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Neisseria gonorrhoeae (NG) is an important human bacte-

The addition of azithromycin to ceftriaxone monotherapy in

rial pathogen responsible for more than 78 million infec-

recent years was in response to global trends of increasing ceftri-

1

tions per annum globally . In Australia and elsewhere, NG

axone MIC values5, increasing reports of treatment failures using

infection rates are increasing and, critically, antimicrobial

ceftriaxone monotherapy, and the emergence of the ceftriaxone

resistance (AMR) in NG poses a substantial threat to health

resistant strains from Japan in 2010 (the H041 strain)5, followed by

security2. In response, the Australian Gonococcal Surveil-

France then Spain (the F89 strain)6,7, and then Australia (the A8806

lance Programme (AGSP) was established in 1979, and has

strain)8. The move to dual therapy was a speculative bid, without

steadfastly evolved since that time to meet the challenges

a strong evidence base, to delay and prevent widespread develop-

of continuously emerging AMR (Figure 1).

ment and expansion of NG AMR to ceftriaxone in the absence of an
ideal alternate treatment5. Unfortunately with recent reports of

Effective antibiotic treatment for gonorrhoea is critical for gono-

increasing azithromycin resistance (detailed below) this particular

coccal disease control, minimising sequelae, reducing HIV trans-

dual treatment strategy will need review.

mission3, and NG elimination and eradication efforts (theoretically
possible as there is no external host). Heightened concerns re-

The World Health Organization (WHO) recommends that treat-

garding NG AMR are based on the fact that NG has acquired

ment regimens for sexually transmitted diseases have an efﬁcacy

resistance to all of the antibiotics used as treatment, and has

of at least 95%, and that the threshold for treatment change

maintained resistance to these various antibiotics even in the

(5% resistance) be informed by local surveillance data5. Globally

absence of selection pressure4. The current ﬁrst line treatment

there are, however, serious gaps in NG AMR surveillance, and

recommended for gonorrhoea in urban Australia, Europe, the

least represented are countries in the WHO African Region and

United States of America, the United Kingdom, in many countries

Eastern Mediterranean Region2. Further complicating NG disease

in the Asia Paciﬁc, and elsewhere, is ceftriaxone and azithromycin.

control are a number of factors including a high proportion of
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CRO = Ceftriaxone, GASP = Gonococcal Antimicrobial Surveillance Programme, GRAND = Gonorrhoea Resistance Assessment by Nucleic Acid Detection,
NNN = National Neisseria Network, WHO = World Health Organization, WPR = Western Pacific Region

Figure 1. The Australian Gonococcal Surveillance Programme 1979–2017.

asymptomatic infections, particularly in women, and in pharyngeal
5

4

and rectal infections ; increasing rates of AMR ; and the lack of a
9

vaccine for gonorrhoea . Notwithstanding these issues, the use of

need for NG AMR surveillance was recognised in Australia in the
1970s, and through leadership in the medical and scientiﬁc community across the country the Australian National Neisseria

disease prevention messages, sensitive and speciﬁc tests for diag-

Network (NNN) was established. The ﬁrst steps towards the estab-

nosis, high risk patient screening, follow up and treatment of

lishment of the AGSP, which was the NNN’s ﬁrst AMR programme,

partners and contacts, and monitoring AMR by surveillance to

was to develop an agreed methodology of MIC determination for

inform treatment guidelines, remain key components of the WHO

NG AMR testing, and to gauge its reliability11. This was achieved

strategies for NG disease control5.

over a period of 18 months and included cross jurisdictional
assessment of the testing systems11. Integral to the AGSP is the

In 2014, the WHO published the ﬁrst global report on the status of

programme speciﬁc quality assurance surveys that are part of the

AMR bacteria of international concern including NG10. Concer-

NNN strategy to ensure data quality and to monitor proﬁciency in

ningly, data were available from only 22% of the Member States

the NNN12. This networked approach across the jurisdictions of the

(42/194), and the available data indicated that the emergence of

AGSP continues to be coordinated by the NNN Coordinating

NG AMR resistance to the extended spectrum cephalosporin anti-

Laboratory in Sydney, NSW, which was designated a WHO Collab-

biotics was more rapid than the development of alternate strategies

orating Centre in 1998, following the successful establishment of

for treatment which will almost certainly impact on disease burden.

the WHO Gonococcal Antimicrobial Surveillance Programme for

Critically, the report highlighted that data were lacking from

the Western Paciﬁc Region in 1992.

countries and areas where disease burden was highest, and information to inform treatment and control strategies is most needed.

At the time of establishment of the NNN in 1979 a primary concern

Building capacity for surveillance was a primary recommendation

was the emergence of NG resistant to penicillin, which was the

of this report, as was the maintenance, enhancement and expan-

recommended treatment at that time. The AGSP data were ﬁrst

sion of existing surveillance systems so as to provide additional

reported in Communicable Diseases Intelligence (CDI) in 198113,

evidence to underpin strategies for NG control10.

and since then, quarterly and annual reports have been published
continuously. Initially, only susceptibility to the penicillins was

The AGSP was established in 1979 and is recognised as the longest

reported, and other antibiotics were introduced subsequently.

running, and most comprehensive, programme of its kind. The

These data have been pivotal in informing changes in NG treatment
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in urban Australia, from penicillin to ciproﬂoxacin in the 1980s,

of NG disease notiﬁcations almost doubled in urban populations14,

then ciproﬂoxacin to ceftriaxone in the late 1990s; and also enabling

and a coincident rise in the proportion of NG strains with elevated

the maintenance of an oral based treatment strategy in remote

MIC values to ceftriaxone was reported, peaking at 8.8% in 201316.

Australia.

Further, in 2013, the A8806 strain was identiﬁed with the highest

Now, 38 years on, the NNNs Australian Gonococcal Surveillance
Programme is the longest running continuously reporting NG
AMR programme and the most comprehensive of its kind.
The Programmes of the NNN now include the AGSP and the
Australian Meningococcal Surveillance Programmes. These NNN
programmes continue to be supported by the Australian Government Department of Health, New South Wales Health Pathology,
and by the jurisdictional authorities responsible for the Reference
Laboratories in each State and Territory.

ceftriaxone MIC ever reported in Australia, and concerning key
genetic similarities to the H041 strain reported in Japan8. In 2014,
Australia followed the UK, the USA and Europe in moving from
ceftriaxone monotherapy to dual treatment with ceftriaxone and
azithromycin. The introduction of dual therapy was followed in
2015 and 2016 with a decrease in proportions of strains nationally
with decreased susceptibility to ceftriaxone17. Until 2016, NG
azithromycin resistance in Australia was relatively low, averaging
approximately 3% nationally. However, in the ﬁrst quarter of 2016,
in the state of South Australia, azithromycin resistance signiﬁcantly

Since its establishment, the NNN has achieved many notable out-

increased (P < 0.0001) from <5% in the latter half of 2015 to 30%

comes. Amongst the most signiﬁcant achievements is building

in the ﬁrst quarter of 2016. Resistance remained high through

and maintaining of the Network itself, and the strength of its
collaboration which has been maintained over time. The Network
comprises seven laboratories, and academic partners, which test
and report on more than 6500 NG clinical samples per year. This
equates to about 1/3 of all infecting strains nationally, annually, with
the remainder diagnosed by nucleic acid ampliﬁcation testing. The
NNN works closely with local and national health, academic and
research partners, and international partners including the WHO

2016, with the overall proportion of azithromycin resistant NG
strains in South Australia in 2016 reported as 19.5%17. By the end
of the second quarter of 2017 most states reported isolates
with resistance to azithromycin, and the overall incidence of
azithromycin resistance, nationally, by the end of quarter 2, 2017
was 11.0%, more than double the proportion of azithromycin
resistance reported nationally for 2016 (5.0%), and more than
four times the level of azithromycin resistance reported in Australia

at the Regional Ofﬁces and Headquarters.

for 2013–2015 (2.1–2.6%)18. With the azithromycin resistance

The NNN reports NG antimicrobial susceptibility data for remote

levels now greater than the WHO threshold of 5%, consideration

regions of Australia as well for urban regions, as the disease

is being given to the next therapeutic recommendations for NG

epidemiology for remote, indigenous populations differs vastly

but the direction remains unclear, and heightened surveillance

from the urban settings. Overall, in 2015, the rate of notiﬁcation

activities are in place.

of NG infections in the Aboriginal and Torres Strait Islander
population was 10 times that in the non-Indigenous population
(625.6 per 100 000 compared with 62.4 per 100 000). However, over
the period 2011–2015, the notiﬁcation rate of NG decreased by 22%
in the Indigenous population, compared with a 94% increase in the
non-indigenous population14. Whilst the NG disease rates are very
high in remote regions with a predominant Aboriginal and Torres
Strait Islander population, the AGSP data show surprisingly
low rates of AMR. This has enabled a combination of penicillin,
azithromycin and probenecid to be continued as the recommended treatment. A signiﬁcant beneﬁt to this strategy is that it
is oral and easier to use and administer in remote settings. Thus,
in addition to providing continuous national trend data for NG
AMR over the past 36 years, the regional speciﬁc AGSP data are used
to inform two treatment guidelines – for urban and for remote
settings15.

Since its foundation, the NNN has actively engaged in collaborative
research programmes including most recently the Gonorrhoea
Resistance Assessment via Nucleic Acid Detection (GRAND) study
funded by the NHMRC from 2012 to 2015. The GRAND project
represents a highly successful collaboration between the NNN and
scientists, clinicians and academics throughout Australia. Key outcomes include the development of new molecular tools for
NG AMR surveillance. These include assays for the detection of
penicillin, ciproﬂoxacin and azithromycin resistance19–21, which
have improved understanding of NG and associated AMR in the
Australian population, enabled molecular surveillance of penicillin
resistance in NG from remote Australia and translation of
new methods into routine practice. Notable publications from
GRAND include The Molecular Epidemiology and Antimicrobial
Resistance of Neisseria gonorrhoeae in Australia: A Nationwide
Cross-Sectional Study, 2012, published in Clinical Infectious Dis-

Recent years have been particularly interesting in terms of NG

eases and Molecular Antimicrobial Resistance Surveillance for

disease and NG AMR. In Australia over the period 2011–2015, rates

Neisseria gonorrhoeae, Northern Territory, Australia being the
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ﬁnal GRAND article and recently published in Emerging Infectious
Diseases22,23.
A second study, the GRAND2 Study, funded via the NHMRC from
2017 to 2020, will be exploring alternative treatment options for
gonorrhoea. Via the GRAND study, we developed a PCR test that has
99% accuracy for predicting NG ciproﬂoxacin susceptibility. The
GRAND2 will assess the performance of this test in facilitating an
individualised treatment approach for gonorrhoea, whereby
patients are treated on the basis of the ciproﬂoxacin PCR test.
If successful, the approach will facilitate broader use of oral antibiotics for gonorrhoea treatment; enable partner delivered patient
therapy; and spare unnecessary use of ceftriaxone.
The NNN has worked collaboratively to monitor NG disease epidemiology and NG AMR in Australia for the past 36 years. The need
for close and continued monitoring of gonococcal AMR is clearly
evident, and the work of the NNN is critical for clinical management
in the Australian setting; detection and response to resistant strains;
and to continue to provide data for treatment guidelines.
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strategies, particularly in remote settings.
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OzFoodNet is Australia’s national enhanced foodborne dis-

in each Australian state and territory and the Australian

ease surveillance network. OzFoodNet is currently evolving

Department of Health and representatives from Food Standards

in order to meet the most signiﬁcant challenges faced since

Australia New Zealand, Australian Government Department

it commenced in 2000: the transition to culture indepen-

of Agriculture and Water Resources, the Public Health Laboratory

dent diagnostic tests and the introduction of whole genome

Network (PHLN) and the National Centre for Epidemiology

sequencing for typing of enteric pathogens. This has chan-

and Population Health1. OzFoodNet is over 15 years old and

ged the nature of foodborne disease surveillance and out-

continues to successfully conduct surveillance and respond to

break investigation in Australia.

outbreaks of foodborne illness. Relationships have been crucial

OzFoodNet is Australia’s national enhanced foodborne disease

to this success, and triannual face-to-face meetings have been

surveillance network, with foodborne disease epidemiologists

the cornerstone of OzFoodNet’s collaboration. OzFoodNet
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