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Gonococcal antimicrobial resistance:
80 years in the making
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Medicine’ was that drugs were of little value3. Intravenous mercu-
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later introduced, which was then combined with urethral irriga-

Antimicrobial resistance has been a problem for the treat-

rochrome, a complex of ﬂuorescein, bromine and mercury, was
tions of potassium permanganate.

The chemotherapy era of gonorrhoea treatment

ment of gonorrhoea since the introduction of sulfa drugs in

The chemotherapy era of gonorrhoea treatment was heralded by

the 1930s. The gonococcus has a remarkable ability to

the 1937 introduction of the much more effective sulfanilamide at

obtain the genetic elements required to develop resistance

the Johns Hopkins University Clinic and then in London where a

and for these resistant strains to then widely disseminate.

three-week course achieved an 80% cure rate. Sulfanilamide was

Many decades of antibiotic monotherapy have seen the

then superseded by the analogue sulfathiazole, which was better

introduction of a number of antibiotic classes herald a

tolerated with a shorter treatment course. However, by the 1940s

promising new era of treatment only to subsequently fail

resistance to sulfonamides was found and heat treatment was

due to resistance development. The world is now faced with

reintroduced with the sulfonamide for better cure rates.

the prospect of extensively resistant Neisseria gonorrhoea

A signiﬁcant advance in treatment occurred with the introduction

and requires a coordinated action plan to detect and treat

of penicillin, which was almost universally curative, even with low

these resistant strains.

doses of relatively impure product. Such was the euphoria at the

The pre-chemotherapy era of gonorrhoea
treatment

time that penicillin was advertised as curative in four hours and was
provided free by health departments. However, in a repeat of the
sulfonamide experience cases resistance to penicillin became more

Gonorrhoea has been known since biblical times, and has been

frequent through the 1950s. The response was to increase the

given names such as ‘the clap’, presumably from the medieval

penicillin dose from 1.5 g to 2.4 g, replace penicillin with amoxicillin

Parisian prostitute district Les Clapiers. Following the fatal attempt

which had a better oral bioavailability and pharmacodynamics, and

by the 18th century English surgeon John Hunter to ‘prove’ syphilis

ﬁnally in 1969 to combine amoxicillin with probenecid to return the

and gonorrhoea were the same disease (he subsequently died of co-

cure rates to 95% or better.

transmitted syphilis), the German microbiologist Albert Neisser
discovered the gonococcus in 1879. It was ﬁrst cultivated in 1882 by
Leistikow and Loefﬂer but it was the introduction of a new bacterial
staining method by Hans Gram in 1884 that greatly simpliﬁed its
identiﬁcation1.

The demise of penicillins as a reliable treatment for gonorrhoea was
due to the 1976 appearance of plasmid-mediated penicillinase
production resulting in high level resistance2. These penicillinase-producing Neisseria gonorrhoeae (PPNG) rapidly spread to
most parts of the world, and together with the discovery in 1980 of a

The recommended treatment of gonorrhoea at this time was

new chromosomal mutation also causing high level resistance, led

botanicals, such as Indonesian pepper and South American balsam

to the abandonment of penicillin and amoxicillin for gonococcal

of copaiba2. Neisser produced a vaccine from killed gonococci in

therapy. Only in several remote populations, such as northern

the 1890s which beneﬁtted the arthritis, possibly from the fever it

Western Australia and the Northern Territory did antimicrobial

induced, but not the urethritis. Heat therapy of joints and genitalia

susceptible gonococcal strains remain predominant. Tetracycline

was initiated in 1913 and the Mayo Clinic extended this to a fever

was initially effective but resistance developed within a few years

cabinet, which included heating elements in the vagina and rectum.

when the R-plasmid in PPNG acquired the genes for high level

The view of Osler in his 1920 edition of ‘Principles and Practice of

tetracycline resistance, resulting in its withdrawal from empiric
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treatment in 1987. Spectinomycin, introduced in 1967, replaced

The British Association for Sexual Health and HIV recommended

tetracycline as the penicillin alternative but reports of high level

ceftriaxone and azithromycin combination therapy in 2011 but

4

spectinomycin resistance in PPNG emerged in 1981 .

this year has revised this to recommend an increased ceftriaxone
dose of 1 g and removal of azithromycin8. This was due to a number

The modern era of gonorrhoea treatment

of reasons; the increased modal ceftriaxone minimum inhibitory
concentration (MIC) distribution in Britain, the emergence of

The recommendation for monotherapy in the treatment of gonor-

ceftriaxone resistance from other regions of the world where

rhoea persisted following the downfall of penicillins, tetracycline,

gonococcal ceftriaxone reduced susceptibility is more frequent,

and spectinomycin in most parts of the world. The ﬂuoroquinolone

the lack of evidence that combination therapy lowers the potential

antibiotics ciproﬂoxacin and oﬂoxacin became available in the

to promote antimicrobial resistance, and the risk of azithromycin

1990s but by 2004 resistance was such that their recommendation

resistance increasing when used as part of combination therapy

for empiric gonococcal treatment was withdrawn. Extended spec-

thereby diminishing its use as an alternative therapy for ESC-

trum cephalosporins (ESCs) were introduced in the 1980s and

resistant gonorrhoea.

quickly became the treatments of choice, with some countries, such
as Japan, using the oral drug ceﬁxime while other countries used

Ceftriaxone at a dose of 500 mg is recommended for uncomplicated

parenteral ceftriaxone. Despite monotherapy with ceftriaxone as

gonorrhoea in the Therapeutic guidelines – Antibiotic Version 15

empiric and directed anti-gonococcal therapy for several decades

and the Australian STI management Guidelines whereas the Cen-

resistance did not seem to develop readily. This was possibly due to

ters for Disease Control (CDC), USA and the World Health Orga-

its very favourable pharmacodynamic proﬁle facilitating clearance

nization (WHO) treatment guidelines recommended a dose of 250

of pharyngeal N. gonorrhoeae, a property that was variably lacking

mg. Pharmacodynamic analysis has shown that for a gonococcal

in the preceding monotherapy regimens. However, this optimism

strain with an MIC of 0.5 mg/mL the time above the MIC increases

came to an end in 2007 when ESC-resistant N. gonorrhoeae was

from 15.6 h for a 500 mg dose to 24.3 h for a 1 g dose of ceftriaxone9

discovered in Japan and Australia and in 2008 when reduced

but almost all gonococcal isolates in Australia remain susceptible

susceptibility of N. gonorrhoeae to ceﬁxime was detected in the

(MIC <0.125 mg/mL) to ceftriaxone. Therefore the current recom-

USA. This was followed by the detection of ceftriaxone resistance in

mended Australian dose should achieve sufﬁcient time above the

Japan, France and Spain in 20115–7. Therefore the era of sequential

MIC to remain highly effective for uncomplicated gonorrhoea for all

monotherapy for treatment of gonorrhoea was witnessing the

stains with an MIC of 0.25 mg/mL or less. Also, the prevalence of

potential demise of a fourth antibiotic class, the ESCs, with few

isolates with decreased susceptibility to ceftriaxone has actually

other single dose antibiotic options available.

fallen since 2013 with the introduction of combination therapy with
azithromycin10.

Gonococcal resistance to ceftriaxone is primarily due to alterations
in the penA gene encoding penicillin binding protein 2 (PBP2). The

Combination therapy is not a new concept in microbiology, where it

alteration is most frequently due to acquisition of a mosaic gene by

is employed to either produce a synergistic effect by reducing the

transformation following recombination with penA genes from

MIC of the organism below that compared to when the antibiotic is

commensal oral Neisseria species. Speciﬁc amino acid alterations

used alone, to target speciﬁc biochemical pathways in bacteria such

to PBP2 near the beta-lactam active site result in the decreased

as toxin production to reduce symptoms, or to broaden the

susceptibility of gonococci to cephalosporins whereas high level

spectrum of cover to a greater range of pathogens when the

resistance is due to amino acid changes in the ab2 helix and b3

microbial aetiology is unknown. Combination therapy for gonor-

strand of PBP2 interfering with cephalosporin binding and

rhoea has been used for some time in the remote regions of

2

acylation .

Australia to treat the high rate of coincident Chlamydia trachomatis infection. In contrast, the more recent rationale for the
addition of azithromycin to ceftriaxone for the treatment of gonor-

Combination therapy for gonorrhoea

rhoea was to improve treatment outcomes and to prevent or retard

To respond to the looming threat of widespread ESC resistance a

the development of ceftriaxone resistance, as borne out of clinical

review of current guidelines was warranted, with the options being

experience with other bacteria that acquire resistance quickly. The

to increase the dose of the cephalosporin, combine it with another

theory is that it is more difﬁcult for a bacterium to simultaneously

antibiotic with a different mechanism of action, or move to another

develop resistance to two antibiotics with different mechanisms of

antibiotic class.

action, but this rationale has been questioned11. Moreover, this
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approach has added cost, the risk of adverse effects from two drugs,

the CDC in their updated 2015 guidelines. In 2017, most Australian

and the possible acceleration of azithromycin resistance develop-

gonococcal isolates (>90%) remain susceptible to azithromycin10

ment in gonococci as well as other sexually transmitted pathogens,

although increasing prevalence of low level resistance has been

such as Mycoplasma genitalium and Treponema pallidum.

reported from around the world, including Australia, since com-

The WHO and the CDC revised their treatment guidelines by

bination anti-gonococcal therapy was recommended.

adding a second antibiotic to ceftriaxone. The CDC in 2010 recom-

Azithromycin resistance in clinical gonococcal isolates appears to

mended the addition of either azithromycin or doxycycline but in

be due to target modiﬁcation from 23S rRNA mutations rather than

2015 dropped doxycycline due to growing resistance in the USA. In

erm genes that encode rRNA methylases. The C2611T modiﬁcation

2016 the WHO similarly revised their 2003 guidelines to also

results in low level resistance with the number of 23S rRNA alleles

recommend dual therapy. There is no microbiological evidence

affected (up to four) determining the MIC from 1–64 mg/

to support the concept that either increasing the dose of ceftriax-

mL. Gonococci with azithromycin MICs just above the breakpoint

one or moving to combination antibiotic therapy will retard the ESC

would be more likely to respond to a 2 g dose rather than a 1 g dose.

‘MIC creep’ that has been observed in gonococcal isolates. Unfor-

High level azithromycin resistance (MIC 256 mg/mL) is due to

tunately no viable long-term single dose alternative for empiric anti-

three or four alleles containing the 23S rRNA gene A2059G mutation

gonococcal therapy is readily available.

and would be expected to fail azithromycin therapy regardless of

Azithromycin has activity against N. gonorrhoeae12,13 and may
improve treatment efﬁcacy for pharyngeal gonorrhoea14 although
the evidence for synergy between azithromycin and cephalosporins is limited15. Two grams of azithromycin given orally as a single
dose has been demonstrated to be up to 99.2% effective against
uncomplicated urogenital gonorrhoea16 but is not recommended

the dose. Outbreaks of gonococcal strains with high level azithromycin resistance have been reported from the UK but not from
Australia.

The multidrug-resistant and extensively drugresistant era of gonorrhoea treatment

as monotherapy due to concerns over the development of resis-

A new scheme to deﬁne multidrug-resistant N. gonorrhoeae (MDR

tance and reported treatment failures. Resistance to azithromycin

NG) and extensively drug-resistant N. gonorrhoeae (XDR NG) was

may be encouraged by moving to higher dose therapy as this

proposed by Tapsall et al.17 in 2009 to focus attention on gono-

extends the duration of sub-MIC levels for up to one month.

coccal strains with resistance to antibiotics in current use rather

Azithromycin at a dose of 2 g is also recommended as part of

than on those antibiotics superseded or not used for treatment of

combination therapy with either gentamicin or gemiﬂoxacin for

gonorrhoea. These deﬁnitions (Table 1) were soon put into prac-

uncomplicated gonorrhoea in those allergic to cephalosporins by

tice. Until 2017, cases of MDR NG resistant to penicillin, ceftriaxone

Table 1. 2009 Definition of MDR and XDR N. gonorrhoeae16.

Category I. Antibiotics currently generally recommended for treatment of gonorrhoea
– Injectable extended spectrum cephalosporins
– Oral extended spectrum cephalosporins
– Spectinomycin
Category II. Antibiotics now less frequently used or else proposed for more extensive use
– Penicillins
– Fluoroquinolones
– Azithromycin
– Aminoglycosides
– Carbapenems
MDR NG:

Resistant to one or more category I antibiotic AND two or more category II antibiotics

XDR NG:

Resistant to two or more category I antibiotics AND three or more category II antibiotics
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(MIC range 0.5–2 mg/mL), ceﬁxime, and ciproﬂoxacin were

Solithromycin and delaﬂoxacin were recently trialled against cef-

reported from Japan, France, Spain, Australia and Canada. These

triaxone and azithromycin and ceftriaxone monotherapy, respec-

isolates contained the same mosaic penA allele suggesting inter-

tively, in uncomplicated gonorrhoea but failed to meet their

national spread but with varying additional genetic modiﬁcations.

noninferiority margins. Zoliﬂodacin, a piropyrimidinetrione anti-

In 2017 there was evidence that there was sustained international

microbial agent that inhibits DNA biosynthesis, has shown activity

transmission of one of these strains (FC428) containing the mosaic

against ﬂuoroquinolone and ESC-resistant gonococci. Gepotida-

penA-allele designated as PenA-60.001 with isolates found in

cin, a triazaacenaphthylene antibiotic that inhibits bacterial DNA

Canada, Denmark and Australia18. Of some comfort was the fact

gyrase and type II topoisomerase to block bacterial DNA replica-

that, for those cases with follow up and tests of cure, combination

tion, has shown activity against ciproﬂoxacin and azithromycin

19

cephalosporin and azithromycin therapy still appeared effective .

resistant strains. Both have completed Phase 2 trials and, if Phase

However, this reassurance was short-lived when in 2018 two XDR

3 trials are successful, could provide future treatment options.

NG infections acquired in South-East Asia were reported from the
UK and Australia together with a second Australian case without a
travel history20,21. These strains were resistant to ceftriaxone (MIC
0.25-0.5 mg/mL) and possessed high level azithromycin resistance
(MIC >256 mg/mL). Perhaps as expected, the English case failed to
clear the pharynx with 1 g ceftriaxone plus 2g spectinomycin, but
was subsequently cured with intravenous ertapenem for three days.
Reduced susceptibility of N. gonorrhoeae to antimicrobial treatments in men who have sex with men (MSM) compared to heterosexual men and women has been observed for some years for a
number of classes of antibiotics. Persistent pharyngeal infection
in MSM is therefore a particular area of concern for MDR NG and
XDR NG.

International surveillance for antimicrobial
resistant N. gonorrhoeae
A number of countries have surveillance programs for the monitoring of antibiotic resistance in N. gonorrhoeae strains, including
the Gonococcal Isolate Surveillance Project in the United States,
the Gonococcal Resistance to Antimicrobials Surveillance Programme in the UK, the European Gonococcal Antimicrobial Surveillance Programme and the National Neisseria Network in
Australia. More countries, especially in the Asia-Paciﬁc region
should be encouraged to initiate surveillance programs due to the
recent emergence of XDR NG from this region. The WHO and the
CDC have been supporting such efforts in the South-East Asian and
Western Paciﬁc regions through initiatives such as the Enhanced

The future of gonorrhoea treatment
Resurrecting or repurposing antibiotics may have a role in the

Gonococcal Antimicrobial Surveillance Program, which began in
Thailand in 2015.

management of MDR NG and XDR NG infections. Spectinomycin
has regained activity since its widespread use ceased; however, it

The Australian response to MDR NG and XDR NG

requires SAS approval for use in Australia, is only 50% effective for

The long established National Neisseria Network will continue to

pharyngeal gonorrhoea and resistance is likely to rapidly redevelop

survey referred N. gonorrhoeae isolates for MDR NG and XDR NG

if use again becomes widespread. Gentamicin has been used in

along with monitoring trends of decreased susceptibility to the

Africa for many years but is also inferior for clearance of pharyngeal

commonly used anti-gonococcal agents. The Communicable Dis-

gonorrhoea. Ertapenem, a carbapenem antibiotic, which appeared

eases Network of Australia currently has a working group reviewing

effective for treatment of the English XDR NG case has good in vitro

empiric N. gonorrhoeae treatment and producing guidelines for

activity against gonococcal isolates but there is no treatment trial

treatment of MDR NG and XDR NG in Australia, with the recom-

data available as yet to conﬁrm its clinical efﬁcacy. Almost all the

mendations soon to be released. These guidelines will require

reported MDR NG and XDR NG strains to date were ﬂuoroquin-

regular review of the latest available antimicrobial resistance data to

olone resistant making ciproﬂoxacin unlikely to have a role in

ensure they remain effective. When reviewing this data, the recom-

managing such cases.

mended breakpoint proposed in the early 1990s22 of 95% suscep-

Rifampicin has some limited clinical efﬁcacy data when used in
multiple doses but has a less favourable side-effect proﬁle and
interacts with a number of other commonly used medications.

tibility for use of an antibiotic for treatment of gonorrhoea is
likely far too low to prevent the spread of ESC-resistant
N. gonorrhoeae.

Fosfomycin, aztreonam and tigecycline could be administered as

A more effective response may be the rapid deployment of alter-

part of an antibiotic combination to treat MDR NG and XDR NG but

native empiric therapies to the area or sexual network where an

again, there is little data to support their clinical efﬁcacy.

ESC-resistant gonococcal strain is detected, akin to a ring
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Table 2. Microbiology laboratory contribution to MDR NG and XDR NG management.

1.

Encourage the treating doctor to capture a travel history, and recommend contact tracing and partner notification

2.

Recommend culture and molecular testing be obtained from other possible sites of infection (genital, pharyngeal and rectal) prior to treatment

3.

Encourage the treating doctor to refer the case to their local Sexual Health Clinic or Infectious Disease services for treatment, or seek telephone advice
if in a remote or rural area

4.

Test or refer the isolate for MIC testing against azithromycin, ertapenem, spectinomycin and gentamicin in addition to ceftriaxone, ciprofloxacin and
tetracycline

5.

Recommend test-of-cure be performed from all positive sites using culture at 7 days or molecular testing at 21 days

6.

Refer the isolate to the jurisdictional National Neisseria Network laboratory

7.

Notify the jurisdictional health department of the case

vaccination strategy for vaccine preventable diseases. However, the

4.

Buono, S.A. et al. (2015) Stemming the tide of drug-resistant Neisseria gonorrhoeae: the need for an individualized approach to treatment. J. Antimicrob.
Chemother. 70, 374–381. doi:10.1093/jac/dku396

5.

Ohnishi, M. et al. (2011) Is Neisseria gonorrhoeae initiating a future era of
untreatable gonorrhea? Detailed characterization of the ﬁrst high-level ceftriaxone resistant strain. Antimicrob. Agents Chemother. 55, 3538–3545. doi:10.1128/
AAC.00325-11

6.

Unemo, M. et al. (2012) High-level ceﬁxime- and ceftriaxone-resistant Neisseria
gonorrhoeae in France: novel penA mosaic allele in a successful international
clone causes treatment failure. Antimicrob. Agents Chemother. 56, 1273–1280.
doi:10.1128/AAC.05760-11

7.

Camara, J. et al. (2012) Molecular characterization of two high-level ceftriaxoneresistant Neisseria gonorrhoeae isolates detected in Catalonia, Spain.
J. Antimicrob. Chemother. 67, 1858–1860. doi:10.1093/jac/dks162

8.

British Association for Sexual Health and HIV (2019) BASHH guidelines for the
management of infection with Neisseria gonorrhoeae. https://www.bashh.org/
guidelines (accessed 6 March 2019).

9.

Chisholm, S.A. et al. (2010) Cephalosporin MIC creep among gonococci: time for
a pharmacodynamics rethink? J. Antimicrob. Chemother. 65, 2141–2148.
doi:10.1093/jac/dkq289

current lack of available gonococcal clinical isolates for antimicrobial susceptibility testing would hamper the effectiveness of this
response. The reality is that the vast majority of gonorrhoea
diagnoses in Australia will continue to be molecular based and the
only way to resolve this information gap is to introduce molecularbased antimicrobial resistance detection. Until now, only in-house
molecular tests for detection of antibiotic resistance in gonorrhoea
specimens have been used in reference laboratories23 but commercial assays that include molecular markers for antibiotic resistance as well as N. gonorrhoeae DNA detection are entering the
Australian market. Earlier diagnosis can also help combat the
spread of MDR NG and XDR NG. Collaboration with primary clinical
services for point of care testing is encouraged for N. gonorrhoeae
to assist with earlier treatment and contact tracing.
Microbiology laboratories are centrally placed to contribute to the
response against the spread of gonococcal antimicrobial resistance
because of their primary isolate detection and susceptibility testing
roles and their liaison and advice roles with the treating clinicians

10. Lahra, M.M. et al. (2017) Australian Gonococcal Surveillance Programme Annual
Report. http://www.health.gov.au/internet/main/publishing.nsf/Content/BE39
C1C702DBA06FCA25829700839388/$File/Annual-Report-2017.pdf (accessed 6
March 2019).
11. Rice, L.B. (2015) Will use of combination cephalosporin/azithromycin therapy
forestall resistance to cephalosporins in Neisseria gonorrhoeae? Sex. Transm.
Infect. 91, 238–240. doi:10.1136/sextrans-2014-051730

(Table 2).

12. Steingrimsson, O. et al. (1990) Azithromycin in the treatment of sexually transmitted disease. J. Antimicrob. Chemother. 25, 109–114. doi:10.1093/jac/25.
suppl_A.109
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Antimicrobial resistance is a major threat to the delivery of

solutions will reduce the impact of resistance. It is critical

effective care and already causes 700 000 excess deaths

that these new drugs are protected from inappropriate use.

per year worldwide. International consensus on action to
combat antimicrobial resistance was reached in 2015.

Critical to the survival of microorganisms on Earth is their ability to

Australia is implementing a national strategy. The clinical

evade destruction by mutation of key effector genes, leading to

consequences of antimicrobial resistance are seen most

adaptation and selective evolution. Antimicrobial resistance (AMR)

acutely in multi-drug resistant Gram-negative bacterial

emerged billions of years ago in nature, unrelated to human use of

infections, where they cause increased mortality and mor-

antimicrobials1. Most human pathogenic bacteria develop AMR to

bidity and threaten the delivery of once routine medical

antibiotics within a few years of their ﬁrst use. For example, the

care. The solution to antimicrobial resistance is complex

Florey group demonstrated penicillinases able to hydrolyse pen-

and multifaceted. Antimicrobial stewardship, that is opti-

icillin in Staphylococcus aureus in 1940, before clinical use in

mising the use of the antibiotics we currently have, is the

humans2. Penicillin resistance leading to clinical treatment failure

most rapidly deployable mitigation. Several novel antibio-

was described in 19423. The selection of antimicrobial resistance is

tics with activity against a range of drug-resistant bacteria

inevitable whether or not antimicrobial use is appropriate, but

are now available clinically, leading to hope that innovative

interventions that impede this process can delay the onset of AMR
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