
Control of Neisseria Gonorrhoeae in the Era of Evolving
Antimicrobial Resistance

Lindley A. Barbeea,d and Julia C. Dombrowskib,c

aSenior Fellow, Division of Allergy and Infectious Diseases, University of Washington, Seattle,
Washington, USA
bAssistant Professor, Medicine/Infectious Diseases, University of Washington, Seattle,
Washington, USA
cDeputy Director for Clinical Services, Public Health – Seattle & King County HIV/STD Program,
Seattle, Washington, USA
dAssistant Medical Director of STD Program, Public Health – Seattle & King County HIV/STD
Program, Seattle, Washington, USA

Abstract
Neisseria gonorrhoeae has developed resistance to all previous first-line antimicrobial therapies
recommended by the United States’ Centers for Disease Control and Prevention over the past 75
years. Now the cephalosporins, the last available antibiotic class that is sufficiently effective,
economical, and feasibly delivered in the outpatient setting are also threatened by evolving
resistance. Screening for asymptomatic gonorrhea in women and men who have sex with men,
treating with a dual antibiotic regimen, ensuring effective partner therapy and remaining vigilant
for treatment failures constitute critical activities for clinicians in responding to evolving
antimicrobial resistance. In this article, we will review the epidemiology, antimicrobial resistance
history, current screening and treatment guidelines, and future treatment options for gonorrhea.
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INTRODUCTION
Gonorrhea is one of the most common curable sexually transmitted diseases (STDs),
affecting more than 106 million individuals throughout the globe1 and an estimated 700,000
individuals in the United States each year.2 Gonorrhea (GC) disproportionately affects
women, men who have sex with men (MSM) and racial/ethnic minorities. In women,
untreated Neisseria gonorrhoeae infection can lead to major morbidities including pelvic
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inflammatory disease, ectopic pregnancy, tubal factor infertility and congenital blindness in
offspring.3 In all persons, gonorrhea increases the risk of HIV transmission and acquisition.4

Although once one of public health’s great success stories, gonorrhea is once again a major
public health threat with the emergence of multidrug resistance..5

Epidemiology
Gonorrhea rates in the U.S. declined almost 80% from the mid-1970s to the late-1990s, after
the introduction of a national gonorrhea control program. With those declines, rates of PID
and ectopic pregnancy plummeted.3 However, in the United States since 2002, women have
consistently had higher rates of GC than men. Gonorrhea rates are highest among young
women aged 15 – 24 years, with 108.9 cases for every 100,000 women in 2011.6 Racial/
ethnic disparities in gonorrhea incidence are profound, with rates in African Americans 17-
fold rates in whites, and rates in American Indians and Hispanics 4.6-fold and 2.1-fold those
in whites, respectively. Gonorrhea incidence also varies substantially by geography, with the
highest rates in the U.S. found in southeastern states. Among a network of 12 sentinel STD
surveillance sites nationwide, the distribution of gonococcal infections by gender and sexual
orientation was 21.6% MSM, 31% heterosexual men and 47.4% women, although the
distribution varied widely by geographic region. For example, in San Francisco <10% of
diagnosed gonococcal infections occurred in women, whereas in Alabama, Connecticut and
Virginia over 60% of infections were in women.6

Worldwide, gonorrhea rates are increasing. The World Health Organization (WHO)
estimates that GC cases increased 21% between 2005 and 2008, from 87 million to 106
million annual cases. Although the yearly incidence of GC is higher in men than women
worldwide, women bear a larger burden of prevalent infections1 due, in part, to the primarily
asymptomatic nature of infections in women. The WHO regions of the Western Pacific
(China, Japan, the Philippines, Malaysia, Vietnam, Australia etc), Southeast Asia (India,
Korea, Thailand, Bangladesh etc) and Africa have the highest GC rates in the world.1

Antimicrobial Surveillance
The primary source for surveillance of antimicrobial resistance in GC in the U.S. is the
Gonococcal Isolate Surveillance Project (GISP), a Centers for Disease Control and
Prevention (CDC)-funded collaboration of 28 sentinel clinic sites and 5 regional
laboratories. GISP was started in 1986 to provide an evidence base for the selection of
gonococcal treatment.7 Although GISP tests only urethral isolates from men diagnosed in
STD clinics, the CDC STD Surveillance Network (SSuN) now has pilot programs for
enhanced surveillance of extragenital GC isolates from MSM and isolates from patients with
possible treatment failures (SSuN cooperative agreement info: CDC-RFA-PS08-865).

The WHO’s Gonococcal Antimicrobial Surveillance Programme (GASP) was introduced in
1992 to monitor antimicrobial resistance in N. gonorrhoeae in the Western Pacific Region.
GASP was expanded in 2007 – 2008 with the addition of the South East Asia Region.8 In
Europe, antimicrobial surveillance is performed by Euro-GASP which was created in 2004
as part of the European Surveillance of Sexually Transmitted Infections and continues today
through the European Centre for Disease Prevention and Control.9

EVOLUTION OF ANTIMICROBIAL RESISTANCE IN NEISSERIA
GONORRHOEAE

N. gonorrhoeae is adept at acquiring antimicrobial resistance, and the effort to stay ahead of
gonococcal evolution has defined its treatment since the inception of antibiotics. The WHO
recommends removing an antibiotic from first-line therapy recommendations for treatment
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of an STD when > 5% of isolates in a community are resistant to the antibioitc.10 Although
there are no empiric data to support a particular threshold, the 5% mark has been influential
in the formation of STD treatment guidelines. Sulfonamides, developed in the 1930s, were
one of the first widely used classes of antibiotics, but had a relatively short life as
gonococcal therapy because resistance emerged within 10 years of their introduction. By the
mid-1940s, penicillin became the mainstay of gonococcal treatment. Penicillin was a
remarkably resilient therapy, but over the course of four decades the minimum inhibitory
concentration (MIC) of penicillin in N. gonorrhoeae gradually rose along with the
recommended dose of penicillin for gonorrhea treatment. By the late 1980s, penicillin
ceased to be an adequate treatment. Nearly simultaneously, resistance to tetracyclines, an
alternate therapy, also emerged.10 Fortunately, at that time, alternative drug classes were
available.

Third-generation cephalosporins and quinolones became the recommended therapies in the
late 1980s. However, resistance to quinolones emerged rapidly, originally in East and
Southeast Asia. By the mid-1990s quinolone-resistant gonorrhea was detected in North
America, initially in Hawaii, and then on the West coast of the U.S.10 By 2006, 39% of GC
isolates from MSM in the U.S. were quinolone-resistant, and, quinolones were removed
from the CDC gonorrhea treatment guidelines.11 Since 2006, CDC has recommended only
one class of antimicrobials as a first-line therapy for gonorrhea: the cephalosporins.
Following the historical pattern witnessed with quinolone resistance, the gonococcus is now
developing resistance to cephalosporins as well.

Contemporary Cephalosporin Resistance
To date, there is no universal laboratory definition of GC resistance to cephalosporins (Table
1). Minimum inhibitory concentration (MIC) breakpoints for decreased susceptibility differ
for cefixime, an oral third-generation cephalosporin, and ceftriaxone, a parenteral third-
generation cephalosporin. Similarly, terminology related to antimicrobial resistance varies.
For instance, the U.S. Clinical and Laboratory Standards Institute (CLSI) defines decreased
susceptibility for both cefixime and ceftriaxone as an MIC of ≥ 0.5 μg/mL,12 while the CDC
defines an “alert value” for cefixime as an MIC ≥ 0.25 μg/mL and an “alert value” for
ceftriaxone as an MIC ≥0.125 μg/mL. 12

Decreased cephalosporin susceptibility first emerged among GC strains in Asia. In Japan,
between 1999 and 2002, the percentage of N. gonorrhoeae isolates with MIC ≥ 0.5 μg/mL to
cefixime increased from zero to 30%.13 Reports from Hong Kong and South Korea also
documented increasing cephalosporin resistance, 14, 15 and the WHO GASP for the Western
Pacific and South East Asia found at least one country in the region with 56% of its tested
isolates exhibiting decreased susceptibility to ceftriaxone,16 suggesting a larger pattern of
emerging resistance throughout Asia.

In the U.S., the proportion of GC isolates with CDC-designated cefixime “alert value” MIC
increased from 0.1% in 2006 to 1.7% in the first six months of 20115 (see Figure 1).
Although the proportion of isolates meeting the CLSI definition for decreased susceptibility
to cefixime (≥ 0.5 μg/ml) also rose, these isolates accounted for only 0.1% of all isolates
tested in 2006 – 2011. Notably, 77% of the isolates with elevated MICs to cefixime during
this time were resistant to tetracycline.12 Between 2006 and 2011 the proportion of tested
isolates with alert value MICs for ceftriaxone (≥0.125 μg/mL) rose from 0 to 0.4%.12

Recapitulating the pattern observed in the spread of quinolone-resistant gonorrhea,
decreased susceptibility strains are disproportionately found among MSM on the West coast
of the U.S.5
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Using the European Committee on Antimicrobial Susceptibility Testing (EUCAST) criteria
for decreased susceptibility to cefixime, 9% of isolates tested in Europe in 2010 exhibited
decreased susceptibility to cefixime (MIC ≥ 0.25μg/mL). Many countries in Europe,
including Germany, Spain, Italy, Greece, Norway, Sweden, and Slovakia report that > 5% of
all 2010 – 2012 isolates exhibited decreased susceptibility to cefixime.17 In Austria,
Denmark and Slovenia, >20% of isolates had reduced susceptibility to cefixime. However,
in 2010, the European CDC did not find any isolates with decreased susceptibility to
ceftriaxone.18 In contrast to North American epidemiology, the majority of isolates with
decreased susceptibility to cefixime in Europe occur in heterosexual men.

Cephalosporin Treatment Failures
The clinical correlates of cephalosporin MIC values in GC are not known, but treatment
failures to both cefixime and ceftriaxone in persons infected with reduced susceptibility
isolates have been reported. The first reported treatment failures to oral cephalosporins
occurred in Japan in the early 2000s in patients treated with multiple doses of 200 mg
cefixime against isolates exhibiting MICs ranging from 0.125 μg/mL to 1 μg/mL.19, 20 The
Japanese authorities responded quickly and transitioned to ceftriaxone as first-line treatment
for gonorrhea in 2006.21 In 2010, the first two cases of cefixime treatment failure in Europe
were reported in heterosexual men in Norway, both of whom failed treatment with 400 mg
of cefixime, but were cured with 500mg of intramuscular ceftriaxone.22 Cefixime treatment
failures were then documented in England,23 Austria,24 France,25 and Canada.26 In contrast
to previous reports, the GC strains isolated from the Canadian series of 9 patients with
treatment failures all had cefixime MICs of 0.12 μg/mL or lower26 – at least one dilution
below the CLSI and EUCAST designated elevated MIC level.

Ceftriaxone treatment failures were heralded by a 2011 case report of pharyngeal gonorrhea
in a female sex worker in Kyoto, Japan. The infecting strain, named H041, had a ceftriaxone
MIC of 2 μg/mL, and was called the ‘superbug’ because it also has high level resistance to
cefixime, penicillin and levofloxacin.27 Subsequently, ceftriaxone treatment failures were
reported from Sweden,28 Slovenia,29 France25 and Spain.30 The French isolate, F89, is
considered the second strain of the gonococcal ‘superbug’, due to resistance to cefixime,
ceftriaxone, ciprofloxacin, azithromycin, tetracycline and penicillin.25 Although cases of
ceftriaxone treatment failure have been rare to date, they are particularly concerning because
they indicate the possibility of widespread, high-level cephalosporin resistance, leading to
speculation about the possibility of an era of untreatable gonorrhea.

Molecular mechanisms of resistance
N. gonorrhoeae has developed resistance to antimicrobials over time primarily due to its
ability to scavenge DNA of other Neisseria species and incorporate exogenous DNA into its
own genome (transformation). The gonococcus also develops resistance through acquisition
of plasmids from other bacteria (conjugation), and spontaneous point mutations in response
to antibiotic pressure.31

Three main resistance mutations result in decreased susceptibility to beta-lactams: penA,
mtrR and penB. penA encodes a change in penicillin binding protein 2 (PBP2), the primary
site for beta-lactams’ mechanism of action. mtrR causes an efflux pump to be over-
expressed, which leads to increased efflux of antibiotics, particularly ceftriaxone, and can
also stimulate penB resistance mutation. penB alters the outermembrane porin (porB1b) to
prevent cephalosporins from entering the cell. One potential explanation for the greater
prevalence of cefixime resistance than ceftriaxone resistance among GC is that although
nearly all cefixime resistance is due to the mosaic penA allele, ceftriaxone requires penA,
mtrR and penB mutations to result in clinically relevant resistance.21, 31, 32
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SCREENING AND DIAGNOSIS
Gonorrhea can infect multiple mucosal surfaces including urethral, cervicovaginal,
oropharyngeal, rectal and conjunctival sites. In men, urethral GC is almost always
symptomatic. In contrast, at least 80% of women infected with GC will not exhibit
symptoms.3 For this reason, screening of asymptomatic women and partner treatment of
heterosexual men with urethral infection are the cornerstones of gonorrhea control in
women. In MSM, although 25–30% of urethral cases occur with concurrent pharyngeal
infection,33–36 the majority of all gonococcal infections in MSM are isolated to extra-genital
sites, the pharynx and/or rectum.37 Extra-genital infections are overwhelmingly
asymptomatic38 and under-diagnosed. The persistence of asymptomatic extra-genital
gonococcal infections in a community provides an important reservoir for ongoing
transmission

Screening Recommendations
The CDC recommends that all sexually active women under 25 years of age undergo annual
screening for gonorrhea, and all pregnant women be screened in the first trimester with
either a urine, vaginal or endocervical NAAT. (Box 1) Routine screening is also
recommended for women over 25 years of age who are at high risk of infection (multiple
partners, previously history of STD, commercial sex work, or are part of a population with
high prevalence of disease).39 CDC guidelines recommend gonorrhea screening for all
sexually active MSM annually with urine NAAT if they report insertive anal or oral
intercourse, at the rectum if they report receptive anal intercourse, and at the pharynx if they
report performing oral sex. Men who are at high risk of STDs, defined in the CDC
guidelines as having multiple or anonymous partners, methamphetamine or amyl nitrate use,
or bacterial STD in the previous year, should be screened every 3–6 months.39

Box 1

Screening Recommendations

• All women under 25 years of age should be screened annually with urine or
vaginal NAAT.

• Women over 25 years of age at high risk for gonorrhea (commercial sex work,
multiple partners, a population with high prevalence of disease etc) should also
routinely screen.

• All pregnant women should be screened during their first trimester.

• All men who have sex with men (MSM) should be screened at least annually at
all sites exposed in the last 12 months with NAAT (urethra, rectum, pharynx).

• MSM at high risk of infection (> 10 partners per year, bacterial STD in the prior
12 months, use amphetamines or amyl nitrates, unprotect anal intercourse)
should screen as frequently as every 3 months.

Screening of the pharynx and rectum is of utmost importance in MSM. Between 36% and
85% of GC infections in MSM are missed by urethral testing alone.37, 38 The data on
screening for women for extra-genital infection is mixed. Studies conducted in the 1970s
and 1980s found that among women with genital tract infections with N. gonorrhoeae,
approximately 10–25% had concurrent pharyngeal gonorrhea,33–36, 40–42 and nearly 40%
had concurrent rectal infection.42 However, isolated extra-genital infections (without
concurrent cervical infection) in women were not common in those studies, and the U.S.
CDC does not recommend extra-genital screening for women.42–45 However, recent studies
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showing higher rates of extra-genital co-infection have stimulated interest in revisiting
extragenital screening recommendations for women.43,46

Diagnostic Technology
The advent of nucleic acid amplification tests (NAATs), which detect DNA or RNA, has
changed the face of GC screening dramatically. Previous to the widespread use of NAATs,
GC was diagnosed either in the clinic with a gram stain of infected fluid or with culture.
Culture is insensitive (50–70% sensitivity),3 but highly specific for the detection of GC.
NAATs, on the other hand, are both highly sensitive and specific and can be used to screen
genital sites, urine or other mucosal areas such as the throat and rectum. Because NAATs
can detect nonviable genetic material, transportation and storage of specimens is less
cumbersome than with culture, allowing for specimen collection at non-clinical venues.
Although the FDA has yet to approve the use of NAATs on extra-genital sites, many studies
that have examined the performance of NAATs on pharyngeal and rectal specimens have
validated their use,47–49 and the U.S. CDC now recommends the use of NAAT for extra-
genital screening.39

While the uptake of NAAT for GC testing is a positive step for gonorrhea control, the major
drawback to this technology is the loss of widespread antimicrobial susceptibility testing.
Assays designed to detect molecular markers of cephalosporin resistance in GC are under
study, but are not commercially available or in widespread use.50 Culture and antimicrobial
susceptibility testing is not widely available outside of sites that participate in GISP and
GASP, but clinicians who suspect a possible treatment failure should contact local public
health authorities for assistance arranging for culture-based testing.

Specimen Collection
Because NAATs require minimal technique for specimen collection, the type of specimen
collection is more flexible than with culture. Since the introduction of NAATs, vaginal
swabs have become the preferred specimen for gonococcal screening in women due to their
superior sensitivity, although urine and cervical specimens are also highly sensitive.51 In a
study comparing first-void urine, self-collected vaginal specimens and clinician-collected
endocervical specimens, vaginal swabs yielded higher rates of GC detection than the other
two methods.52

Another promising use of NAATs is for patient-collected specimens. Self-obtained testing
facilitates screening in non-clinical settings, such as in the home or at outreach sites.
Programs that offer home-based self-collected vaginal swabs increase testing volume,53 case
finding,54 and successfully reach at-risk populations.53–56 Using the Aptima Combo 2, self-
collected vaginal swabs perform comparably (sensitivity 98.7%, specificity 99.6%) to
clinician-collected vaginal swabs (sensitivity, 96.2%, specificity 99.4%).51 Patients find
self-collected vaginal swabs acceptable57 and most women prefer self-collection to a
speculum exam or urine collection.55, 56

Self-collection of extra-genital specimens in MSM performs comparatively if not better than
clinician-obtained specimens.58–60 In a study of 480 MSM, the concordance between self-
collected and clinician-collected pharyngeal specimens for gonorrhea was 96.6%.58

Concordance between rectal self-testing and clinician-testing was 97.1% in another study.60

Moreover, self-collection of extra-genital specimens is acceptable to MSM, and when given
a choice for asymptomatic screening, some MSM may prefer home-based testing.61
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TREATMENT
Current Treatment Guidelines

The current U.S. CDC recommended treatment for all uncomplicated gonococcal infections
is two-drug combination therapy with ceftriaxone 250mg intramuscularly (IM) and either
azithromycin 1g orally once or doxycycline 100mg orally twice daily for 7 days.12, 39 (Box
2) A single oral 400mg dose of cefixime in combination with azithromycin or doxycycline
has recently been downgraded to an alternative treatment reserved for uncomplicated
urogenital infections.12 Cefixime’s removal from first-line treatment recommendations was
based on the increasing proportion of isolates with ‘alert value’ MICs,5 reports of treatment
failures,22–25 and its inadequacy in eradicating pharyngeal infections39, 62 which are often
undiagnosed.63, 64 Highly effective treatment of pharyngeal gonorrhea is a priority because
untreated gonococcal infection in the oropharynx may contribute to sustained community
transmission and promote the emergence of antimicrobial resistance due to acquisition of
resistance genes from commensal Neisseria species.21, 64

Box 2

Current CDC Treatment Guidelines

• For all uncomplicated gonococcal infections:

ceftriaxone 250mg IM

PLUS

azithromycin 1gm orally once OR doxycycline 100mg orally twice daily for
seven days

• If ceftriaxone is not available, 400mg cefixime orally once plus either
azithromycin or doxycycline can be considered an alternative therapy, except
for pharyngeal gonorrhea.

• Penicillin or cephalosporin allergic patients may be treated with 2 g
azithromycin orally once.

• Persons treated with a non-ceftriaxone containing regimen should return for a
test-of-cure 7–10 days following therapy.

• All persons with gonococcal infection should return for rescreening 3 months
following treatment.

The decision to recommend dual therapy was largely based on expert opinion, experience
with other multi-drug resistant organisms where two or more drug regimens more
effectively eradicate infection than single drug regimens, and the theory that using two drugs
may diminish the risk of inducing or selecting for resistance.10, 65 In practice, dual therapy
for gonorrhea has been given for years as empiric co-treatment of chlamydial infections.
Limited observational data support the rationale to move to dual therapy. Two retrospective
studies suggest that treatment with cefixime and azithromycin is comparable to ceftriaxone,
and superior to oral cephalosporin therapy alone or in combination with doxycycline for
pharyngeal gonorrhea.66,67

Some nations have elected to increase the recommended dose of their chosen cephalosporin
for gonorrhea treatment in an effort to combat emerging resistance. STD treatment
guidelines in the United Kingdom recommend ceftriaxone 500mg IM plus azithromycin 1
g.68 Chinese and Japanese guidelines recommend 1 g of ceftriaxone21 and Canadian
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guidelines recommend cefixime 800mg once for most uncomplicated gonococcal infections,
but prefer ceftriaxone 250mg for MSM and pharyngeal infections.69

Potential future treatment options
At present, there is only one novel drug approaching clinical trial stage for treatment of
cephalosporin-resistant gonorrhea. Solithromycin is an oral fluoroketolide, a form of a
macrolide, that functions by binding to three binding sites on the bacterial ribosome. In vitro
studies have found that solithromycin has good activity against cephalosporin-resistant
gonorrhea, and against some isolates with low-level azithromycin resistance.21, 70 Further, it
has in vitro activity against Chlamydia trachomatis and Mycoplasma genitalium,70, 71

broadening its potential applicability in STD treatment.

Other options for the treatment of resistant gonorrhea include increasing the dose and
duration of cephalosporins, reviving the use of older antibiotics, creating new combinations
of antibiotics, and changing the tradition of STD treatment from empiric treatment to
antimicrobial susceptibility-guided therapy for those with asymptomatic infections. Unemo
and colleagues reported that, among GC isolates with “resistant” level MICs to ceftriaxone
(≥0.5 μg/mL), the ertapenem MICs were much lower suggesting that ertapenem could
function as a back-up regimen for ceftriaxone-resistant gonorrhea.72 Spectinomycin, not
currently available in the U.S., remains an option for uncomplicated anogenital gonococcal
infection.10 However, spectinomycin is not efficacious at eradicating GC from the pharynx
and resistance can emerge rapidly due to a single point mutation.21 Gentamicin has been
used successfully as a single agent in practice in Malawi for years without the emergence of
resistance,21, 73 but a meta-analysis found that gentamicin did not reach the pre-specified
population level of effectiveness (>95%) to warrant recommending its use for gonorrhea
treatment.74 Gemifloxacin is a fluoroquinolone with persevered in vitro activity against
gonorrhea with ciprofloxacin resistance. The results of a clinical trial evaluating
combination therapy with gemifloxacin (320 mg orally) plus azithromycin (2 g orally)
compared to azithromycin (2g orally) plus gentamicin (240mg IM) demonstrated high
microbiological cure rates with both regimens (99.5% and 98.5%, respectively).

Test-of-Cure and Rescreening
Test-of-cure, a repeat test after GC treatment, is intended to detect treatment failures and is
typically done 1 – 4 weeks following treatment. In contrast, rescreening is intended to detect
reinfection after successful treatment and is recommended 3 months following treatment for
all persons diagnosed with gonorrhea due to the high risk of reinfection.75 In practice, less
than half of persons treated for gonorrhea complete rescreening. Prior to the revised
gonorrhea treatment guidelines in late 2012, tests-of-cure were reserved for pregnant
women, persons who did not complete recommended therapy, and persons with persistent
symptoms. Current guidelines recommend test-of-cure for all persons with gonorrhea 7–10
days after treatment if they are not treated with a ceftriaxone-containing regimen.12

Although culture is preferable in order to distinguishing active infection from residual DNA
of a successfully treated infection, CDC guidelines consider a positive NAAT 7 days post-
treatment to represent a clinical failure.

GISP represents another mechanism to monitor for possible treatment failures. GISP
laboratories notify ordering providers and health departments when an isolate with an
elevated MIC to cefixime is detected. In such cases, the clinicians and health department
should coordinate efforts to contact the patient for retesting at all exposed sites, treatment
with first-line therapy, and partner services to ensure that all partners are tested and treated
with a regimen containing ceftriaxone. 7, 76
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Partner Treatment
Testing and treatment of sexual contacts is a central aspect of gonorrhea control. In all U.S.
states, clinicians are legally required to report cases of gonorrhea, and all sexual partners
from the past 60 days should receive screening and empiric treatment. Expedited partner
therapy (EPT), whereby patients deliver appropriate treatment directly to their sexual
partners, increases partner treatment completion and reduces the likelihood of patients
testing GC positive at follow-up. 77 Legal regulations regarding EPT vary by state, and EPT
is not generally recommended for MSM due to high rates of undiagnosed HIV and STD co-
infections in partners of men with gonorrhea. The CDC Cephalosporin-Resistant Neisseria
Gonorrhoeae Public Health Response Plan76 recommends that persons exposed to GC be
informed that dual therapy with ceftriaxone is the most effective treatment and be advised to
seek clinical evaluation. However, EPT with cefixime and azithromycin is still an option
encouraged for partner treatment of heterosexuals with gonorrhea in many states.12, 76 The
potential for poorer treatment efficacy of decreased susceptibility GC isolates with a fully
oral EPT regimen in sex partners of persons with gonorrhea must be considered in the
context of higher treatment completion with EPT. Not all contacts to gonorrhea have
gonococcal infection, and reduced susceptibility to cefixime in GC isolates from
heterosexual men remains very rare.7 Thus, at least at present, the public health benefits of
EPT likely outweigh the risk of EPT-associated treatment failure.

A gonorrhea vaccine?
The ultimate solution for infectious disease public health prevention is a vaccine.
Unfortunately efforts to develop a vaccine against gonorrhea have been met with many
challenges. The primary challenge is the lack of sustained, systemic host immunity to GC.
The immune response to gonococcal infections primarily occurs locally at the mucosal level.
This local immunity is not sustained; hence individuals may be reinfected multiple times
with the same strain. At the level of the organism, the gonococcal surface exhibits a variety
of antigens, which can change over time, making identification of an antibody target
difficult. Despite these impediments investigators have made successful early steps toward a
gonococcal vaccine.21, 78

SUMMARY AND CONCLUSION
Gonorrhea remains an important communicable disease throughout the globe, and the
gonococcus’ continual evolution to evade antimicrobials combined with a current lack of
novel antimicrobial therapies makes cephalosporin-resistant gonorrhea a major public health
threat. Increased screening of persons at risk for gonorrhea, appropriate and timely treatment
for infected persons and their partners, active surveillance for antimicrobial resistance, and
mobilization of public health resources in response to suspected cases of treatment failure
are crucial for control of cephalosporin-resistant gonorrhea.
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KEY POINTS

1. Gonorrhea is the second most common bacterial STD worldwide. Untreated
infection can lead to infertility in women and increase the risk of HIV
transmission and acquisition.

2. Cephalosporin-resistant Neisseria gonorrhoeae is now a major public health
threat as strains demonstrating decreased susceptibility to oral cephalosporins
become more common.

3. Although a few ceftriaxone treatment failures have been reported worldwide,
intramuscular ceftriaxone combined with oral azithromycin remains a highly
effective treatment for gonorrhea.

4. Screening for asymptomatic infections in at-risk women and men who have sex
with men is central to gonorrhea control
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Figure 1.
Proportion of Gonococcal Isolates Tested by GISP with CDC ‘Alert Value’ MIC§ to
Cefixime*, Ceftriaxone, Azithromycin and with Resistance† to Doxycycline and
Ciprofloxacin: 2006 - August 2011.
§CDC defines alert value MIC to Cefixime as ≥0.25 μg/mL, Ceftriaxone ≥0.125 μg/mL, and
Azithromycin ≥2.0 μg/mL. †CDC defines doxycycline resistance as MIC ≥2.0 μg/mL and
ciprofloxacin resistance as ≥1.0 μg/mL. *Cefixime MIC were not tested in 2007 and 2008.
Data compiled from CDC STD Surveillance Reports 2006 – 2011.
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Table 1

Comparative Definitions of Minimum Inhibitory Concentration (MIC) Breakpoints for Decreased
Susceptibility to Selected Antibiotics and MICs of Isolates Reported as “Superbugs”.

Cefixime MIC Ceftriaxone MIC Azithromycin MIC

CLSI *– Decreased Susceptibility ≥ 0.5 μg/mL ≥ 0.5 μg/mL NA

CDC§ Alert Value ≥ 0.25 μg/mL ≥ 0.125 μg/mL ≥ 2 μg/mL‡

EUCAST† – decreased susceptibility ≥ 0.25 μg/mL ≥ 0.25 μg/mL ≥ 1 μg/mL

WHOβ – decreased susceptibility ≥ 0.25 μg/mL ≥ 0.125 μg/mL NA

Japanese Isolate H041 8 μg/mL 2 μg/mL^ 1 μg/mL

French Isolate F89 4 μg/mL 1 μg/mL 1 μg/mL

*
CLSI: U.S. Clinical Laboratory Standards Institute;

§
CDC: U.S. Centers for Disease Control and Prevention;

†
EUCAST: The European Committee on Antimicrobial Susceptibility Testing;

β
WHO: World Health Organization;

‡
CLSI does not define azithromycin resistance, but CDC uses 2 μg/mL to indicated decreased susceptibility;

^
2 mcg/mL by agar dilution method, 4 mcg/mL by e-test method
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