual
patients who are at risk of infection with resistant
strains (/16). Risk factors may include a history of
previous ineffective antibiotic therapy and travel
to an area where resistant strains are common.

In principle, laboratory methods for suscepti-
bility testing of gonococci are similar to those for
other bacteria. However, N. gonorrhoeae has spe-
cialized growth requirements and efforts to handle
this fastidious organism have led to the develop-
ment of a plethora of tests, with numerous varia-
tions in methodology. One obstacle to establishing
practical, standardized procedures is the fact that
STD microbiology expertise and susceptibility test-
ing expertise have historically resided in different
groups of professionals. Recently, there has been a
greater appreciation of the complexity of the issues,
more adaptability, and the realization that valid and
comparable AMR data may be obtained by differ-
ent laboratory test methods.

Methods in use
Agar dilution (agar incorporation) methods

The agar dilution MIC is the definitive suscepti-
bility test. It is a labour intensive method and is
only performed in specialized laboratories, but it is
relatively inexpensive when large numbers of strains
are tested in batches. Because