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Abstract 1 

Objective: To create a mathematical model to investigate the treatment impact and 2 

economic implications of introducing an antimicrobial resistance point-of-care test (AMR 3 

POCT) for gonorrhoea as a way of extending the life of current last-line treatments. 4 

Design: Modelling study. 5 

Setting: England. 6 

Population: Patients accessing sexual health services. 7 

Interventions: Incremental impact of introducing a hypothetical AMR POCT that could 8 

detect susceptibility to previous first line antibiotics e.g. ciprofloxacin or penicillin so that 9 

patients are given more tailored treatment, compared with the current situation where all 10 

patients are given therapy with ceftriaxone and azithromycin.  The hypothetical intervention 11 

was assessed using a mathematical model developed in Excel.  The model included initial 12 

and follow-up attendances, loss to follow-up, use of standard or tailored treatment, time 13 

taken to treatment and the costs of testing and treatment. 14 

Main outcome measures: Number of doses of ceftriaxone saved, mean time to most 15 

appropriate treatment, mean number of visits per (infected) patient, number of patients lost 16 

to follow-up and total cost of testing. 17 

Results: In the current situation an estimated 33,431 ceftriaxone treatments are 18 

administered annually and 792 gonococcal infections remain untreated due to loss to follow-19 

up.  The use of an AMR POCT for ciprofloxacin could reduce these ceftriaxone treatments 20 

by 66%, and for an AMR POCT for penicillin by 79%.  The mean time for patients receiving 21 

an antibiotic treatment is reduced by 2 days in scenarios including POCT and no positive 22 

patients remain untreated through eliminating loss to follow-up.  Such POCTs are estimated 23 

to add £34 million to testing costs, but this does not take into account reductions in costs of 24 

repeat attendances and the reuse of older, cheaper antimicrobials. 25 

Conclusions: The introduction of AMR POCT could allow clinicians to discern between the 26 

majority of gonorrhoea-positive patients with strains that could be treated with older, 27 

previously abandoned first-line treatments, and those requiring our current last-line dual 28 

therapy.  Such tests could extend the useful life of dual ceftriaxone and azithromycin 29 

therapy, thus pushing back the time when gonorrhoea may become untreatable. 30 
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What is already known on this subject 1 

• The rise of antimicrobial resistant gonorrhoea is a pressing public health problem 2 

because gonorrhoea is the second most common bacterial sexually transmitted infection 3 

in the UK and untreated disease can lead to serious complications. 4 

• The currently recommended first-line treatment of ceftriaxone and azithromycin is also 5 

our last-line treatment option, raising concern that gonorrhoea could soon become 6 

untreatable. 7 

• Most strains of Neisseria gonorrhoeae in the UK are susceptible to older, abandoned 8 

first-line treatments, but characterisation of the resistance/susceptibility profiles of 9 

infection is not available at the time of diagnosis and treatment. 10 

What this study adds 11 

• Model estimates suggest the use of a hypothetical antimicrobial resistance point-of-care 12 

test (AMR POCT) for ciprofloxacin resistance could prevent 22,054 treatments with 13 

ceftriaxone annually (66% reduction), and an AMR POCT for penicillin resistance could 14 

prevent 26,499 ceftriaxone treatments (79% reduction).   15 

• The use of AMR POCTs could reduce the mean time for patients receiving the most 16 

appropriate treatment by two days and prevent positive individuals remaining untreated 17 

through the elimination of loss to follow-up. 18 

• Assuming an AMR POCT added £25 to the testing costs, using such a test would 19 

increase the total cost of testing in England by £34 million annually, though a proportion 20 

of this would be offset though reductions in (re)testing and the re-use of older cheaper 21 

antimicrobials. 22 
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INTRODUCTION 1 

Increasing antimicrobial resistant gonorrhoea represents a significant and urgent public 2 

health problem.  Gonorrhoea, caused by Neisseria gonorrhoeae is the second most 3 

commonly diagnosed bacterial sexually transmitted infection (STI) in England. N. 4 

gonorrhoeae has evolved resistance to all major drug classes and has been recognised as a 5 

bacterium of international concern by World Health Organization (WHO) 1 and has been 6 

prioritised in the UK five-year antimicrobial resistance strategy2.   7 

 8 

Diagnoses have more than doubled from 16,839 in 2010 to 41,193 in 2015, mainly due to 9 

increased diagnoses in men who have sex with men (MSM), accounting for 70% of male 10 

infections in 2015, illustrated in Figure 1 3 (data reported through GUMCADv2, including 11 

GUM clinics and other sexual health service providers, but not general practice).  Infections 12 

are often asymptomatic, especially in women and in pharyngeal and rectal infections in 13 

MSM, but are still transmissible5.  If untreated, complications of infection include pelvic 14 

inflammatory disease, infertility, increased risk of pregnancy complications and, in rare 15 

cases, life-threatening septicaemia6.  Gonorrhoea infection also increases the risk of HIV 16 

acquisition7.   17 

 18 

3In the UK, the Gonococcal Resistance to Antimicrobial Surveillance Program (GRASP) has 19 

performed sentinel antibiotic susceptibility testing of gonorrhoea since 200011. Increases in 20 

resistance to first line therapies resulted in two changes in treatment recommendation 21 

(Figure 1): from ciprofloxacin to cefixime in 2005 and then to ceftriaxone plus azithromycin in 22 

2011 8,10,11. Our current first-line therapy is also our last-line option, and whilst the use of 23 

dual therapy is intended to delay resistance developing to ceftriaxone, decreased 24 

susceptibility to either of these drugs could lead to untreatable infections.  Whilst new 25 

antibiotics are in development, their use in the clinic may be many years away and already 26 

the world’s first reported clinical treatment failure with confirmed ceftriaxone and 27 

azithromycin resistance has occurred 11.  28 

 29 

There are two main challenges to the management of gonorrhoea which contribute to the 30 

problem of resistance, illustrated in Figure 2. 1) Precautionary treatment: at the time of 31 

diagnosis, such that all infections are treated as if they are resistant to older antibiotics and 32 

2) Epidemiological treatment: sexual contacts of gonorrhoea cases are often treated before 33 

diagnostic test results are known resulting in unnecessary treatment of uninfected partners. 34 

The cornerstone of gonorrhoea management to date has been to ensure rapid, highly 35 

effective treatment is given to prevent the onward spread of infection to sexual partners and 36 
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to prevent people not returning for treatment following a diagnosis. In the context of antibiotic 1 

resistance and new diagnostic technologies, it is necessary to reassess these priorities.  2 

 3 

Strategies are required to extend the life of existing antimicrobials for the successful 4 

treatment of gonorrhoea.  Most infections diagnosed in the UK are susceptible to cefixime, 5 

ciprofloxacin and even penicillin 11. Therefore, if a point-of-care test (POCT) could be 6 

developed to test for resistance (or susceptibility) to antibiotics, most patients could be 7 

treated with an older oral first-line therapy,potentially extending the life of ceftriaxone as our 8 

last-line therapy. 12A promising option based on existing nucleic acid amplification test 9 

(NAAT) could be a PCR test for ciprofloxacin resistance, using the gyrA Gene as a target 10 

12,13. Other technologies could involve direct measurement of live cell responses to the 11 

presence of a panel of antibiotics including microfluidic devices, atomic force microscopy, 12 

volatile chemical detection or mass spectroscopy. Computational approaches based on in 13 

silico phenotyping based on genotype may also be able to detect new mutations more 14 

rapidly than traditional microbiological testing 14-16. In this study we developed a 15 

mathematical model to investigate the treatment impact and economic implications of 16 

introducing an antimicrobial resistance (AMR) POCT for gonorrhoea. 17 

 18 

METHODS 19 

Model 20 

We developed a decision tree model in Excel to consider the impact of a hypothetical new 21 

AMR POCT on testing, diagnosis and treatment of gonorrhoea in sexual health clinics in 22 

England (Figure 3), compared to current practice. Genitourinary clinics typically triage 23 

attending patients based on whether they have symptoms or report contact with a sexual 24 

partner infected with a specific infection (“same day management”) and those without 25 

symptoms (“delayed management”) where treatment is delayed until the results of diagnostic 26 

tests are returned from the laboratory (2-7 days) (Figure 2). Current practice is therefore a 27 

mixture of same day management and delayed management depending on clinic patient 28 

mix. Guidelines recommend that patients treated for gonorrhoea also have swabs taken at 29 

the time of treatment that are sent for susceptibility testing, but these results are not 30 

available until after treatment has been given. The alternative strategy is based on a point of 31 

care gonorrhoea diagnostic test for all patients. The point of care test (POCT) could be either 32 

a simple diagnostic for gonorrhoea (infected/not infected) or a test which can discriminate 33 

between one specific resistance/susceptibility determinants (POCT AMR). More complex 34 

testing algorithms and diagnostic technologies could be envisioned, for example only using 35 

an AMR POCT if the initial simple POCT is positive (reflex testing) or using more complex 36 

algorithms and new technologies to determine optimal treatment options. In this preliminary 37 
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example we consider two options of antimicrobial susceptibility 1) ciprofloxacin and 2) 1 

penicillin. 17,18  2 

 3 

The model was based upon an existing pathway model used to investigate the impact of 4 

introducing a dual POCT for gonorrhoea and chlamydia in a genitourinary medicine (GUM) 5 

setting18,19, but simplified in that onward transmission of gonorrhoea and partner notification 6 

were not included, with the focus being on diagnosis and tailored treatment, shown in Figure 7 

3. We explicitly included branches to differentiate susceptible and resistant isolates within 8 

the pathway framework.  For the purpose of our study, we assumed that all point of care 9 

tests are 100% sensitive and specific for simplicity. Previous models have considered 10 

variable specificity and sensitivity requirements in more detail 17.  11 

 12 

Hypothetical cohorts of patients were followed through the pathway (MSM, heterosexual 13 

men and heterosexual women).  Individuals could either receive same-day management or 14 

delayed management (Figure 3) under current practice or for POCT pathway all patients are 15 

assumed tested, diagnosed and treated on the same day. The only difference between 16 

POCT and AMR POCT is therefore in the choice of antimicrobial therapy. Treatments 17 

modelled were either our current last-line dual therapy of ceftriaxone and azithromycin 18 

(current pathway or simple POCT), or in the case of scenarios including AMR POCT a 19 

proportion of patients were provided with either ciprofloxacin or penicillin, plus azithromycin 20 

co-therapy, as an alternative regimen where possible.  Loss to follow-up when patients were 21 

recalled for treatment following laboratory testing to determine positivity for gonorrhoea was 22 

explicitly included for current pathway only. We assumed that results of point of care 23 

diagnostics can be provided within the clinical consultation, e.g. if patients provide samples 24 

for testing on arrival at a GUM clinic and then wait for an appointment or return later in the 25 

day. It is possible that this would result in delays to treatment for symptomatic individuals 26 

and sexual contacts, but we do not consider this further here as we are exploring the 27 

potential of theoretical new tests. 28 

 29 

Parameter values 30 

Full model parameters are provided in the Appendix Table A1 and Table A2.  Estimates of 31 

the numbers of patients attending GUM clinics and tested for and diagnosed with 32 

gonorrhoea were based on recent data from Public Health England (PHE)4. The model is run 33 

assuming 515,094 MSW, 145,863 MSM and 779,085 women attend a GUM clinic in 2014)4 34 

and the proportions entering same day management or who are infected adjusted to 35 

generate the observed diagnoses of gonorrhoea in each group.  In 2014, there were over 36 

33,000 diagnoses of gonorrhoea reported by PHE, just over half in men who have sex with 37 
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men (MSM) and the remaining heterosexual cases split roughly equally between men and 1 

women. We combined data on patients presenting as contacts of gonorrhoea cases or with 2 

symptoms into the “same-day management” pathway. Asymptomatic patients were tested, 3 

but treatment was assumed to be delayed until the results of laboratory tests were known. 4 

We distributed infected patients between the pathways according to specific parameters for 5 

each patient group based on the probability of being infected and the likelihood of having 6 

symptoms. Symptomatic patients are more likely to be managed on the same day as testing 7 

and heterosexual men (MSW) are the most likely to be symptomatic, followed by MSM, then 8 

women. (Data from the Maximising STI Control trial, personal communication Cath Mercer) 9 

(Table 1) 18,19,20. These parameters were informed by national PHE data where available and 10 

supplemented with additional data or clinical experience and are described fully elsewhere  11 

18,20. The difference between MSM and MSW may be due to a combination of factors 12 

including higher probability of extra-genital infection, higher incidence of repeat infections 13 

and higher probability of HIV coinfection and higher frequency of STI testing in this group.21 14 

We estimated the proportions of infections that are resistant to ciprofloxacin and/or penicillin 15 

from the GRASP 2014 report, which included systematic susceptibility testing at the PHE 16 

reference laboratory from sentinel surveillance sites and a larger but less well defined 17 

analysis of samples tested locally9. Parameters were varied to be appropriate to three 18 

patient groups: heterosexual men, MSM, and women.  In the baseline case we assumed that 19 

all confirmed and presumptive gonorrhoea infections are treated with ceftriaxone and 20 

azithromycin because there is >5% resistance to alternative regimens, resulting in 100% of 21 

infections treated as if they are resistant to other antibiotics (such as ciprofloxacin).  The cost 22 

for patients attending GUM were taken from the latest payment by results tariff22.  An AMR 23 

POCT is not currently available so we assumed conservatively that separate new tests for 24 

assessing resistance to either ciprofloxacin or penicillin would each incur an additional £25 25 

testing cost.  26 

 27 

Management scenarios 28 

We considered the following scenarios for each of the three patient groups (MSM, 29 

heterosexual men and women).   30 

1) Current management – clinicians have no knowledge of the resistance profile of 31 

gonorrhoea at the point of initial treatment and consequently all patients are treated 32 

with ceftriaxone and azithromycin. Some patients are managed on the same day, 33 

either due to symptoms and positive microscopy or as contacts of infected 34 

individuals, others wait for lab results, resulting in some unnecessary treatment and 35 

some delays to treatment or loss to follow-up. (Figure 3A)  36 
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2) Simple POCT management – all patients tested and managed same day but all 1 

treated as if resistant to older antibiotics (i.e. ceftriaxone and azithromycin)  2 

3) AMR POCT management  - all patients tested with AMR POCT for gonorrhoea that 3 

could identify infections that do not need to be treated with ceftriaxone  4 

a. assuming current ciprofloxacin resistance prevalence9.  (Figure 3B) 5 

b. assuming current penicillin resistance prevalence9.  6 

 7 

Economic analysis 8 

The primary outcomes were: the number of doses of ceftriaxone saved; and the mean time 9 

to appropriate treatment. In addition, we calculated the average number of visits per person 10 

and per infected person, the total cost of testing and the number of patients lost to follow up. 11 

In each case we compared the incremental benefit of an AMR POCT with current testing 12 

practice.  Analyses were undertaken from the NHS perspective with costs measured in 13 

pounds sterling at 2014 prices. 14 

 15 

RESULTS 16 

We modelled a snapshot of GUM attendance, gonorrhoea diagnosis and prevalence of 17 

resistance to ciprofloxacin and penicillin based on the situation in England, 20144. Under 18 

current treatment guidelines for 1.4 million people attending GUM per year we estimate 19 

33,431 ceftriaxone treatments are currently administered annually and 792 gonococcal 20 

infections remain untreated due to loss to follow-up.  In those receiving antibiotics, the mean 21 

time to treatment was estimated to be 2.2 days. Under current practice, 68% (MSW), 63% 22 

(MSM) and 21% (Women) who are infected with gonorrhoea are treated on the same day as 23 

they attend. The mean number of attendances at clinic per infected person was 1.44.  We 24 

estimated the total cost of current testing to be £196 million.  If a POCT test is used 25 

(strategies 2-4), this enables same-day testing and treatment, patients would only need to 26 

visit once, all infected individuals would be treated on the same day as the test and therefore 27 

no infected individuals would be lost to follow-up and left untreated.   28 

 29 

The results for AMR POCT (strategy 3, 4) and POCT (strategy 2) only differ by the choice of 30 

treatment regimen. If an AMR POCT for ciprofloxacin resistance were available (strategy 3a) 31 

we estimate its use could prevent 22,054 treatments of ceftriaxone annually (a 66% 32 

reduction) assuming the current levels of resistance to ciprofloxacin (37% of infections in 33 

201423,   34 
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Table 1).  Similarly an AMR POCT for penicillin resistance (strategy 3b) at the current levels 1 

of resistance (23% overall) could prevent 26,499 ceftriaxone treatments annually (a 79% 2 

reduction).  Assuming an AMR POCT added £25 to the testing costs we estimated the total 3 

cost of testing for each of the POCT scenarios to be £230 million,   adding £34 million to the 4 

annual cost of testing.  5 

 6 

DISCUSSION 7 

Statement of principal findings 8 

Our model estimates that 66% of the 33,431 ceftriaxone treatments given annually to 9 

individuals with gonorrhoea could be replaced by ciprofloxacin, thus extending the life of our 10 

current last-line treatment, if an AMR POCT for ciprofloxacin resistance was available.  If an 11 

AMR POCT for penicillin was available, 79% of ceftriaxone treatments could be substituted 12 

with penicillin.  The use of POCTs would mean a two day reduction in the time that people 13 

wait, on average, for appropriate treatment compared with current practice and such testing 14 

would prevent the approximately 800 positive individuals who remain untreated in the current 15 

system due to loss to follow-up.  If AMR POCT added £25 to first-line testing costs, we 16 

estimate the use of such tests would increase current treatment and testing costs by £34 17 

million annually.  The outcomes related to same day diagnosis and treatment (reduced time 18 

to treatment and reduced follow up) could be achieved by using a simple POCT, as 19 

previously considered18. The additional benefit of AMR POCT test is to enable tailored 20 

choice of antimicrobial treatment. 21 

 22 

Strengths and weaknesses of the study 23 

Our model used recent published data on antimicrobial resistance levels, gonococcal 24 

incidence and current treatment and considered the impact of additional AMR POCT in 25 

distinct population groups, namely heterosexual men, MSM and females. The simplified 26 

model structure, which is available freely online, enables the parameters to be easily 27 

updated and the impact of different scenarios, in different settings, to be considered.  We 28 

made the simplifying assumption that the cost of an AMR POCT would add £25 to the 29 

current tariff cost; however, in reality other current activities might be reduced or 30 

discontinued if an AMR POCT was available, such as testing, microscopy, culture and 31 

physical exams or re-attendances, as well as reduced costs associated with re-using 32 

cheaper oral antibiotics. New DNA-based POCT technologies may be able to be combined 33 

to produce a multiplexed test, which may be more economically viable than the separate 34 

specific AMR tests we modelled here.  Our cost estimates are therefore likely to be higher 35 

than in practice.  New technologies are emerging which may be able to rapidly determine the 36 

bacterial response to a panel of potential antibiotics which would enable highly tailored 37 
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therapy without the need to continuously monitor the efficacy of a test for resistance based 1 

on detecting DNA sequence, but for this preliminary exploration we selected a hypothetical 2 

AMR POCT test which could integrate with existing POCT technologies based on nucleic 3 

acid amplification.  4 

  5 

The model did not capture the indirect effects of reduced transmission to partners or 6 

progression to complications, such as pelvic inflammatory disease and epididymitis. It also 7 

did not consider the longer term effects of changing treatment strategy on the evolution of 8 

drug resistance over time in gonorrhoea infections.  9 

 10 

Strengths and weaknesses in relation to other studies, discussing important 11 

differences in results 12 

To our knowledge, no-one has specifically addressed the question of the added value of a 13 

point-of-care AMR POCT to discriminate between susceptible and resistant strains to guide 14 

initial treatment decisions for gonorrhoea.  Others have considered in detail the relative 15 

benefits of POCTs, balancing the need for fast results against cost and test performance17. 16 

Adams et al previously showed that a dual chlamydia/gonorrhoea point of care NAAT 17 

diagnostic test pathway could be cost neutral or cost-saving compared with existing methods 18 

even though the test kit itself is more expensive. 18,19 We initially assumed that the POCT 19 

AMR is an additional test cost, however it is probable that a multiplex PCR rapid test could 20 

be designed to include an AMR component which does not compromise the cost or 21 

performance of the basic gonorrhoea diagnostic. An alternative to improving diagnostics, 22 

treatment and surveillance is to develop a vaccine for gonorrhoea and to improve the uptake 23 

of other methods of prevention (such as condoms)24,25. A gonorrhoea vaccine has proved 24 

elusive due to the rapidly changing surface antigens, but there may be some cross-reactivity 25 

with vaccines designed to protect against Neisseria meningitidis26.  26 

 27 

The main weakness of our study is that it did not address the population level impact of the 28 

introduction of such tests, but only considered a static situation23,24,27. Rapid whole genome 29 

sequencing (within 24 hours) has been introduced to help guide treatment decisions for 30 

important nosocomial pathogens, notably MRSA (methicillin-resistant Staphylococcus 31 

aureus)16, but in a community walk-in clinic setting for a low prevalence bacterial infection, 32 

such as gonorrhoea, a test needs to be relatively cheap and results available before the 33 

patient leaves the clinic . Our model did not include dynamic epidemiological or evolutionary 34 

processes, which change the prevalence and incidence of infection (and resistance) over 35 

time23. In reality, re-introduction of ciprofloxacin would likely increase the selection for 36 

resistance, which would negate some of the benefits of an AMR POCT. Similarly re-using 37 
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other drugs would also result in increases in resistance observed, including increasing 1 

selection for plasmids conferring multidrug resistance. Conversely, if point-of-care 2 

technology can reduce the time to treatment and reduce loss to follow-up sufficiently this 3 

might reduce the overall population prevalence, which would lead to a virtuous cycle of 4 

improved control and reduced transmission risk28. We also assume that results of point of 5 

care diagnostics can be provided within the clinical consultation. This is not currently 6 

possible unless the patient provides samples on arrival then waits to see a clinician or 7 

returns for a later appointment. The Cepheid GeneXpert has a turnaround time of about 90 8 

minutes which was previously found to result in the majority of men (16/19) not waiting for 9 

their results (6 were positive)30.  Transmission dynamic models can explore the potential 10 

consequences without the risks associated with radical changes in prescribing practices. 11 

The next steps will be to develop dynamic models which include selective pressure under 12 

differing treatment options29   and incorporating variable delays.  13 

 14 

 15 

The important next questions arising from this study are: how much time does the reduction 16 

in use of ceftriaxone buy in terms of slowing or preventing the emergence of clinically 17 

relevant gonorrhoea resistant to ceftriaxone and, second, what are the population-level 18 

benefits of improved gonorrhoea control?  19 

 20 

 21 

 22 

Meaning of the study: possible explanations and implications for clinicians and 23 

policymakers  24 

The major benefit of point of care tests for gonorrhoea is increasing the proportion of 25 

patients treated appropriately on the same day as the test, which is likely to improve 26 

outcomes by reducing infectious duration, reducing loss to follow-up and potentially 27 

improving partner notification efficacy. A definitive diagnosis on the day of first presentation 28 

also prevents unnecessary treatment of those not infected with gonorrhoea.  The main 29 

benefit of an AMR POCT that can discriminate between susceptible and resistant infections 30 

is in enabling the re-introduction of abandoned first-line therapies.  Reducing the use of 31 

antibiotics, especially of last-line therapies is a key aim of the UK national strategy on 32 

antimicrobial resistance.  For heterosexual men and MSM a relatively large proportion of 33 

infections are already treated on the same day as testing, based on epidemiological, clinical 34 

or microbiological evidence (microscopy). However, this proportion is lower for women due 35 

to the higher percentage of asymptomatic infections and from poorer sensitivity of detection 36 

of gonorrhoea in endocervical and urethral smears.  Although new POCTs are likely to be 37 
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more expensive than existing tests this would to some extent be offset by the reduction in 1 

further attendances and in the ability to re-use older, cheaper drugs. Given the low 2 

prevalence of gonorrhoea even in high-risk GUM attendees, the cost of treatment and re-3 

attendances is small in comparison with the cost of attendances for testing and diagnosis.  If 4 

a new discriminatory AMR POCT test were prohibitively expensive for routine use, a 5 

combination of a standard point-of-care NAAT (e.g. chlamydia/gonorrhoea) test could be 6 

considered in conjunction with a more specialised gonorrhoea AMR test, although the time 7 

implications of this for patients and clinicians would have to be carefully considered.  8 

 9 

Unanswered questions and future research 10 

This estimation of the potential reduction in ceftriaxone use is the first step towards 11 

evaluating the long-term effects of such a reduction.  Future research investigating how 12 

much the useful lifespan of ceftriaxone as a therapy for gonorrhoea is extended with 13 

particular reductions in ceftriaxone use would be valuable.  In the context of the often slow 14 

and expensive new drug pipeline, there is also a question to be answered around the value 15 

placed on each additional year of ceftriaxone availability.  16 
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 1 

Figure 1: Number of gonorrhoea diagnoses reported in England, 2006 – 2015, with the 2 

change in recommended first line antibiotic treatment shown.  3 

 4 

 5 

 6 

Legend: Data from Public Health England, Annual STI Data Tables 7 

https://www.gov.uk/government/statistics/sexually-transmitted-infections-stis-annual-data-8 

tables 9 

 10 

 11 
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Figure 2 Current patient pathways for gonorrhoea 1 

 2 

 3 

  4 
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Figure 3 Patient pathway diagram to illustrate the flow for heterosexual males under A) 1 

current care, B) antimicrobial resistance point-of-care test   2 

Legend: In scenario A, all diagnosed cases are treated with ceftriaxone plus azithromycin. In 3 

scenario B, diagnosed cases are treated according to resistance profile: AMR cases with 4 

ceftriaxone plus azithromycin; non-AMR with ciprofloxacin. Numbers of AMR and non-AMR 5 

infection are based on current levels of ciprofloxacin resistance observed in GRASP 6 

surveillance data, 2014. Illustrated based on 100,000 heterosexual men attending a 7 

genitourinary medicine clinic.  8 

A 

 
B 

 
 9 

 10 

 11 

  12 

98,483 
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Table 1 Principal results comparing use of an antimicrobial resistance point-of-care test 1 

(AMR POCT) for ciprofloxacin (Scenario 3a) or penicillin resistance (Scenario 3b) against 2 

current testing practice (standard laboratory testing, no POCT) for the management of 3 

gonorrhoea (Scenario 1), assuming the current attendance at GUM clinic annually 4 

 Heterosexual 

male 

MSM Female Overall 

Considering use of POCT test for ciprofloxacin resistance 

Annual ceftriaxone treatments      

Current (scenario 1) 7690 17691 8050 33431 

AMR POCT (scenario 3a) 2188 7933 1257 11378 

Reduction under scenario 3a 5502 9759 6793 22054 

Percentage reduction in ceftriaxone 72% 55% 84% 66% 

Proportion treated same day     

Current (scenario 1) 68% 63% 21% 54% 

AMR POCT (scenario 3a) 100% 100% 100% 100% 

 Increase under scenario 3a 32% 37% 79% 46% 

Mean time to treatment (days)     

Current (scenario 1) 1.5 1.8 3.9 2.2 

AMR POCT (scenario 3a) 0.0 0.0 0.0 0.0 

Reduction under scenario 3a 1.5 1.8                   3.9 2.2 

Persons lost to follow up (untreated)     

Current (scenario 1) 125 338 329 792 

AMR POCT (scenario 3a) 0 0 0 0 

Considering use of POCT test for penicillin  resistance 

Annual ceftriaxone treatments*      

Current (scenario 1) 7690 17691 8050 33431 

AMR POCT (scenario 3b) 1407 4688 838 6932 

Reduction under scenario 3b 6283 13004 7212 26499 

Percentage reduction in ceftriaxone 82% 74% 90% 79% 

*All other outcomes same as for use of POCT for ciprofloxacin resistance.  MSM, men who have sex with 

men. Results for strategy 2 not shown – equivalent to strategy 3 except for choice of antibiotic 

treatment. Results for 3b also equivalent to 3a for outcomes except reduction in ceftriaxone treatments.  

Definitions 5 

GUM: Genitourinary medicine clinic, POCT: Point of care test, AMR: Antimicrobial 6 

resistance, MSM: Men who have sex with men  7 
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Table 2 Cost of testing and treatment* when using an antimicrobial resistance point-of-care 1 

test (AMR POCT) for ciprofloxacin resistance (strategy 3a) compared with current practice 2 

Heterosexual 

male 
MSM Female Overall 

Annual cost of testing 

   Current  £69,784,517 £20,358,694 £105,826,467 £195,969,677 

AMR POCT   £82,415,040   £23,338,080  £124,653,600  £230,406,720  

Increased cost with AMR POCT  £12,630,523   £2,979,386   £18,827,133   £34,437,043  

*The model assumes that the additional cost of AMR POCT (£25) is simply added to the cost of 

attendance, and is not offset by reductions in the number of gonorrhoea infections, by reduced 

treatment costs (as some patients are treated with cheaper antibiotics), or by reduced use of other 

tests (such as microscopy or culture of all swabs). 

  3 
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 Supplementary information for: 
 
Analysis of the potential for point-of-care test to enable individualised treatment of 
infections caused by antimicrobial-resistant and susceptible strains of Neisseria 
gonorrhoeae 
 
Katy ME Turner, Hannah Christensen, Elisabeth J Adams, David McAdams, Helen Fifer, 
Anthony McDonnell, Neil Woodford  
 
 

 
 
 
Table A 1 Current prevalence of antimicrobial resistance to potential treatments for 
gonorrhoea 

Drug  Class Prevalence of resistance in GRASP 2014 isolates
1
  

  Heterosexual 

men 

MSM Women Overall 

Ceftriaxone  Cephalosporin (3
rd

 generation) 0 0 0 0 

Penicillin β-lactam 18% 26% 10% 23% 

Ciprofloxacin Fluoroquinolone 28% 44% 15% 37% 

Azithromycin Macrolide 0.0% 1.4% 0.5% 1.0% 

Current first line (and last-line) therapy is intramuscular ceftriaxone with azithromycin 1g orally. MSM, 

men who have sex with men. 

GRASP: Gonococcal Resistance to Antimicrobial Surveillance Programme 
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 1 

Table A2 Model parameters 2 

 Baseline model parameters  Current AMR POCT 

  Heterosexual 

men 

MSM Women Heterosexual 

men 

MSM Women 

Initial population size
2 

515,094 145,863 779,085 515,094 145,863 779,085 

Proportion entering same day management pathway 35% 33% 48% 100% 100% 100% 

Proportion infected with gonorrhoea (of total tested)
2
 1.5% 12.4% 1.1% 1.5% 12.4% 1.1% 

Proportion of those in same day pathway infected with gonorrhoea  3.1% 26.0% 1.0% 1.5% 12.4% 1.1% 

Proportion of delayed management infected with gonorrhoea 0.7% 5.6% 1.2% - - - 

Relative risk infection gonorrhoea in same day vs delayed pathway  4.52 4.63 0.82 - - - 

Proportion in same day pathway who are infected & treated on same day 96% 90% 50% 100% 100% 100% 

Proportion of same day pathway treated presumptively for gonorrhoea 5.0% 25.0% 2.0% 1.5% 12.4% 1.1% 

Proportion who attend for treatment after lab test result (of those who 

wait for lab test results, i.e. asymptomatic group (Figure 3)) 

95% 95% 95% 100% 100% 100% 

Proportion treated with last line therapy
3
 100% 100% 100% 28% 44% 15% 

Cost of first attendance
4 5

  £135 £135 £135 £135 £135 £135 

Cost of follow-up attendance
4 5

  £104 £104 £104 £104 £104 £104 

Additional cost of AMR POCT (assumed)
6
 £25 £25 £25 £25 £25 £25 

AMR POCT, antimicrobial resistance point of care test; MSM, men who have sex with men. 

 3 

 4 
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Scenario 

Day
Initial test 0

Clinical exam or not 0

Same day treatment & diagnosis 0

Infection status Symp. Asympt

0 Infected 5538 2277
Proportion treated with last line therapy 0 Resistant 997 410 182

Alternative 

regimen

Swab sent for resistance typing (1) 0
Lab results 2

182

Recalled for treatment 2 182

Attend for treatment 5 173
Swab sent for resistance typing (2) 173

Attend 

Positive

Infected 

222
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Parameter setType of attendee

1 Heterosexual male

Clinical exam

Same day management

180283

Untreated Treated

171517 8766

Uninfected Uninfected 

171295 3449

40 4360 957

Last line Alternative 

regimen

Last line

4360 957

Negative Negative

40 171295 4360 957 3449

40

Loss to f-up

38 11

38

Attend 

Positive Positive

Infected 

222

Infected 

5317
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Check total

Total tested

515094 Self collected sample 515094

Same day management Delayed management

334811 515094

Untreated 

334811 515094

Uninfected 

332534 515094

1867 410

Alternative 

regimen

Last line

Negative

1867 410 332534 515094

1867 410 514667

Loss to f-up

1774 389 114

1774 389

could we treat with cipro rather than 

Attend 

Infected 

2277

Positive
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Total number follow-up attendances 2373

Number infected 7815

Total visits (for positives) 10188

Total days waited for appropriate treatment 11867

Number lost to follow up (untreated) 125

Number of people who are given ceftriaxone, current and POCT scenario 7690

Number of people who are given ceftriaxone, POCT AMR scenario 1384

Number of people who are given ceftriaxone, given parameter set 7690

% treated on same day 12%
Number treated on same day 5317
Mean number of days to treatment 

1.5
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Live 

values

Do not edit live cells! 1

Total sexual health screens 2 36%

Total New STI diagnoses 3 39%

Proportion symptomatic 4 35%

6 0%Proportion of those symptomatic infected with gonorrhea 7 3%

Proportion of asymptomatic infected with gonorrhoea 8 1%

Relative risk infection gonorrhoea if symptomatic cf asymptomatic 9 4.52

Overall proportion infected GC (asympt +sympt inf/attend) 10 2%

Proportion of symptomatic & infected who are treated on same day as test 19 96%

Proportion of symptomatics treated presumptively for gonorrhoea 21 5%

Proportion of those positive who attend for treatment after lab test result 26 95%

Proportion of those diagnosed & infected who attend for test of cure 27 50%

Initial population size 28 515,094  

Proportion treated with last line therapy 29 18%

Proportion reattend for retreatment after resistance diagnosed from 

phenotyping 

31 95%

Cost of first attendance 32 135£        

Cost of follow-up attendance 33 104£        

Type of test used (1 - standard care, 2- POCT, 3 POCT AMR) 34 1

Ratio of test cost 3 (AMR POCT) to 2 (POCT) 35 2

Cost of test 2 (POCT) (additional) 36 25
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POCT test baseline POCT AMR baseline

Heterosex

ual male
MSM  Female 

 

Heterosex

ual male 

 MSM  Female 

 

Heterosex

ual male 

 MSM 

1 2                  3                  4                  5                  6                  7                  8 

36.4% 10.3% 53.2% 36.4% 10.3% 53.2% 36.4% 10.3%

38.6% 13.0% 48.4% 38.6% 13.0% 48.4% 38.6% 13.0%

35.0% 33.0% 48.0% 100.0% 100.0% 100.0% 100.0% 100.0%

3.1% 26.0% 1.0% 1.5% 12.4% 1.1% 1.5% 12.4%

0.7% 5.6% 1.2% 1.5% 12.4% 1.1% 1.5% 12.4%

4.52 4.63 0.82            4.52            4.63            0.82            4.52            4.63 

1.5% 12.4% 1.1% 1.5% 12.4% 1.1% 1.5% 12.4%

96% 90% 50% 100% 100% 100% 100% 100%

5% 25% 2% 1.5% 12.4% 1.1% 1.5% 12.4%

95% 95% 95% 100% 100% 100% 100% 100%

50% 50% 50% 100% 100% 100% 100% 100%

   515,094    145,863    779,085    515,094    145,863    779,085    515,094    145,863 

18% 26% 10% 18% 26% 10% 18% 26%

95% 95% 95% 95% 95% 95% 0% 0%

135 135 135 135 135 135 135 135

104 104 104 104 104 104 104 104

1 1 1 2 2 2 3 3

2 2 2 2 2 2 2 2

25 25 25 25 25 25 25 25

Baseline model parameters SC tests and fixed values
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Simplified model parameters (live calculations with data from 2014)

 Female 

 

Heterosex

ual male 

 MSM  Female 

Heterosex

ual male

MSM

                 9                90                91                92 100 200

53.2% 36.4% 10.3% 53.2% 36.4% 10.3%

48.4% 38.6% 13.0% 48.4% 38.6% 13.0%

100.0% 35.0% 33.0% 48.0% 35.0% 33.0%

1.1% 3.1% 26.0% 1.0% 3.1% 26.0%

1.1% 0.7% 5.6% 1.2% 0.7% 5.6%

           0.82 4.52 4.63 0.82 4.5 4.6

1.1% 1.5% 12.4% 1.1% 1.5% 12.4%

100% 96% 90% 50% 96% 90%

1.1% 5% 25% 2% 5% 25%

100% 100% 100% 100% 100% 100%

100% 100% 100% 100% 100% 100%

   779,085    515,094    145,863    779,085     515,094   145,863 

10% 0% 0% 0% 5% 30%

0% 95% 95% 95% 95% 95%

135 135 135 135 160 160

104 104 104 104 120 120

3 1 1 1 1 1

2 2 2 2 2 2

25 25 25 25 25 25

Baseline model parameters (live 
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 Source 

 Female  

Heterosexu

al male 

 MSM  Female 

               300 

53.2%      515,094     145,863      779,085  PHE 2014  

48.4%      143,244        48,206      210,843  PHE 2014  

48.0%        180,283         48,135        373,961 

1.0%             5,538         12,529             3,600 

1.2%             2,277            5,500             4,779 

              0.82 

1.1%            7,815        18,029            8,379  GRASP 

2014 
50% 5,317          11,276      1,800          

2% 8,766          11,878      9,112          

100% guess from clinics 

100%

     779,085 

5%

95%

160 check PBR tariff costs

120 check PBR tariff costs

1

2

25

Baseline model parameters (live  England 2014 numbers 

Page 35 of 58

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

Weblink

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/436723/2014_Table_2_STI_diagnoses___rates_by_gender__sexual_risk___age_group.xls

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/436723/2014_Table_2_STI_diagnoses___rates_by_gender__sexual_risk___age_group.xls

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/476582/GRASP_2014_report_final_111115.pdf
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Comments Other info 

Total sexual health screens 2014 (including gonorrhoea tests)

New episodes of STI 2014

MSTIC data based on Cath Mercer study (as reported in POCT paper) 533 Men, 731 Women, 98 MSM

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/476582/GRASP_2014_report_final_111115.pdf

% of true symptomatic infections are correctly treated presumptively on basis of symptoms/micro etc? 
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Table 4 (a): Number of all STI diagnoses & services in England by gender & sexual risk, 2010 - 2014

Data type: service data

New STI diagnoses

Chancroid / LGV / Donovanosis C1, C2, C3 Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Chlamydia - total ¹ - Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

¹ Chlamydia - GUM services C4°, C4Aˇ, C4Bˇ, Male (total)

C4Cˇ  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

¹ Chlamydia - community services - Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Gonorrhoea B°, B1ˇ, B2ˇ, B5ˇ Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Herpes: anogenital herpes C10A Male (total)

(1st episode)  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

HIV: new diagnosis - total ² ** H1°, H1A°, H1B°, Male (total)

E1Aˇ, E2Aˇ, E3A1ˇ  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW
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Total

² HIV: new diagnosis H1A° Male (total)

  - acute infections **  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

² HIV: new diagnosis H1B°, E3A1ˇ Male (total)

  - AIDS defined **  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Molluscum contagiosum ** C12 Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Non-specific genital infection C4N°, C4Hˇ Male (total)

(NSGI)  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

New STI diagnoses (continued)

Pelvic inflammatory disease (PID) C5A°, C5ˇ Male (total)

& epididymitis: non-specific **  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Chlamydial PID & epididymitis C5A°+C4°, C4Bˇ Male (total)

(included in chlamydia total)  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Gonococcal PID & epididymitis  C5A°+B°, B5 Male (total)

(included in gonorrhoea total)  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Scabies / pediculosis pubis ** C8, C9 Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total
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Syphilis: primary, secondary, A1, A2, A3 Male (total)

& early latent  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Trichomoniasis C6A Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Warts: anogenital warts C11A Male (total)

(1st episode)  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Other STI diagnoses

Epidemiological treatment of C4Eˇ Male (total)

suspected chlamydia  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Epidemiological treatment of B4ˇ Male (total)

suspected gonorrhoea  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Epidemiological treatment of C4Iˇ Male (total)

NSGI  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Epidemiological treatment of A9ˇ Male (total)

suspected syphilis  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Herpes: anogenital herpes C10B Male (total)

(recurrent episode)  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

HIV: subsequent presentation H2°, E1Bˇ, E2Bˇ, Male (total)
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E3A2ˇ, E3Bˇ  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Ophthalmia neonatorum C5B°, B3ˇ, C4Dˇ Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Other STI diagnoses (continued)

Syphilis: congenital syphilis A7A°, A7ˇ Male (total)

aged under 2  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Syphilis: congenital syphilis A7A°, A8ˇ Male (total)

aged 2 or over  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Syphilis: late A4, A5, A6 Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Warts: anogenital warts C11D°, C11Bˇ, Male (total)

(recurrent episode) C11Cˇ  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Other GUM services diagnoses

Candidosis: anogenital C7°, C7Aˇ Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Cervical cytology: P4A Male (total)

minor abnormality  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Cervical cytology: P4B Male (total)
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major abnormality  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Epidemiological treatment of C7Bˇ Male (total)

candidosis, vaginosis, vaginitis &  - Heterosexual

balanitis  - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Hepatitis A: acute infection C15° Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Hepatitis B: first diagnosis C13°, C13Aˇ Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Hepatitis C: first diagnosis C14 Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Other conditions requiring D2B Male (total)

treatment at GUM  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Urinary tract infection D2A Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Vaginosis / vaginitis / balanitis C6B, C6C Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Services provided

Cervical cytology performed P4° Male (total)

 - Heterosexual
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 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Contraception P3 Male (total)

(excluding condom provision)   - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Hepatitis B immune P2I° Male (total)

(not included in 'Total services provided')  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Hepatitis B vaccination: 1st dose P2A°, P2ˇ Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Hepatitis B vaccination: 2nd dose P2B° Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Hepatitis B vaccination: 3rd dose P2C° Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

HPV vaccination: 1st dose W1° Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

HPV vaccination: 2nd dose W2° Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

HPV vaccination: 3rd dose W3° Male (total)

 - Heterosexual
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 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Other episodes not requiring D3 Male (total)

treatment  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Partner notification: chlamydia PNC° Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Partner notification: gonorrhoea PNG° Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Partner notification: HIV PNH° Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Partner notification: syphilis PNS° Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Services provided (continued)

Post exposure prophylaxis PEPS° Male (total)

(sexual exposure)  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Testing: chlamydia tests (total) ³ - Male (total)

(not included in 'Total services provided')  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

³ Chlamydia tests - GUM services - Male (total)

(not included in 'Total services provided')  - Heterosexual

 - MSM
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Female (total)

Chlamydia tests from GUM services are not equal to the sum  - Heterosexual

of source KC60/SHHAPT codes  - WSW

Total

³ Chlamydia tests - community services - Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Testing: chlamydia test T1° Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Testing: HIV tests (total) - Male (total)

(not included in 'Total services provided')  - Heterosexual

 - MSM

HIV tests total are not equal to the sum of source KC60/SHHAPT codes Female (total)

 - Heterosexual

 - WSW

Total

Testing: HIV test P1A Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Testing: HIV test offered & P1B Male (total)

refused  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Testing: HIV test not P1C° Male (total)

appropriate  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Services provided (continued)

Testing: sexual health screens ⁴ S1ˇ, S2ˇ, T2°, Male (total)

T3°, T4°  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

⁴ without HIV test S1ˇ Male (total)

 - Heterosexual

 - MSM

Female (total)
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 - Heterosexual

 - WSW

Total

⁴ with HIV test S2ˆˇ Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

⁴ chlamydia & gonorrhoea T2° Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

⁴ chlamydia, gonorrhoea T3° Male (total)

& syphilis  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

⁴ chlamydia, gonorrhoea, T4° Male (total)

syphilis & HIV  - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Total new STI diagnoses Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Total other STI diagnoses Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Total other GUM services diagnoses Male (total)

 - Heterosexual

 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Total services provided Male (total)

 - Heterosexual
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 - MSM

Female (total)

 - Heterosexual

 - WSW

Total

Data for chlamydia, 'Total new STI diagnoses' & 'Total services provided' from 2012 onwards are not comparable to data from previous years

(please see 'notes' section for further details).

Increases in numbers by sexual risk may be the result of improved data reporting (primarily affecting 2010-2011).

ˇ KC60 code retired during 2011.

° SHHAPT code introduced during 2011.

** STI diagnoses (including HIV) not exclusively transmitted by sexual contact.
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Table 4 (a): Number of all STI diagnoses & services in England by gender & sexual risk, 2010 - 2014

Published 23/06/2015

2010 2011 2012 2013 2014

419 385 354 476 674

47 57 58 43 59

331 309 288 424 603

74 96 60 77 78

59 82 55 74 76

0 3 2 0 0

493 481 414 553 753

76,985 77,427 85,986 85,434 85,106

- - - - -

- - - - -

111,924 109,875 119,548 120,719 120,008

- - - - -

- - - - -

189,400 187,664 207,797 207,851 206,774

48,018 52,049 51,542 53,630 55,807

37,578 41,317 41,036 42,774 42,664

5,349 7,644 8,215 9,118 11,468

46,080 50,048 45,870 48,642 51,045

40,998 46,430 43,649 46,868 49,237

85 185 100 88 87

94,152 102,117 97,425 102,289 106,865

28,967 25,378 34,444 31,804 29,299

- - - - -

- - - - -

65,844 59,827 73,678 72,077 68,963

- - - - -

- - - - -

95,248 85,547 110,372 105,562 99,909

11,634 15,081 18,583 21,751 26,575

5,362 6,166 7,070 7,500 7,815

4,938 7,860 10,768 13,629 18,029

5,198 6,007 6,992 7,664 8,379

4,498 5,309 6,563 7,260 7,999

12 36 37 46 29

16,843 21,090 25,576 29,419 34,958

11,582 11,926 12,094 12,277 11,889

9,349 9,981 10,405 10,567 10,030

1,019 1,264 1,233 1,339 1,474

18,101 19,226 19,770 20,069 19,883

16,191 18,002 18,946 19,378 19,210

55 106 75 94 78

29,698 31,154 31,864 32,349 31,777

3,031 3,330 3,088 3,112 3,247

962 1,066 929 934 868

1,621 2,001 1,991 2,053 2,276

1,314 1,232 1,042 958 907

1,093 1,073 979 913 871

7 13 10 6 3
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4,347 4,562 4,131 4,071 4,155

- 242 240 226 219

- 44 39 56 42

- 177 185 159 168

- 57 53 54 36

- 45 43 49 35

- 0 2 1 0

- 299 293 280 255

171 270 220 194 204

90 155 129 120 104

60 95 81 70 94

86 132 106 91 85

77 120 100 86 80

0 0 1 0 0

257 402 326 285 289

8,825 8,594 8,267 7,852 7,473

7,558 7,732 7,572 7,230 6,842

295 324 337 355 405

3,783 3,618 3,617 3,425 3,141

3,386 3,376 3,453 3,280 3,026

11 22 8 12 16

12,617 12,213 11,886 11,279 10,616

49,720 49,269 46,586 41,775 39,175

40,634 40,553 39,556 35,230 32,545

4,796 5,770 5,523 5,314 5,417

6,064 7,335 7,058 6,834 7,073

5,507 7,045 6,733 6,565 6,804

17 34 26 40 26

55,824 56,615 53,649 48,612 46,249

2010 2011 2012 2013 2014

6,500 6,372 6,584 6,820 6,650

5,223 5,402 5,651 5,888 5,681

647 697 736 758 818

14,979 15,608 14,356 13,830 13,745

13,653 14,849 13,775 13,384 13,391

35 78 36 25 34

21,493 21,982 20,943 20,653 20,397

763 508 493 564 517

570 415 427 497 452

114 68 51 56 58

2,060 1,777 1,633 1,602 1,550

1,860 1,699 1,567 1,558 1,513

2 7 5 2 2

2,823 2,285 2,126 2,166 2,067

154 117 113 139 139

74 66 60 76 67

65 45 46 59 68

246 300 314 324 350

217 277 295 311 338

0 0 1 2 0

400 417 427 463 489

1,755 1,844 2,211 2,079 1,956

962 1,150 1,374 1,277 1,125

558 598 745 727 772

229 260 332 257 204

202 240 315 235 199

0 0 4 2 1

1,985 2,106 2,543 2,336 2,162
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2,351 2,634 2,698 2,953 4,054

472 478 470 491 480

1,618 2,036 2,129 2,375 3,477

292 291 261 283 263

259 250 239 255 243

3 6 8 7 2

2,647 2,927 2,959 3,236 4,317

353 489 475 472 561

269 400 445 439 524

37 44 7 9 11

5,180 5,791 6,159 6,006 5,911

4,279 5,069 5,828 5,676 5,626

18 15 11 17 20

5,536 6,282 6,635 6,479 6,473

40,895 41,600 40,392 41,028 39,349

34,011 36,134 35,632 36,535 34,611

2,657 3,004 3,120 3,156 3,456

34,659 34,935 33,493 32,834 31,251

30,968 32,672 31,929 31,601 30,055

122 228 148 173 152

75,604 76,549 73,891 73,869 70,612

27,337 7,916 - - -

21,042 6,795 - - -

3,277 962 - - -

18,222 5,190 - - -

16,266 5,095 - - -

51 26 - - -

45,592 13,109 - - -

4,957 1,409 - - -

2,448 737 - - -

1,921 628 - - -

2,775 752 - - -

2,432 735 - - -

8 1 - - -

7,736 2,163 - - -

5,827 1,587 - - -

4,546 1,347 - - -

728 222 - - -

11,641 3,046 - - -

10,546 3,004 - - -

13 7 - - -

17,470 4,634 - - -

904 242 - - -

173 40 - - -

617 191 - - -

147 23 - - -

121 22 - - -

0 0 - - -

1,051 265 - - -

8,772 9,861 10,195 10,501 10,457

7,023 8,137 8,655 8,965 8,853

788 1,111 1,125 1,204 1,314

11,888 13,115 14,417 15,000 15,366

10,515 12,164 13,781 14,536 14,908

36 80 41 42 62

20,679 22,981 24,613 25,502 25,826

43,601 83,910 78,508 78,244 77,954
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13,692 26,989 28,199 26,685 25,143

24,646 52,754 47,640 47,790 50,021

23,042 45,482 45,021 43,261 38,821

20,988 41,825 42,986 40,623 37,209

89 698 148 130 138

66,664 129,399 123,531 121,505 116,776

1 1 0 0 0

- - - - -

- - - - -

1 0 0 1 1

- - - - -

- - - - -

2 1 0 1 1

2010 2011 2012 2013 2014

0 0 0 0 0

- - - - -

- - - - -

0 0 0 0 0

- - - - -

- - - - -

0 0 0 0 0

0 2 4 0 4

- - - - -

- - - - -

3 2 3 3 11

- - - - -

- - - - -

3 4 7 3 15

1,066 1,187 1,173 1,260 1,220

578 671 691 662 586

337 432 420 534 590

677 693 653 650 637

588 605 599 598 605

1 7 0 2 1

1,748 1,880 1,826 1,912 1,858

36,201 38,803 39,685 41,124 41,409

30,182 33,719 34,884 36,675 36,521

2,745 3,065 3,099 3,218 3,660

20,853 22,431 21,847 22,057 21,794

18,909 21,106 20,828 21,367 21,013

79 165 114 121 124

57,090 61,254 61,536 63,182 63,208

9,166 9,739 9,867 9,224 9,423

7,326 8,241 8,647 8,166 8,223

630 807 900 856 943

72,183 77,727 80,217 78,790 77,374

64,369 72,804 77,433 76,314 75,111

185 412 251 249 253

81,422 87,477 90,087 88,019 86,804

- - - - -

- - - - -

- - - - -

1,285 1,638 1,696 1,944 1,688

1,192 1,603 1,645 1,880 1,637

1 6 6 10 5

1,285 1,638 1,696 1,944 1,688

- - - - -
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- - - - -

- - - - -

204 226 277 502 515

199 218 273 495 509

0 2 1 1 3

204 226 277 502 515

4,559 1,070 - - -

3,888 1,027 - - -

177 32 - - -

6,271 1,769 - - -

5,613 1,731 - - -

16 8 - - -

10,835 2,840 - - -

- 13 12 4 80

- 7 7 3 5

- 5 5 1 75

- 6 4 3 4

- 6 4 3 4

- 0 0 0 0

- 19 16 7 84

794 974 946 885 920

599 749 757 693 730

98 129 120 115 142

381 504 489 474 471

335 451 446 420 446

2 8 3 4 4

1,176 1,479 1,435 1,359 1,391

754 828 711 742 722

510 586 501 466 385

175 212 174 233 311

249 267 378 271 265

224 256 366 255 252

1 4 2 2 2

1,003 1,095 1,089 1,013 987

87,725 103,129 118,027 121,144 125,185

59,620 73,841 86,419 87,609 88,147

19,691 23,151 26,481 28,711 33,175

76,035 94,333 115,236 122,011 127,539

68,101 87,312 109,867 116,751 122,975

285 555 485 518 515

163,864 197,489 233,270 243,183 252,743

2,527 2,526 2,468 2,360 2,287

1,774 1,849 1,861 1,784 1,641

437 528 520 508 573

14,601 15,904 15,518 15,064 15,580

12,973 14,929 14,984 14,648 15,078

26 108 52 34 43

17,143 18,432 17,986 17,426 17,867

14,656 17,501 17,519 16,441 15,545

12,816 15,360 15,624 14,659 13,681

822 1,296 1,294 1,347 1,390

97,665 107,018 107,118 103,839 100,636

85,427 99,155 102,635 99,820 96,611

351 718 529 473 477

112,445 124,548 124,644 120,295 116,206

2010 2011 2012 2013 2014

- - - - -

- - - - -
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- - - - -

- 9,839 15,594 21,554 24,367

- 9,328 14,830 20,919 23,505

- 73 111 140 134

- 9,839 15,594 21,554 24,367

- - - - -

- - - - -

- - - - -

78,129 97,169 100,725 133,496 176,680

70,237 89,957 96,363 129,326 167,566

167 335 265 233 293

78,129 97,169 100,725 133,496 176,680

- 5,778 11,280 12,663 14,008

- 2,168 4,196 4,957 5,431

- 3,427 6,606 7,325 8,068

- 1,892 3,777 4,121 4,988

- 1,766 3,484 3,846 4,683

- 15 48 49 50

- 7,675 15,058 16,784 18,997

18,742 18,516 19,306 20,540 22,552

6,655 6,884 7,170 7,649 8,483

9,911 10,595 11,219 12,148 13,409

7,217 7,154 7,155 7,173 7,461

6,192 6,478 6,535 6,687 7,080

103 141 111 102 92

25,974 25,675 26,463 27,714 30,016

- 7,937 13,445 14,432 15,778

- 2,870 4,809 5,376 5,741

- 4,495 7,884 8,597 9,594

- 3,397 4,937 5,313 5,526

- 3,018 4,481 4,974 5,243

- 62 72 74 59

- 11,337 18,383 19,746 21,305

- 7,096 11,422 12,339 13,676

- 2,461 4,195 4,480 4,874

- 4,199 6,678 7,488 8,439

- 2,956 4,275 4,479 4,728

- 2,646 3,899 4,192 4,511

- 58 59 65 38

- 10,053 15,698 16,819 18,404

- 51 104 231 329

- 29 27 29 36

- 21 77 195 276

- 22 33 75 125

- 21 33 74 118

- 0 0 0 2

- 73 137 306 454

- 27 10 154 200

- 12 6 9 16

- 15 3 145 181

- 16 20 43 75

- 14 20 42 71

- 1 0 0 2

- 43 30 197 275

- 24 13 97 163

- 10 2 6 18
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- 14 10 90 145

- 20 18 29 44

- 20 18 28 43

- 0 0 0 0

- 44 31 126 207

302,174 296,791 278,723 280,386 308,145

214,452 221,849 203,784 199,539 206,964

44,408 54,504 60,410 66,717 88,204

300,830 299,610 283,116 304,381 346,068

260,040 278,465 267,437 287,937 325,680

1,129 1,687 1,644 1,613 1,480

603,470 596,476 562,008 584,832 654,280

- 20,926 32,605 34,799 37,097

- 17,069 27,647 29,727 31,003

- 2,158 3,558 3,886 4,914

- 13,386 20,170 21,049 21,099

- 12,228 19,235 20,299 20,332

- 122 77 87 63

- 34,318 52,777 55,857 58,207

- 4,302 8,229 9,295 11,308

- 1,638 3,037 3,223 3,671

- 2,335 4,898 5,778 7,295

- 1,965 2,991 3,228 3,376

- 1,755 2,817 3,070 3,238

- 10 25 33 13

- 6,267 11,220 12,523 14,686

- 654 1,340 1,592 1,747

- 218 441 540 571

- 415 877 1,018 1,150

- 291 373 443 478

- 275 362 421 466

- 1 4 4 4

- 945 1,713 2,035 2,225

- 939 1,558 1,575 2,208

- 226 346 336 353

- 678 1,166 1,193 1,814

- 202 273 250 249

- 183 257 233 245

- 7 6 5 2

- 1,141 1,831 1,825 2,457

2010 2011 2012 2013 2014

- 3,190 4,844 5,365 7,133

- 684 974 987 1,113

- 2,388 3,763 4,243 5,880

- 800 1,018 1,049 1,237

- 726 940 983 1,145

- 20 24 22 20

- 3,991 5,863 6,414 8,371

1,185,889 1,078,555 1,146,031 1,098,929 1,090,425

- - - - -

- - - - -

1,760,361 1,704,900 2,474,840 2,440,094 2,448,643

- - - - -

- - - - -

2,955,508 2,789,919 3,654,722 3,560,707 3,558,841

556,929 589,115 608,728 635,065 668,801

421,648 465,438 483,788 503,602 507,209

67,898 85,363 95,877 108,839 138,277
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609,808 660,751 680,712 726,830 767,284

533,541 609,763 644,718 696,608 734,595

1,855 4,368 2,876 3,138 3,144

1,167,718 1,250,115 1,289,585 1,362,095 1,436,339

628,960 489,440 537,303 463,864 421,624

- - - - -

- - - - -

1,150,553 1,044,149 1,794,128 1,713,264 1,681,359

- - - - -

- - - - -

1,787,790 1,539,804 2,365,137 2,198,612 2,122,502

- 4,146 4,130 3,107 1,329

- 3,745 3,816 2,790 1,087

- 271 253 237 177

- 3,957 4,014 3,925 2,400

- 3,790 3,839 3,817 2,068

- 28 10 11 7

- 8,104 8,144 7,032 3,730

463,091 494,849 518,735 543,475 567,928

352,564 387,996 405,821 423,793 428,448

68,559 82,188 92,665 103,351 124,491

463,091 503,685 522,689 551,743 575,756

418,846 474,674 500,222 532,377 556,928

1,829 3,033 2,224 2,334 2,241

926,999 998,724 1,041,527 1,095,386 1,143,899

29,762 36,687 42,010 43,529 40,511

16,194 18,914 20,460 20,623 20,334

9,636 15,282 19,562 21,041 18,947

20,275 24,487 26,261 27,166 28,434

17,806 22,291 24,342 25,623 27,075

164 367 375 332 238

50,056 61,182 68,278 70,707 68,954

112,328 104,850 101,469 106,058 113,859

95,043 91,708 90,996 95,996 100,319

6,869 7,377 6,363 6,746 9,093

161,776 159,105 160,562 194,435 249,017

146,354 150,367 153,737 187,843 238,086

436 780 597 700 780

274,181 263,992 262,056 300,518 362,924

- 22,469 39,807 46,405 64,584

- 13,969 24,601 28,501 38,112

- 7,357 13,094 16,614 24,497

- 26,789 48,189 61,260 93,534

- 24,905 44,082 58,415 89,657

- 189 283 325 419

- 49,271 88,157 107,677 158,136

2010 2011 2012 2013 2014

560,015 590,010 615,898 645,319 684,572

423,735 464,902 487,149 508,985 515,094

68,645 86,593 99,351 113,410 145,863

612,070 659,957 688,230 735,673 779,085

535,663 608,991 651,929 705,121 746,307

1,870 4,373 2,894 3,169 3,181

1,173,069 1,250,211 1,304,266 1,381,194 1,463,910

125,537 32,924 - - -

95,640 27,379 - - -

16,706 4,779 - - -

168,925 47,531 - - -
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150,491 46,376 - - -

459 188 - - -

294,650 80,469 - - -

434,478 125,875 - - -

328,095 106,530 - - -

51,939 17,009 - - -

443,145 130,252 - - -

385,172 127,222 - - -

1,411 636 - - -

878,419 256,199 - - -

- 84,982 119,291 123,544 132,239

- 67,374 96,445 98,950 99,890

- 10,761 17,326 20,242 27,201

- 127,467 185,573 204,925 224,974

- 115,813 175,996 196,717 214,745

- 773 707 779 811

- 212,496 304,903 328,513 357,258

- 11,153 15,545 16,500 18,688

- 3,536 4,191 3,928 3,889

- 7,107 10,946 12,270 14,499

- 4,573 4,805 4,377 4,797

- 4,136 4,584 4,189 4,633

- 68 46 55 37

- 15,727 20,352 20,878 23,487

- 335,076 481,062 505,275 533,645

- 260,083 386,513 406,107 411,315

- 46,937 71,079 80,898 104,163

- 350,134 497,852 526,371 549,314

- 315,444 471,349 504,215 526,929

- 2,708 2,141 2,335 2,333

- 685,320 979,011 1,031,803 1,083,165

214,050 218,951 227,318 226,029 226,709

142,427 150,436 150,198 148,908 143,244

23,866 31,551 35,092 39,257 48,206

201,797 204,274 212,688 212,956 210,843

121,093 134,397 132,464 135,489 136,737

365 726 465 510 448

416,487 423,625 442,288 440,707 439,243

128,666 144,918 129,565 131,129 131,044

79,684 78,435 72,429 72,987 71,103

35,059 59,365 52,284 52,746 55,585

89,249 90,734 81,941 80,972 76,630

80,365 84,556 78,194 77,124 73,735

277 984 303 295 325

218,035 235,690 211,513 212,105 207,684

120,181 135,780 149,550 150,800 154,162

86,533 101,660 113,816 113,380 112,812

22,030 26,160 29,494 31,771 36,609

268,874 299,392 320,933 322,898 324,072

238,433 278,465 307,653 310,586 312,623

867 1,821 1,329 1,291 1,302

389,377 435,243 470,500 473,748 478,285

1,651,981 1,608,055 1,712,216 1,689,087 1,746,815

756,079 847,188 879,460 908,796 937,789
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139,469 198,697 239,166 269,546 339,878

2,330,850 2,355,271 3,162,082 3,238,285 3,425,342

1,036,292 1,215,458 1,295,156 1,460,004 1,662,436

3,869 8,254 6,557 6,915 6,827

3,992,669 3,969,935 4,908,511 4,949,184 5,192,090

Data for chlamydia, 'Total new STI diagnoses' & 'Total services provided' from 2012 onwards are not comparable to data from previous years
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Abstract 1 

Objective: To create a mathematical model to investigate the treatment impact and 2 

economic implications of introducing an antimicrobial resistance point-of-care test (AMR 3 

POCT) for gonorrhoea as a way of extending the life of current last-line treatments. 4 

Design: Modelling study. 5 

Setting: England. 6 

Population: Patients accessing sexual health services. 7 

Interventions: Incremental impact of introducing a hypothetical AMR POCT that could 8 

detect susceptibility to previous first line antibiotics e.g. ciprofloxacin or penicillin so that 9 

patients are given more tailored treatment, compared with the current situation where all 10 

patients are given therapy with ceftriaxone and azithromycin.  The hypothetical intervention 11 

was assessed using a mathematical model developed in Excel.  The model included initial 12 

and follow-up attendances, loss to follow-up, use of standard or tailored treatment, time 13 

taken to treatment and the costs of testing and treatment. 14 

Main outcome measures: Number of doses of ceftriaxone saved, mean time to most 15 

appropriate treatment, mean number of visits per (infected) patient, number of patients lost 16 

to follow-up and total cost of testing. 17 

Results: In the current situation an estimated 33,431 ceftriaxone treatments are 18 

administered annually and 792 gonococcal infections remain untreated due to loss to follow-19 

up.  The use of an AMR POCT for ciprofloxacin could reduce these ceftriaxone treatments 20 

by 66%, and for an AMR POCT for penicillin by 79%.  The mean time for patients receiving 21 

an antibiotic treatment is reduced by 2 days in scenarios including POCT and no positive 22 

patients remain untreated through eliminating loss to follow-up.  Such POCTs are estimated 23 

to add £34 million to testing costs, but this does not take into account reductions in costs of 24 

repeat attendances and the reuse of older, cheaper antimicrobials. 25 

Conclusions: The introduction of AMR POCT could allow clinicians to discern between the 26 

majority of gonorrhoea-positive patients with strains that could be treated with older, 27 

previously abandoned first-line treatments, and those requiring our current last-line dual 28 

therapy.  Such tests could extend the useful life of dual ceftriaxone and azithromycin 29 

therapy, thus pushing back the time when gonorrhoea may become untreatable. 30 

  31 
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Strengths and weaknesses  1 

• This study uses a simple framework to evaluate the potential impact of point of care 2 

tests to diagnose antimicrobial resistant or sensitive gonorrhoea infections  3 

• Parameterised with contemporary UK data on diagnoses, treatment and levels of 4 

antimicrobial resistance 5 

• Uses a static model, so not possible to extrapolate future population effects  6 

 7 

INTRODUCTION 8 

Increasing antimicrobial resistant gonorrhoea represents a significant and urgent public 9 

health problem.  Gonorrhoea, caused by Neisseria gonorrhoeae is the second most 10 

commonly diagnosed bacterial sexually transmitted infection (STI) in England. N. 11 

gonorrhoeae has evolved resistance to all major drug classes and has been recognised as a 12 

bacterium of international concern by World Health Organization (WHO) 1 and has been 13 

prioritised in the UK five-year antimicrobial resistance strategy2.   14 

 15 

Diagnoses have more than doubled from 16,839 in 2010 to 41,193 in 2015, mainly due to 16 

increased diagnoses in men who have sex with men (MSM), accounting for 70% of male 17 

infections in 2015, illustrated in Figure 1 3 (data reported through GUMCADv2, including 18 

GUM clinics and other sexual health service providers, but not general practice).  Infections 19 

are often asymptomatic, especially in women and in pharyngeal and rectal infections in 20 

MSM, but are still transmissible4.  If untreated, complications of infection include pelvic 21 

inflammatory disease, infertility, increased risk of pregnancy complications and, in rare 22 

cases, life-threatening septicaemia5.  Gonorrhoea infection also increases the risk of HIV 23 

acquisition6.   24 

 25 

3In the UK, the Gonococcal Resistance to Antimicrobial Surveillance Program (GRASP) has 26 

performed sentinel antibiotic susceptibility testing of gonorrhoea since 20007. Increases in 27 

resistance to first line therapies resulted in two changes in treatment recommendation 28 

(Figure 1): from ciprofloxacin to cefixime in 2005 and then to ceftriaxone plus azithromycin in 29 

2011 7-9. Our current first-line therapy is also our last-line option, and whilst the use of dual 30 

therapy is intended to delay resistance developing to ceftriaxone, decreased susceptibility to 31 

either of these drugs could lead to untreatable infections.  Whilst new antibiotics are in 32 

development, their use in the clinic may be many years away and already the world’s first 33 

reported clinical treatment failure with confirmed ceftriaxone and azithromycin resistance has 34 

occurred 7.  35 

 36 
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There are two main challenges to the management of gonorrhoea which contribute to the 1 

problem of resistance, illustrated in Figure 2. 1) Precautionary treatment: at the time of 2 

diagnosis, such that all infections are treated as if they are resistant to older antibiotics and 3 

2) Epidemiological treatment: sexual contacts of gonorrhoea cases are often treated before 4 

diagnostic test results are known resulting in unnecessary treatment of uninfected partners. 5 

The cornerstone of gonorrhoea management to date has been to ensure rapid, highly 6 

effective treatment is given to prevent the onward spread of infection to sexual partners and 7 

to prevent people not returning for treatment following a diagnosis. In the context of antibiotic 8 

resistance and new diagnostic technologies, it is necessary to reassess these priorities.  9 

 10 

Strategies are required to extend the life of existing antimicrobials for the successful 11 

treatment of gonorrhoea.  Most infections diagnosed in the UK are susceptible to cefixime, 12 

ciprofloxacin and even penicillin 7. Therefore, if a point-of-care test (POCT) could be 13 

developed to test for resistance (or susceptibility) to antibiotics, most patients could be 14 

treated with an older oral first-line therapy, potentially extending the life of ceftriaxone as our 15 

last-line therapy. 10A promising option based on existing nucleic acid amplification test 16 

(NAAT) could be a PCR test for ciprofloxacin resistance, using the gyrA Gene as a target 17 

10,11. Other technologies could involve direct measurement of live cell responses to the 18 

presence of a panel of antibiotics including microfluidic devices, atomic force microscopy, 19 

volatile chemical detection or mass spectroscopy. Computational approaches based on in 20 

silico phenotyping based on genotype may also be able to detect new mutations more 21 

rapidly than traditional microbiological testing 12-14. In this study we developed a 22 

mathematical model to investigate the treatment impact and economic implications of 23 

introducing an antimicrobial resistance (AMR) POCT for gonorrhoea. 24 

 25 

METHODS 26 

Model 27 

We developed a decision tree model in Excel to consider the impact of a hypothetical new 28 

AMR POCT on testing, diagnosis and treatment of gonorrhoea in sexual health clinics in 29 

England (Figure 3), compared to current practice. Genitourinary clinics typically triage 30 

attending patients based on whether they have symptoms or report contact with a sexual 31 

partner infected with a specific infection (“same day management”) and those without 32 

symptoms (“delayed management”) where treatment is delayed until the results of diagnostic 33 

tests are returned from the laboratory (2-7 days) (Figure 2). Current practice is therefore a 34 

mixture of same day management and delayed management depending on clinic patient 35 

mix. Guidelines recommend that patients treated for gonorrhoea also have swabs taken at 36 

the time of treatment that are sent for susceptibility testing, but these results are not 37 
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available until after treatment has been given. The alternative strategy is based on a point of 1 

care gonorrhoea diagnostic test for all patients. The point of care test (POCT) could be either 2 

a simple diagnostic for gonorrhoea (infected/not infected) or a test which can discriminate 3 

between one specific resistance/susceptibility determinants (POCT AMR). Simple POCT 4 

tests are commercially available and have been piloted in clinic15   but POCT AMR tests are 5 

still in development. More complex testing algorithms and diagnostic technologies could be 6 

envisioned, for example only using an AMR POCT if the initial simple POCT is positive 7 

(reflex testing) or using more complex algorithms and new technologies to determine optimal 8 

treatment options. In this preliminary example we consider two options of antimicrobial 9 

susceptibility 1) ciprofloxacin and 2) penicillin. 16,17  10 

 11 

The model was based upon an existing pathway model used to investigate the impact of 12 

introducing a dual POCT for gonorrhoea and chlamydia in a genitourinary medicine (GUM) 13 

setting17,18, but simplified in that onward transmission of gonorrhoea and partner notification 14 

were not included, with the focus being on diagnosis and tailored treatment, shown in Figure 15 

3 for MSM patient group (corresponding pathways for heterosexual men and women are 16 

given in the Appendix Figure A1 A-D). We explicitly included branches to differentiate 17 

susceptible and resistant isolates within the pathway framework.  For the purpose of our 18 

study, we assumed that all point of care tests have equivalent sensitivity and specificity to 19 

current PCR laboratory tests. Previous models have considered variable specificity and 20 

sensitivity requirements in more detail 16.  21 

 22 

Hypothetical cohorts of patients were followed through the pathway (MSM, heterosexual 23 

men and heterosexual women).  Individuals could either receive same-day management or 24 

delayed management (Figure 3) under current practice or for POCT pathway all patients are 25 

assumed tested, diagnosed and treated on the same day. The only difference between 26 

POCT and AMR POCT is therefore in the choice of antimicrobial therapy. Treatments 27 

modelled were either our current last-line dual therapy of ceftriaxone and azithromycin 28 

(current pathway or simple POCT), or in the case of scenarios including AMR POCT a 29 

proportion of patients were provided with either ciprofloxacin or penicillin, plus azithromycin 30 

co-therapy, as an alternative regimen where possible.  Loss to follow-up when patients were 31 

recalled for treatment following laboratory testing to determine positivity for gonorrhoea was 32 

explicitly included for current pathway only. We assumed that results of point of care 33 

diagnostics can be provided within the clinical consultation, e.g. if patients provide samples 34 

for testing on arrival at a GUM clinic and then wait for an appointment or return later in the 35 

day. It is possible that this would result in delays to treatment for symptomatic individuals 36 

and sexual contacts, but we do not consider this further. 37 
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 1 

Parameter values 2 

Full model parameters are provided in the Appendix Table A1 and Table A2.  Estimates of 3 

the numbers of patients attending GUM clinics and tested for and diagnosed with 4 

gonorrhoea were based on recent data from Public Health England (PHE)19. The model is 5 

run assuming 515,094 MSW, 145,863 MSM and 779,085 women attend a GUM clinic in 6 

2014)19 and the proportions entering same day management or who are infected adjusted to 7 

generate the observed diagnoses of gonorrhoea in each group.  In 2014, there were over 8 

33,000 diagnoses of gonorrhoea reported by PHE, just over half in men who have sex with 9 

men (MSM) and the remaining heterosexual cases split roughly equally between men and 10 

women. We combined data on patients presenting as contacts of gonorrhoea cases or with 11 

symptoms into the “same-day management” pathway. Asymptomatic patients were tested, 12 

but treatment was assumed to be delayed until the results of laboratory tests were known. 13 

We distributed infected patients between the pathways according to specific parameters for 14 

each patient group based on the probability of being infected and the likelihood of having 15 

symptoms. Symptomatic patients are more likely to be managed on the same day as testing 16 

and heterosexual men (MSW) are the most likely to be symptomatic, followed by MSM, then 17 

women. (Data from the Maximising STI Control trial, personal communication Cath Mercer) 18 

(Table 1) 17,18,20. These parameters were informed by national PHE data where available and 19 

supplemented with additional data or clinical experience and are described fully elsewhere  20 

17,20. The difference between MSM and MSW may be due to a combination of factors 21 

including higher probability of extra-genital infection, higher incidence of repeat infections 22 

and higher probability of HIV coinfection and higher frequency of STI testing in this group.21 23 

We estimated the proportions of infections that are resistant to ciprofloxacin and/or penicillin 24 

from the GRASP 2014 report (Table A1), which included systematic susceptibility testing at 25 

the PHE reference laboratory from sentinel surveillance sites and a larger but less well 26 

defined analysis of samples tested locally22. Parameters were varied to be appropriate to 27 

three patient groups: heterosexual men, MSM, and women.  In the baseline case we 28 

assumed that all confirmed and presumptive gonorrhoea infections are treated with 29 

ceftriaxone and azithromycin because there is >5% resistance to alternative regimens, 30 

resulting in 100% of infections treated as if they are resistant to other antibiotics (such as 31 

ciprofloxacin).  The cost for patients attending GUM were taken from the latest payment by 32 

results tariff23.  An AMR POCT is not currently available so we assumed conservatively that 33 

separate new tests for assessing resistance to either ciprofloxacin or penicillin would each 34 

incur an additional £25 testing cost, similar to that previously assumed for a PCR based 35 

POCT test17  36 

 37 
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Management scenarios 1 

We considered the following scenarios for each of the three patient groups (MSM, 2 

heterosexual men and women).   3 

1) Current management – clinicians have no knowledge of the resistance profile of 4 

gonorrhoea at the point of initial treatment and consequently all patients are treated 5 

with ceftriaxone and azithromycin. Some patients are managed on the same day, 6 

either due to symptoms and positive microscopy or as contacts of infected 7 

individuals, others wait for lab results, resulting in some unnecessary treatment and 8 

some delays to treatment or loss to follow-up. (Figure 2)  9 

2) Simple POCT management – all patients tested and managed same day but all 10 

treated as if resistant to older antibiotics (i.e. ceftriaxone and azithromycin)  11 

3) AMR POCT management  - all patients tested with AMR POCT for gonorrhoea that 12 

could identify infections that do not need to be treated with ceftriaxone  13 

a. assuming current ciprofloxacin resistance prevalence22.  (Figure 2) 14 

b. assuming current penicillin resistance prevalence22.  15 

 16 

Economic analysis 17 

The primary outcomes were: the number of doses of ceftriaxone saved; and the mean time 18 

to appropriate treatment. In addition, we calculated the average number of visits per person 19 

and per infected person, the total cost of testing and the number of patients lost to follow up. 20 

In each case we compared the incremental benefit of an AMR POCT with current testing 21 

practice.  Analyses were undertaken from the NHS perspective with costs measured in 22 

pounds sterling at 2014 prices. 23 

 24 

RESULTS 25 

We modelled a snapshot of GUM attendance, gonorrhoea diagnosis and prevalence of 26 

resistance to ciprofloxacin and penicillin based on the situation in England, 201419. Under 27 

current treatment guidelines for 1.4 million people attending GUM per year we estimate 28 

33,431 ceftriaxone treatments are currently administered annually and 792 gonococcal 29 

infections remain untreated due to loss to follow-up.  In those receiving antibiotics, the mean 30 

time to treatment was estimated to be 2.2 days. Under current practice, 68% (MSW), 63% 31 

(MSM) and 21% (Women) who are infected with gonorrhoea are treated on the same day as 32 

they attend. The mean number of attendances at clinic per infected person was 1.44.  We 33 

estimated the total cost of current testing to be £196 million.  If a POCT test is used 34 

(strategies 2-4), this enables same-day testing and treatment, patients would only need to 35 

visit once, all infected individuals would be treated on the same day as the test and therefore 36 

no infected individuals would be lost to follow-up and left untreated.   37 
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 1 

The results for AMR POCT (strategy 3, 4) and POCT (strategy 2) only differ by the choice of 2 

treatment regimen. If an AMR POCT for ciprofloxacin resistance were available (strategy 3a) 3 

we estimate its use could prevent 22,054 treatments of ceftriaxone annually (a 66% 4 

reduction) assuming the current levels of resistance to ciprofloxacin (37% of infections in 5 

201424,   6 
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Table 1).  Similarly an AMR POCT for penicillin resistance (strategy 3b) at the current levels 1 

of resistance (23% overall) could prevent 26,499 ceftriaxone treatments annually (a 79% 2 

reduction).  Assuming an AMR POCT added £25 to the testing costs we estimated the total 3 

cost of testing for each of the POCT scenarios to be £230 million,   adding £34 million to the 4 

annual cost of testing.  5 

 6 

DISCUSSION 7 

Statement of principal findings 8 

Our model estimates that 66% of the 33,431 ceftriaxone treatments given annually to 9 

individuals with gonorrhoea could be replaced by ciprofloxacin, thus extending the life of our 10 

current last-line treatment, if an AMR POCT for ciprofloxacin resistance was available.  If an 11 

AMR POCT for penicillin was available, 79% of ceftriaxone treatments could be substituted 12 

with penicillin.  The use of POCTs would mean a two day reduction in the time that people 13 

wait, on average, for appropriate treatment compared with current practice and such testing 14 

would prevent the approximately 800 positive individuals who remain untreated in the current 15 

system due to loss to follow-up.  If AMR POCT added £25 to first-line testing costs, we 16 

estimate the use of such tests would increase current treatment and testing costs by £34 17 

million annually.  The outcomes related to same day diagnosis and treatment (reduced time 18 

to treatment and reduced follow up) could be achieved by using a simple POCT, as 19 

previously considered17. The additional benefit of AMR POCT test is to enable tailored 20 

choice of antimicrobial treatment. 21 

 22 

Strengths and weaknesses of the study 23 

Our model used recent published data on antimicrobial resistance levels, gonococcal 24 

incidence and current treatment and considered the impact of additional AMR POCT in 25 

distinct population groups, namely heterosexual men, MSM and females. The simplified 26 

model structure, which is available freely online, enables the parameters to be easily 27 

updated and the impact of different scenarios, in different settings, to be considered.  We 28 

made the simplifying assumption that the cost of an AMR POCT would add £25 to the 29 

current tariff cost; however, in reality other current activities might be reduced or 30 

discontinued if an AMR POCT was available, such as testing, microscopy, culture and 31 

physical exams or re-attendances, as well as reduced costs associated with re-using 32 

cheaper oral antibiotics. New DNA-based POCT technologies may be able to be combined 33 

to produce a multiplexed test, which may be more economically viable than the separate 34 

specific AMR tests we modelled here.  Our cost estimates are therefore likely to be higher 35 

than in practice.  New technologies are emerging which may be able to rapidly determine the 36 

bacterial response to a panel of potential antibiotics which would enable highly tailored 37 
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therapy without the need to continuously monitor the efficacy of a test for resistance based 1 

on detecting DNA sequence, but for this preliminary exploration we selected a hypothetical 2 

AMR POCT test which could integrate with existing POCT technologies based on nucleic 3 

acid amplification.  4 

  5 

The model did not capture the indirect effects of reduced transmission to partners or 6 

progression to complications, such as pelvic inflammatory disease and epididymitis. It also 7 

did not consider the longer term effects of changing treatment strategy on the evolution of 8 

drug resistance over time in gonorrhoea infections.  9 

 10 

Strengths and weaknesses in relation to other studies, discussing important 11 

differences in results 12 

To our knowledge, no-one has specifically addressed the question of the added value of a 13 

point-of-care AMR POCT to discriminate between susceptible and resistant strains to guide 14 

initial treatment decisions for gonorrhoea.  Others have considered in detail the relative 15 

benefits of POCTs, balancing the need for fast results against cost and test performance16. 16 

Adams et al previously showed that a dual chlamydia/gonorrhoea point of care NAAT 17 

diagnostic test pathway could be cost neutral or cost-saving compared with existing methods 18 

even though the test kit itself is more expensive. 17,18 We initially assumed that the POCT 19 

AMR is an additional test cost, however it is probable that a multiplex PCR rapid test could 20 

be designed to include an AMR component which does not compromise the cost or 21 

performance of the basic gonorrhoea diagnostic. An alternative to improving diagnostics, 22 

treatment and surveillance is to develop a vaccine for gonorrhoea and to improve the uptake 23 

of other methods of prevention (such as condoms)25,26. A gonorrhoea vaccine has proved 24 

elusive due to the rapidly changing surface antigens, but there may be some cross-reactivity 25 

with vaccines designed to protect against Neisseria meningitidis27.  26 

 27 

The main weakness of our study is that it did not address the population level impact of the 28 

introduction of such tests, but only considered a static situation24,25,28. Rapid whole genome 29 

sequencing (within 24 hours) has been introduced to help guide treatment decisions for 30 

important nosocomial pathogens, notably MRSA (methicillin-resistant Staphylococcus 31 

aureus)14, but in a community walk-in clinic setting for a low prevalence bacterial infection, 32 

such as gonorrhoea, a test needs to be relatively cheap and results available before the 33 

patient leaves the clinic . Our model did not include dynamic epidemiological or evolutionary 34 

processes, which change the prevalence and incidence of infection (and resistance) over 35 

time24. In reality, re-introduction of ciprofloxacin would likely increase the selection for 36 

resistance, which would negate some of the benefits of an AMR POCT. Similarly re-using 37 
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other drugs would also result in increases in resistance observed, including increasing 1 

selection for plasmids conferring multidrug resistance. Conversely, if point-of-care 2 

technology can reduce the time to treatment and reduce loss to follow-up sufficiently this 3 

might reduce the overall population prevalence, which would lead to a virtuous cycle of 4 

improved control and reduced transmission risk29. We also assume that results of point of 5 

care diagnostics can be provided within the clinical consultation. This is not currently 6 

possible unless the patient provides samples on arrival then waits to see a clinician or 7 

returns for a later appointment. The Cepheid GeneXpert has a turnaround time of about 90 8 

minutes which was previously found to result in the majority of men (16/19) not waiting for 9 

their results (6 were positive)30.  Transmission dynamic models can explore the potential 10 

consequences without the risks associated with radical changes in prescribing practices. 11 

The next steps will be to develop dynamic models which include selective pressure under 12 

differing treatment options31   and incorporating variable delays.  13 

 14 

 15 

The important next questions arising from this study are: how much time does the reduction 16 

in use of ceftriaxone buy in terms of slowing or preventing the emergence of clinically 17 

relevant gonorrhoea resistant to ceftriaxone and, second, what are the population-level 18 

benefits of improved gonorrhoea control?  19 

 20 

 21 

 22 

Meaning of the study: possible explanations and implications for clinicians and 23 

policymakers  24 

The major benefit of point of care tests for gonorrhoea is increasing the proportion of 25 

patients treated appropriately on the same day as the test, which is likely to improve 26 

outcomes by reducing infectious duration, reducing loss to follow-up and potentially 27 

improving partner notification efficacy. A definitive diagnosis on the day of first presentation 28 

also prevents unnecessary treatment of those not infected with gonorrhoea.  The main 29 

benefit of an AMR POCT that can discriminate between susceptible and resistant infections 30 

is in enabling the re-introduction of abandoned first-line therapies.  Reducing the use of 31 

antibiotics, especially of last-line therapies is a key aim of the UK national strategy on 32 

antimicrobial resistance.  For heterosexual men and MSM a relatively large proportion of 33 

infections are already treated on the same day as testing, based on epidemiological, clinical 34 

or microbiological evidence (microscopy). However, this proportion is lower for women due 35 

to the higher percentage of asymptomatic infections and from poorer sensitivity of detection 36 

of gonorrhoea in endocervical and urethral smears.  Although new POCTs are likely to be 37 
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more expensive than existing tests this would to some extent be offset by the reduction in 1 

further attendances and in the ability to re-use older, cheaper drugs. Given the low 2 

prevalence of gonorrhoea even in high-risk GUM attendees, the cost of treatment and re-3 

attendances is small in comparison with the cost of attendances for testing and diagnosis.  If 4 

a new discriminatory AMR POCT test were prohibitively expensive for routine use, a 5 

combination of a standard point-of-care NAAT (e.g. chlamydia/gonorrhoea) test could be 6 

considered in conjunction with a more specialised gonorrhoea AMR test, although the time 7 

implications of this for patients and clinicians would have to be carefully considered.  8 

 9 

Unanswered questions and future research 10 

This estimation of the potential reduction in ceftriaxone use is the first step towards 11 

evaluating the long-term effects of such a reduction.  Future research investigating how 12 

much the useful lifespan of ceftriaxone as a therapy for gonorrhoea is extended with 13 

particular reductions in ceftriaxone use would be valuable.  In the context of the often slow 14 

and expensive new drug pipeline, there is also a question to be answered around the value 15 

placed on each additional year of ceftriaxone availability.  16 
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 1 

Figure 1: Number of gonorrhoea diagnoses reported in England, 2006 – 2015, with the 2 

change in recommended first line antibiotic treatment shown.  3 

 4 

Legend: Data from Public Health England, Annual STI Data Tables 5 

https://www.gov.uk/government/statistics/sexually-transmitted-infections-stis-annual-data-6 

tables 7 

 8 

 9 

Figure 2 Current patient pathways for gonorrhoea 10 

Figure 3 Patient pathway diagram to illustrate the flow for men who have sex with men under 11 

A) current care, B) antimicrobial resistance point-of-care test   12 

Legend: In scenario A, all diagnosed cases are treated with ceftriaxone plus azithromycin. In 13 

scenario B, diagnosed cases are treated according to resistance profile: AMR cases with 14 

ceftriaxone plus azithromycin; non-AMR with ciprofloxacin. Numbers of AMR and non-AMR 15 

infection are based on current levels of ciprofloxacin resistance observed in GRASP 16 

surveillance data, 2014. Illustrated based on 100,000 MSM attending a genitourinary 17 

medicine clinic. 18 

 19 

 20 

  21 
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Table 1 Principal results comparing use of an antimicrobial resistance point-of-care test 1 

(AMR POCT) for ciprofloxacin (Scenario 3a) or penicillin resistance (Scenario 3b) against 2 

current testing practice (standard laboratory testing, no POCT) for the management of 3 

gonorrhoea (Scenario 1), assuming the current attendance at GUM clinic annually 4 

 Heterosexual 

male 

MSM Female Overall 

Considering use of POCT test for ciprofloxacin resistance 

Annual ceftriaxone treatments      

Current (scenario 1) 7690 17691 8050 33431 

AMR POCT (scenario 3a) 2188 7933 1257 11378 

Reduction under scenario 3a 5502 9759 6793 22054 

Percentage reduction in ceftriaxone 72% 55% 84% 66% 

Proportion treated same day     

Current (scenario 1) 68% 63% 21% 54% 

AMR POCT (scenario 3a) 100% 100% 100% 100% 

 Increase under scenario 3a 32% 37% 79% 46% 

Mean time to treatment (days)     

Current (scenario 1) 1.5 1.8 3.9 2.2 

AMR POCT (scenario 3a) 0.0 0.0 0.0 0.0 

Reduction under scenario 3a 1.5 1.8                   3.9 2.2 

Persons lost to follow up (untreated)     

Current (scenario 1) 125 338 329 792 

AMR POCT (scenario 3a) 0 0 0 0 

Considering use of POCT test for penicillin  resistance 

Annual ceftriaxone treatments*      

Current (scenario 1) 7690 17691 8050 33431 

AMR POCT (scenario 3b) 1407 4688 838 6932 

Reduction under scenario 3b 6283 13004 7212 26499 

Percentage reduction in ceftriaxone 82% 74% 90% 79% 

*All other outcomes same as for use of POCT for ciprofloxacin resistance.  MSM, men who have sex with 

men. Results for strategy 2 not shown – equivalent to strategy 3 except for choice of antibiotic 

treatment. Results for 3b also equivalent to 3a for outcomes except reduction in ceftriaxone treatments.  

Definitions 5 

GUM: Genitourinary medicine clinic, POCT: Point of care test, AMR: Antimicrobial 6 

resistance, MSM: Men who have sex with men  7 
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Table 2 Cost of testing and treatment* when using an antimicrobial resistance point-of-care 1 

test (AMR POCT) for ciprofloxacin resistance (strategy 3a) compared with current practice 2 

Heterosexual 

male 
MSM Female Overall 

Annual cost of testing 

   Current  £69,784,517 £20,358,694 £105,826,467 £195,969,677 

AMR POCT   £82,415,040   £23,338,080  £124,653,600  £230,406,720  

Increased cost with AMR POCT  £12,630,523   £2,979,386   £18,827,133   £34,437,043  

*The model assumes that the additional cost of AMR POCT (£25) is simply added to the cost of 

attendance, and is not offset by reductions in the number of gonorrhoea infections, by reduced 

treatment costs (as some patients are treated with cheaper antibiotics), or by reduced use of other 

tests (such as microscopy or culture of all swabs). 

  3 
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infections caused by antimicrobial-resistant and susceptible strains of Neisseria 
gonorrhoeae 
 
Katy ME Turner, Hannah Christensen, Elisabeth J Adams, David McAdams, Helen Fifer, 
Anthony McDonnell, Neil Woodford  
 
 

 
 
 
Table A1 Current prevalence of antimicrobial resistance to potential treatments for 
gonorrhoea 

Drug  Class Prevalence of resistance in GRASP 2014 isolates1  

  Heterosexual 

men 

MSM Women Overall 

Ceftriaxone  Cephalosporin (3rd generation) 0 0 0 0 

Penicillin β-lactam 18% 26% 10% 23% 

Ciprofloxacin Fluoroquinolone 28% 44% 15% 37% 

Azithromycin Macrolide 0.0% 1.4% 0.5% 1.0% 

Current first line (and last-line) therapy is intramuscular ceftriaxone with azithromycin 1g orally. MSM, 
men who have sex with men. 
GRASP: Gonococcal Resistance to Antimicrobial Surveillance Programme 
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 1 

Table A2 Model parameters 2 

 Baseline model parameters  Current AMR POCT 

  Heterosexual 

men 

MSM Women Heterosexual 

men 

MSM Women 

Initial population size2 515,094 145,863 779,085 515,094 145,863 779,085 

Proportion entering same day management pathway 35% 33% 48% 100% 100% 100% 

Proportion infected with gonorrhoea (of total tested)2 1.5% 12.4% 1.1% 1.5% 12.4% 1.1% 

Proportion of those in same day pathway infected with gonorrhoea  3.1% 26.0% 1.0% 1.5% 12.4% 1.1% 

Proportion of delayed management infected with gonorrhoea 0.7% 5.6% 1.2% - - - 

Relative risk infection gonorrhoea in same day vs delayed pathway  4.52 4.63 0.82 - - - 

Proportion in same day pathway who are infected & treated on same day 96% 90% 50% 100% 100% 100% 

Proportion of same day pathway treated presumptively for gonorrhoea 5.0% 25.0% 2.0% 1.5% 12.4% 1.1% 

Proportion who attend for treatment after lab test result (of those who 

wait for lab test results, i.e. asymptomatic group) 

95% 95% 95% 100% 100% 100% 

Proportion treated with last line therapy3 100% 100% 100% 28%a 44% a 15% a 

Cost of first attendance4 5  £135 £135 £135 £135 £135 £135 

Cost of follow-up attendance4 5  £104 £104 £104 £104 £104 £104 

AMR POCT, antimicrobial resistance point of care test; MSM, men who have sex with men. 
aAssuming POCT for ciprofloxacin susceptibility (can be adjusted for penicillin according to parameters in Table A1 or updated to reflect local trends)  

 3 

 4 

  5 
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Figure A1  1 

A – Heterosexual men current pathway   2 
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 B – Heterosexual men POCT pathway  1 

 2 

  3 
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C – Women current pathway  1 

 2 
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D – Women new pathway 1 
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