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Abstract

Gonorrhea remains as a significant public health concern with an esti-
mated 88 million new cases per year globally. Gonorrhea is a disease of 
sexual networks and is most prevalent in youth, men who have sex with 
men, and the socioeconomically disadvantaged. Highly adaptive through 
years of co-evolution, gonorrhea has developed multiple ways of evading 
the human immune system. Although new molecular-based strategies have 
opened avenues for less invasive testing, education and accessibility issues 
persist. Novel strategies, including use of the internet and social media, are 
required to better target high risk groups for education, testing, and treat-
ment. Increasing the availability of youth-friendly health services will also 
help foster earlier gonorrhea diagnosis and management. The inappropri-
ate and overuse of antibiotics and propensity of gonococcus for mutation 
has led to growing microbe resistance. Treatment failures now include 
both oral and intravenous formulations of third generation cephalospo-
rins; key front line recommended gonococcal treatment in many countries. 
With treatment options dwindling, the need for better preventative strate-
gies has never been more important. This overview highlights some of the 
major aspects of gonococcal infection, including the epidemiology of the 
disease with an emphasis on sexual networks, new diagnostic techniques, 
treatment options in the face of evolving gonococcal resistance, and notes 
potential new preventative strategies.
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19.1 � Introduction

Neisseria gonorrhoeae has been a sexually trans-
mitted scourge of humans for eons. The rela-
tionship has been so long and so enduring that 
a piece of human DNA became entwined with 
the microbe’s genome many millennia ago [1]. 
Unfortunately, gonorrhea continues to cause sig-
nificant morbidity and mortality worldwide. A 
disease largely of the disadvantaged, gonorrhea 
disproportionately affects inhabitants of develop-
ing countries and those of lower social economic 
status, globally. Worldwide, the gonorrhea epi-
demic is primarily focused among young people 
due to a variety of social and behavioural factors 
shared by this group.

While little has changed in the clinical pre-
sentation of gonorrhea, our understanding of 
organism pathogenesis and the availability of 
diagnostic tools has grown. Additionally, multi-
drug resistant gonococcal strains have now 
emerged. Without alternative antibiotics or a 
candidate vaccine in the pipeline, gonorrhea may 
soon become untreatable [2, 3]. With dwindling 
therapeutic options, new prevention strategies 
based on an understanding of sexual networks 
and utilizing youth-friendly information modali-
ties, need to be pursued.

Rather than an exhaustive review, the purpose 
of this article is to supply a snapshot of gonorrhea 
in the world today with an emphasis on young 
people living in developed countries. Key topics 
explored include current epidemiology, risk fac-
tors for transmission, benefits and limitations of 
new diagnostic modalities, treatment options in 
the context of growing antimicrobial resistance, 
and novel preventative strategies.

19.2 � Gonococcal Pathogenesis

Through the co-evolution of N. gonorrhea and 
humans, gonococcus has become highly adept at 
evading host immune defenses. These pathogenic 
mechanisms have important clinical correlates 
in terms of infectivity, disease manifestations, 
development of antibiotic resistance, and the 
potential for vaccine development.

A number of characteristics are known to 
contribute to the virulence of N. gonorrhoeae 
including pili, porin protein, opacity proteins, 
lipooligosaccharides, reduction modifiable pro-
teins, IgA proteases, and iron- or oxygen-repres-
sible proteins. A detailed discussion of these gene 
products and molecular systems are available 
elsewhere [4, 5]. While some gonococcal patho-
genic mechanisms are well described, others 
remain unclear. For example, the recently discov-
ered horizontal gene transfer between humans 
and N. gonorrhea is currently of unknown sig-
nificance, beyond its affirmation of the extended 
length of time the two have co-existed [1].

Acquired through sexual contact, N. gonor-
rhea establishes infection of the urogenital tract 
by interacting with non-ciliated epithelial cells 
(Fig. 19.1). The molecular mechanisms respon-
sible for gonococcal infection appear to differ 
between males and females. For example, inva-
sion of female but not male urogenital cells is 
facilitated by cervix-specific CR3 complement 
receptors. Male urethral epithelial cells do not 
express these receptors. CR3 mediated invasion, 
in turn, is associated with asymptomatic cervi-
citis, perhaps explaining the higher incidence of 
asymptomatic disease in women than men [6]. 
The formation of biofilms on cervical cells may 
also play a role in the pathogenesis of N. gonor-
rhea in women [7].

After adhering to epithelial cell surfaces, gono-
coccus is engulfed into cells where it replicates 
intracellularly within phagocytes. The microbe 
later exits from the basal surface via exocytosis 
and enters the submucosal space. Mucosal epi-
thelial damage and submucosal invasion lead to 
the influx of neutrophils with the resultant pro-
duction of purulent material (e.g., “drip”) into the 
lumen of infected tissues [4]. Both organism-spe-
cific factors, including peptidoglycan and lipo-
polysaccharide, alongside host-related responses, 
such as phagocyte production of tumor necrosis 
factor, contribute to tissue damage [5].

While the majority of invading gonococci are 
ingested and destroyed by neutrophils, a minor-
ity escape innate and early adaptive immune 
responses, thereby, allowing for persistent infec-
tion. Infrequently, disseminated infection occurs 
[8]. Normally, human serum is capable of killing 
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circulating and mucosal gonococci via the activa-
tion of complement. However, some gonococcal 
strains are serum resistant, inducing defective 
terminal complement deposition. For example, 
gonococcus is able to bind C4BP, a key inhibitor 
of the classical pathway, thereby eluding comple-
ment-mediated lysis [9].

Recurrent gonococcal infection is the rule 
rather than exception. Although natural infection 
prompts antibody production against gonococcal 
cell wall components, the impact of the humoral 
immune response tends to be minimal. Antigenic 
and phase variation of outer gonococcal compo-
nents, alongside mimicry of host glycolipids, fur-

ther limits an effective immune response [4, 5, 
10] and is a major reason why vaccines developed 
using traditional techniques have failed. Addi-
tionally, interspecies and as well as interstrain 
genetic exchange within the Neisseria genus con-
tinually introduces novel antigenic components 
[4] including antibiotic resistance genes.

19.3 � Epidemiology

Gonorrhea remains a significant public health 
concern worldwide. An estimated 88  million 
people are newly infected on a yearly basis with 

Fig. 19.1   Pathogenesis of gonococcal infection [5]. (With kind permission from Springer Science+Busness Media B.V. 
and M Virji)
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the majority of cases occurring in the developing 
world [11]. The reported rate in the developing 
world is about 20 times the rate in industrialized 
countries (Table 19.1). Gonorrhea is the second 
most commonly reported bacterial sexually trans-
mitted infection in many industrialized countries 
including the United States (US), Canada, and 
the United Kingdom (UK) [12–14]. While preva-
lence and incidence statistics are available for 
many countries, the current methods of data col-
lection have limitations and likely substantially 
underestimate infection rates [15–17].

In general, surveillance data tends to be more 
robust from countries with national reporting sys-
tems such as those found in many industrialized 
countries including the US, Canada, the UK, Aus-
tralia, and the Netherlands [18]. For example, the 
Gonococcal Isolate Surveillance Project (GISP) 
serves as a sentinel surveillance system in the US, 
monitoring gonococcal antimicrobial susceptibil-
ities though ongoing testing of a select segment 
of the US population. Additionally, a number of 
European countries share a surveillance program 
called the European Gonococcal Antimicrobial 
Surveillance Programme (EURO-GASP), part 
of a broader European STI surveillance network 
known as the European Surveillance of Sexu-
ally Transmitted Infections (ESSTI). A number 
of these national and multinational systems col-
lect detailed epidemiological and behavioural 
information in addition to antimicrobial resis-
tance data [19], aiding in informing preventative 

as well as treatment strategies [20]. Although 
an important step in the right direction, surveil-
lance systems remain prone to inaccuracies and 
the paucity of data from developing countries 
hinders global evaluation of gonococcal rates 
and assessment of intervention programs [17, 21, 
22]. Strengthening of local country data collect-
ing systems and international collaboration are 
needed to improve surveillance of gonorrhea on a 
global scale. Table 19.2 compares rates of gonor-
rhea in selected countries in Europe with Canada 
and the United States. The variation in reported 
rates per 100,000 population is quite wide rang-
ing from a low of 0.25 and 1.7 in Croatia and 
France, respectively, to much higher rates of 
56.38, 56.5 and 111.6 in the Russian Federation, 
Belarus and the US, respectively.

Table 19.1   Global gonorrhea epidemiology: estimated 
new cases of adult gonorrhea infection (in millions) in 
1995 and 1999. (Adapted from [27])

Region 1995 (in 
millions)

1999 (in 
millions)

North America 1.75 1.56

Western Europe 1.23 1.11

North Africa and Middle East 1.54 1.47

Eastern Europe and Central Asia 2.32 3.31

Sub Saharan Africa 15.67 17.03

South and South East Asia 29.11 27.2

East Asia and Pacific 3.27 3.27

Australia and New Zealand 0.13 0.12

Latin America and Caribbean 7.12 7.27

Total 62.15 62.35

Country 1980 1995 1999 2008

Austria 92.62 11.29 5.44 9.85

Azerbaijan 32.64 26.2 12.08 13.38

Belarus 116.94 165.18 97.7 56.5 (2007)

Canada 223 19 14.9 (1997) 33.1 (2009)

Croatia 58.54 1.11 0.99 0.25

Czech 
Republic

86.46 19.73 10.28 7.63

Denmark 215.5 5.55 6.28 7.26

Estonia 237.36 200.22 83.09 10.88

Finland 200.5 7.4 4.94 3.79

France – 0.35 0.57 1.7

Georgia 46.64 23.69 12.43 15.88

Germany 129.07 4.99 2.69 –

Israel 22.53 0.76 3.98 4

Italy 3.57 0.55 0.5 0.29

Norway 257.02 3.99 4.26 6.31

Poland 104.03 4.04 2.08 0.87 (2007)

Romania 91.1 24.71 17.76 2.95

Russian 
Federation

196.34 172.81 118.5 56.38

Switzer-
land

23.98 3.77 4.61 12

UK and 
Northern 
Ireland

98.73 17.95 28.62 31.33 
(2007)

United 
States

442.1 147.5 129.2 111.6

Table 19.2   Global gonorrhea epidemiology incidence 
per 100,000 population in selected countries over time. 
(Adapted from [12, 14, 107, 140–142])
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Comprehensive reviews of the historical epi-
demiology of gonorrhea are available elsewhere 
[17, 23]. In brief, gonorrhea rates have fluctuated 
worldwide over the last hundred years. Peaking 
around the Second World War in the 1940s and 
during the “sexual liberation” of the late 1960s 
and early 1970s, declining gonococcal rates 
were subsequently observed in the US, Canada 
and many European countries [12, 24, 25]. Fol-
lowing a transient rise in the 1990s and early 
2000s, infection rates have since stabilized or 
declined in some countries but now show resur-
gence in others. For example, while gonorrhea 
rates have fallen in the US, they have risen in 
Canada [12, 14]. High infection rates also persist 
in many lower-income countries including East-
ern Europe, the Western Pacific, Asia, Africa and 
Latin America [26–28].

19.4 � Risk Groups: Emphasis on 
Young People & Sexual 
Networks

The factors needed to sustain a sexually transmit-
ted infection epidemic are summarized by the 
case-reproduction ratio (Ro), an equation used 

to determine the number of new cases gener-
ated by an infected person. This ratio is calcu-
lated by the following equation: Ro=βCD, where 
“β” indicates the efficiency of transmission, “C” 
the number and/or rate of sexual partner change, 
and “D” the average duration of infectivity [29]. 
When Ro equals one, the infection is endemic 
and stable. Ro values greater than or less than one 
reflect increasing or decreasing infection rates, 
respectively.

Each component of the case-reproduction 
ratio reflects a variety of sexually transmitted 
infection risk factors. For example, the efficacy 
of transmission (“β”) is determined, in part, by 
gonococcal strain subtype and infectious inocu-
lum [30]. To illustrate the latter, male to female 
genital-to-genital transmission is more efficient 
than the reverse (e.g. male to female: 50–70 %; 
female to male: 20  %), likely due to a higher 
infectious inoculum in male urethral discharge 
than vaginal secretions [5, 31, 32]. Host behav-
iours, such as condom use, also play a role in 
transmission efficiency (“β”) [33–35].

The variable duration of infectivity (“D”) 
reflects the time between sexually transmitted 
infection acquisition and successful treatment 
or clearance of infection. Gonorrhea is mild or 
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extensive social network 
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Denver, US [38]. (With 
permission from A.A. 
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asymptomatic in up to 50 % of infected females 
and in less than 10  % of infected males [36], 
delaying or preventing diagnosis, especially in 
women. Fear of stigmatization, inaccessible diag-
nostic and treatment services, and therapy non-
compliance are other potential reasons for longer 
periods of infectivity and, hence, increased risk 
of transmission [17].

The last variable in the case-reproduction ratio, 
the number and/or rate of sexual partner change 
(“C”), is self-explanatory. However, this variable 
is worth exploring further from the standpoint of 
sexual networks. Long term monogamous sexual 
relationships are not part of a sexual network. 
Rather, sexual networks are characterized by core 
groups of people with frequent partner exchange 
and high degrees of connectivity [37]. These net-
works can be remarkably extensive as recently 
demonstrated by Al-Tayyib & Rietmeijer [38] 
(Fig. 19.2). Although some sexually transmitted 
infection cases are detected and treated, infec-
tion within the network remains making re-
infection probable. Behavioural factors, such as 
sporadic condom use within the group, promote 
rapid spread and persistence of sexually trans-
mitted infections [39]. More prevalent in core 
groups than the general population, gonorrhea 
is an archetype of sexually transmitted infec-
tion transmission and persistence within sexual 
networks.

Teenagers and young adults, due to a combi-
nation of social, behavioural and biological fac-
tors, are disproportionately affected by sexually 
transmitted infections [40]. Along with men who 
have sex with men, street youth, intravenous drug 
users, and persons in correctional facilities, young 
people often fit the “core group criteria” of sexual 
networks [23, 41]. Contributing teen behaviours 
include multiple concurrent sexual partners [39, 
42–47], sequential sexual partnerships of limited 
duration [40, 48, 49], failure to use barrier protec-
tion and the mixing of alcohol, drugs and risky 
sexual activity [47]. Additionally, the smaller 
introitus and cervical immaturity of young 
females confers a biological risk of sexually 
transmitted infection acquisition [50].

The 2009 National Youth Risk Behavior Sur-
vey in the United States reported that 46  % of 

grade 9 (ages 14–15 years) to grade 12 (ages 
17–18 years) students had engaged in sexual 
intercourse at least once, 34.2 % were currently 
sexually active (i.e., had sexual intercourse with 
at least one person during the 3 months prior to the 
study), and 13.8 % had had sex with ≥ 4 people. 
Of the 34.2 % of currently sexually active teens, 
61.1  % reported condom use by themselves or 
their partner and 21.6 %, alcohol or drugs before 
the last sexual intercourse. Of the teens surveyed, 
7.4 % reported being forced into sex [47].

Early sexual debut further puts teens at risk 
[51, 52] with 25  % of young people acquiring 
their first sexually transmitted infection within a 
year of first sexual intercourse [49, 53]. Although 
the 2009 US National Youth Risk Behavior Sur-
vey showed improvement in some measures as 
compared to a decade ago (e.g., 2000—49.9 % 
reported ever having had sexual intercourse; 
16.2 %, having ≥ 4 lifetime sexual partners) [54], 
the sexual behaviours of young people continue 
to put them at increased risk for sexually trans-
mitted infections including gonorrhea.

Gonorrhea rates also vary by racial or eth-
nic group and by geographic region most likely 
reflecting background differences in rates within 
sexual networks. For example, in the US and UK, 
black ethnic population groups have dispropor-
tionately higher gonococcal infection rates [12, 
19] than whites. In the US, the gonorrhea rate is 
20 times higher in blacks than whites with young 
black women bearing the heaviest gonorrhea bur-
den [12]. Geographically, gonorrhea rates vary 
by population density and region. For example, 
gonorrhea is disproportionately concentrated in 
London in the UK, and in the South in the US 
[12, 13].

19.5 � Clinical Presentation

The clinical presentation of gonorrhea is well-
described elsewhere [55]. Rather than provide 
a comprehensive overview, only a brief descrip-
tion of infectious manifestations in teenagers and 
young adults is provided below. A discussion 
of gonorrhea in neonates and young children is 
available elsewhere [56].

J. C. Smith et al.
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19.5.1 � Genitourinary Infection

As noted above, gonococcal infection in males 
is asymptomatic in 5–10 % of cases. Symptom-
atic males most commonly suffer from urethritis, 
which begins 2–7 days after exposure. Compli-
cations are rare in men. Gonorrhea in females, 
on the other hand, is mild or asymptomatic in up 
to 50 % of cases. Symptomatic females usually 
develop cervicitis, typically 3–5 days after expo-
sure. Complications are more common in women 
than men with the most feared, pelvic inflamma-
tory disease, occurring in 10–20 % of untreated 
females [57]. Additionally, gonococcal infection 
during pregnancy poses a risk to both the mother 
and unborn child [58, 59].

19.5.2 � Pharyngeal & Anorectal 
Gonorrhea

Pharyngeal gonorrhea results from orogenital 
contact. Although historically considered to only 
affect men who have sex with men and commer-
cial sex workers, the increasing rates of orogenital 
sex amongst heterosexual couples has escalated 
their risk [60]. Pharyngeal gonorrhea is usually 
clinically silent, tends to resolve spontaneously 
within 10–12 weeks, and rarely causes complica-
tions [59]. However, pharyngeal infection, if not 
treated, has been linked to disseminated gonor-
rhea and serves as a potential reservoir for trans-
mission to sexual partners [60]. Additionally, 
through the genetic exchange between commen-
sal and gonococcal Neisseria species, gonococcal 
infection of the pharynx facilitates antimicrobial 
resistance transfer [61].

In males, anorectal gonorrhea occurs almost 
exclusively from receptive rectal intercourse 
amongst men who have sex with men. In women, 
transmural inoculation from vaginal secretions is 
likely the most common source [62]. Like pha-
ryngeal gonorrhea, anorectal infection is asymp-
tomatic in the majority of cases but serves as 
an infectious reservoir for transmission to sex-
ual partners [63], a site for microbial genomic 
exchange and for persistence within sexual 
networks.

19.5.3 � Disseminated Gonococcal 
Infection (DGI)

Disseminated disease requires bloodstream 
invasion from local sites of gonococcal infec-
tion. However, signs and symptoms of mucous 
membrane involvement rarely precede dissemi-
nated infection. Disseminated gonococcal infec-
tion is a rare entity, estimated to occur in only 
1–3 % of infected adult patients [59]. Although 
usually clinically silent, disseminated gono-
coccal infection can be symptomatic, typically 
causing mild to moderate illness. Even without 
treatment, symptoms usually resolve in a mat-
ter of days and long-term sequelae are atypi-
cal [64]. Infrequently, disseminated gonococcal 
infection can cause fulminant sepsis and death 
[65]. Disseminated disease is also associated 
with infection at other sites, most commonly 
septic arthritis. Less frequently, disseminated 
gonococcal infection presents as a triad of teno-
synovitis, dermatitis and polyarthralgias with-
out purulent arthritis [64]. Given an association 
between disseminated gonococcal infection and 
terminal complement deficiency, patients with 
recurrent disseminated disease should be tested 
for immune deficiency [66].

Other forms of disseminated gonococcal 
disease, including osteomyelitis, meningitis, 
endocarditis and myocarditis, are infrequently 
reported [59, 61].

19.6 � Diagnosis

19.6.1 � Screening

Screening decisions should be based on a solid 
understanding of epidemiology of gonor-
rhea. Given that gonorrhea rates vary consid-
erably within and between populations, mass 
screening for this pathogen has largely been 
abandoned [23]. While some countries limit test-
ing to symptomatic individuals and their sexual 
contacts, most recognize the need to extend 
gonorrhea testing to subpopulations with high 
prevalence rates and/or risk factors. For exam-
ple, numerous organizations in the US support 
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routine testing of pregnant women with risk fac-
tors, men who have sex with men, and adolescent 
patients [67]. Less agreement has been reached 
over screening groups with low prevalence rates 
but high risk of asymptomatic, complicated 
infections (e.g., low risk pregnant women). 
Additionally, optimal screening intervals for at 
risk populations and the need for post-treatment 
testing requires further research.

Certainly, both the potential benefits and 
harms of screening must be considered prior 
to implementing a testing program. In favor 
of screening is the identification and subse-
quent treatment of asymptomatic patients, 
thereby, preventing disease complications and 
infectious spread to others (i.e., decreasing 
the prevalence in a sexual network). However, 
screening tools must be carefully selected, con-
sidering both the sensitivity and specificity of 
the test, alongside its applicability to the popu-
lation under investigation [68]. The inverse rela-
tionship between disease prevalence and false 
positivity rate is a well recognized statistical 
phenomenon. In the context of sexually trans-
mitted infection testing, false positive results 
are expected to cause needless patient anxiety, 
potential partner discord, and increase unneces-
sary antibiotic use. Hence, the limitations of a 
screening test must always be considered prior 
to its application.

Given the rise of multi-resistant gonorrhea 
(see below), the role of screening as a secondary 
prevention strategy may need to be reevaluated.

19.6.2 � Microbiology/Diagnosis

Table  19.3 compares two current microbiologi-
cal tests, culture and nucleic acid amplification 
tests (molecular testing), for gonorrhea, noting 
specimen transport requirements, potential for 
self collection, rapidity of test, necessary equip-
ment, availability of antibiotic sensitivity testing, 
relative cost and expertise needed, and ease of 
coincident chlamydia detection.

19.6.2.1 � Diagnosis of Genitourinary 
Gonorrhea

Gram Stain
Gram stain is a rapid tool for diagnosis of gono-
coccal urethritis in symptomatic men. N. gonor-
rhoeae characteristically appear as Gram-negative 
intracellular diplococci within polymorphonu-
clear cells. The coupling of opposing flattened 
bacterial surfaces produces the organism’s dis-
tinctive “kidney bean” shape. In men with symp-
tomatic urethritis, Gram stain has comparable 
specificity to culture [69]. While a presumptive 
diagnosis of gonorrhea in this demographic can 

Table 19.3   Comparison of Gonorrhea Diagnostic Tests

Culture based Molecular testing

Specimen transport Requires rapid transport and stringent 
control of environmental conditions

Less stringent requirements. Testing able 
to detect nonviable organisms. More 
amenable to self-collected specimens. 
Allows batched, centralized testing

Minimum turn-around time 1–3 Days Hours

Equipment Agar plates, incubator, basic confir-
matory tests

Commercial molecular detection plat-
form +/− nucleic acid extraction system.

Enables antibiotic susceptibility 
testing

Yes No

Cost per test Inexpensive Variable

Training General clinical microbiology training Molecular microbiology training

Simultaneous Chlamydia 
detection

No Available on several platforms

J. C. Smith et al.
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be made on the basis of Gram stain alone, a nega-
tive result does not rule out gonococcal infection 
[59]. Furthermore, nonurethral specimens from 
nonsterile sites are not appropriate for Gram stain 
due to poor specificity.

Culture
Culture remains an option for gonorrhea testing 
from genital sites. The appropriate site(s) for 
specimen collection depend on patient age, gen-
der, and sexual practices as well as clinical mani-
festations of infection. While the primary site 
of culture collection from women has been the 
endocervix, alternative sample sites include the 
urethra and vagina. Vaginal or urine specimens 
are recommended for women post-hysterectomy 
and for prepubertal girls. The primary collec-
tion site from men is the urethra. Rectal and 
pharyngeal swabs should be collected in patients 
who have engaged in oral and anal intercourse, 
respectively. Conjunctival cultures should be sent 
in the cases of suspected gonorrhea ophthalmia. 
Lastly, blood, synovial, and cerebrospinal fluid 
specimens should be considered in suspected dis-
seminated disease.

Culture is performed on selective media and 
incubated in carbon dioxide at 35–37 °C for up 
to 72 h. Colonies are generally heterogeneous in 
appearance reflecting variations in piliation and 
are both catalase and oxidase positive. A vari-
ety of options exist for confirmation including 
carbohydrate utilization, chromogenic enzyme 
substrate tests, immunologic methods and deoxy-
ribonucleic acid (DNA) probe confirmation tests. 
Culture has several advantages including accept-
able sensitivity, high specificity, relative low cost, 
and suitability for a variety of clinical specimens. 
It does not require the costly instrumentation 
associated with molecular detection and pro-
vides a viable organism for antibiotic susceptibil-
ity testing and tracking epidemiological trends. 
There are, however, multiple disadvantages to 
culture. It requires more invasive sampling tech-
niques; in particular, urethral swabs for men and 
endocervical swabs for women. Culture also 
necessitates strict storage and transportation con-
ditions given that N. gonorrhoeae has specialized 
growth requirements and is highly susceptible to 

environmental variations. Lastly, culture takes 
24–72 h to produce a definite result.

Nucleic Acid Amplification Diagnostic 
Techniques (NAATs)
The first non-culture diagnostic tests were based 
on the detection of specific gonococcal antigens. 
Suboptimal performance characteristics and 
high cost favoured the continued use of culture 
[69]. Antigen-based tests were subsequently 
supplanted by nucleic acid amplification tests 
(NAATs). Although more expensive than cul-
ture, nucleic acid detection methods offer a num-
ber of advantages over culture including rapid 
turnaround time and the ability to detect organ-
isms that are nonviable for culture. NAATs are 
based on detection of species-specific DNA or 
ribonucleic acid (RNA) sequences. The enhanced 
sensitivity of NAATs permits testing on a wider 
variety of specimen types including urethral 
swabs, endocervical and vaginal swabs as well as 
urine. A variety of commercial NAATs, involving 
different amplification techniques and nucleic 
acid targets, have been approved for the detection 
of gonorrhea in most developed countries. While 
NAATs have been approved for endocervical, 
urethral, vaginal, and urine specimens, culture 
has been the standard for pharyngeal and anorec-
tal specimens [70]. However, this situation is in 
transition as increasing data validates the use of 
NAATs for non-urogenital sites [71, 72].

NAATs sensitivity and specificity depends 
upon the amplification of organism-specific 
nucleic acid sequences. The success of a partic-
ular NAAT relates to the choice of target gene. 
Commercial and in-house NAATs have used a 
variety of genetic targets including the cryptic 
plasmid (cppB gene), opa genes, cytosine DNA 
methyltransferase and the 16SrRNA gene. With 
the potential exception of urine specimens, 
NAATs generally offer superior sensitivity to 
culture, attributable to their ability to produce a 
positive signal from as little as a single copy of 
target DNA or RNA [69].

NAATs have replaced culture in many coun-
tries as the preferred method of diagnosing gon-
orrhea from genital sites. Many assays offer the 
advantage of testing for both gonococcal and 
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chlamydia from a single swab or urine speci-
man—a benefit for both patients and clinicians. 
The ability to test less invasive specimens such 
as urine samples and vaginal swabs has a signifi-
cant advantage over culture as it improves patient 
acceptance of testing [73] and provides the addi-
tional option of self-collected specimens—which 
many patients find preferable [74, 75].

Theoretical limitations to NAAT sensitivity 
are assay-specific. Interstrain genetic differences 
may result in false negatives due to variable or 
absent nucleic acid sequences. Given that gono-
coccal strain distribution varies geographically 
and temporally, the performance of NAATs may 
differ both among and within groups over time. 
However, in general, commercial assays have 
targeted very stable genes to minimize this issue. 
Competitive amplification, whereby targets of 
lesser concentration fail to amplify in multiplex 
assays, and the presence of inhibitors may also 
reduce assay sensitivity [70]. Positive internal 
controls identify some of these technical limita-
tions. Notably, commercial NAATs do not rou-
tinely detect antibiotic resistance genes although 
these may be future targets.

NAATs typically exhibit high specific-
ity. Interspecies homology within the Neisse-
ria genus [76] and frequent horizontal genetic 
exchange among Neisseria species [70] are theo-
retical causes of false positive results. Cross-con-
tamination during processing is a risk that must 
be controlled for with any NAAT to maintain test 
specificity. Maintaining high specificity is essen-
tial in order to maximize the positive predictive 
value of the test, particularly in low prevalence 
populations. New multiplex NAATs, which tar-
get multiple genes in a single assay, may provide 
improved target specificity. Additionally, limiting 
screening programs to high prevalence popula-
tions will maximize the positive predictive value 
of the utilized test.

19.6.2.2 � Diagnosis of Pharyngeal and 
Rectal Gonorrhea

Cultured pharyngeal and rectal swabs generally 
have poor sensitivity [60]. Several studies have 
demonstrated the superior sensitivity of NAATs 
over culture in detecting pharyngeal and rectal 
gonococcal infection [71, 73, 77, 78]. In addi-

tion, although concerns have been raised regard-
ing cross-reactivity with commensal Neisseria 
species at extragenital sites, many NAATs have 
been found to have superior specificity to cul-
ture. Ongoing validation of assays for the detec-
tion of pharyngeal and rectal gonorrhea will help 
to minimize potential reservoirs of infection and, 
secondarily, reduce the development of antimi-
crobial resistance (pharyngeal gonorrhea).

19.6.2.3 � Diagnosis of Disseminated 
Gonococcal Infection

The yield from cultures is limited in disseminated 
gonococcal infections. However, it is prudent to 
culture all potentially infected areas, including 
genitourinary, rectal, and pharyngeal sites. The 
presence of a septic joint should prompt arthro-
centesis. Mean synovial fluid leukocyte count in 
disseminated gonococcal infections is typically 
around 50,000 cells/mm3 although it can be less 
than 10,000 cells/mm3 [64]. Synovial fluid gram 
stain and culture are often negative. However, 
molecular testing of aspirated joint fluid with 
16S rDNA PCR can augment diagnostic yield 
[79, 80].

Although blood cultures are negative in 
50–75 % of cases, at least two blood specimens 
should be sent for culture in patients presenting 
with suspected disseminated disease [64]. The 
positivity rate may be higher in patients with 
tenosynovitis, dermatitis, and polyarthralgias 
than those presenting with purulent arthritis. 
Associated cutaneous lesions can be swabbed for 
culture but are also of low diagnostic value [81].

19.7 � Gonococcal Resistance & 
Treatment

19.7.1 � Resistance History

Since the introduction of antibiotics in 1937 [82], 
N. gonorrhea has evolved multiple resistance 
mechanisms, both chromosomal- and plasmid-
mediated. The rise in gonococcal resistance 
can be attributed to both the adaptability of the 
organism (see pathogenesis above) as well as 
antibiotic prescribing habits. With regards to the 
latter, the increased use of over-the-counter and 
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broad spectrum antibiotics combined with inap-
propriate prescribing policies for many clini-
cal situations have facilitated the emergence of 
gonococcal resistance.

Introduced in the 1930s, sulfanilamide was 
the first curative treatment for gonorrhea. How-
ever, antibiotic resistance developed rapidly [82] 
such that penicillins replaced sulfanilamides 
as first-line gonococcal therapy in the 1940s 
[83]. Although penicillin remained the main-
stay of therapy for several decades, low-level 
resistance slowly developed with progressive 
increases in penicillin minimal inhibitory con-
centrations necessitating higher treatment doses 
[84]. Tetracycline, used initially to treat penicil-
lin allergic patients with gonorrhea, also became 
less effective over time [85]. In the late 1970s, the 
emergence of highly-resistant, penicillinase-pro-
ducing N. gonorrhoeae marked the end of peni-
cillin as a therapeutic agent for gonorrhea [86].

Starting in the mid-1980s, quinolones replaced 
penicillins as the first-line treatment for gonor-
rhea [87]. Effective single oral dosing, a favor-
able side effect profile, and excellent efficacy at 
all anatomical sites made quinolones an attractive 
therapeutic option. However, isolates resistant to 
quinolones began to appear by the 1990s, ini-
tially in Asia and then quickly spreading—likely 
initially via travelers and then endemically within 
high risk groups—to Australia, Hawaii and later 
to North America and Europe [61, 88]. By the 
mid- to late-1990s, quinolones were no longer 
the drug of choice for gonorrhea in most Asia-
Pacific countries and by the mid to late 2000s, 
England, Europe and North America followed 
suit [73, 89].

Of note, despite a decrease in the use of qui-
nolones for treatment of gonorrhea in the UK, 
the rate of resistance has continued to climb in 
England [90] highlighting the resistance problem 
with gonorrhea. Because gonococcal infection 
is relatively common and the organism readily 
shares resistance genes, stopping particular anti-
biotic treatment of gonorrhea does not result in a 
diminution of resistance. The gonococcus contin-
ues to share resistance genes and still experiences 
ongoing resistance selection pressure because 

these antibiotics are widely used to treat other 
infections.

Extended-spectrum cephalosporins are cur-
rently considered first-line therapy for gonor-
rhea in most countries. Although cephalosporins 
remain largely effective, growing resistance has 
been noted throughout the Asia-Pacific, North 
America and Europe [21, 61, 91–98]. Both the 
UK and US based surveillance programmes have 
reported a minimum inhibitory concentration 
creep to both ceftriaxone and cefixime in recent 
years [21, 91, 99]. For example, in the US, from 
2000 to 2010, the minimum inhibitory concen-
trations to cephalosporins increased from 0.2 to 
1.5 % for cefixime and from 0.1 to 0.4 % for cef-
triaxone in 2000 and 2011, respectively [91, 92]. 
Cases of treatment failure have been reported 
after oral cephalosporin use in Asia, the UK and 
Norway [94, 99–101]. Although suspected treat-
ment failure with ceftriaxone is rarely reported 
[102, 103], a highly multi-resistant N. gonorrhea 
strain has recently been identified in a sex worker 
in Japan [104].

Considering the inability to prevent spread of 
resistant gonococci in the past, the emergence 
and spread of multi-resistant cephalosporin 
strains appears probable. Given global travel and 
sexual tourism this likely will not take long. With 
no effective single or combined antibiotic treat-
ment to replace cephalosporins, gonorrhea may 
soon become untreatable. The obvious need for 
new antibiotic regimens, as the microbe becomes 
more resistant, is an area that has not received 
the research attention it deserves. Although the 
need has clearly been recognized for a number of 
years [105], novel antibiotic regimens for treat-
ing gonococcal infection remain inadequately 
addressed.

Potential strategies to combat cephalosporin 
resistance include the promotion of more appro-
priate antimicrobial use, the development of 
novel treatment agents and regimens, improved 
surveillance and reporting networks to facilitate 
the identification and rapid containment of resis-
tant isolates, as well as more effective sexually 
transmitted infection control and prevention pro-
grams [2, 3, 21, 61, 106].
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19.7.2 � Uncomplicated Genitourinary 
and Anorectal Gonorrhea 
Treatment Recommendations

Given the differences among national guidelines 
and the variability of resistance rates between 
countries, the details on recommended therapeu-
tic regimens have been kept to a minimum. Addi-
tionally, the discussion is limited to therapy for 
adolescent and adult gonorrhea. Unless indicated 
otherwise, treatment recommendations provided 
here reflect the recently updated 2010 Centers for 
Disease Control and Prevention Sexually Trans-
mitted Disease Guidelines (outlined in Table 19.4) 
[79, 92].

As of 2012, the CDC no longer recommends 
cefixime as a first-line agent for the treatment 
of uncomplicated genitourinary and anorectal 
gonococcal infections. This decision is based 
on declining cefixime susceptibility among ure-
thral N. gonorrhea isolates from the Gonococcal 
Isolate Surveillance Program. Dual therapy with 
intramuscular (IM) ceftriaxone and either a sin-
gle dose of oral azithromycin or 7 day course of 
oral doxycycline is now the recommended first-

line treatment regimen for genitourinary and ano-
rectal gonorrhea.

In addition to treating coincident Chlamydia 
trachomatis infection, ceftriaxone combined 
with azithromycin or doxycycline may serve to 
improve treatment efficacy and delay the devel-
opment and spread of cephalosporin-resistant 
gonococcal isolates. Azithromycin is the pre-
ferred agent over doxycycline given the ease and 
compliance of single-dose treatment regimens 
and lower prevalence of gonococcal resistance 
to azithromycin than tetracycline [91].

Patients should avoid sexual activity until 
their antimicrobial therapy is completed and their 
symptoms have resolved. In the case of persistent 
gonococcal infection following first-line therapy, 
further treatment advice should be sought from 
an infectious diseases expert.

19.7.3 � Treatment of Pharyngeal 
Gonorrhea

Although usually self-limited, pharyngeal gonor-
rhea serves as a potential reservoir for infectious 
transmission and antimicrobial resistance [60, 
61]. Hence, pharyngeal gonococcal infection 
should be treated. More difficult to eradicate than 
urogenital and anorectal gonococcal infections, 
current therapy options are limited to a single 
dose of IM ceftriaxone. Alternative injectable and 
oral antibiotics, including cefixime, have unreli-
able efficacy in this treatment context and should 
be avoided. As with genitourinary and anorectal 
gonorrhea, co-treatment with azithromycin and/
or doxycycline is recommended for pharyngeal 
gonorrhea.

19.7.4 � Treatment of Disseminated 
Gonococcal Infection

Treatment of DGI requires parenteral therapy 
with ceftriaxone or an alternative third-genera-
tion cephalosporin (e.g., cefotaxime or ceftizox-
ime). Oral therapy can be considered in patients 
whose illness is sufficiently mild to permit close 
outpatient follow-up. However, a patient with 

Table 19.4   Example of Gonorrhea Treatment Guidelines 
for Selected Infection Sites: Centers for Disease Control 
and Prevention 2010 [79, 92]

Clinical indication Recommended regimens

Uncomplicated 
genitourinary or 
anorectal gonorrhea

Ceftriaxone 250 mg IM in single
dose OR, IF NOT AN OPTION
Cefixime 400 mg PO in a single
dosea

PLUS
Azithromycin 1 gm PO in sgine 
dose OR, IF NOT AN OPTION 
Doxycycline 100 mg PO × 7 days

Uncomplicated pha-
ryngeal gonorrhea

Ceftriaxone 250 mg IM in single 
dosea

Adult gonococcal 
conjunctivitis

Ceftriaxone 250 mg IM in single 
dose

Disseminated gono-
coccal infection

Ceftriaxone 1 g IV q. 24 h × 7 
daysb

a Testing and treatment for chlamydia is recommended. 
Treatment regimens for chlamydia, Azithromycin 1  gm 
orally in single dose OR Doxycycline 100 mg a day for 7 
days, is part of dual therapy recommended for gonorrhea
b Consider changing to oral therapy (Cefixime 400 mg PO 
BID) 24–48 h after clinical improvement
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uncertain diagnosis, complicated disease, and/or 
difficulty tolerating oral medications should be 
hospitalized for the initiation of therapy. Transi-
tion to oral cefixime can be considered for sus-
ceptible organisms following 24–48 h of clinical 
improvement on intravenous therapy.

There have been no controlled clinical tri-
als with respect to the duration of treatment for 
DGI. Antimicrobial therapy should likely be for 
a minimum of 7 days or continued at least until 
clinical signs of infection have resolved. Patients 
with purulent arthritis require joint drainage and 
7–14 days of antibiotic therapy [64]. Treatment 
of meningitis or endocarditis consists of ceftri-
axone for 10–14 days or a minimum of 4 weeks, 
respectively.

19.7.5 � Special Treatment 
Circumstances & Alternative 
Agents

Ceftriaxone is also first-line treatment for gono-
coccal infections in pregnant women. Patients 
with human immunodeficiency virus (HIV) 
should receive the same treatment for gonorrhea 
as persons without HIV infection.

A non-beta lactam antibiotic may be needed 
in the case of severe penicillin or cephalospo-
rin allergy [108]. Potential alternative options to 
cephalosporins include quinolones, macrolides, 
and spectinomycin. However, treatment in these 
cases should be performed in consultation with 
infectious diseases and, if possible, directed by 
isolate susceptibility testing.

Alternative safe and effective single-dose 
injectable cephalosporin regimens are avail-
able for urogenital and anorectal gonorrhea and 
include ceftizoxime, cefoxitin (in combination 
with probenecid), and cefotaxime. None of these 
injectable alternatives offers any advantage over 
ceftriaxone for urogenital infection. Oral sub-
stitutes include cefpodoxime and cefuroxime 
axetil. However, alternative oral and injectable 
cephalosporins may provide suboptimal efficacy 
for pharyngeal gonorrhea. Furthermore, caution 
is necessary when using oral cephalosporins to 
treat urogenital and anorectal gonorrhea due 

to increasing rates of gonococcal resistance to 
cefixime.

Developed and marketed specifically for the 
treatment of gonorrhea, spectinomycin is an 
effective alternative for genitourinary but not 
pharyngeal infection. Resistance tends to be 
rare and sporadic. However, spectinomycin is 
an expensive, injectable drug that is not readily 
available in many countries including the US.

Uncomplicated gonococcal infection can be 
effectively treated with high-dose azithromy-
cin (2  gm PO once). However, significant gas-
trointestinal side effects and rapid development 
of gonococcal resistance necessitate the use of 
high-dose azithromycin only under special cir-
cumstances [79, 91, 109]. As noted above, a 
single does of azithromycin (1  gm PO) is now 
recommended in combination with ceftriaxone 
(250  mg IM) to treat gonorrhea. However, due 
to growing microbe resistance, treatment failures 
have been reported even on this combined antibi-
otic regimen [110].

Quinolones can be considered as second-line 
treatment agents. However, given high global 
resistance rates to this antibiotic class, treatment 
with a quinolone should be delayed until suscep-
tibility results are available. Furthermore, quino-
lones are contraindicated in pregnant women and 
persons younger than 18 years of age.

In some parts of the world, aminoglycosides 
are used to treat gonorrhea. For example, gen-
tamicin is the national first-line treatment for 
gonococcal infection in Malawi. It has also been 
used to treat gonorrhea in Mongolia [111–113]. 
The precise mode of action of aminoglycosides 
against gonococcus remains unclear. Despite 
uncertain microbiological resistance breakpoints 
and limited clinical resistance data, treatment 
failures with aminoglycosides appear rare [114, 
115].

19.7.6 � Treatment: Other  
Recommendations

Reassessment following treatment bestows a 
number of benefits (e.g., to confirm compliance, 
ensure resolution of symptoms, enquire about 
adverse reactions, provide further education and 
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partner notification). However, follow-up visits 
may not be practical in all settings [36].

As per the 2010 CDC guidelines and 2012 
update, repeat testing is not recommended upon 
completion of gonorrhea treatment with first-line 
therapy [91, 92]. However, a test of cure should be 
considered in the following circumstances: if sec-
ond-line agents are utilized, following treatment 
of pharyngeal gonorrhea, and/or if symptoms or 
signs of infection persist. Some countries, such 
as the UK, recommend a test of cure in all cases, 
recognizing the emerging problem of resistance 
to extended-spectrum cephalosporins [36].

Evidence pertaining to the method and timing 
of test of cure is limited. In cases of persistent 
symptoms or signs, a repeat culture should be 
performed at least 72 h after completion of anti-
microbial therapy [116]. NAATs are expected to 
remain positive for weeks following successful 
treatment and do not allow for the identification 
of resistant organisms. Thus, a positive NAAT 
should be followed by a confirmatory culture 
whenever possible.

Given high rates of recurrence, the identifica-
tion of N. gonorrhea following treatment is more 
likely to reflect reinfection rather than treatment 
failure [117–120]. With this in mind, retesting for 
re-infection 3 months after treatment is recom-
mended, especially in high risk patients. Addi-
tionally, in the case of disease recurrence, further 
patient education and partner treatment should be 
pursued.

Chlamydia trachomatis co-infection is com-
mon in patients with gonorrhea. With this in 
mind, patients treated for N. gonorrhea should 
also be tested and treated for chlamydia. Other 
sexually transmitted infections should also be 
considered, including syphilis, HIV, and hepatitis 
B. The therapy of choice for chlamydia, azithro-
mycin (1 gm PO once) or doxycycline (100 mg 
BID × 7 days), corresponds to the dual therapy 
now suggested by the CDC for gonorrhea.

Positive gonorrhea cases should be reported 
to the local public health agency, as per national 
guidelines, and contact tracing pursued. Contact 
tracing reduces the risk of re-infection and facili-
tates the identification and treatment of asymp-
tomatic infections [121]. All sexual partners 

exposed to an index case within 60 days of symp-
tom onset or diagnosis should be evaluated and 
treated. If greater than 60 days has passed since 
the index case has had sexual contact, the most 
recent sex partner should be contacted. Contact 
tracing may be performed by patients, physicians 
or public health departments depending on local 
and national strategies. To achieve compliance 
with notification, creative maneuvers have been 
used. The sexually transmitted infection notifica-
tion program in British Columbia, Canada (www.
gender-focus.com/2011/08/08/std-notification-
by-e-card-starts-in) uses humour to garner atten-
tion and interest. Patient-delivered therapy to 
sexual partners has been shown to decrease the 
rate of gonococcal reinfection [122]. However, 
this approach may be poorly received by some 
patients and/or partners. Patient-delivered ther-
apy also leads to missed opportunities to educate 
sexual partners and to diagnose coexisting sexu-
ally transmitted infections. This is particularly 
problematic for men who have sex with men 
where the risk of coexisting sexually transmitted 
infections is high. Given ethical and medicole-
gal issues around partner delivered therapy, local 
laws should be reviewed before utilizing partner 
delivered therapy [123].

Even with well funded and supported public 
health and/or patient contact tracing, all infected 
contacts in a sexual network are unlikely to be 
tracked down as no one member of the network 
knows all members. Leaving an infected sexual 
network member untreated keeps the organism 
ricocheting around the network.

19.8 � Prevention

Most, if not all, countries recognize gonorrhea as 
a public-health priority. However, the strategies 
employed to address this sexually transmitted 
infection vary widely. While early diagnosis and 
treatment is uniformly pursued, emphasis on pre-
vention has varied among countries [23].

The prevention of sexually transmitted infec-
tions in young people has been reviewed else-
where [124]. To summarize, few trials on the 
efficacy of sexually transmitted infection pre-
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vention programs have been published within 
the last decade. Amongst published studies, con-
siderable variability in program type and effi-
cacy has been identified. While some prevention 
strategies have been associated with diminished 
infection-related risk behaviors, few report cor-
responding reductions in confirmed sexually 
transmitted infections. Given that rates of gon-
orrhea appear to be rising in some industrial-
ized countries as noted earlier, this is especially 
concerning.

One well-studied preventative measure is 
condom use. Condoms, as well as other barrier 
contraceptive methods, provide a high degree of 
protection against sexually transmitted infections 
[33–35]. Post-exposure antibiotic prophylaxis 
also reduces risk of infection but is unlikely to be 
cost effective [125]. Another strategy, gonococ-
cal mass treatment programs for at risk groups, 
has been trialed with limited success. Both anti-
biotic prophylaxis and mass treatment strategies 
carry the risk of fostering antimicrobial resis-
tance, a serious concern given the emergence of 
multi-resistant gonococci [126, 127].

New and innovative approaches to prevention 
are required. In general, recent decades have seen 
a movement towards multidisciplinary and mul-
tileveled approaches with emphasis placed on the 
integration of gonorrhea prevention programs 
into already existing community and health-care 
structures [128]. Additionally, the empowerment 
of individuals and communities to develop and 
foster preventative strategies relevant to their 
particular social contexts is essential. Social net-
works influence the opinions and decisions of 
members [129]. Therefore, targeted core group 
counseling may provide the opportunity for bet-
ter information dissemination within groups. For 
example, peer-led rather than outsider-initiated 
sexual health interventions (i.e., on condom use, 
contact tracing) are more likely to succeed, as 
demonstrated in adolescent and other populations 
[38, 130, 131].

Another important prevention strategy is the 
use of appropriate communication tools. Young 
people increasingly rely on the internet and 
social media as sources of health information 
[132–134]. With this in mind, sexual health edu-

cators need to develop creative ways of getting 
their message across to teens and young adults. 
For example, novel Internet-based strategies are 
being trialed in Alberta, Canada, to tackle the 
ongoing syphilis epidemic within that province. 
One approach utilizes a spoof on online dating 
(http://www.plentyofsyph.com) that has been 
associated with a significant increase in young 
people coming forward for testing [2]. Similar 
strategies could prove useful for other sexually 
transmitted infections including gonorrhea.

Lastly, more adolescent-friendly health care 
services are required. Teens tend to live in the 
“now” and are less likely to seek treatment at 
appointment-only clinics, especially if wait times 
are long [135]. Online triage systems and options 
for testing-only express visits may enhance the 
efficiency of busy sexually transmitted infection 
clinics [136, 137]. Drop in clinics, especially if 
located where young people frequent (e.g., malls 
and schools) are another option, allowing teens to 
follow through with “spur of the moment” deci-
sions to get sexually transmitted infection testing.

Learning about sex, sexuality and the preven-
tion of sexually transmitted infections is a basic 
human right of adolescents [138]. The strategy of 
“abstinence” or “abstinence until marriage” lacks 
scientific evidence and is flawed from a med-
ical-ethical standpoint [139]. Given that sexu-
ally transmitted infections, including gonorrhea, 
disproportionately affect young adults, we have 
a duty to provide adolescents with meaningful 
knowledge and the skills to protect themselves 
from acquiring and transmitting sexually trans-
mitted infections. This will require collaboration 
on many levels, ranging from the family unit and 
the community to local and national governmen-
tal levels.

19.9 � Conclusion

Moving into the second decade of the 21st cen-
tury, N. gonorrhoeae continues to represent a 
significant public health challenge. Gonococ-
cal rates persist above national and international 
targets, resulting in needless morbidity and 
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mortality. The emergence of multi-resistant gon-
orrhea is only going to make this situation worse.

Although the development of NAATs has 
improved our ability to diagnose gonorrhea, at 
least in industrialized countries, further refine-
ment of diagnostic techniques is required. In 
particular, the role of pharyngeal gonorrhea as a 
significant reservoir of infection and antimicro-
bial resistance necessitates the development of 
more effective easy to use diagnostic tools. Fur-
thermore, because resistance is such an important 
issue, traditional culture and sensitivity testing 
remains essential for tracking evolving gonococ-
cal resistance both nationally and globally. Sen-
tinel sites where cultures are done routinely will 
be key.

N. gonorrhea has proved to be a highly adapt-
able organism. Increasing gonococcal resistance 
to cephalosporins, with no single dose alterna-
tive antibiotics in the pipeline, threatens to make 
this organism untreatable. Effective and prudent 
antimicrobial strategies alongside robust national 
and international gonococcal surveillance pro-
grams are very much in need.

Lastly, sexually transmitted infection preven-
tion strategies have never been more important. 
Public health services should aim to address the 
behavioral and social factors that put people at 
risk, including youth-friendly education and 
health care services. As these move forward, rig-
orous evaluation and collaboration of prevention 
strategies will be required at local, national and 
global levels.
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