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ABSTRACT 

Objectives: The incidence of gonorrhoea is rising in many countries, and the 

antimicrobial resistance of Neisseria gonorrhoeae is increasing. Mouthwash is a 

potential new intervention for reducing gonorrhoea transmission without using 

antibiotics. We modelled the effect that antibacterial mouthwash may have on the 

incidence of gonorrhoea.  

Design: We developed a mathematical model to analysis the transmission of 

gonorrhoea between each anatomical site (oropharynx, urethra and anorectum) in MSM. 

We constructed four scenarios: (1) mouthwash had no effect; (2) mouthwash increased 

the susceptibility of the oropharynx; (3) mouthwash reduced the transmissibility from 

the oropharynx; (4) the combined effect of mouthwash from scenarios 2 and 3. 

Setting: We used gonorrhoea diagnosis data at three anatomical sites from 4873 MSM 

attending Melbourne Sexual Health Centre in 2018 and 2019 to calibrate our models. 

We also used data USA, Dutch and Thailand for sensitivity analysis.

Participants: Publicly available data on MSM with multi-site infections of gonorrhoea.

Primary and secondary outcome measures: Incidence of gonorrhoea.

Results: Under scenario 1, the overall incidence of gonorrhoea was 44 (95% CI: 37-

50)/100 person-years. Under scenario 2, with 20-80% mouthwash coverage in the 

MSM population, the incidence increased at all three anatomical sites by between 7.4% 

(5.9-60.8%) and 136.6% (108.1-177.5%). Under scenario 3, with the same coverage, 

the incidence decreased at all anatomical sites by between 11.6% (10.2-13.5%) and 

99.8% (99.2-100%). Under scenario 4, changes in the incidence depended on the 
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efficacy of mouthwash on the susceptibility and transmissibility with a broad overall 

effect from large increases of nearly 130% to large declines of almost 100%. 

Conclusions: The effect of mouthwash on gonorrhoea incidence is largely predictable 

depending on whether it increases susceptibility to or reduces the transmissibility of 

gonorrhoea, highlighting an urgent need for further empirical investigation given the 

rapid rises that are occurring throughout the world. 

Strengths and limitations of this study

 To our knowledge, this is the first study to model the effect that mouthwash 

may have on gonorrhoea incidence at a population level if the model assumes 

that mouthwash increases susceptibility or decreases its transmissibility. 

 When assuming mouthwash coverage of 20%, 50%, and 80%, the incremental 

reduction in the susceptibility and incremental increase in transmissibility from 

5% to 25% results in both increases and decreases in new gonorrhoea infections 

from a decrease of 100% or to an increase 130%.

 Our findings suggest that mouthwash has a predictable effect on the rates of 

gonorrhoea depending on whether mouthwash increases the susceptibility or 

reduces the transmissibility.

 We have made several assumptions about mouthwash use in our study because 

no data was available for these estimates.
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INTRODUCTION 

The world is experiencing increasing trends in both the rates of gonorrhoea and its 

antimicrobial resistance 1-4 that have prompted Neisseria gonorrhoeae to be deemed a 

significant global health threat 5 6. Unfortunately, effective interventions to reduce rates 

of gonorrhoea have been challenging to identify. Recently researchers have suggested 

that oropharyngeal gonorrhoea may be critical to the persistence of infection at a 

population level 7 and that infection may be transmitted by kissing and saliva exchange 

during sex 8-10. 11 12. To address the potential transmission associated with the 

oropharynx, researchers have been investigating mouthwash as an intervention for 

gonorrhoea prevention 12-17. 

Three randomised controlled trials have explored the effect of antibacterial 

mouthwash on gonorrhoea infection 18-20. The first study of 58 MSM in Australia 

suggested that antibacterial mouthwash reduced the ability to culture gonorrhoea from 

the oropharynx and, therefore, may potentially reduce gonorrhoea transmission 18. Men 

in this study who used Listerine mouthwash were less likely to test positive for 

gonorrhoea at the tonsillar fossae (OR=0.14, 95% CI 0.03 to 0.77) compared with those 

who used saline. The second study of 530 MSM in Australia reported no significant 

risk difference in gonorrhoea positivity between the Listerine mouthwash group and the 

control (Biotène) group of 2.5% [-1.8 to 6.8%] for oropharyngeal infection or at other 

sites(-4.4% [-7.4% to -1.3%] for urethral infection, and 2.5% [-2.0 to 7.0%] for 

anorectal infection) 19. 
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The third RCT of 343 MSM in Belgium was stopped early because of the COVID-

19 pandemic. It reported similar findings to the larger RCT with a non-significant 

increase in gonorrhea at the oropharyngeal and no significant changes at other 

anatomical sites in the adjusted analysis 20.   While the adjusted analysis showed no 

increase in oropharyngeal gonorrhoea the un-adjusted analysis suggested Listerine 

increased the risk of oropharyngeal gonorrhoea and hence raise the possibility that 

Listerine mouthwash may actually increase the risk of oropharyngeal gonorrhoea rather 

than reduce it. Taken together, the results of the three clinical trials raise the possibility 

that antibacterial mouthwash may either increase the susceptibility of the oropharynx 

to Neisseria gonorrhoeae or potentially decrease its transmissibility. 

The WHO's “Global Action Plan to Control the Spread and Impact of 

Antimicrobial-Resistance in N. gonorrhoeae” recommends the use of mathematical 

models to analyse new interventions 21. Zhang et al. assumed that mouthwash could 

reduce the duration of gonorrhoea at the oropharynx and found that widespread use may 

significantly reduce the prevalence of gonorrhoea in the population 8. Based on the 

newly emerging evidence on mouthwash and gonorrhoea transmission, from the 

randomized studies we used a susceptible-infected-susceptible compartmental model 

to examine the potential effect of antibacterial mouthwash on gonorrhoea incidence in 

MSM.
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METHODS

Study design

    We employed a population-level susceptible-infected-susceptible compartmental 

model to evaluate the potential effects of antibacterial mouthwash on the incidence of 

gonorrhoea in MSM. The Forest plot shows the effect of antibacterial mouthwash on 

the incidence of gonorrhoea (Supplementary Figure S1). The model was based on our 

previously published multi-site infection model 22 (Supplementary Figure S2). 

Data resources

    We used gonorrhoea diagnosis data of 4873 MSM attending Melbourne Sexual 

Health Centre (MSHC) using Nucleic Acid Amplification Test (NAAT) in 2018 and 

2019 to calibrate our models 22. The percentage of positivity was ‘oropharynx infection 

only’ (2.96%), ‘urethra infection only’ (0.31%), ‘anorectum infection only’ (3.16%), 

‘oropharynx and urethra co-infection’ (0.21%), ‘oropharynx and anorectum co-

infection’ (2.46%), ‘urethra and anorectum co-infection’ (1.19%), and ‘oropharynx, 

urethra and anorectum co-infection’ (0.72%). (see Supplementary Table S1).

Neisseria gonorrhoeae transmission routes 

    We simulated gonorrhoea transmission through (1) anal sex; (2) penile–oral sex; 

(3) rimming; (4) kissing; (5) oral sex followed by anal sex (or vice versa) (penis acts as 
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a mediator and carries Neisseria gonorrhoeae to the oropharynx or anorectum); (6) 

using saliva as a lubricant for anal sex (pass Neisseria gonorrhoeae from his 

oropharynx to his urethra); (7) oral sex followed by oral-anal sex (rimming) or vice 

versa (oropharynx acts as a mediator and carries Neisseria gonorrhoeae to the urethra 

or anorectum) 22.

Model parameterisation and calibration 

We collected behavioural and gonorrhoea progression data in the assumption for 

our models’ parameters /to inform parameter values for the models. (see Supplementary 

Table S2). We used MATLAB R2019a to conduct numerical simulations and perform 

the statistical analysis. We sampled the parameter space using Latin Hypercube 

Sampling within the parameter uncertainty bounds ranges and generated a pool of 1000 

parameter sets. Using each sampled set of parameters as the initial points, we simulated 

the transmission model. We used the ‘trust-region-reflective’ method (‘fmincon’ in 

MATLAB 23) for the optimisation process to search for the parameter sets that is best 

fitted to the empirical prevalence of the infections. We then calibrated the model-

simulated site-specific gonorrhoea prevalence at equilibrium to empirical gonorrhoea 

diagnosis data at each anatomical site (i.e., oropharynx, urethra, and anorectum), as 

well as multi-site infection (oropharynx and urethra together, oropharynx and 

anorectum together, urethra and anorectum together, oropharynx and urethra and 
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anorectum together. We define the goodness-of-fit as the sum square error between the 

prevalence levels based on model simulations and empirical data for each simulation. 

We then ranked the goodness-of-fit in ascending order (the best-fitted simulations on 

the top) and selected the top 10% of 1000 simulations. We regarded the selected 10% 

simulations as the pool of parameter sets that were best calibrated to the empirical data 

and used these simulations to estimate the 95% confidence intervals of the output 

indicators. The study methods have been reported previously 8 22. 

Scenarios for the modelled effect of mouthwash on gonorrhoea incidence

Following model calibration, we established four scenarios to evaluate 

antibacterial mouthwash's effectiveness on the incidence of gonorrhoea. We estimated 

the number of new infections at any given time and calculated the incidence as the ratio 

between the number of new infections and the number of susceptible 8 22 24. The effect 

of antibacterial mouthwash on transmissibility and susceptibility between two men is 

shown in Figure 1. We constructed the following four scenarios: (1) mouthwash had no 

effect on Neisseria gonorrhoeae; (2) mouthwash increased the susceptibility of 

acquiring oropharyngeal gonorrhoea, during sexual practices including penile–oral sex 

(from the urethra to oropharynx), rimming (from the anorectum to oropharynx), and 

kissing (from the oropharynx to oropharynx); (3) mouthwash reduced the 

transmissibility from an infected oropharynx, during sexual practices including penile–

oral sex (from the oropharynx to urethra), rimming (from the oropharynx to anorectum), 
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kissing (from the oropharynx to oropharynx), using saliva as a lubricant for anal sex 

(from own oropharynx to own urethra), oral sex followed by oral-anal sex (rimming) 

or vice versa (oropharynx acts as a mediator and carries Neisseria gonorrhoeae from 

the oropharynx to the anorectum); (4) mouthwash reduced transmissibility from the 

oropharynx and increased susceptibility to acquiring oropharyngeal gonorrhoea, that is, 

a combined scenario of (2) and (3). 

In our simulations, we examined scenarios for the potential efficacy of mouthwash 

that would increase the susceptibility and reduce the transmissibility by 5%, 10%, 15%, 

20% and 25% for using mouthwash shortly before or immediately after each sexual act. 

Like previous studies 19 20, we defined the population coverage of mouthwash as the 

proportion of MSM who used mouthwash daily. 

Sensitivity analysis

 

   We identified five similar studies that reported multi-site infections of gonorrhoea 

using NAAT, including (1) 3,049 MSM, attending a health centre in Boston, 

Massachusetts, during 2012-2016 10; (2) 393 MSM attending STD & HIV care clinics 

in the USA during 2018-2019 25; (3) 179 MSM living with HIV in Birmingham, 

Alabama, during 2014-2016 26; (4) MSM surveillance data (271,242 consultations) 

from nation-wide Dutch STI clinics during 2008-2017 27; and (5) 1,610 MSM attending 
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a community-led test and treat cohort in Thailand during 2015-2016 28. (see 

Supplementary Table S1). We also modelled the potential effects of antibacterial 

mouthwash on the gonorrhoea incidence using the above five additional datasets.

Patient and public involvement

Our study was done without patient involvement. Patients were not invited to comment 

on the study design and were not consulted to develop patient-relevant outcomes or to 

interpret the results. Patients were not invited to contribute to the writing or editing of 

this document for readability or accuracy.
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RESULTS

Figures 1 show the potential effects of mouthwash on the incidence of gonorrhoea 

at any anatomical site and also the effect at individual anatomical sites: oropharynx, 

anorectum and urethra. In the absence of any effect of mouthwash (scenario 1), the 

incidence of gonorrhoea at all three anatomical sites was 44 (95% CI: 37 to 50) /100 

person-years (PY): 26 (95% CI: 22 to 31) /100 PY at the oropharynx, 9 (95% CI: 8 to 

11) /100 PY at the anorectum and 8 (95%CI: 5 to 12) /100 PY at the urethra. (details in 

Supplementary Table S3-8).

If mouthwash increased the oropharynx's susceptibility to Neisseria gonorrhoeae 

(scenario 2), then the incidence would increase at all three sites. The magnitude of the 

increase would depend on the coverage of mouthwash in the MSM population. With a 

mouthwash coverage of 20% the incidence at the oropharynx, percentage changed 

between 7.5% (95% CI: 5.9 to 61.6 %) to 37.3% (95% CI: 29.3 to 85.4%), at the 

anorectum percentage changed between 7.3% (95% CI: 5.7 to 59.2%) to 36.0% (95% 

CI: 28.0 to 81.6 %), and at the urethral it increased by between 7.4% (95% CI: 5.8 to 

60.3 %) to 36.5% (95% CI: 28.6 to 83.4 %) when the susceptibility increased from 

between 5% and 25%. When the population coverage of mouthwash uses increased, the 

magnitude of the incidence also increased. (Figure 2, 3; Supplementary S3-8).
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If mouthwash were to reduce the transmissibility of Neisseria gonorrhoeae from 

the oropharynx (scenario 3), then the incidence of gonorrhoea would reduce at all three 

sites. As for scenario 3, the magnitude of the decrease would depend on the coverage 

of mouthwash in the MSM population. With a mouthwash coverage of 20% the 

percentage change in incidence at the oropharynx from -11.5% (95% CI: -13.5 to -

10.1%) to -54.1% (95% CI: -62.0 to -48.6%) at the anorectum from -11.9% (95% CI: -

13.9 to -10.5%) to -54.5% (95% CI: -62.3 to -48.9%) and at the urethral from -11.6% 

(95% CI: -13.6 to -10.2%) to -55.4% (95% CI: -62.9 to -49.8%) when the susceptibility 

increased from between 5% and 25%. When the population coverage of mouthwash 

uses increased, the magnitude of the fall in incidence also increased. (Figure 2, 3; 

Supplementary Table S3-8).

If mouthwash increased the susceptibility of the oropharynx to Neisseria 

gonorrhoeae and to reduce the transmissibility of Neisseria gonorrhoeae from the 

oropharynx (scenario 4), the combined effect of mouthwash on incidence depends on 

the varying efficacy of both transmissibility and susceptibility and the coverage of 

mouthwash in the MSM population. With a mouthwash coverage of 20%, mouthwash 

could result in negative percentage change in incidence of -0.8% (95% CI: -10.7 to 

42.5%) to -48.4% (95% CI: -56.8 to -12.2%) at the oropharynx, -1.8% (95% CI: -12.0 

to 38.8%) to -48.8% (95% CI: -57.2 to -13.8%) at the anorectum, and -2.8% (95% CI: 

-12.7 to 38.5%) to -49.8% (95% CI: -57.9 to -15.1%) at the urethra, in areas below the 
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zero-threshold curve (Figure 3). Mouthwash also could result in positive percentage 

change in incidence of 2.7% (95% CI: -1.1 to 53.1%) to 11.6% (95% CI: 2.8 to 56.1%) 

at the oropharynx, 2.3% (95% CI: -1.6 to 50.5%) to 23.2% (95% CI: 14.8 to 67.1%) at 

the urethra, and 2.0% (95% CI: -1.8 to 51.0%) to 23.2% (95% CI: 14.8 to 68.0%) at the 

urethra, in areas above the zero-threshold curve (Figure 1). When the coverage 

increased, so did the magnitude of the percentage increases. If the incremental reduction 

in the transmissibility is the same as the incremental increase in susceptibility (scenario 

4), the combined effect of mouthwash was projected to reduce gonorrhoea incidence 

(Figure 2, 3; Supplementary Table S3-8).

    We conducted the sensitivity analyses using five different studies with multi-site 

infection data, and the conclusions were similar. The supplementary material includes 

the model calibrated for the other five datasets. (Supplementary Figure s3a, 3b, 4a, 4b, 

5a, 5b, 6a, 6b, 7a, 7b).

DISCUSSION

To our knowledge, this is the first study to model the effect that mouthwash may have 

on gonorrhoea incidence at a population level if mouthwash were to increase the 

susceptibility or decrease the transmissibility of gonorrhoea infection. We found 

substantial changes in the incidence of gonorrhoea occurred in all scenarios but that 

reductions in the transmissibility of gonorrhoea were more potent than the increases in 

the susceptibility if the incremental reduction in the transmissibility is the same as the 
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incremental increase in susceptibility. To date, only one other study has modelled the 

effect of mouthwash on gonorrhoea incidence 8, but this study only looked at the effect 

on duration. There has been very little empirical data at present on the effect of 

mouthwash both on the transmissibility of gonorrhoea in infected men or susceptibility 

in uninfected men. We hope this work encourages more researchers to explore the effect 

of mouthwash on the susceptibility and transmissibility of Neisseria gonorrhoeae to 

potentially design an intervention if further studies were to show it was beneficial.

     Our study shows that if mouthwash increases the oropharynx's susceptibility in 

uninfected individuals, it will increase the incidence in the MSM population. Van Dijck 

et al. 20 reported in their randomised trial that mouthwash did not significantly increase 

urethral or oropharyngeal gonorrhoea incidence. Van Dijck et al. study was stopped 

early and they suggested that the non-significant increase could possibly be explained 

if Listerine damaged the oropharyngeal mucosa or microbiome. Van Dijck et al. also 

proposed that Listerine mouthwash may eliminate the beneficial effects on the carriage 

of pathogenic Neisseria, and that this effect was potentially mediated through inhibition 

of some commensal Neisseria species that normally act to limit the growth or carriage 

of Neisseria gonorrhoeae or Neisseria meningitidis 29 30. More research will be needed 

to investigate the benefits and harms of using mouthwash as an intervention for 

gonorrhoea prevention. Further study is required to explore how mouthwash changes 

the oral microbiome and resistome and inhibit commensal Neisseria species' growth. 
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Our study shows that if mouthwash reduced the transmissibility from the 

oropharynx in the infected individuals, then widespread use of mouthwash would 

reduce the incidence of gonorrhoea at all sites in MSM at a population level. 

Mouthwash may reduce transmissibility by reducing the load of viable Neisseria 

gonorrhoeae bacteria at the oropharynx. Indeed, the first randomised trial undertaken 

by Chow so substantial and significant reductions in culture positive gonorrhoea 

following a minute use of mouthwash.  Chow et al. further examined the effectiveness 

of antiseptic mouthwash compared to standard of care antibiotics for the treatment of 

oropharyngeal gonorrhoea and found that mouthwash was not effective albeit in a small 

RCT among 12 men. The authors concluded from this study and their first randomised 

study that mouthwash might have a temporary effect on the load of viable organisms 

but may not have a prolonged effect 31. The OMEGA (oral mouthwash use to eradicate 

gonorrhoea) trial examined the effect of mouthwash on the incidence of gonorrhoea by 

comparing an intervention mouthwash (Listerine) versus a control mouthwash (Biotène) 

among 530 men using daily mouthwash for three months. Findings from the OMEGA 

trial suggested that men who use the intervention mouthwash (Listerine) had a 4.4% 

lower positivity of urethral gonorrhoea compared to the control mouthwash group and 

one possible explanation for this is that mouthwash reduced transmission from the 

oropharynx to their own penis 19. 
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Understanding the effect of mouthwash on the incidence of gonorrhoea could 

provide additional potential interventions for controlling the increasing gonorrhoea 

incidence 32 if it were to be widely used 11 12. There are a number of issues that need to 

be clarified in relation to mouthwash.  Firstly, the duration of any potential effect of 

antiseptic mouthwash on the transmissibility of Neisseria gonorrhoeae at the 

oropharynx should be quantified because it determines when mouthwash should be 

used in relation to sexual activities. Secondly, although two randomised controlled 

trials did not demonstrate a decline in the incidence of overall gonorrhoea 19 20, one 

study showed a decline in the incidence of urethral gonorrhoea 20. However, it does not 

mean mouthwash did not reduce the bacterial load in infected individuals. Thirdly, the 

incidence measured by the RCT has its limitations. Although it measures the protective 

effects of mouthwash in these selected individuals, the RCT did not measure the 

transmissibility of infected individuals in the next generation of gonorrhoea 

transmission in the whole MSM population since sexual partners were not tested for 

gonorrhoea. 

This modelling study has some limitations. First, we estimated of the effect of 

mouthwash on susceptibility or transmissibility, we choose equal estimates with only 

moderate effect sizes of 0-25% effects. If mouthwash had a more potent effect on either 

susceptibility or transmissibility, the effect on the incidence would be considerably 

greater. We did, however, show a moderate effect on the incidence of infection with 

the estimates we chose. Second, we have made several assumptions about mouthwash 
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use in our study because no data was available for these estimates. These assumptions 

included the duration of the potential ‘treatment’ effect of mouthwash, how mouthwash 

would be used by men (e.g. oral rinse, oral gargle and oral spray) when they used 

mouthwash (we assumed it was used before sex) and the effect of different ways of 

using it 33. Third, the diagnosed gonorrhoea data in our model is at a single time point, 

and we could not calibrate our model to a temporal trend of the epidemic. Fourth, the 

transmission of gonorrhoea may be largely biased towards high-risk MSM, and we did 

not separate the transmission by risk groups in our model. Finally, we acknowledge that 

sexual practices involved saliva may be more complex, and our model may not capture 

all sexual practices involving saliva.

CONCLUSIONS

In conclusion, our finding suggests that mouthwash could either increase or 

decrease the incidence of gonorrhoea at a population level depending on whether it 

increases susceptibility or decreases transmissibility. Our study highlights the need for 

more empirical data about the potential effect of mouthwash and the magnitude of this 

effect. 
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Figure legends

Figure 1. The effect of antibacterial mouthwash on transmissibility and susceptibility 

between man 1 and man 2 in the one sexual episode 

Figure 2. Estimated effect of antibacterial mouthwash on gonorrhoea incidence rate per 

100 person years that occur at the oropharynx, anorectum or urethra in MSM. 

1) Baseline (scenario 1); 2) Increasing susceptibility of oropharyngeal gonorrhoea only 

(scenario 2); 3) Reducing transmissibility of gonorrhoea only (scenario 3); 4) Reducing 

transmissibility from the oropharynx and increasing susceptibility to the oropharynx 

(scenario 4) 

Figure 3. Contour plots for the effect of antibacterial mouthwash on the percentage 

change (%) of incidence at the oropharynx, anorectum or urethra by increasing 

susceptibility of oropharyngeal gonorrhoea and reducing transmissibility of gonorrhoea 

from the oropharynx. The black solid isoclines indicate the threshold that the percentage 

change of incidence is zero.
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Figure 1. The effect of antibacterial mouthwash on transmissibility and susceptibility between man 1 and 
man 2 in the one sexual episode 
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Figure 2. Estimated effect of antibacterial mouthwash on gonorrhoea incidence rate per 100 person years 
that occur at the oropharynx, anorectum or urethra in MSM. 1) Baseline (scenario 1); 2) Increasing 

susceptibility of oropharyngeal gonorrhoea only (scenario 2); 3) Reducing transmissibility of gonorrhoea 
only (scenario 3); 4) Reducing transmissibility from the oropharynx and increasing susceptibility to the 

oropharynx (scenario 4) 
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Figure 3. Contour plots for the effect of antibacterial mouthwash on the percentage change (%) of incidence 
at the oropharynx, anorectum or urethra by increasing susceptibility of oropharyngeal gonorrhoea and 

reducing transmissibility of gonorrhoea from the oropharynx. The black solid isoclines indicate the threshold 
that the percentage change of incidence is zero. 
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Appendix: Potential effect of antibacterial mouthwash on the incidence of 

Neisseria gonorrhoeae among men who have sex with men: a mathematical 

modelling study

Literature review 

We searched PubMed, up to March 5, 2021, for reports of studies assessing the effect 

of mouthwash on the prevalence or incidence of gonorrhoea. We used the search terms 

(“gonorrh*” OR “sexual”) AND “mouthwash” and found 27 studies. We were also 

aware of two articles in The Lancet Infectious Disease. Of the 29 identified sources, 4 

randomized controlled trials were observed. One of four studies examined the 

effectiveness of antiseptic mouthwash for the treatment of oropharyngeal gonorrhoea 1, 

and another study examined whether Listerine could be used to inhibit the growth of 

Neisseria gonorrhoeae. This study concluded that Listerine could significantly reduce 

the amount of Neisseria gonorrhoeae on the pharyngeal surface2.  Finally, so we only 

analysed 2 RCT reported incidence 3 4. The findings of these two studies may lead to 

the potential of mouthwash to transmissibility and susceptibility. The Forest plot shows 

the effect of antibacterial mouthwash on the incidence of gonorrhoea (Supplementary 

Figure S1).
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Figure S1. Forest plot for random effects meta-analysis of the effect of antibacterial mouthwash on the incidence of gonorrhoea at any site, 

oropharyngeal site, urethral site, and anorectal site. 
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Study design 

Figure S2. A compartmental model for the transmission dynamics of Neisseria 

gonorrhoeae in men who have sex with men. 

U: only urethral infections; O: only oropharyngeal infections; A: only anorectal 

infections; Anorectum (A); OU: only oropharyngeal and urethral infections; UA: only 

urethral and anorectal infections; OA:  only oropharyngeal and anorectal infections; 

OUA: oropharyngeal, urethral and anorectal infections; arrow signifies the direction 

of infection and clearance.
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Differential equations

Force of infection

The force of infection takes the following form5:Λ 

Λ = 𝜆 ⋅ 𝑃

𝜆 = (1 ― (1 ― 𝛽 ∙ (1 ― 𝜀𝑐 ∙ 𝐶))
𝑓
2)

P represents the prevalence of Neisseria gonorrhoeae;

 represents the per-act transmission;𝛽 

 is the percentage of condom use in anal intercourse;𝐶 

  is the efficacy of condom in preventing transmission of sexually transmitted infections and 𝜀𝑐

 is the frequency of sexual acts that may facilitate transmission.𝑓

 is calculated based on the frequency of sexual acts data5. 𝑓 

S = S(t) is the number of susceptible MSM;

 I = I(t) is the number of infected MSM;

 Io is the number of MSM with oropharyngeal infection only;

 Iu is the number of MSM with urethral infection only;
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 Ia is the number of MSM with rectal infection only; 

Iou is the number of MSM with oropharyngeal and urethral infection only;

 Iua is the number of MSM with rectal, and urethral infection only; 

Ioa is the number of MSM with oropharyngeal and rectal infection only; 

Ioua is the number MSM with oropharyngeal, rectal, and urethral infection; 

N = S + 𝐼𝑜 + 𝐼𝑢 + 𝐼𝑎 + 𝐼𝑜𝑢 + 𝐼𝑢𝑎 + 𝐼𝑜𝑎 + 𝐼𝑜𝑢𝑎

Based on assumptions, the transmission of Neisseria gonorrhoeae infection was 

governed by the following differential equations.

𝑑𝑆
𝑑𝑡 = ― (𝜆𝑜𝑜𝑃𝑜_all + 𝜆𝑎𝑜𝑃𝑎_all + 𝜆𝑢𝑜𝑃𝑢_all) ∙ 𝑆 + 𝛾𝑜 ∙ 𝐼𝑜 ― (𝜆𝑜𝑎𝑃𝑜_all + 𝜆𝑢𝑎𝑃𝑢_all) ∙ 𝑆 + 𝛾𝑎 ∙ 𝐼𝑎

― (𝜆𝑜𝑢𝑃𝑜_all + 𝜆𝑎𝑢𝑃𝑎_all) ∙ 𝑆 + 𝛾𝑢 ∙ 𝐼𝑢

𝑑𝐼𝑜

𝑑𝑡 = (𝜆𝑜𝑜𝑃𝑜_all + 𝜆𝑎𝑜𝑃𝑎_all + 𝜆𝑢𝑜𝑃𝑢_all) ∙ 𝑆 ― 𝛾𝑜 ∙ 𝐼𝑜 ― (𝜆𝑜𝑎𝑃𝑜_all + 𝜆𝑢𝑎𝑃𝑢_all) ∙ 𝐼𝑜 + 𝛾𝑎 ∙ 𝐼𝑜𝑎

― (𝜆𝑜𝑢𝑃𝑜_all + 𝜆𝑎𝑢𝑃𝑎_all) ∙ 𝐼𝑜 + 𝛾𝑢 ∙ 𝐼𝑜𝑢 ― 𝜆𝑜𝑜𝑎 ∙ 𝐼𝑜 ― 𝜆𝑜𝑜𝑢 ∙ 𝐼𝑜

𝑑𝐼𝑢

𝑑𝑡 = (𝜆𝑜𝑢𝑃𝑜_all + 𝜆𝑎𝑢𝑃𝑎_all) ∙ 𝑆 ― 𝛾𝑢 ∙ 𝐼𝑢 ― (𝜆𝑜𝑜𝑃𝑜_all + 𝜆𝑎𝑜𝑃𝑎_all + 𝜆𝑢𝑜𝑃𝑢_all) ∙ 𝐼𝑢 + 𝛾𝑜 ∙ 𝐼𝑜𝑢   

― (𝜆𝑜𝑎𝑃𝑜_all + 𝜆𝑢𝑎𝑃𝑢_all) ∙ 𝐼𝑢 + 𝛾𝑎 ∙ 𝐼𝑢𝑎 ― 𝜆𝑢𝑢𝑎 ∙ 𝐼𝑢 ― 𝜆𝑢𝑎2 ∙ 𝐼𝑜

𝑑𝐼𝑎

𝑑𝑡 = (𝜆𝑜𝑎𝑃𝑜_all + 𝜆𝑢𝑎𝑃𝑢_all) ∙ 𝑆 ― 𝛾𝑎 ∙ 𝐼𝑎 ― (𝜆𝑜𝑜𝑃𝑜_all + 𝜆𝑎𝑜𝑃𝑎_all + 𝜆𝑢𝑜𝑃𝑢_all) ∙ 𝐼𝑎 + 𝛾𝑜 ∙ 𝐼𝑜𝑎

― (𝜆𝑜𝑢𝑃𝑜_all + 𝜆𝑎𝑢𝑃𝑎_all) ∙ 𝐼𝑎 + 𝛾𝑢 ∙ 𝐼𝑢𝑎 ― 𝜆𝑎𝑜𝑎 ∙ 𝐼𝑎 ― 𝜆𝑎𝑢𝑎 ∙ 𝐼𝑎 + 𝜆𝑢𝑎2 ∙ 𝐼𝑜

𝑑𝐼𝑜𝑢

𝑑𝑡
= (𝜆𝑜𝑜𝑃𝑜_all + 𝜆𝑎𝑜𝑃𝑎_all + 𝜆𝑢𝑜𝑃𝑢_all) ∙ 𝐼𝑢 ― 𝛾𝑜 ∙ 𝐼𝑜𝑢 + (𝜆𝑜𝑢𝑃𝑜_all + 𝜆𝑎𝑢𝑃𝑎_all) ∙ 𝐼𝑜 ― 𝛾𝑢 ∙ 𝐼𝑜𝑢
― (𝜆𝑜𝑎𝑃𝑜_all + 𝜆𝑢𝑎𝑃𝑢_all) ∙ 𝐼𝑜𝑢 + 𝛾𝑎 ∙ 𝐼𝑜𝑢𝑎 + 𝜆𝑜𝑜𝑢 ∙ 𝐼𝑜
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𝑑𝐼𝑜𝑎

𝑑𝑡
=  (𝜆𝑜𝑎𝑃𝑜_all + 𝜆𝑢𝑎𝑃𝑢_all) ∙ 𝐼𝑜 ― 𝛾𝑎 ∙ 𝐼𝑜𝑎 + (𝜆𝑜𝑜𝑃𝑜_all + 𝜆𝑎𝑜𝑃𝑎_all + 𝜆𝑢𝑜𝑃𝑢_all) ∙ 𝐼𝑎 ― 𝛾𝑜 ∙ 𝐼𝑜𝑎
― (𝜆𝑜𝑢𝑃𝑜_all + 𝜆𝑎𝑢𝑃𝑎_all) ∙ 𝐼𝑜𝑎 + 𝛾𝑢 ∙ 𝐼𝑜𝑢𝑎 + 𝜆𝑜𝑜𝑎 ∙ 𝐼𝑜 + 𝜆𝑎𝑜𝑎 ∙ 𝐼𝑎

𝑑𝐼𝑢𝑎

𝑑𝑡 = (𝜆𝑜𝑎𝑃𝑜_all + 𝜆𝑢𝑎𝑃𝑢_all) ∙ 𝐼𝑢 ― 𝛾𝑎 ∙ 𝐼𝑢𝑎 + (𝜆𝑜𝑢𝑃𝑜_all + 𝜆𝑎𝑢𝑃𝑎_all) ∙ 𝐼𝑎 ― 𝛾𝑢 ∙ 𝐼𝑢𝑎

― (𝜆𝑜𝑜𝑃𝑜_all + 𝜆𝑎𝑜𝑃𝑎_all + 𝜆𝑢𝑜𝑃𝑢_all) ∙ 𝐼𝑢𝑎 + 𝛾𝑜 ∙ 𝐼𝑜𝑢𝑎 + 𝜆𝑢𝑢𝑎 ∙ 𝐼𝑢 + 𝜆𝑎𝑢𝑎 ∙ 𝐼𝑎

𝑑𝐼𝑜𝑢𝑎

𝑑𝑡 =  (𝜆𝑜𝑎𝑃𝑜_all + 𝜆𝑢𝑎𝑃𝑢_all) ∙ 𝐼𝑜𝑢 ― 𝛾𝑎 ∙ 𝐼𝑜𝑢𝑎 + (𝜆𝑜𝑜𝑃𝑜_all + 𝜆𝑎𝑜𝑃𝑎_all + 𝜆𝑢𝑜𝑃𝑢_all) ∙ 𝐼𝑢𝑎 ― 𝛾𝑜

∙ 𝐼𝑜𝑢𝑎 + (𝜆𝑜𝑢𝑃𝑜_all + 𝜆𝑎𝑢𝑃𝑎_all) ∙ 𝐼𝑜𝑎 ― 𝛾𝑢 ∙ 𝐼𝑜𝑢𝑎
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Data source 

Site-specific prevalence data

We used data of 4873 MSM attending Melbourne Sexual Health Centre MSHC in 2018 and 2019 to calibrate our models 6. We also used five other similar 

studies with multi-site infection data using NAAT, including (1) 3,049 MSM, attending a health center in Boston, Massachusetts, during 2012-2016 7; (2) 

393 MSM attending STD & HIV care clinics in the USA during 2018-2019 8; (3) 179 MSM living with HIV in Birmingham, Alabama, during 2014-2016 

9; (4) MSM surveillance data (271,242 consultations) from nation-wide Dutch STI clinics during 2008-2017 10; and (5) 1,610 MSM attending a community-

led test and treat cohort in Thailand during 2015-2016 11.

Table S1. Site-specific prevalence of gonorrhoea 12

Prevalence/ Mean value (95%CI)

Sample size Oropharyngeal 

only

Urethral only Rectal

only

Oropharyngeal 

and urethra Oropharyngeal and rectum 

Urethra and rectum both Oropharyngeal

and urethra and rectum

Xu 12 4,873

(First time 

visiting 

2.96

(2.51-3.49)

Empirical

data: 0.31

(0.18-0.52)

3.16

(2.70-3.70)

Empirical data: 

0.21

2.46

(2.05-2.94)

Empirical data:  1.19

(0.91-1.55)

Empirical data: 0.72

(0.51-1.01)
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(0.11-0.40)MSHC)

Calibrated to 

community level 

data:0.01

(0.00-0.02)

Calibrated to 

community 

level data: 0.01

(0.00-0.02)

Calibrated to community 

level data: 0.05

(0.02-0.08)

Calibrated to community level 

data: 0.03

(0.01-0.05)

Empirical data:2.09

(1.63-2.69)

Empirical 

data:0.98

(0.67- 1.42)

Empirical data:1.21

(0.86-1.68)

Empirical data:0.75

(0.49-1.14)

Spicknall 7

.

3,049 

8.50

(7.54-9.55)

Calibrated to 

community level 

data:0.20

(0.07-0.32)

6.80

(5.93-7.76)

Calibrated to 

community 

level data:0.10

(0.03-0.16)

3.40

(2.81-4.13)

Calibrated to community 

level data:0.12

(0.04-0.19)

Calibrated to community level 

data:0.07

(0.02-0.12)

Empirical data:2.54

(1.29-4.78)

Empirical 

data:1.53

(0.62-3.47)

Empirical data:0.76

(0.20-2.40)

Empirical data:

0.25

(0.01-1.63)

Pol 8 393

2.04

(0.95-4.14)

Calibrated to 

community level 

data:0.10

(0.04-0.16)

3.56

(2.04-6.04)

Calibrated to 

community 

level data:0.06

(0.02-0.10)

1.53

(0.62-3.47)

Calibrated to community 

level data:0.03

(0.01-0.05)

Calibrated to community level 

data:0.01

(0.00-0.02)
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Note: 

MSHC 

did not 

test for 

urethral NG among asymptomatic MSM before 2018, so multi-site infections would be biased towards symptomatic patients. Hence, we used NG data for 2018-19. We calculated the 

confidence interval for each parameter using this method 13-15. Empirical data: The prevalence of urethral gonorrhoea infection in the community at a given point in time will be much 

lower than STI clinics. Asymptomatic urethral gonorrhoea is uncommon (7.69%) 16, but when it occurs, it is likely to be infectious for 3 to 5 months before the natural clearance. 

Therefore, the proportion of urethral gonorrhoea cases that are potentially infectious will be the prevalence of urethral gonorrhoea infection in STI clinics multiplied by 1/52 (infectious 

179 Empirical data:0

(0-0)

Empirical 

data:0.56

(0.03-3.55)

Empirical data:0(0-0) Empirical data:0(0-0)Footman 9

0.56

(0.03-3.55)

Calibrated to 

community level 

data:0(0-0)

3.91

(1.72-8.21)

Calibrated to 

community 

level data:0.02

(0.01-0.04)

2.23

(0.72- 5.98)

Calibrated to community 

level data:0(0-0)

Calibrated to community level 

data:0(0-0)

Empirical data: 

0.85

(0.81-0.89)

Empirical data: 

0.33

(0.31-0.36)

Empirical l data: 0.95

(0.91-0.99)

Empirical data: 0.73

(0.69-0.77)

van Liere 10 271,242 

consultations

3.02

(2.95-3.09)

Calibrated to 

community level 

data:0.03

(0.01-0.06)

10.17

(10.05-10.30)

Calibrated to 

community 

level data:0.01

(0.00-0.02)
1.69

(1.64-1.75)

Calibrated to community 

level data:0.04

(0.01-0.06)

Calibrated to community level 

data:0.03

(0.01-0.05)

Hiransuthikul 11 1,610 3.91

(3.04-5.01)

1.93

(1.34-2.76)

5.84

(4.77-7.13)

0.31

(0.11-0.77)

2.24

(1.60-3.12)

0.87

(0.50-1.49)

0.37

(0.15-0.85)
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for one week till treatment) plus an additional asymptomatic 7.69% of cases who will be infectious for 3 to 5 months. Based on this information, we used previously published methods 

5 to calibrate the prevalence of individuals with urethral infection in the community assuming about 92.3% will present symptoms shortly after a successful infection.

Model parameters

Table S2. Biological and behavioural data of Neisseria gonorrhoeae for model parameterization and calibration 12

Parameters

Values (95%95% 

uncertainty bounds)

Reference/ Notes

Proportion of men using condoms for anal sex in the past 12 months with casual partners (%) 46.90(34.50- 59.30) 5

Efficacy of condoms for preventing N. gonorrhoeae transmission when used for anal sex (%) 87.50(80.00-95.00) 5

Frequency of kissing (days) 6.31(0.00-13.12) 5

Frequency of oral sex (days) 13.53(0.00-28.11) 5

Frequency of rimming (days) 38.57(0.00-80.15) 5
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Frequency of anal sex (days) 26.44(0.00-54.94) 5

Duration of untreated N. gonorrhoeae at the oropharynx (asymptomatic infection) (weeks) 12.00(10.00-14.00) 5

Duration of N. gonorrhoeae at the urethra (symptomatic infection) (weeks) 1.00(0.90-1.10) 5

Duration of untreated N. gonorrhoeae at the urethra (asymptomatic infection) (weeks) 12.00(10.00- 14.00) 5

Duration of untreated N. gonorrhoeae at the anorectum (weeks) 49.43(48.00- 52.00) 5

Proportion of urethral infections that are asymptomatic (%) 7.69(4.09-13.67) 16

Proportion of MSM received throat swab in the past 12 months (%) 79.65(63.70-95.60) Footnote a, 17

Proportion of MSM received anal swab in the past 12 months (%) 79.65(63.70-95.60) Footnote a, 17

Proportion of MSM received urine test in the past 12 months (%) 79.65(63.70-95.60) Footnote a, 17

Proportion of ' oral sex and anal sex' in the same sex episode (%) 29.41(24.82-34.00) Footnote b, 18. 

Proportion of 'oral sex and rimming' in the same sex episode (%) 70.5 (67.94-72.94) Footnote c, 18 19.

Proportion of men using saliva as a lubricant during anal sex, the saliva is coming from the insertive (top) partner (%) 68.52(65.92-71.01) 19

Proportion of men having oral sex and then anal sex when they have both oral sex and anal sex (%) 80.00(80.00-80.00) Footnote d 20 21.
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Proportion of men having oral sex and then rimming their partner when they perform both oral sex and rimming (%) 80.00(80.00-80.00) Footnote e

Footnote:

a. The proportion of gay and bisexual men attending sexual health clinics tested for N. gonorrhoeae in 2017 was 95.6%. The proportion of gay and bisexual men attending general 

practice clinics tested for N. gonorrhoeae in 2017 was 63.7%. We used the proportion of gay and bisexual men attending sexual health clinics tested as the lower bound. We 

used the proportion of gay and bisexual men attending general practice clinics tested as the upper bound. We used the mean value of the upper bound and lower as value.

b. The proportion of men who had receptive oral sex in their last sexual encounter that we used was 73.0%, and the proportion who had insertive anal sex was 34.0%. To determine 

proportion who had both oral sex and anal sex in the same encounter we used the proportion of anal sex (34.0%) as upper bound, and the value of the proportion of anal sex 

(34.0%) multiply the proportion of oral sex (73.0%) as the lower bound. The mean value is the average of the upper bound and lower bound.

c. The proportion of men who had insertive rimming in their last sexual encounter that we used was 70.5%, and the proportion of insertive oral sex was 75.0% To determine 

proportion who had both oral sex and anal sex in the same encounter we used the value of the proportion of oral sex multiply prevalence of rimming as lower bound and 

proportion of rimming behavior as upper bound. The mean value is the average of the upper bound and lower bound.

d. We estimated that the proportion of men who had oral sex followed by anal sex to be 80% based on expert opinion and published data.

e. This was calculated by subtracting 100% from the estimate in d.  
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Supplementary Results

1) 4873 MSM attending Melbourne Sexual Health Centre in 2018 and 20196

Table S3. Estimated effect of antibacterial mouthwash on gonorrhoea incidence rate per 100 person-years with 20% coverage.

Estimated effect of antibacterial mouthwash on gonorrhoea incidence rate per 100 person years that occur at the oropharynx, anorectum or urethra in MSM. 1) Baseline 

(scenario 1); 2) Increasing susceptibility of oropharyngeal gonorrhoea only (scenario 2); 3) Reducing transmissibility of gonorrhoea only (scenario 3); 4) Reducing 

transmissibility from the oropharynx and increasing susceptibility to the oropharynx (scenario 4). (Coverage 20%)

Scenarios Transmissibility Susceptibility Total incidence (95%CI) Oropharynx (95%CI) Anorectum  (95%CI) Urethra (95%CI)

1 0% 0% 44 37 50 26 22 31 9 8 11 8 5 12

2 0% 5% 47 39 72 28 23 46 10 9 17 9 6 13

2 0% 10% 51 42 74 30 25 47 11 9 17 9 6 14

2 0% 15% 54 45 76 32 26 49 11 10 18 10 7 15

2 0% 20% 57 47 79 34 28 51 12 11 18 10 7 16

2 0% 25% 60 49 82 36 30 53 13 11 19 11 7 17

3 5% 0% 39 32 45 23 19 28 8 7 10 7 5 10

4 5% 5% 42 34 66 25 20 42 9 8 15 8 5 12
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4 5% 10% 46 37 68 27 22 43 9 8 16 8 6 13

4 5% 15% 49 40 70 29 24 45 10 9 16 9 6 13

4 5% 20% 52 42 73 31 25 47 11 9 17 9 6 14

4 5% 25% 55 44 77 33 27 49 12 10 17 10 6 15

3 10% 0% 34 27 39 20 16 24 7 6 9 6 4 9

4 10% 5% 37 30 60 22 18 37 8 7 14 7 4 10

4 10% 10% 40 32 62 24 19 39 8 7 14 7 5 11

4 10% 15% 43 35 64 26 20 41 9 8 15 8 5 12

4 10% 20% 46 37 67 28 22 43 10 8 15 8 5 13

4 10% 25% 49 39 70 29 24 44 10 9 16 9 6 14

3 15% 0% 29 23 34 17 13 22 6 5 8 5 3 8

4 15% 5% 32 25 53 19 15 33 7 6 12 6 4 9

4 15% 10% 35 28 55 21 16 35 7 6 13 6 4 10

4 15% 15% 38 30 58 23 18 37 8 7 13 7 4 11

4 15% 20% 41 32 61 24 19 38 9 7 14 7 5 11

4 15% 25% 43 34 63 26 20 40 9 8 14 8 5 12

3 20% 0% 24 19 29 14 11 19 5 4 6 4 3 7

4 20% 5% 27 21 46 16 12 29 6 5 11 5 3 8

Page 41 of 71

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

 on A
pril 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-052823 on 7 O

ctober 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

15

4 20% 10% 30 23 49 18 13 31 6 5 11 5 3 9

4 20% 15% 32 25 51 20 15 32 7 6 12 6 4 9

4 20% 20% 35 27 54 21 16 34 7 6 12 6 4 10

4 20% 25% 38 29 56 23 17 36 8 7 13 7 4 11

3 25% 0% 20 15 24 12 9 16 4 4 5 3 2 5

4 25% 5% 22 16 41 13 10 25 5 4 9 4 2 7

4 25% 10% 25 18 43 15 11 26 5 4 10 4 3 7

4 25% 15% 27 20 45 16 12 28 6 5 10 5 3 8

4 25% 20% 30 22 47 18 13 30 6 5 11 5 3 9

4 25% 25% 32 24 49 20 14 31 7 6 11 6 3 9

Table S4. Estimated effect of antibacterial mouthwash on percentage change in incidence with 20% coverage

Estimated effect of antibacterial mouthwash on percentage change in incidence that occur at the oropharynx, anorectum or urethra in MSM (%). 1) Baseline (scenario 

1); 2) Increasing susceptibility of oropharyngeal gonorrhoea only (scenario 2); 3) Reducing transmissibility of gonorrhoea only (scenario 3); 4) Reducing transmissibility 

from the oropharynx and increasing susceptibility to the oropharynx (scenario 4). (Coverage 20%)

Page 42 of 71

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

 on A
pril 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-052823 on 7 O

ctober 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

16

Scen

arios

Transmi

ssibility

Suscep

tibility Percentage change of total 

incidence than baseline (95%CI),%

Percentage change  at the 

oropharynx than baseline 

(95%CI),%

Percentage change at the 

anorectum than baseline 

(95%CI),%

Percentage change at the urethra 

than baseline (95%CI),%

1 0% 0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2 0% 5% 7.4 5.9 60.8 7.5 5.9 61.6 7.3 5.7 59.2 7.4 5.8 60.3

2 0% 10% 14.8 11.7 66.7 15.0 11.8 67.6 14.6 11.4 64.9 14.7 11.6 66.1

2 0% 15% 22.3 17.5 72.6 22.5 17.7 73.6 21.8 17.0 70.5 22.1 17.3 71.9

2 0% 20% 29.6 23.2 78.4 29.9 23.5 79.5 29.0 22.5 76.1 29.4 23.0 77.7

2 0% 25% 36.9 28.9 84.2 37.3 29.3 85.4 36.0 28.0 81.6 36.5 28.6 83.4

3 5% 0% -11.6 -13.5 -10.2 -11.5 -13.5 -10.1 -11.6 -13.6 -10.2 -11.9 -13.9 -10.5

4 5% 5% -4.5 -7.0 46.4 -4.3 -6.9 47.2 -4.6 -7.2 44.9 -4.9 -7.5 45.2

4 5% 10% -4.5 -7.0 46.4 2.7 -1.1 53.1 2.3 -1.6 50.5 2.0 -1.8 51.0

4 5% 15% 9.5 4.4 58.0 9.8 4.7 59.0 9.2 3.9 56.1 8.9 3.8 56.7

4 5% 20% 16.9 10.0 63.7 17.3 10.4 64.9 16.3 9.4 61.6 16.2 9.3 62.3

4 5% 25% 24.0 15.6 69.5 24.5 16.1 70.7 23.2 14.8 67.1 23.2 14.8 68.0

3 10% 0% -23.0 -26.9 -20.3 -22.9 -26.7 -20.2 -23.0 -26.9 -20.3 -23.6 -27.5 -20.9

4 10% 5% -16.0 -20.4 31.7 -15.7 -20.2 32.5 -16.1 -20.6 30.4 -16.6 -21.2 30.1

4 10% 10% -9.3 -14.4 37.4 -9.0 -14.1 38.3 -9.5 -14.7 35.9 -10.1 -15.3 35.7
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4 10% 15% -2.4 -8.8 43.1 -2.0 -8.4 44.1 -2.8 -9.2 41.4 -3.4 -9.8 41.3

4 10% 20% 4.1 -3.4 48.8 4.6 -2.9 49.9 3.7 -3.9 46.9 3.1 -4.3 46.9

4 10% 25% 11.1 2.2 54.6 11.6 2.8 56.1 10.5 1.4 52.3 9.9 1.0 52.5

3 15% 0% -34.1 -39.6 -30.3 -33.9 -39.3 -30.1 -34.1 -39.6 -30.3 -34.9 -40.2 -31.0

4 15% 5% -27.5 -33.4 16.8 -27.2 -33.1 17.7 -27.6 -33.6 15.7 -28.3 -34.3 14.9

4 15% 10% -20.7 -27.8 22.4 -20.4 -27.5 23.3 -20.9 -28.1 21.1 -21.7 -28.8 20.4

4 15% 15% -14.5 -22.1 28.0 -14.0 -21.7 29.0 -14.7 -22.5 26.5 -15.6 -23.3 25.9

4 15% 20% -8.0 -16.6 33.5 -7.5 -16.1 34.7 -8.3 -17.2 31.9 -9.2 -17.9 31.3

4 15% 25% -1.4 -11.3 41.0 -0.8 -10.7 42.5 -1.8 -12.0 38.8 -2.8 -12.7 38.5

3 20% 0% -44.7 -51.3 -39.9 -44.5 -51.1 -39.6 -44.7 -51.4 -39.9 -45.4 -52.1 -40.7

4 20% 5% -38.4 -45.7 1.8 -38.1 -45.4 2.7 -38.6 -45.8 0.9 -39.4 -46.6 -0.2

4 20% 10% -32.1 -40.6 7.3 -31.8 -40.3 8.2 -32.2 -40.9 6.2 -33.2 -41.7 5.1

4 20% 15% -25.9 -35.3 12.7 -25.4 -34.9 13.7 -26.1 -35.4 11.4 -27.2 -36.3 10.4

4 20% 20% -19.9 -30.0 18.1 -19.3 -29.5 19.3 -20.2 -30.4 16.7 -21.3 -31.3 15.7

4 20% 25% -13.8 -24.7 27.1 -13.1 -24.1 28.6 -14.1 -25.3 25.2 -15.2 -26.2 24.4

3 25% 0% -54.4 -62.2 -48.9 -54.1 -62.0 -48.6 -54.5 -62.3 -48.9 -55.4 -62.9 -49.8

4 25% 5% -48.7 -57.0 -13.0 -48.4 -56.8 -12.2 -48.8 -57.2 -13.8 -49.8 -57.9 -15.1

4 25% 10% -43.0 -52.5 -7.6 -42.6 -52.2 -6.7 -43.0 -52.6 -8.7 -44.0 -53.4 -10.0
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4 25% 15% -37.0 -47.9 -1.0 -36.6 -47.6 0.0 -37.2 -48.2 -2.3 -38.2 -49.1 -3.7

4 25% 20% -31.5 -42.6 5.6 -30.9 -42.2 6.7 -31.7 -43.0 4.0 -32.9 -44.0 2.7

4 25% 25% -25.7 -37.8 13.2 -25.1 -37.3 14.7 -26.0 -38.3 11.5 -27.3 -39.3 10.4
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Table S5. Estimated effect of antibacterial mouthwash on gonorrhoea incidence rate per 100 person-years with 50% coverage.

Estimated effect of antibacterial mouthwash on gonorrhoea incidence rate per 100 person years that occur at the oropharynx, anorectum or urethra in MSM. 1) Baseline 

(scenario 1); 2) Increasing susceptibility of oropharyngeal gonorrhoea only (scenario 2); 3) Reducing transmissibility of gonorrhoea only (scenario 3); 4) Reducing 

transmissibility from the oropharynx and increasing susceptibility to the oropharynx (scenario 4). (Coverage 50%)

Scenarios Transmissibility Susceptibility Total incidence (95%CI) oropharynx(95%CI) anorectum (95%CI) urethra (95%CI)

1 0% 0% 44 36 50 26 21 31 9 8 11 8 5 12

2 0% 5% 53 43 75 31 25 48 11 10 18 10 6 14

2 0% 10% 60 49 82 36 30 53 13 11 19 11 7 17

2 0% 15% 68 55 90 41 33 57 14 12 19 12 8 19

2 0% 20% 76 61 97 46 37 60 16 13 20 13 9 21

2 0% 25% 83 67 102 51 40 62 17 15 22 15 10 23

3 5% 0% 31 25 37 19 15 23 7 6 8 6 4 8

4 5% 5% 39 31 60 23 18 38 8 7 14 7 5 11

4 5% 10% 47 37 67 28 22 43 10 8 15 8 5 13

4 5% 15% 55 43 74 33 26 47 11 10 17 10 6 15

4 5% 20% 62 48 81 38 29 51 13 11 18 11 7 18

4 5% 25% 70 54 88 42 33 55 15 12 19 12 8 20

3 10% 0% 20 15 24 12 9 16 4 4 5 3 2 5
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4 10% 5% 26 20 45 16 11 28 6 5 10 5 3 8

4 10% 10% 33 25 51 20 15 32 7 6 11 6 4 10

4 10% 15% 41 30 58 25 18 37 9 7 13 7 4 12

4 10% 20% 48 36 65 30 22 41 10 8 14 8 5 14

4 10% 25% 55 41 74 34 25 45 12 9 16 10 6 16

3 15% 0% 11 7 15 7 4 9 2 2 3 2 1 3

4 15% 5% 16 10 30 10 6 18 3 2 7 3 1 5

4 15% 10% 22 14 36 13 8 22 5 3 8 4 2 7

4 15% 15% 28 18 44 17 11 27 6 4 10 5 3 9

4 15% 20% 35 23 53 21 14 33 7 5 11 6 3 11

4 15% 25% 41 29 62 25 17 38 9 6 13 7 4 13

3 20% 0% 5 3 8 3 2 5 1 1 2 1 0 2

4 20% 5% 8 4 19 5 3 12 2 1 4 1 1 3

4 20% 10% 12 7 26 7 4 16 3 2 5 2 1 4

4 20% 15% 17 9 33 10 6 21 4 2 7 3 1 6

4 20% 20% 23 12 41 13 8 26 5 3 8 4 2 7

4 20% 25% 29 16 50 17 10 31 6 4 10 5 2 9

3 25% 0% 2 1 4 1 1 2 0 0 1 0 0 1
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4 25% 5% 4 2 10 2 1 7 1 0 2 1 0 2

4 25% 10% 6 2 15 3 2 10 1 1 3 1 0 2

4 25% 15% 9 4 22 5 2 15 2 1 4 1 1 3

4 25% 20% 12 5 29 7 3 19 3 1 6 2 1 5

4 25% 25% 17 8 37 10 5 24 3 2 7 3 1 6
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Table S6. Estimated effect of antibacterial mouthwash on percentage change in incidence with 50% coverage

Estimated effect of antibacterial mouthwash on Percentage change in incidence that occur at the oropharynx, anorectum or urethra in MSM. 1) Baseline (scenario 1); 

2) Increasing susceptibility of oropharyngeal gonorrhoea only (scenario 2); 3) Reducing transmissibility of gonorrhoea only (scenario 3); 4) Reducing transmissibility 

from the oropharynx and increasing susceptibility to the oropharynx (scenario 4). (Coverage 50%)

Scen

arios

Transmi

ssibility

Suscep

tibility Percentage change of total 

incidence than baseline (95%CI),%

Percentage change  at the 

oropharynx than baseline 

(95%CI),%

Percentage change at the 

anorectum than baseline 

(95%CI),%

Percentage change at the urethra 

than baseline (95%CI),%

1 0% 0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2 0% 5% 18.5 14.6 70.8 18.7 14.7 71.7 18.2 14.1 68.8 18.4 14.4 70.1

2 0% 10% 36.9 28.9 85.2 37.3 29.2 86.4 36.0 28.0 82.5 36.5 28.6 84.3

2 0% 15% 54.7 42.9 99.3 55.5 43.5 100.8 53.3 41.4 96.0 54.2 42.4 98.2

2 0% 20% 72.2 56.6 113.1 73.4 57.5 115.0 70.0 54.4 109.1 71.3 55.9 111.8

2 0% 25% 89.3 70.0 131.8 90.9 71.2 134.4 86.2 67.0 126.8 88.1 69.0 130.2

3 5% 0% -28.5 -33.3 -25.3 -28.3 -33.1 -25.1 -28.4 -33.3 -25.3 -29.1 -34.0 -25.9

4 5% 5% -11.3 -17.6 34.5 -10.9 -17.2 35.5 -11.5 -18.0 33.0 -12.3 -18.6 32.6

4 5% 10% -11.3 -17.6 34.5 6.4 -2.9 51.3 5.3 -4.3 47.5 4.5 -4.8 47.4

4 5% 15% 23.1 10.3 63.2 24.0 11.2 65.0 22.3 9.1 60.7 21.5 8.7 60.7

4 5% 20% 40.9 24.0 78.3 42.2 25.1 80.2 39.1 22.1 74.5 38.7 22.0 75.2
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4 5% 25% 57.3 37.4 96.3 58.9 38.8 99.0 54.8 35.0 92.2 54.7 35.0 93.0

3 10% 0% -54.3 -62.3 -48.8 -54.0 -62.1 -48.4 -54.3 -62.3 -48.8 -55.2 -63.0 -49.6

4 10% 5% -39.1 -48.9 -2.4 -38.7 -48.5 -1.4 -39.3 -49.1 -3.6 -40.4 -50.0 -4.9

4 10% 10% -23.7 -35.8 15.9 -23.0 -35.2 17.4 -24.1 -36.4 14.2 -25.3 -37.4 13.0

4 10% 15% -7.4 -22.1 31.5 -6.4 -21.3 33.0 -8.1 -23.1 28.9 -9.5 -24.2 27.7

4 10% 20% 8.8 -9.3 45.5 10.0 -8.1 47.6 7.7 -10.7 43.2 6.2 -11.8 41.9

4 10% 25% 25.3 4.0 67.1 26.9 5.4 69.7 23.7 2.0 62.3 21.9 1.0 61.8

3 15% 0% -74.8 -82.4 -68.2 -74.6 -82.3 -67.9 -74.9 -82.6 -68.2 -75.4 -82.9 -68.9

4 15% 5% -63.4 -73.9 -32.4 -63.1 -73.7 -31.5 -63.6 -74.0 -33.3 -64.5 -74.6 -34.9

4 15% 10% -50.5 -63.8 -16.4 -49.9 -63.4 -15.2 -50.7 -64.2 -17.7 -51.9 -65.0 -19.6

4 15% 15% -36.9 -53.5 -4.2 -36.0 -52.9 -2.5 -37.5 -54.1 -5.6 -39.0 -55.1 -7.6

4 15% 20% -22.1 -41.4 11.9 -21.0 -40.6 12.9 -22.8 -42.4 10.7 -24.7 -43.7 9.5

4 15% 25% -6.9 -29.3 36.6 -5.5 -28.1 39.3 -7.9 -30.7 31.3 -10.1 -32.2 30.5

3 20% 0% -88.1 -93.7 -82.3 -87.9 -93.6 -82.1 -88.2 -93.8 -82.4 -88.5 -93.9 -82.8

4 20% 5% -81.5 -89.2 -59.1 -81.3 -89.0 -58.6 -81.6 -89.3 -59.4 -82.2 -89.6 -60.2

4 20% 10% -72.6 -83.8 -45.4 -72.2 -83.6 -44.9 -72.9 -84.0 -45.9 -73.7 -84.4 -47.4

4 20% 15% -61.7 -76.7 -29.7 -61.1 -76.4 -29.0 -62.0 -77.1 -30.4 -63.3 -77.7 -32.1

4 20% 20% -50.2 -69.0 -12.6 -49.3 -68.5 -11.6 -50.8 -69.6 -13.7 -52.5 -70.5 -15.9
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4 20% 25% -37.5 -60.0 5.5 -36.3 -59.3 6.7 -38.3 -60.9 3.3 -40.3 -62.0 0.7

3 25% 0% -95.0 -98.1 -91.1 -94.9 -98.0 -91.0 -95.1 -98.1 -91.2 -95.2 -98.1 -91.4

4 25% 5% -91.8 -96.3 -78.2 -91.7 -96.2 -77.8 -91.9 -96.3 -78.6 -92.1 -96.4 -79.3

4 25% 10% -87.3 -94.1 -67.8 -87.1 -94.0 -67.2 -87.5 -94.2 -68.5 -87.9 -94.4 -69.5

4 25% 15% -80.8 -90.9 -54.9 -80.4 -90.8 -54.1 -81.0 -91.1 -55.9 -81.7 -91.4 -57.4

4 25% 20% -72.4 -86.5 -39.9 -71.8 -86.3 -38.7 -72.8 -86.8 -41.5 -73.9 -87.2 -43.5

4 25% 25% -63.1 -81.4 -23.5 -62.3 -81.0 -21.9 -63.7 -81.9 -25.7 -65.1 -82.4 -28.2

Page 51 of 71

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

 on A
pril 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-052823 on 7 O

ctober 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

25

Table S7. Estimated effect of antibacterial mouthwash on gonorrhoea incidence rate per 100 person-years with 80% coverage.

Estimated effect of antibacterial mouthwash on gonorrhoea incidence rate per 100 person years that occur at the oropharynx, anorectum or urethra in MSM. 1) Baseline 

(scenario 1); 2) Increasing susceptibility of oropharyngeal gonorrhoea only (scenario 2); 3) Reducing transmissibility of gonorrhoea only (scenario 3); 4) Reducing 

transmissibility from the oropharynx and increasing susceptibility to the oropharynx (scenario 4). (Coverage 80%)

Scena

rios

Transmiss

ibility

Suscepti

bility Total incidence (95%CI), 

100 person-years

Incidence  at the 

oropharynx(95%CI), 100 person-

years

Incidence  at the anorectum 

(95%CI), 100 person-years

Incidence  at the urethra (95%CI), 

100 person-years

1 0% 0% 44 37 50 26 21 31 9 8 11 8 5 12

2 0% 5% 58 47 79 34 28 51 12 10 18 10 7 16

2 0% 10% 69 56 92 42 34 58 15 12 19 12 8 19

2 0% 15% 82 65 102 50 39 62 17 14 22 14 10 23

2 0% 20% 93 74 113 57 45 68 19 16 25 16 11 26

2 0% 25% 104 83 127 63 50 77 22 18 27 18 12 30

3 5% 0% 24 19 29 14 11 19 5 4 6 4 3 7

4 5% 5% 36 28 55 22 17 35 8 6 13 7 4 10

4 5% 10% 48 37 66 29 22 43 10 8 15 9 5 14

4 5% 15% 60 46 78 37 28 49 13 10 17 11 6 17

4 5% 20% 71 55 91 44 33 55 15 12 19 12 8 21
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4 5% 25% 83 63 105 51 39 64 17 14 22 14 9 24

3 10% 0% 10 6 14 6 4 8 2 1 3 2 1 3

4 10% 5% 18 11 31 11 7 19 4 3 7 3 2 5

4 10% 10% 28 17 44 17 11 28 6 4 9 5 2 9

4 10% 15% 39 26 59 24 16 36 8 6 12 7 3 12

4 10% 20% 49 34 71 30 21 43 10 7 15 8 5 15

4 10% 25% 60 42 83 37 26 50 13 9 17 10 6 18

3 15% 0% 3 1 5 2 1 3 1 0 1 0 0 1

4 15% 5% 6 3 15 4 2 10 1 1 3 1 0 2

4 15% 10% 11 5 26 7 3 17 2 1 5 2 1 4

4 15% 15% 19 9 39 12 6 25 4 2 8 3 1 7

4 15% 20% 29 15 51 17 9 31 6 3 10 5 2 10

4 15% 25% 38 22 59 23 14 36 8 5 13 6 3 13

3 20% 0% 1 0 1 0 0 1 0 0 0 0 0 0

4 20% 5% 1 0 5 1 0 3 0 0 1 0 0 1

4 20% 10% 3 1 10 2 1 7 1 0 2 1 0 2

4 20% 15% 6 2 19 4 1 13 1 0 4 1 0 3

4 20% 20% 11 3 30 7 2 20 2 1 6 2 0 5
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4 20% 25% 18 6 37 11 4 24 4 1 7 3 1 8

3 25% 0% 0 0 0 0 0 0 0 0 0 0 0 0

4 25% 5% 0 0 1 0 0 1 0 0 0 0 0 0

4 25% 10% 1 0 3 0 0 2 0 0 1 0 0 1

4 25% 15% 1 0 7 1 0 4 0 0 1 0 0 1

4 25% 20% 3 0 12 2 0 8 1 0 2 0 0 2

4 25% 25% 5 1 19 3 1 12 1 0 4 1 0 3
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Table S8. Estimated effect of antibacterial mouthwash on percentage change in incidence with 80% coverage

Estimated effect of antibacterial mouthwash on Percentage change in incidence that occur at the oropharynx, anorectum or urethra in MSM (%). 1) Baseline (scenario 

1); 2) Increasing susceptibility of oropharyngeal gonorrhoea only (scenario 2); 3) Reducing transmissibility of gonorrhoea only (scenario 3); 4) Reducing transmissibility 

from the oropharynx and increasing susceptibility to the oropharynx (scenario 4). (Coverage 80%)

Scen

arios

Transmi

ssibility

Suscep

tibility Percentage change of total 

incidence than baseline (95%CI),%

Percentage change  at the 

oropharynx than baseline 

(95%CI),%

Percentage change at the 

anorectum than baseline 

(95%CI),%

Percentage change at the urethra 

than baseline (95%CI),%

1 0% 0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2 0% 5% 29.4 23.1 80.1 29.8 23.4 81.2 28.7 22.4 77.7 29.1 22.9 79.3

2 0% 10% 58.1 45.6 102.5 58.9 46.2 104.1 56.4 43.9 99.1 57.5 45.0 101.4

2 0% 15% 85.6 67.2 128.5 87.0 68.4 131.1 82.8 64.5 121.4 84.5 66.3 125.9

2 0% 20% 111.5 88.1 148.1 113.5 89.7 151.4 107.5 84.0 142.5 110.1 86.7 145.2

2 0% 25% 136.6 108.1 177.5 139.2 110.4 181.7 131.0 102.6 169.2 134.6 106.4 174.6

3 5% 0% -44.4 -51.2 -39.7 -44.1 -51.0 -39.4 -44.3 -51.3 -39.7 -45.1 -52.0 -40.4

4 5% 5% -18.0 -28.2 21.8 -17.4 -27.6 23.0 -18.4 -28.7 20.3 -19.5 -29.6 19.3

4 5% 10% -18.0 -28.2 21.8 9.9 -5.1 49.5 7.8 -7.3 45.0 6.5 -8.1 44.4

4 5% 15% 35.6 15.7 75.5 37.1 17.0 78.1 33.9 13.6 70.5 32.7 12.9 70.8

4 5% 20% 62.4 36.8 103.7 64.7 38.7 106.9 59.2 33.7 97.8 58.4 33.3 98.1
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4 5% 25% 87.7 57.4 130.7 90.8 60.0 134.8 83.5 53.1 122.5 82.7 53.2 123.6

3 10% 0% -77.9 -85.4 -71.3 -77.6 -85.3 -71.0 -77.9 -85.5 -71.4 -78.4 -85.8 -71.9

4 10% 5% -59.8 -72.1 -28.2 -59.2 -71.8 -27.2 -60.1 -72.4 -29.3 -61.1 -73.0 -31.1

4 10% 10% -38.1 -55.8 -6.2 -37.3 -55.2 -4.6 -38.7 -56.4 -7.2 -40.3 -57.5 -8.3

4 10% 15% -13.5 -36.2 24.2 -12.1 -35.1 26.5 -14.6 -37.5 22.6 -16.8 -38.9 21.1

4 10% 20% 12.0 -16.4 58.9 14.0 -14.8 62.0 10.1 -18.5 53.5 7.5 -20.1 52.2

4 10% 25% 37.4 4.1 85.4 40.0 6.3 88.0 34.8 1.0 78.9 31.8 -0.7 76.8

3 15% 0% -94.0 -97.5 -89.6 -93.9 -97.5 -89.4 -94.1 -97.6 -89.7 -94.2 -97.6 -89.9

4 15% 5% -86.9 -93.7 -67.6 -86.7 -93.6 -67.1 -87.0 -93.8 -68.3 -87.4 -93.9 -69.2

4 15% 10% -74.4 -87.3 -45.3 -73.9 -87.1 -44.3 -74.6 -87.5 -46.5 -75.6 -87.9 -48.2

4 15% 15% -58.1 -77.8 -18.3 -57.2 -77.4 -16.7 -58.5 -78.4 -20.5 -60.2 -79.0 -23.0

4 15% 20% -37.3 -64.7 10.6 -35.9 -63.9 13.0 -38.3 -65.7 7.2 -40.8 -66.9 4.1

4 15% 25% -14.5 -48.5 33.7 -12.3 -47.1 37.5 -16.3 -50.2 30.5 -19.4 -51.9 26.0

3 20% 0% -98.7 -99.7 -97.0 -98.7 -99.7 -96.9 -98.8 -99.7 -97.0 -98.8 -99.7 -97.1

4 20% 5% -96.9 -99.0 -89.4 -96.9 -99.0 -89.2 -97.0 -99.1 -89.7 -97.1 -99.1 -90.0

4 20% 10% -93.1 -97.9 -78.1 -93.0 -97.8 -77.6 -93.3 -97.9 -78.7 -93.5 -98.0 -79.5

4 20% 15% -86.3 -95.9 -59.9 -85.9 -95.8 -59.0 -86.6 -96.0 -61.1 -87.2 -96.1 -62.7

4 20% 20% -75.8 -92.2 -36.3 -75.1 -92.0 -34.5 -76.2 -92.5 -38.7 -77.4 -92.8 -41.4
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4 20% 25% -61.3 -85.6 -14.5 -60.2 -85.1 -11.9 -62.0 -86.1 -17.4 -64.0 -86.7 -20.0

3 25% 0% -99.8 -100.0 -99.2 -99.8 -100.0 -99.2 -99.8 -100.0 -99.3 -99.8 -100.0 -99.3

4 25% 5% -99.4 -99.9 -97.1 -99.4 -99.9 -97.0 -99.4 -99.9 -97.2 -99.5 -99.9 -97.2

4 25% 10% -98.7 -99.8 -93.4 -98.6 -99.8 -93.3 -98.7 -99.8 -93.6 -98.7 -99.8 -93.8

4 25% 15% -97.1 -99.5 -86.0 -97.0 -99.5 -85.6 -97.1 -99.6 -86.5 -97.3 -99.6 -87.0

4 25% 20% -93.8 -99.0 -74.4 -93.6 -99.0 -73.5 -94.0 -99.1 -75.5 -94.2 -99.1 -76.8

4 25% 25% -88.2 -97.9 -57.2 -87.8 -97.8 -55.7 -88.6 -98.0 -59.1 -89.2 -98.1 -61.4
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2) Results based on 3,049 MSM attending a health center in the USA7

Figure 3a. Estimated the effect of antibacterial mouthwash on incident Neisseria gonorrhoeae cases that occur at the oropharynx, anorectum or urethra in MSM.

 1) Baseline (scenario 1); 2) Increasing susceptibility of oropharyngeal gonorrhoea only (scenario 2); 3) Reducing transmissibility of gonorrhoea only (scenario 3); 4) Reducing 

transmissibility from the oropharynx and increasing susceptibility to the oropharynx (scenario 4)
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Figure 3b. Contour plots for the effect of antibacterial mouthwash on the percentage change of incidence at the oropharynx, anorectum or urethra by increasing susceptibility of 

oropharyngeal gonorrhoea and reducing transmissibility of gonorrhoea from the oropharynx. 

The black solid isoclines indicate the threshold that the percentage change of incidence is zero.
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3）Results based on 393 MSM attending STD & HIV care clinics in the USA8
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Figure 4a. Estimated the effect of antibacterial mouthwash on incident Neisseria gonorrhoeae cases that occur at the oropharynx, anorectum or urethra in MSM. 

1) Baseline (scenario 1); 2) Increasing susceptibility of oropharyngeal gonorrhoea only (scenario 2); 3) Reducing transmissibility of gonorrhoea only (scenario 3); 4) Reducing 

transmissibility from the oropharynx and increasing susceptibility to the oropharynx (scenario 4)
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Figure 4b. Contour plots for the effect of antibacterial mouthwash on the percentage change of incidence at the oropharynx, anorectum or urethra by increasing susceptibility of 

oropharyngeal gonorrhoea and reducing transmissibility of gonorrhoea from the oropharynx. 

The black solid isoclines indicate the threshold that the percentage change of incidence is zero.
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4) Results based on 179 MSM with HIV in the USA9

Page 63 of 71

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

 on A
pril 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-052823 on 7 O

ctober 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

37

Figure 5a. Estimated the effect of antibacterial mouthwash on incident Neisseria gonorrhoeae cases that occur at the oropharynx, anorectum or urethra in MSM. 

1) Baseline (scenario 1); 2) Increasing susceptibility of oropharyngeal gonorrhoea only (scenario 2); 3) Reducing transmissibility of gonorrhoea only (scenario 3); 4) Reducing 

transmissibility from the oropharynx and increasing susceptibility to the oropharynx (scenario 4)
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Figure 5b. Contour plots for the effect of antibacterial mouthwash on the percentage change of incidence at the oropharynx, anorectum or urethra by increasing susceptibility of 

oropharyngeal gonorrhoea and reducing transmissibility of gonorrhoea from the oropharynx. 

The black solid isoclines indicate the threshold that the percentage change of incidence is zero.

5) Results based on MSM surveillance data (271, 242 consultations) from all Dutch STI clinics10
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Figure 6a. Estimated the effect of antibacterial mouthwash on incident Neisseria gonorrhoeae cases that occur at the oropharynx, anorectum or urethra in MSM. 

1) Baseline (scenario 1); 2) Increasing susceptibility of oropharyngeal gonorrhoea only (scenario 2); 3) Reducing transmissibility of gonorrhoea only (scenario 3); 4) Reducing 

transmissibility from the oropharynx and increasing susceptibility to the oropharynx (scenario 4)
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Figure 6b. Contour plots for the effect of antibacterial mouthwash on the percentage change of incidence at the oropharynx, anorectum or urethra by increasing susceptibility of 

oropharyngeal gonorrhoea and reducing transmissibility of gonorrhoea from the oropharynx. 

The black solid isoclines indicate the threshold that the percentage change of incidence is zero.
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6) Results based on 1,610 community samples of MSM in Thailand11
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Figure 7a. Estimated the effect of antibacterial mouthwash on incident Neisseria gonorrhoeae cases that occur at the oropharynx, anorectum or urethra in MSM. 

1) Baseline (scenario 1); 2) Increasing susceptibility of oropharyngeal gonorrhoea only (scenario 2); 3) Reducing transmissibility of gonorrhoea only (scenario 3); 4) Reducing 

transmissibility from the oropharynx and increasing susceptibility to the oropharynx (scenario 4)
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Figure 7b. Contour plots for the effect of antibacterial mouthwash on the percentage change of incidence at the oropharynx, anorectum or urethra by increasing susceptibility of 

oropharyngeal gonorrhoea and reducing transmissibility of gonorrhoea from the oropharynx. 

The black solid isoclines indicate the threshold that the percentage change of incidence is zero.

Page 70 of 71

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

 on A
pril 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-052823 on 7 O

ctober 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

44

References

1. Chow EPF, Maddaford K, Hocking JS, et al. An open-label, parallel-group, randomised controlled trial of antiseptic mouthwash versus antibiotics for 
oropharyngeal gonorrhoea treatment (OMEGA2). Sci Rep 2020;10(1):19386. doi: 10.1038/s41598-020-76184-1 [published Online First: 2020/11/11]

2. Chow EP, Howden BP, Walker S, et al. Antiseptic mouthwash against pharyngeal Neisseria gonorrhoeae: a randomised controlled trial and an in vitro study. Sex 
Transm Infect 2017;93(2):88-93. doi: 10.1136/sextrans-2016-052753 [published Online First: 2016/12/22]

3. Eric P.F. Chow DAW, Jane S. Hocking，Matthew G. Law,  Kate Maddaford, Catriona S. Bradshaw, Anna McNulty, David J. Templeton, Richard Moore, Gerald L. 
Murray, Jennifer A. Danielewski, Rebecca Wigan, Marcus Y. Chen, Rebecca J. Guy, , Lei Zhang BD, Andrew E. Grulich, John M. Kaldor, David M. Whiley, 
Vincent J. Cornelisse,  Benjamin P. Howden, David A. Lewis, Tim R.H. Read Christopher K. Fairley. Antiseptic mouthwash for gonorrhoea prevention 1 
(OMEGA): a randomised, double-blind, parallel-group, multicentre trial. The Lancet Infectious Diseases 2020;In press(In press)

4. Christophe Van Dijck AT, Anke Rotsaert, Bea Vuylsteke, Dorien Van den Bossche, Elke Paeleman, Irith De Baetselier, Isabel Brosius, Jolein Laumen, Jozefien Buyze, 
Kristien Wouters, Lutgarde Lynen, Marjan Van Esbroeck, Natacha Herssens,, Said Abdellati SD, Thijs Reyniers, Yven Van Herrewege, Eric Florence, Chris 
Kenyon. Does an antibacterial mouthwash prevent sexually transmitted infections in men who have sex with men taking HIV pre-exposure prophylaxis? A 
randomised, placebo controlled, crossover trial. The Lancet Infectious Diseases 2020;In press

5. Zhang L, Regan DG, Chow EPF, et al. Neisseria gonorrhoeae Transmission Among Men Who Have Sex With Men: An Anatomical Site-Specific Mathematical Model 
Evaluating the Potential Preventive Impact of Mouthwash. Sex Transm Dis 2017;44(10):586-92. doi: 10.1097/olq.0000000000000661 [published Online 
First: 2017/09/07]

6. Xianglong Xu EPFC, Jason J. Ong,  Christian JPA Hoebe,  Deborah Williamson,Mingwang Shen, F.Y.S. Kong, Jane S Hocking, Christopher K. Fairley, , Lei Zhang. 
Modelling the contribution that different sexual practices involving the oropharynx and saliva have on Neisseria gonorrhoeae infections at multiple 
anatomical sites in men who have sex with men. Sexually Transmitted Infections 2020(In press)

7. Spicknall IH, Mayer KH, Aral SO, et al. Assessing Uncertainty in an Anatomical Site-Specific Gonorrhea Transmission Model of Men Who Have Sex With Men. 
Sexually transmitted diseases 2019;46(5):321-28. doi: 10.1097/olq.0000000000000953 [published Online First: 2018/12/06]

8. Pol BVD. Extragenital CT/GC in MSM. The 20th International Union against Sexually Transmitted Infections- Asia Pacific Conference (IUSTI-AP), 2019.
9. Footman A, Dionne-Odom J, Aaron KJ, et al. Performance of 4 Molecular Assays for Detection of Chlamydia and Gonorrhea in a Sample of Human 

Immunodeficiency Virus-Positive Men Who Have Sex With Men. Sex Transm Dis 2020;47(3):158-61. doi: 10.1097/olq.0000000000001115 [published Online 
First: 2020/02/08]

10. van Liere G, Dukers-Muijrers N, Wessel SK, et al. What is the optimal testing strategy for oropharyngeal Neisseria gonorrhoeae in men who have sex with men? 
Comparing selective testing versus routine universal testing from Dutch STI clinic data (2008-2017). Clin Infect Dis 2019 doi: 10.1093/cid/ciz964 [published 
Online First: 2019/09/27]

Page 71 of 71

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

 on A
pril 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-052823 on 7 O

ctober 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

45

11. Hiransuthikul A, Sungsing T, Jantarapakde J, et al. Correlations of chlamydia and gonorrhoea among pharyngeal, rectal and urethral sites among Thai men who 
have sex with men: multicentre community-led test and treat cohort in Thailand. BMJ Open 2019;9(6):e028162. doi: 10.1136/bmjopen-2018-028162 
[published Online First: 2019/06/30]

12. Xu X, Chow EPF, Ong JJ, et al. Modelling the contribution that different sexual practices involving the oropharynx and saliva have on Neisseria gonorrhoeae 
infections at multiple anatomical sites in men who have sex with men. Sex Transm Infect 2020 doi: 10.1136/sextrans-2020-054565 [published Online First: 
2020/11/20]

13. Newcombe RG. Two-sided confidence intervals for the single proportion: comparison of seven methods. Stat Med 1998;17(8):857-72. [published Online First: 
1998/05/22]

14. Hu FB. Diet and exercise for new-onset type 2 diabetes? Lancet 2011;378(9786):101-2. doi: 10.1016/s0140-6736(11)60692-2 [published Online First: 
2011/06/28]

15. Wilson EB. Probable Inference, the Law of Succession, and Statistical Inference. Journal of the American Statistical Association 1927;22(158):209-12. doi: 
10.1080/01621459.1927.10502953

16. Lewis DA, Bond M, Butt KD, et al. A one-year survey of gonococcal infection seen in the genitourinary medicine department of a London district general hospital. 
Int J STD AIDS 1999;10(9):588-94. doi: 10.1258/0956462991914717 [published Online First: 1999/09/24]

17. Institute. TK. HIV, viral hepatitis and sexually transmissible infections in Australia: annual surveillance report 2018. 2018 [Available from: 
https://kirby.unsw.edu.au/report/hiv-viral-hepatitis-and-sexually-transmissible-infections-australia-annual-surveillance accessed 11 May 2019.

18. Fairley CK, Cornelisse VJ, Hocking JS, et al. Models of gonorrhoea transmission from the mouth and saliva. The Lancet Infectious Diseases 2019 doi: 
https://doi.org/10.1016/S1473-3099(19)30304-4

19. Chow EPF, Cornelisse VJ, Read TRH, et al. Saliva use as a lubricant for anal sex is a risk factor for rectal gonorrhoea among men who have sex with men, a new 
public health message: a cross-sectional survey. Sex Transm Infect 2016;92(7):532-36. doi: 10.1136/sextrans-2015-052502 [published Online First: 
2016/03/05]

20. Rosenberger JG, Reece M, Schick V, et al. Sexual behaviors and situational characteristics of most recent male-partnered sexual event among gay and bisexually 
identified men in the United States. J Sex Med 2011;8(11):3040-50. doi: 10.1111/j.1743-6109.2011.02438.x [published Online First: 2011/09/03]

21. Saini R, Saini S, Sharma S. Oral sex, oral health and orogenital infections. Journal of global infectious diseases 2010;2(1):57-62. doi: 10.4103/0974-777x.59252 
[published Online First: 2010/03/20]

Page 72 of 71

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

 on A
pril 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-052823 on 7 O

ctober 2021. D
ow

nloaded from
 

https://kirby.unsw.edu.au/report/hiv-viral-hepatitis-and-sexually-transmissible-infections-australia-annual-surveillance
https://doi.org/10.1016/S1473-3099(19)30304-4
http://bmjopen.bmj.com/


For peer review only
Potential effect of antiseptic mouthwash on the incidence of 
Neisseria gonorrhoeae among men who have sex with men: 

a mathematical modelling study

Journal: BMJ Open

Manuscript ID bmjopen-2021-052823.R1

Article Type: Original research

Date Submitted by the 
Author: 11-Aug-2021

Complete List of Authors: Xu, Xianglong; Monash University, 
Chow, Eric; Monash University, Central Clinical School; Alfred Health, 
 Melbourne Sexual Health Centre
Shen, Ming; Department of Epidemiology and Biostatistics, School of 
Public Health, Xi’an Jiaotong University Health Science Center, Xi'an, 
Shanxi, 710061, PR China.
Zou, Zhuoru ; Xi'an Jiaotong University
Wang, Chongjian; Zhengzhou University, Department of Epidemiology 
and Biostatistics, College of Public Health
Ong , Jason ; Central Clinical School, Monash University, Australia, ; 
London School of Hygiene and     Tropical Medicine, London, Department 
of Global Health and Development
Fairley, Christopher; Melbourne Sexual Health Centre, 
Zhang, Lei; Monash University, 

<b>Primary Subject 
Heading</b>: Sexual health

Secondary Subject Heading: Epidemiology, Sexual health, Public health

Keywords:
Epidemiology < INFECTIOUS DISEASES, Infection control < INFECTIOUS 
DISEASES, Public health < INFECTIOUS DISEASES, PUBLIC HEALTH, 
SEXUAL MEDICINE

 

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

BMJ Open
 on A

pril 20, 2024 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-052823 on 7 O
ctober 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only
I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined 
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors 
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance 
with the terms applicable for US Federal Government officers or employees acting as part of their official 
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its 
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the 
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to 
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate 
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open 
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and 
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative 
Commons licence – details of these licences and which Creative Commons licence will apply to this Work are set 
out in our licence referred to above. 

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, I confirm this Work has not been 
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate 
material already published. I confirm all authors consent to publication of this Work and authorise the granting 
of this licence. 

Page 1 of 71

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

 on A
pril 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-052823 on 7 O

ctober 2021. D
ow

nloaded from
 

https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/
http://bmjopen.bmj.com/


For peer review only

1

Title page

Potential effect of antiseptic mouthwash on the incidence of Neisseria gonorrhoeae 

among men who have sex with men: a mathematical modelling study

Authors:

Xianglong Xu1- 3, Eric P.F. Chow2-4, Mingwang Shen1, Zhuoru Zou1, Chongjian Wang5, Jason 

J. Ong1- 3, Christopher K. Fairley1-3, Lei Zhang 1-3,5

Affiliations:

1. China-Australia Joint Research Center for Infectious Diseases, School of Public Health, 

Xi’an Jiaotong University Health Science Centre, Xi an, Shanxi, People’s Republic of 

China.

2. Melbourne Sexual Health Centre, Alfred Health, Melbourne, Australia.

3. Central Clinical School, Faculty of Medicine, Nursing and Health Sciences, Monash 

University, Melbourne, Australia.

4. Centre for Epidemiology and Biostatistics, Melbourne School of Population and Global 

Health, The University of Melbourne, Melbourne, Australia

5. Department of Epidemiology and Biostatistics, College of Public Health, Zhengzhou 

University, Zhengzhou, Henan, People’s Republic of China.

Corresponding author contact information

Correspondence to Dr. Lei Zhang, China Australia Joint Research Center for 

Page 2 of 71

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

 on A
pril 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-052823 on 7 O

ctober 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

2

Infectious Diseases, School of Public Health, Xi’an Jiaotong University Health 

Science Centre, Xi’an, Shaanxi, 710061, People’s Republic of China. Email: 

lei.zhang1@monash.edu

Keywords: Effectiveness, mouthwash, gonorrhoea, incidence, susceptibility, 

transmissibility, modelling

Word count: 3021

Page 3 of 71

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

 on A
pril 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-052823 on 7 O

ctober 2021. D
ow

nloaded from
 

mailto:lei.zhang1@monash.edu
http://bmjopen.bmj.com/


For peer review only

3

ABSTRACT 

Objectives: The incidence of Neisseria gonorrhoeae and its antimicrobial resistance is 

increasing in many countries. Antibacterial mouthwash may reduce gonorrhoea 

transmission without using antibiotics. We modelled the effect that antiseptic 

mouthwash may have on the incidence of gonorrhoea.  

Design: We developed a mathematical model of the transmission of gonorrhoea 

between each anatomical site (oropharynx, urethra and anorectum) in men who have 

sex with men (MSM). We constructed four scenarios: (1) mouthwash had no effect; (2) 

mouthwash increased the susceptibility of the oropharynx; (3) mouthwash reduced the 

transmissibility from the oropharynx; (4) the combined effect of mouthwash from 

scenarios 2 and 3. 

Setting: We used data at three anatomical sites from 4873 MSM attending Melbourne 

Sexual Health Centre in 2018 and 2019 to calibrate our models and data from the USA, 

Netherlands and Thailand for sensitivity analyses.

Participants: Published available data on MSM with multi-site infections of 

gonorrhoea.

Primary and secondary outcome measures: Incidence of gonorrhoea.

Results: The overall incidence of gonorrhoea was 44 (95% CI: 37 to 50)/100 person-

years (PY) in scenario 1. Under scenario 2 (20-80% mouthwash coverage), the total 

incidence increased (47- 60/100 person-years) and at all three anatomical sites by 

between 7.4% (5.9- 60.8%) and 136.6% (108.1-177.5%). Under scenario 3, with the 

same coverage, the total incidence decreased (20-39/100 PY) and at all anatomical sites 
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by between 11.6% (10.2-13.5%) and 99.8% (99.2-100%). Under scenario 4, changes in 

the incidence depended on the efficacy of mouthwash on the susceptibility or 

transmissibility. The effect on the total incidence varied (22-55/100 PY), and at all 

anatomical sites, there were increases of nearly 130% and large declines of almost 

100%. 

Conclusions: The effect of mouthwash on gonorrhoea incidence is largely predictable 

depending on whether it increases susceptibility to or reduces the transmissibility of 

gonorrhoea. 

Strengths and limitations of this study

 Our model is the first to include infection occurring at multiple anatomical sites 

in the same person and include complex sequential sexual practices to evaluate 

the potential effect of antiseptic mouthwash on the incidence of gonorrhoea at 

a population level.

 Our model is the first to assess the effect that antiseptic mouthwash would have 

on gonorrhoea incidence if it were to increase the susceptibility of the 

oropharynx to gonorrhoea or/and reduce transmission of gonorrhoea from the 

oropharynx at a population level.  

 There were limited data on the effect of mouthwash on susceptibility or 

transmissibility, so we had to make assumptions about the magnitude of these 

effects.
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 There were limited data on some variables in our model, including the duration 

of mouthwash's potential ‘treatment’ effect, how men would use mouthwash 

(e.g., oral rinse, oral gargle and oral spray), and when they used mouthwash in 

relation to sexual exposure.

 Our model included the main sexual practices that involved the use of saliva 

when men have sex together but not all of the many possible combinations.

INTRODUCTION 

The world is experiencing increasing trends in both the rates of gonorrhoea and its 

antimicrobial resistance that have prompted Neisseria gonorrhoeae to be deemed a 

significant global health threat, particularly among men who have sex with men (MSM) 

1-5. Unfortunately, effective interventions to reduce rates of gonorrhoea have been 

challenging to identify. Recently researchers have suggested that oropharyngeal 

gonorrhoea may be critical to the persistence of infection at a population level 6 and 

that infection may be transmitted by kissing and saliva exchange during sex 7-12. To 

address the potential transmission associated with the oropharynx, researchers have 

been investigating mouthwash as an intervention for gonorrhoea prevention without 

using antibiotics 13-17. 

Three randomised controlled trials have explored the effect of antiseptic 

mouthwash on gonorrhoea infection 18-20. The first study of 58 MSM in Australia 
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suggested that antiseptic mouthwash reduced the ability to culture gonorrhoea from the 

oropharynx and, therefore, may potentially reduce gonorrhoea transmission 18. Men in 

this study who used Listerine mouthwash were less likely to test positive for gonorrhoea 

at the tonsillar fossae (OR=0.14, 95% CI 0.03 to 0.77) compared with those who used 

saline. The second study of 530 MSM in Australia assessed whether mouthwash would 

prevent infection among men who used mouthwash for three months.  This study 

reported no significant risk difference in gonorrhoea positivity between the Listerine 

mouthwash group and the control (Biotène) group of 2.5% (-1.8 to 6.8%) for 

oropharyngeal infection or at other sites of -4.4% (-7.4% to -1.3%) for urethral infection 

and 2.5% (-2.0 to 7.0%) for anorectal infection 19. 

The third RCT of 343 MSM in Belgium was stopped early because of the COVID-

19 pandemic. It reported some similar findings to the larger RCT with a significant 

increase in gonorrhea at the oropharyngeal and no significant changes at other 

anatomical sites in the adjusted analysis 20. This suggested that Listerine mouthwash 

increased the risk of oropharyngeal gonorrhoea and raised the possibility that it may 

increase the risk of oropharyngeal gonorrhoea rather than reduce it. Taken together, the 

results of the three clinical trials raise the possibility that antiseptic mouthwash may 

either increase the susceptibility of the oropharynx to Neisseria gonorrhoeae or 

potentially decrease its transmissibility. 
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The WHO's “Global Action Plan to Control the Spread and Impact of 

Antimicrobial-Resistance in Neisseria gonorrhoeae” recommends the use of 

mathematical models to analyse new interventions 21. Zhang et al. assumed that 

mouthwash could reduce the duration of gonorrhoea at the oropharynx and found that 

widespread use may significantly reduce the prevalence of gonorrhoea in the population 

7. Based on the newly emerging evidence on mouthwash and gonorrhoea transmission 

and the mouthwash randomized controlled trials, we used a susceptible-infected-

susceptible compartmental model to examine the potential effect of antiseptic 

mouthwash on gonorrhoea incidence in MSM.

METHODS

Study design

    We employed a population-level susceptible-infected-susceptible compartmental 

model to evaluate the potential effects of antiseptic mouthwash on the incidence of 

gonorrhoea in MSM. The model structure was based on our previously published multi-

site infection model 7 22. (online supplemental figure S1). Differential equations are 

provided in the online supplemental information.

Data resources
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    We used gonorrhoea diagnosis data of 4873 MSM attending Melbourne Sexual 

Health Centre (MSHC) using Nucleic Acid Amplification Test (NAAT) in 2018 and 

2019 to calibrate our models 22. The percentage of positivity was ‘oropharynx infection 

only’ (2.96%), ‘urethra infection only’ (0.31%), ‘anorectum infection only’ (3.16%), 

‘oropharynx and urethra co-infection’ (0.21%), ‘oropharynx and anorectum co-

infection’ (2.46%), ‘urethra and anorectum co-infection’ (1.19%), and ‘oropharynx, 

urethra and anorectum co-infection’ (0.72%). (online supplemental information, Data 

source, online supplemental table S1).

Neisseria gonorrhoeae transmission routes 

    We simulated gonorrhoea transmission through (1) anal sex; (2) penile–oral sex; 

(3) rimming; (4) kissing; (5) oral sex followed by anal sex (or vice versa) (penis acts as 

a mediator and carries Neisseria gonorrhoeae to the oropharynx or anorectum); (6) 

using saliva as a lubricant for anal sex (pass Neisseria gonorrhoeae from his 

oropharynx to his urethra); (7) oral sex followed by oral-anal sex (rimming) or vice 

versa (oropharynx acts as a mediator and carries Neisseria gonorrhoeae to the urethra 

or anorectum) 22.

Model parameterisation and calibration 

We collected behavioural and gonorrhoea progression data in the assumption for 
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our models’ parameters /to inform parameter values for the models. (online 

supplemental information, Data source, online supplemental table S2). We used 

MATLAB R2019a to conduct numerical simulations and perform the statistical 

analysis. We sampled the parameter space using Latin Hypercube Sampling 23 24 within 

the parameter uncertainty bounds ranges and generated a pool of 1000 parameter sets. 

Using each sampled set of parameters as the initial points, we simulated the 

transmission model. We used the ‘trust-region-reflective’ method (‘fmincon’ in 

MATLAB 25) for the optimisation process to search for the parameter sets that is best 

fitted to the empirical prevalence of the infections. We then calibrated the model-

simulated site-specific gonorrhoea prevalence at equilibrium to empirical gonorrhoea 

diagnosis data at each anatomical site (i.e., oropharynx, urethra, and anorectum), as 

well as multi-site infection (oropharynx and urethra together, oropharynx and 

anorectum together, urethra and anorectum together, oropharynx and urethra and 

anorectum together. We define the goodness-of-fit as the sum square error between the 

prevalence levels based on model simulations and empirical data for each simulation. 

We then ranked the goodness-of-fit in ascending order (the best-fitted simulations on 

the top) and selected the top 10% of 1000 simulations. We regarded the selected 10% 

simulations as the pool of parameter sets that were best calibrated to the empirical data 

and used these simulations to estimate the 95% confidence intervals of the output 

indicators. The study methods and goodness-of-fit of model have been reported 

previously 22. 
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Scenarios for the modelled effect of mouthwash on gonorrhoea incidence

Following model calibration, we established four scenarios to evaluate antiseptic 

mouthwash's effectiveness on the incidence of gonorrhoea. We estimated the number 

of new infections at any given time and calculated the incidence as the ratio between 

the number of new infections and the number of susceptible 7 22 26. The effect of 

antiseptic mouthwash on transmissibility and susceptibility between two men is shown 

in Figure 1. We constructed the following four scenarios: (1) mouthwash had no effect 

on Neisseria gonorrhoeae; (2) mouthwash increased the susceptibility of acquiring 

oropharyngeal gonorrhoea, during sexual practices including penile–oral sex (from the 

urethra to oropharynx), rimming (from the anorectum to oropharynx), and kissing (from 

the oropharynx to oropharynx); (3) mouthwash reduced the transmissibility from an 

infected oropharynx, during sexual practices including penile–oral sex (from the 

oropharynx to urethra), rimming (from the oropharynx to anorectum), kissing (from the 

oropharynx to oropharynx), using saliva as a lubricant for anal sex (from own 

oropharynx to own urethra), oral sex followed by oral-anal sex (rimming) or vice versa 

(oropharynx acts as a mediator and carries Neisseria gonorrhoeae from the oropharynx 

to the anorectum); (4) mouthwash reduced transmissibility from the oropharynx and 

increased susceptibility to acquiring oropharyngeal gonorrhoea, that is, a combined 

scenario of (2) and (3). 
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In our simulations, we examined scenarios for the potential efficacy of mouthwash 

that would increase the susceptibility and reduce the transmissibility by 5%, 10%, 15%, 

20% and 25% for using mouthwash shortly before or immediately after each sexual act. 

Like previous studies 19 20, we defined the population coverage of mouthwash as the 

proportion of MSM who used mouthwash daily. 

Sensitivity analysis

 

   We identified five similar studies that reported multi-site infections of gonorrhoea 

using NAAT, including (1) 3,049 MSM, attending a health centre in Boston, 

Massachusetts, during 2012-2016 9; (2) 393 MSM attending STD & HIV care clinics 

in the USA during 2018-2019 27; (3) 179 MSM living with HIV in Birmingham, 

Alabama, during 2014-2016 28; (4) MSM surveillance data (271,242 consultations) 

from nation-wide Dutch STI clinics during 2008-2017 29; and (5) 1,610 MSM attending 

a community-led test and treat cohort in Thailand during 2015-2016 30. (online 

supplemental information, Data source, online supplemental table S1). We also 

modelled the potential effects of antiseptic mouthwash on the gonorrhoea incidence 

using the above five additional datasets.

Patient and public involvement
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    Our study was done without patient involvement. Patients were not invited to 

comment on the study design and were not consulted to develop patient-relevant 

outcomes or to interpret the results. Patients were not invited to contribute to the writing 

or editing of this document for readability or accuracy.

RESULTS

Figure 1 shows the potential effects of mouthwash on the incidence of gonorrhoea 

at any anatomical site and also the effect at individual anatomical sites: oropharynx, 

anorectum and urethra. In the absence of any effect of mouthwash (scenario 1), the 

incidence of gonorrhoea at all three anatomical sites was 44 (95% CI: 37 to 50) /100 

person-years (PY): 26 (95% CI: 22 to 31) /100 PY at the oropharynx, 9 (95% CI: 8 to 

11) /100 PY at the anorectum and 8 (95%CI: 5 to 12) /100 PY at the urethra. (online 

supplemental information, Supplementary Results, online supplementaltable S3-8).

If mouthwash increased the oropharynx's susceptibility to Neisseria gonorrhoeae 

(scenario 2), then the incidence would increase at all three sites. The magnitude of the 

increase would depend on the coverage of mouthwash in the MSM population. With a 

mouthwash coverage of 20% the incidence at the oropharynx, percentage changed 

between 7.5% (95% CI: 5.9 to 61.6 %) to 37.3% (95% CI: 29.3 to 85.4%), at the 

anorectum percentage changed between 7.3% (95% CI: 5.7 to 59.2%) to 36.0% (95% 

CI: 28.0 to 81.6 %), and at the urethral it increased by between 7.4% (95% CI: 5.8 to 

60.3 %) to 36.5% (95% CI: 28.6 to 83.4 %) when the susceptibility increased from 
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between 5% and 25%. When the population coverage of mouthwash uses increased, the 

magnitude of the incidence also increased. (Figure 2, 3).

If mouthwash were to reduce the transmissibility of Neisseria gonorrhoeae from 

the oropharynx (scenario 3), then the incidence of gonorrhoea would reduce at all three 

sites. As for scenario 3, the magnitude of the decrease would depend on the coverage 

of mouthwash in the MSM population. With a mouthwash coverage of 20% the 

percentage change in incidence at the oropharynx from -11.5% (95% CI: -13.5 to -

10.1%) to -54.1% (95% CI: -62.0 to -48.6%) at the anorectum from -11.9% (95% CI: -

13.9 to -10.5%) to -54.5% (95% CI: -62.3 to -48.9%) and at the urethral from -11.6% 

(95% CI: -13.6 to -10.2%) to -55.4% (95% CI: -62.9 to -49.8%) when the susceptibility 

increased from between 5% and 25%. When the population coverage of mouthwash 

uses increased, the magnitude of the fall in incidence also increased. (Figure 2, 3). 

(online supplemental information, Supplementary Results, online supplemental table 

S2-7).

If mouthwash increased the susceptibility of the oropharynx to Neisseria 

gonorrhoeae and reduce the transmissibility of Neisseria gonorrhoeae from the 

oropharynx (scenario 4), the combined effect of mouthwash on incidence depends on 

the varying efficacy of both transmissibility and susceptibility and the coverage of 

mouthwash in the MSM population. With a mouthwash coverage of 20%, mouthwash 
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could result in negative percentage change in incidence of -0.8% (95% CI: -10.7 to 

42.5%) to -48.4% (95% CI: -56.8 to -12.2%) at the oropharynx, -1.8% (95% CI: -12.0 

to 38.8%) to -48.8% (95% CI: -57.2 to -13.8%) at the anorectum, and -2.8% (95% CI: 

-12.7 to 38.5%) to -49.8% (95% CI: -57.9 to -15.1%) at the urethra, in areas below the 

zero-threshold curve (Figure 3). Mouthwash also could result in positive percentage 

change in incidence of 2.7% (95% CI: -1.1 to 53.1%) to 11.6% (95% CI: 2.8 to 56.1%) 

at the oropharynx, 2.3% (95% CI: -1.6 to 50.5%) to 23.2% (95% CI: 14.8 to 67.1%) at 

the urethra, and 2.0% (95% CI: -1.8 to 51.0%) to 23.2% (95% CI: 14.8 to 68.0%) at the 

urethra, in areas above the zero-threshold curve (Figure 1). When the coverage 

increased, so did the magnitude of the percentage increase. If the incremental reduction 

in the transmissibility is the same as the incremental increase in susceptibility (scenario 

4), the combined effect of mouthwash was projected to reduce gonorrhoea incidence 

(Figure 2, 3).

    We conducted the sensitivity analyses using five different studies with multi-site 

infection data, and the conclusions were similar. Details in the supplemental materials 

(online supplemental information, Supplementary Results, online supplemental figure 

2-6).

DISCUSSION

To our knowledge, this is the first study to model the effect that mouthwash may have 

on gonorrhoea incidence at a population level if mouthwash were to increase the 
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susceptibility or decrease the transmissibility of gonorrhoea infection. We found 

substantial changes in the incidence of gonorrhoea occurred in all scenarios but that 

reductions in the transmissibility of gonorrhoea were more potent than increases in the 

susceptibility if the incremental reduction in the transmissibility is the same as the 

incremental increase in susceptibility. To date, only one other study has modelled the 

effect of mouthwash on gonorrhoea incidence 7, but this study only looked at the effect 

on duration. There has been very little empirical data at present on the effect of 

mouthwash both on the transmissibility of gonorrhoea in infected men or susceptibility 

in uninfected men. We hope this work encourages more researchers to explore the effect 

of mouthwash on the susceptibility and transmissibility of Neisseria gonorrhoeae to 

potentially design an intervention if further studies were to show it was beneficial.

     Our study shows that if mouthwash increases the oropharynx's susceptibility in 

uninfected individuals, it will increase the incidence in the MSM population. Van Dijck 

et al. 20 reported that mouthwash significantly increase oropharyngeal gonorrhoea 

incidence in their randomised trial. Van Dijck et al. study was stopped early, and they 

suggested that the non-significant increase could possibly be explained if Listerine 

damaged the oropharyngeal mucosa or microbiome. Van Dijck et al. also proposed that 

Listerine mouthwash may eliminate the beneficial effects on the carriage of pathogenic 

Neisseria, and that this effect was potentially mediated through inhibition of some 

commensal Neisseria species that normally act to limit the growth or carriage of 
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Neisseria gonorrhoeae or Neisseria meningitidis 31 32. More research will be needed to 

investigate the benefits and harms of using mouthwash as an intervention for 

gonorrhoea prevention. Further study is required to explore how mouthwash changes 

the oral microbiome and resistome and inhibits the growth of commensal Neisseria 

species. 

Our study shows that if mouthwash reduced the transmissibility from the 

oropharynx in the infected individuals, then widespread use of mouthwash would 

reduce the incidence of gonorrhoea at all sites in MSM at a population level. 

Mouthwash may reduce transmissibility by reducing the load of viable Neisseria 

gonorrhoeae bacteria at the oropharynx. Indeed, the first randomised trial undertaken 

by Chow so substantial and significant reductions in culture-positive gonorrhoea 

following a minute use of mouthwash 33 34. Chow et al. further examined the 

effectiveness of antiseptic mouthwash compared to standard of care antibiotics for the 

treatment of oropharyngeal gonorrhoea and found that mouthwash was not effective 

albeit in a small RCT among 12 men. The authors concluded from this study and their 

first randomised study that mouthwash might have a temporary effect on the load of 

viable organisms but may not have a prolonged effect 35. The OMEGA (oral mouthwash 

use to eradicate gonorrhoea) trial examined the effect of mouthwash on the incidence 

of gonorrhoea by comparing an intervention mouthwash (Listerine) versus a control 

mouthwash (Biotène) among 530 men using daily mouthwash for three months. 

Findings from the OMEGA trial found that men who use the intervention mouthwash 
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(Listerine) had a 4.4% lower positivity of urethral gonorrhoea compared to the control 

mouthwash group and one possible explanation for this is that mouthwash reduced 

transmission from the oropharynx to their own penis 19. 

Understanding the effect of mouthwash on the incidence of gonorrhoea could 

provide additional potential interventions for controlling the increasing gonorrhoea 

incidence 36, if it were to be widely used 10 13. There are several issues that need to be 

clarified in relation to mouthwash. First, the duration of any potential effect of antiseptic 

mouthwash on the transmissibility of Neisseria gonorrhoeae at the oropharynx should 

be quantified because it determines when mouthwash should be used in relation to 

sexual activities. Second, although two randomised controlled trials did not 

demonstrate a decline in the incidence of overall gonorrhoea 19 20, one study showed a 

decline in the incidence of urethral gonorrhoea 20. However, it does not mean 

mouthwash did not reduce the bacterial load in infected individuals. Third, the 

incidence measured by the RCT has its limitations. Although it measures the protective 

effects of mouthwash in these selected individuals, the RCT did not measure the 

transmissibility of infected individuals in the next generation of gonorrhoea 

transmission in the whole MSM population since sexual partners were not tested for 

gonorrhoea. 

This modelling study has some limitations. First, we assumed the effect of 

mouthwash on susceptibility or transmissibility, and we choose equal estimates with 
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only moderate effect sizes of 0-25% effects. If mouthwash had a more potent effect on 

either susceptibility or transmissibility, the effect on the incidence would be 

considerably greater. We did, however, show a moderate effect on the incidence of 

infection with the estimates we chose. Second, we have made several assumptions 

about mouthwash use in our study because no data was available for these estimates. 

These assumptions included the duration of the potential ‘treatment’ effect of 

mouthwash, how mouthwash would be used by men (e.g. oral rinse, oral gargle and 

oral spray) when they used mouthwash (we assumed it was used before sex) and the 

effect of different ways of using it 37. Third, the diagnosed gonorrhoea data in our model 

was at a single time point, and we could not calibrate our model to a temporal trend of 

the epidemic. Fourth, the transmission of gonorrhoea may be largely biased towards 

high-risk MSM, and we did not separate the transmission by risk groups in our model. 

Finally, we acknowledge that sexual practices involved saliva may be more complex, 

and our model may not capture all sexual practices involving saliva. However, our 

gonorrhoea model does provide a good fit single-site and multi-site infection at the 

oropharynx, urethra and anorectum 22. The good fit indicated an accurate reflection of 

the actual transmission of gonorrhoea among MSM.  

CONCLUSIONS

In conclusion, our finding suggests that mouthwash could either increase or 

decrease the incidence of gonorrhoea at a population level depending on whether it 

increases susceptibility or decreases transmissibility. Our study highlights the need for 
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more empirical data about the potential effect of mouthwash and the magnitude of this 

effect. 
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Figure legends

Figure 1. The effect of antiseptic mouthwash on transmissibility and susceptibility 

between man 1 and man 2 in the one sexual episode 

Figure 2. Estimated effect of antiseptic mouthwash on gonorrhoea incidence rate per 

100 person years that occur at the oropharynx, anorectum or urethra in MSM. 

1) Baseline (scenario 1); 2) Increasing susceptibility of oropharyngeal gonorrhoea only 

(scenario 2); 3) Reducing transmissibility of gonorrhoea only (scenario 3); 4) Reducing 

transmissibility from the oropharynx and increasing susceptibility to the oropharynx 

(scenario 4) 

Figure 3. Contour plots for the effect of antiseptic mouthwash on the percentage change 

(%) of incidence at the oropharynx, anorectum or urethra by increasing susceptibility 
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of oropharyngeal gonorrhoea and reducing transmissibility of gonorrhoea from the 

oropharynx. The black solid isoclines indicate the threshold that the percentage change 

of incidence is zero.
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Appendix: Potential effect of antibacterial mouthwash on the incidence of 

Neisseria gonorrhoeae among men who have sex with men: a mathematical 

modelling study 

Literature review  

We searched PubMed, up to March 5, 2021, for reports of studies assessing the effect 

of mouthwash on the prevalence or incidence of gonorrhoea. We used the search terms 

(“gonorrh*” OR “sexual”) AND “mouthwash” and found 27 studies. We were also 

aware of two articles in The Lancet Infectious Disease. Of the 29 identified sources, 4 

randomized controlled trials were observed. One of four studies examined the 

effectiveness of antiseptic mouthwash for the treatment of oropharyngeal gonorrhoea 1, 

and another study examined whether Listerine could be used to inhibit the growth of 

Neisseria gonorrhoeae. This study concluded that Listerine could significantly reduce 

the amount of Neisseria gonorrhoeae on the pharyngeal surface2.  Finally, so we only 

analysed 2 RCT reported incidence 3 4. The findings of these two studies may lead to 

the potential of mouthwash to transmissibility and susceptibility.  
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Study design  

 

Figure S1. A compartmental model for the transmission dynamics of Neisseria 

gonorrhoeae in men who have sex with men.  

U: only urethral infections; O: only oropharyngeal infections; A: only anorectal 

infections; Anorectum (A); OU: only oropharyngeal and urethral infections; UA: only 

urethral and anorectal infections; OA:  only oropharyngeal and anorectal infections; 

OUA: oropharyngeal, urethral and anorectal infections; arrow signifies the direction 

of infection and clearance. 
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Differential equations 

Force of infection 

The force of infection Λ takes the following form5: 

Λ = 𝜆 ⋅ 𝑃 

𝜆 = (1 − (1 − 𝛽 ∙ (1 − 𝜀𝑐 ∙ 𝐶))
𝑓

2) 

P represents the prevalence of Neisseria gonorrhoeae; 

 𝛽 represents the per-act transmission; 

 𝐶 is the percentage of condom use in anal intercourse; 

 𝜀𝑐 is the efficacy of condom in preventing transmission of sexually transmitted infections and 

𝑓 is the frequency of sexual acts that may facilitate transmission. 

 𝑓 is calculated based on the frequency of sexual acts data5.  

S = S(t) is the number of susceptible MSM; 

 I = I(t) is the number of infected MSM; 

 Io is the number of MSM with oropharyngeal infection only; 

 Iu is the number of MSM with urethral infection only; 
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 Ia is the number of MSM with rectal infection only;  

Iou is the number of MSM with oropharyngeal and urethral infection only; 

 Iua is the number of MSM with rectal, and urethral infection only;  

Ioa is the number of MSM with oropharyngeal and rectal infection only;  

Ioua is the number MSM with oropharyngeal, rectal, and urethral infection;  

N = S + 𝐼𝑜 + 𝐼𝑢 + 𝐼𝑎 + 𝐼𝑜𝑢 + 𝐼𝑢𝑎 + 𝐼𝑜𝑎 + 𝐼𝑜𝑢𝑎 

 

 

Based on assumptions, the transmission of Neisseria gonorrhoeae infection was 

governed by the following differential equations. 

𝑑𝑆

𝑑𝑡
= −(𝜆𝑜𝑜𝑃𝑜_all + 𝜆𝑎𝑜𝑃𝑎_all + 𝜆𝑢𝑜𝑃𝑢_all) ∙ 𝑆 + 𝛾𝑜 ∙ 𝐼𝑜 − (𝜆𝑜𝑎𝑃𝑜_all + 𝜆𝑢𝑎𝑃𝑢_all) ∙ 𝑆 + 𝛾𝑎

∙ 𝐼𝑎 − (𝜆𝑜𝑢𝑃𝑜_all + 𝜆𝑎𝑢𝑃𝑎_all) ∙ 𝑆 + 𝛾𝑢 ∙ 𝐼𝑢 

𝑑𝐼𝑜

𝑑𝑡
= (𝜆𝑜𝑜𝑃𝑜_all + 𝜆𝑎𝑜𝑃𝑎_all + 𝜆𝑢𝑜𝑃𝑢_all) ∙ 𝑆 − 𝛾𝑜 ∙ 𝐼𝑜 − (𝜆𝑜𝑎𝑃𝑜_all + 𝜆𝑢𝑎𝑃𝑢_all) ∙ 𝐼𝑜 + 𝛾𝑎

∙ 𝐼𝑜𝑎 − (𝜆𝑜𝑢𝑃𝑜_all + 𝜆𝑎𝑢𝑃𝑎_all) ∙ 𝐼𝑜 + 𝛾𝑢 ∙ 𝐼𝑜𝑢 − 𝜆𝑜𝑜𝑎 ∙ 𝐼𝑜 − 𝜆𝑜𝑜𝑢 ∙ 𝐼𝑜 

𝑑𝐼𝑢

𝑑𝑡
= (𝜆𝑜𝑢𝑃𝑜_all + 𝜆𝑎𝑢𝑃𝑎_all) ∙ 𝑆 − 𝛾𝑢 ∙ 𝐼𝑢 − (𝜆𝑜𝑜𝑃𝑜_all + 𝜆𝑎𝑜𝑃𝑎_all + 𝜆𝑢𝑜𝑃𝑢_all) ∙ 𝐼𝑢 + 𝛾𝑜

∙ 𝐼𝑜𝑢   − (𝜆𝑜𝑎𝑃𝑜_all + 𝜆𝑢𝑎𝑃𝑢_all) ∙ 𝐼𝑢 + 𝛾𝑎 ∙ 𝐼𝑢𝑎 − 𝜆𝑢𝑢𝑎 ∙ 𝐼𝑢 − 𝜆𝑢𝑎2 ∙ 𝐼𝑜 

𝑑𝐼𝑎

𝑑𝑡
= (𝜆𝑜𝑎𝑃𝑜_all + 𝜆𝑢𝑎𝑃𝑢_all) ∙ 𝑆 − 𝛾𝑎 ∙ 𝐼𝑎 − (𝜆𝑜𝑜𝑃𝑜_all + 𝜆𝑎𝑜𝑃𝑎_all + 𝜆𝑢𝑜𝑃𝑢_all) ∙ 𝐼𝑎 + 𝛾𝑜

∙ 𝐼𝑜𝑎 − (𝜆𝑜𝑢𝑃𝑜_all + 𝜆𝑎𝑢𝑃𝑎_all) ∙ 𝐼𝑎 + 𝛾𝑢 ∙ 𝐼𝑢𝑎 − 𝜆𝑎𝑜𝑎 ∙ 𝐼𝑎 − 𝜆𝑎𝑢𝑎 ∙ 𝐼𝑎 + 𝜆𝑢𝑎2

∙ 𝐼𝑜 
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𝑑𝐼𝑜𝑢

𝑑𝑡
= (𝜆𝑜𝑜𝑃𝑜_all + 𝜆𝑎𝑜𝑃𝑎_all + 𝜆𝑢𝑜𝑃𝑢_all) ∙ 𝐼𝑢 − 𝛾𝑜 ∙ 𝐼𝑜𝑢 + (𝜆𝑜𝑢𝑃𝑜_all + 𝜆𝑎𝑢𝑃𝑎_all) ∙ 𝐼𝑜 − 𝛾𝑢

∙ 𝐼𝑜𝑢 − (𝜆𝑜𝑎𝑃𝑜_all + 𝜆𝑢𝑎𝑃𝑢_all) ∙ 𝐼𝑜𝑢 + 𝛾𝑎 ∙ 𝐼𝑜𝑢𝑎 + 𝜆𝑜𝑜𝑢 ∙ 𝐼𝑜 

𝑑𝐼𝑜𝑎

𝑑𝑡
=  (𝜆𝑜𝑎𝑃𝑜_all + 𝜆𝑢𝑎𝑃𝑢_all) ∙ 𝐼𝑜 − 𝛾𝑎 ∙ 𝐼𝑜𝑎 + (𝜆𝑜𝑜𝑃𝑜_all + 𝜆𝑎𝑜𝑃𝑎_all + 𝜆𝑢𝑜𝑃𝑢_all) ∙ 𝐼𝑎

− 𝛾𝑜 ∙ 𝐼𝑜𝑎 − (𝜆𝑜𝑢𝑃𝑜_all + 𝜆𝑎𝑢𝑃𝑎_all) ∙ 𝐼𝑜𝑎 + 𝛾𝑢 ∙ 𝐼𝑜𝑢𝑎 + 𝜆𝑜𝑜𝑎 ∙ 𝐼𝑜 + 𝜆𝑎𝑜𝑎 ∙ 𝐼𝑎 

𝑑𝐼𝑢𝑎

𝑑𝑡
= (𝜆𝑜𝑎𝑃𝑜_all + 𝜆𝑢𝑎𝑃𝑢_all) ∙ 𝐼𝑢 − 𝛾𝑎 ∙ 𝐼𝑢𝑎 + (𝜆𝑜𝑢𝑃𝑜_all + 𝜆𝑎𝑢𝑃𝑎_all) ∙ 𝐼𝑎 − 𝛾𝑢 ∙ 𝐼𝑢𝑎

− (𝜆𝑜𝑜𝑃𝑜_all + 𝜆𝑎𝑜𝑃𝑎_all + 𝜆𝑢𝑜𝑃𝑢_all) ∙ 𝐼𝑢𝑎 + 𝛾𝑜 ∙ 𝐼𝑜𝑢𝑎 + 𝜆𝑢𝑢𝑎 ∙ 𝐼𝑢 + 𝜆𝑎𝑢𝑎

∙ 𝐼𝑎 

𝑑𝐼𝑜𝑢𝑎

𝑑𝑡
=  (𝜆𝑜𝑎𝑃𝑜_all + 𝜆𝑢𝑎𝑃𝑢_all) ∙ 𝐼𝑜𝑢 − 𝛾𝑎 ∙ 𝐼𝑜𝑢𝑎 + (𝜆𝑜𝑜𝑃𝑜_all + 𝜆𝑎𝑜𝑃𝑎_all + 𝜆𝑢𝑜𝑃𝑢_all) ∙ 𝐼𝑢𝑎

− 𝛾𝑜 ∙ 𝐼𝑜𝑢𝑎 + (𝜆𝑜𝑢𝑃𝑜_all + 𝜆𝑎𝑢𝑃𝑎_all) ∙ 𝐼𝑜𝑎 − 𝛾𝑢 ∙ 𝐼𝑜𝑢𝑎 
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Data source   

Site-specific prevalence data 

We used data of 4873 MSM attending Melbourne Sexual Health Centre MSHC in 2018 and 2019 to calibrate our models 6. We also used five other similar 

studies with multi-site infection data using NAAT, including (1) 3,049 MSM, attending a health center in Boston, Massachusetts, during 2012-2016 7; (2) 

393 MSM attending STD & HIV care clinics in the USA during 2018-2019 8; (3) 179 MSM living with HIV in Birmingham, Alabama, during 2014-2016 

9; (4) MSM surveillance data (271,242 consultations) from nation-wide Dutch STI clinics during 2008-2017 10; and (5) 1,610 MSM attending a community-

led test and treat cohort in Thailand during 2015-2016 11. 

 

Table S1. Site-specific prevalence of gonorrhoea 12 

  Prevalence/ Mean value (95%CI) 

 Sample size Oropharyngeal 

only 

Urethral only Rectal 

only 

Oropharyngeal 

and urethra  Oropharyngeal and rectum  

Urethra and rectum both Oropharyngeal 

and urethra and rectum 

Xu 12 4,873 

2.96 

(2.51-3.49) 

Empirical 

data: 0.31 

(0.18-0.52) 

3.16 

(2.70-3.70) 

 

Empirical data: 

0.21 2.46 

(2.05-2.94) 

Empirical data:  1.19 

(0.91-1.55) 

Empirical data: 0.72 

(0.51-1.01) 
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(First time 

visiting 

MSHC) 

 (0.11-0.40) 

Calibrated to 

community level 

data:0.01 

(0.00-0.02) 

Calibrated to 

community 

level data: 0.01 

(0.00-0.02) 

Calibrated to community 

level data: 0.05 

(0.02-0.08) 

Calibrated to community level 

data: 0.03 

(0.01-0.05) 

Spicknall 7 

. 

3,049  

8.50 

(7.54-9.55) 

Empirical data:2.09 

(1.63-2.69) 

 Empirical 

data:0.98 

(0.67- 1.42) 

 

Empirical data:1.21 

(0.86-1.68) 

Empirical data:0.75 

(0.49-1.14) 

Calibrated to 

community level 

data:0.20 

(0.07-0.32) 

6.80 

(5.93-7.76) 

Calibrated to 

community 

level data:0.10 

(0.03-0.16) 

3.40 

(2.81-4.13) 

Calibrated to community 

level data:0.12 

(0.04-0.19) 

Calibrated to community level 

data:0.07 

(0.02-0.12) 

Pol 8 

 

393 

 

Empirical data:2.54 

(1.29-4.78) 

 Empirical 

data:1.53 

(0.62-3.47) 

 

Empirical data:0.76 

(0.20-2.40) 

Empirical data: 

0.25 

(0.01-1.63) 

2.04 

(0.95-4.14) 

Calibrated to 

community level 

data:0.10 

(0.04-0.16) 

3.56 

(2.04-6.04) 

Calibrated to 

community 

level data:0.06 

(0.02-0.10) 

1.53 

(0.62-3.47) 

Calibrated to community 

level data:0.03 

(0.01-0.05) 

Calibrated to community level 

data:0.01 

(0.00-0.02) 
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Note: 

MSHC 

did not 

test for 

urethral NG among asymptomatic MSM before 2018, so multi-site infections would be biased towards symptomatic patients. Hence, we used NG data for 2018-19. We calculated the 

confidence interval for each parameter using this method 13-15. Empirical data: The prevalence of urethral gonorrhoea infection in the community at a given point in time will be much 

lower than STI clinics. Asymptomatic urethral gonorrhoea is uncommon (7.69%) 16, but when it occurs, it is likely to be infectious for 3 to 5 months before the natural clearance. 

Therefore, the proportion of urethral gonorrhoea cases that are potentially infectious will be the prevalence of urethral gonorrhoea infection in STI clinics multiplied by 1/52 (infectious 

Footman 9 

 

179 

 

Empirical data:0 

(0-0) 

 Empirical 

data:0.56 

(0.03-3.55) 

 

Empirical data:0(0-0) Empirical data:0(0-0) 

 

0.56 

(0.03-3.55) 

Calibrated to 

community level 

data:0(0-0) 

3.91 

(1.72-8.21) 

Calibrated to 

community 

level data:0.02 

(0.01-0.04) 

2.23 

(0.72- 5.98) 

Calibrated to community 

level data:0(0-0) 

Calibrated to community level 

data:0(0-0) 

van Liere 10 

 

271,242 

consultations 

 

Empirical data: 

0.85 

(0.81-0.89) 

 Empirical data: 

0.33 

(0.31-0.36) 

 

Empirical l data: 0.95 

(0.91-0.99) 

Empirical data: 0.73 

(0.69-0.77) 

3.02 

(2.95-3.09) 

Calibrated to 

community level 

data:0.03 

(0.01-0.06) 

10.17 

(10.05-10.30) 

Calibrated to 

community 

level data:0.01 

(0.00-0.02) 
1.69 

(1.64-1.75) 

Calibrated to community 

level data:0.04 

(0.01-0.06) 

Calibrated to community level 

data:0.03 

(0.01-0.05) 

Hiransuthikul 11 1,610 3.91 

(3.04-5.01) 

1.93 

(1.34-2.76) 

5.84 

(4.77-7.13) 

0.31 

(0.11-0.77) 

2.24 

(1.60-3.12) 

0.87 

(0.50-1.49) 

0.37 

(0.15-0.85) 
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for one week till treatment) plus an additional asymptomatic 7.69% of cases who will be infectious for 3 to 5 months. Based on this information, we used previously published methods 

5 to calibrate the prevalence of individuals with urethral infection in the community assuming about 92.3% will present symptoms shortly after a successful infection. 

 

 

Model parameters 

 

Table S2. Biological and behavioural data of Neisseria gonorrhoeae for model parameterization and calibration 12 

Parameters 

Values (95%95% 

uncertainty bounds) 

Reference/ Notes 

Proportion of men using condoms for anal sex in the past 12 months with casual partners (%) 46.90(34.50- 59.30) 5 

Efficacy of condoms for preventing N. gonorrhoeae transmission when used for anal sex (%) 87.50(80.00-95.00) 5 

Frequency of kissing (days) 6.31(0.00-13.12) 5 

Frequency of oral sex (days) 13.53(0.00-28.11) 5 

Frequency of rimming (days) 38.57(0.00-80.15) 5 
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Frequency of anal sex (days)  26.44(0.00-54.94) 5 

Duration of untreated N. gonorrhoeae at the oropharynx (asymptomatic infection) (weeks) 12.00(10.00-14.00) 5 

Duration of N. gonorrhoeae at the urethra (symptomatic infection) (weeks) 1.00(0.90-1.10) 5 

Duration of untreated N. gonorrhoeae at the urethra (asymptomatic infection) (weeks) 12.00(10.00- 14.00) 5 

Duration of untreated N. gonorrhoeae at the anorectum (weeks) 49.43(48.00- 52.00) 5 

Proportion of urethral infections that are asymptomatic (%) 7.69(4.09-13.67) 16 

Proportion of MSM received throat swab in the past 12 months (%) 79.65(63.70-95.60) Footnote a, 17 

Proportion of MSM received anal swab in the past 12 months (%) 79.65(63.70-95.60) Footnote a, 17 

Proportion of MSM received urine test in the past 12 months (%) 79.65(63.70-95.60) Footnote a, 17 

Proportion of ' oral sex and anal sex' in the same sex episode (%) 29.41(24.82-34.00) Footnote b, 18.  

Proportion of 'oral sex and rimming' in the same sex episode (%) 70.5 (67.94-72.94) Footnote c, 18 19. 

Proportion of men using saliva as a lubricant during anal sex, the saliva is coming from the insertive (top) partner (%) 68.52(65.92-71.01) 19 

Proportion of men having oral sex and then anal sex when they have both oral sex and anal sex (%) 80.00(80.00-80.00) Footnote d 20 21. 
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Proportion of men having oral sex and then rimming their partner when they perform both oral sex and rimming (%) 80.00(80.00-80.00) Footnote e 

Footnote: 

a. The proportion of gay and bisexual men attending sexual health clinics tested for N. gonorrhoeae in 2017 was 95.6%. The proportion of gay and bisexual men attending general 

practice clinics tested for N. gonorrhoeae in 2017 was 63.7%. We used the proportion of gay and bisexual men attending sexual health clinics tested as the lower bound. We 

used the proportion of gay and bisexual men attending general practice clinics tested as the upper bound. We used the mean value of the upper bound and lower as value. 

b. The proportion of men who had receptive oral sex in their last sexual encounter that we used was 73.0%, and the proportion who had insertive anal sex was 34.0%. To determine 

proportion who had both oral sex and anal sex in the same encounter we used the proportion of anal sex (34.0%) as upper bound, and the value of the proportion of anal sex 

(34.0%) multiply the proportion of oral sex (73.0%) as the lower bound. The mean value is the average of the upper bound and lower bound. 

c. The proportion of men who had insertive rimming in their last sexual encounter that we used was 70.5%, and the proportion of insertive oral sex was 75.0% To determine 

proportion who had both oral sex and anal sex in the same encounter we used the value of the proportion of oral sex multiply prevalence of rimming as lower bound and 

proportion of rimming behavior as upper bound. The mean value is the average of the upper bound and lower bound. 

d. We estimated that the proportion of men who had oral sex followed by anal sex to be 80% based on expert opinion and published data. 

e. This was calculated by subtracting 100% from the estimate in d.   
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Supplementary Results 

1) 4873 MSM attending Melbourne Sexual Health Centre in 2018 and 20196 

 

Table S3. Estimated effect of antibacterial mouthwash on gonorrhoea incidence rate per 100 person-years with 20% coverage. 

Estimated effect of antibacterial mouthwash on gonorrhoea incidence rate per 100 person years that occur at the oropharynx, anorectum or urethra in MSM. 1) Baseline 

(scenario 1); 2) Increasing susceptibility of oropharyngeal gonorrhoea only (scenario 2); 3) Reducing transmissibility of gonorrhoea only (scenario 3); 4) Reducing 

transmissibility from the oropharynx and increasing susceptibility to the oropharynx (scenario 4). (Coverage 20%) 

Scenarios Transmissibility Susceptibility Total incidence (95%CI) Oropharynx (95%CI) Anorectum  (95%CI) Urethra (95%CI) 

1 0% 0% 44 37 50 26 22 31 9 8 11 8 5 12 

2 0% 5% 47 39 72 28 23 46 10 9 17 9 6 13 

2 0% 10% 51 42 74 30 25 47 11 9 17 9 6 14 

2 0% 15% 54 45 76 32 26 49 11 10 18 10 7 15 

2 0% 20% 57 47 79 34 28 51 12 11 18 10 7 16 

2 0% 25% 60 49 82 36 30 53 13 11 19 11 7 17 

3 5% 0% 39 32 45 23 19 28 8 7 10 7 5 10 

4 5% 5% 42 34 66 25 20 42 9 8 15 8 5 12 
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4 5% 10% 46 37 68 27 22 43 9 8 16 8 6 13 

4 5% 15% 49 40 70 29 24 45 10 9 16 9 6 13 

4 5% 20% 52 42 73 31 25 47 11 9 17 9 6 14 

4 5% 25% 55 44 77 33 27 49 12 10 17 10 6 15 

3 10% 0% 34 27 39 20 16 24 7 6 9 6 4 9 

4 10% 5% 37 30 60 22 18 37 8 7 14 7 4 10 

4 10% 10% 40 32 62 24 19 39 8 7 14 7 5 11 

4 10% 15% 43 35 64 26 20 41 9 8 15 8 5 12 

4 10% 20% 46 37 67 28 22 43 10 8 15 8 5 13 

4 10% 25% 49 39 70 29 24 44 10 9 16 9 6 14 

3 15% 0% 29 23 34 17 13 22 6 5 8 5 3 8 

4 15% 5% 32 25 53 19 15 33 7 6 12 6 4 9 

4 15% 10% 35 28 55 21 16 35 7 6 13 6 4 10 

4 15% 15% 38 30 58 23 18 37 8 7 13 7 4 11 

4 15% 20% 41 32 61 24 19 38 9 7 14 7 5 11 

4 15% 25% 43 34 63 26 20 40 9 8 14 8 5 12 

3 20% 0% 24 19 29 14 11 19 5 4 6 4 3 7 

4 20% 5% 27 21 46 16 12 29 6 5 11 5 3 8 
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4 20% 10% 30 23 49 18 13 31 6 5 11 5 3 9 

4 20% 15% 32 25 51 20 15 32 7 6 12 6 4 9 

4 20% 20% 35 27 54 21 16 34 7 6 12 6 4 10 

4 20% 25% 38 29 56 23 17 36 8 7 13 7 4 11 

3 25% 0% 20 15 24 12 9 16 4 4 5 3 2 5 

4 25% 5% 22 16 41 13 10 25 5 4 9 4 2 7 

4 25% 10% 25 18 43 15 11 26 5 4 10 4 3 7 

4 25% 15% 27 20 45 16 12 28 6 5 10 5 3 8 

4 25% 20% 30 22 47 18 13 30 6 5 11 5 3 9 

4 25% 25% 32 24 49 20 14 31 7 6 11 6 3 9 

 

 

 

Table S4. Estimated effect of antibacterial mouthwash on percentage change in incidence with 20% coverage 

Estimated effect of antibacterial mouthwash on percentage change in incidence that occur at the oropharynx, anorectum or urethra in MSM (%). 1) Baseline (scenario 

1); 2) Increasing susceptibility of oropharyngeal gonorrhoea only (scenario 2); 3) Reducing transmissibility of gonorrhoea only (scenario 3); 4) Reducing transmissibility 

from the oropharynx and increasing susceptibility to the oropharynx (scenario 4). (Coverage 20%) 
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Scen

arios 

Transmi

ssibility 

Suscep

tibility Percentage change of total 

incidence than baseline (95%CI),% 

Percentage change  at the 

oropharynx than baseline 

(95%CI),% 

Percentage change at the 

anorectum than baseline 

(95%CI),% 

Percentage change at the urethra 

than baseline (95%CI),% 

1 0% 0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

2 0% 5% 7.4 5.9 60.8 7.5 5.9 61.6 7.3 5.7 59.2 7.4 5.8 60.3 

2 0% 10% 14.8 11.7 66.7 15.0 11.8 67.6 14.6 11.4 64.9 14.7 11.6 66.1 

2 0% 15% 22.3 17.5 72.6 22.5 17.7 73.6 21.8 17.0 70.5 22.1 17.3 71.9 

2 0% 20% 29.6 23.2 78.4 29.9 23.5 79.5 29.0 22.5 76.1 29.4 23.0 77.7 

2 0% 25% 36.9 28.9 84.2 37.3 29.3 85.4 36.0 28.0 81.6 36.5 28.6 83.4 

3 5% 0% -11.6 -13.5 -10.2 -11.5 -13.5 -10.1 -11.6 -13.6 -10.2 -11.9 -13.9 -10.5 

4 5% 5% -4.5 -7.0 46.4 -4.3 -6.9 47.2 -4.6 -7.2 44.9 -4.9 -7.5 45.2 

4 5% 10% -4.5 -7.0 46.4 2.7 -1.1 53.1 2.3 -1.6 50.5 2.0 -1.8 51.0 

4 5% 15% 9.5 4.4 58.0 9.8 4.7 59.0 9.2 3.9 56.1 8.9 3.8 56.7 

4 5% 20% 16.9 10.0 63.7 17.3 10.4 64.9 16.3 9.4 61.6 16.2 9.3 62.3 

4 5% 25% 24.0 15.6 69.5 24.5 16.1 70.7 23.2 14.8 67.1 23.2 14.8 68.0 

3 10% 0% -23.0 -26.9 -20.3 -22.9 -26.7 -20.2 -23.0 -26.9 -20.3 -23.6 -27.5 -20.9 

4 10% 5% -16.0 -20.4 31.7 -15.7 -20.2 32.5 -16.1 -20.6 30.4 -16.6 -21.2 30.1 

4 10% 10% -9.3 -14.4 37.4 -9.0 -14.1 38.3 -9.5 -14.7 35.9 -10.1 -15.3 35.7 
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4 10% 15% -2.4 -8.8 43.1 -2.0 -8.4 44.1 -2.8 -9.2 41.4 -3.4 -9.8 41.3 

4 10% 20% 4.1 -3.4 48.8 4.6 -2.9 49.9 3.7 -3.9 46.9 3.1 -4.3 46.9 

4 10% 25% 11.1 2.2 54.6 11.6 2.8 56.1 10.5 1.4 52.3 9.9 1.0 52.5 

3 15% 0% -34.1 -39.6 -30.3 -33.9 -39.3 -30.1 -34.1 -39.6 -30.3 -34.9 -40.2 -31.0 

4 15% 5% -27.5 -33.4 16.8 -27.2 -33.1 17.7 -27.6 -33.6 15.7 -28.3 -34.3 14.9 

4 15% 10% -20.7 -27.8 22.4 -20.4 -27.5 23.3 -20.9 -28.1 21.1 -21.7 -28.8 20.4 

4 15% 15% -14.5 -22.1 28.0 -14.0 -21.7 29.0 -14.7 -22.5 26.5 -15.6 -23.3 25.9 

4 15% 20% -8.0 -16.6 33.5 -7.5 -16.1 34.7 -8.3 -17.2 31.9 -9.2 -17.9 31.3 

4 15% 25% -1.4 -11.3 41.0 -0.8 -10.7 42.5 -1.8 -12.0 38.8 -2.8 -12.7 38.5 

3 20% 0% -44.7 -51.3 -39.9 -44.5 -51.1 -39.6 -44.7 -51.4 -39.9 -45.4 -52.1 -40.7 

4 20% 5% -38.4 -45.7 1.8 -38.1 -45.4 2.7 -38.6 -45.8 0.9 -39.4 -46.6 -0.2 

4 20% 10% -32.1 -40.6 7.3 -31.8 -40.3 8.2 -32.2 -40.9 6.2 -33.2 -41.7 5.1 

4 20% 15% -25.9 -35.3 12.7 -25.4 -34.9 13.7 -26.1 -35.4 11.4 -27.2 -36.3 10.4 

4 20% 20% -19.9 -30.0 18.1 -19.3 -29.5 19.3 -20.2 -30.4 16.7 -21.3 -31.3 15.7 

4 20% 25% -13.8 -24.7 27.1 -13.1 -24.1 28.6 -14.1 -25.3 25.2 -15.2 -26.2 24.4 

3 25% 0% -54.4 -62.2 -48.9 -54.1 -62.0 -48.6 -54.5 -62.3 -48.9 -55.4 -62.9 -49.8 

4 25% 5% -48.7 -57.0 -13.0 -48.4 -56.8 -12.2 -48.8 -57.2 -13.8 -49.8 -57.9 -15.1 

4 25% 10% -43.0 -52.5 -7.6 -42.6 -52.2 -6.7 -43.0 -52.6 -8.7 -44.0 -53.4 -10.0 
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4 25% 15% -37.0 -47.9 -1.0 -36.6 -47.6 0.0 -37.2 -48.2 -2.3 -38.2 -49.1 -3.7 

4 25% 20% -31.5 -42.6 5.6 -30.9 -42.2 6.7 -31.7 -43.0 4.0 -32.9 -44.0 2.7 

4 25% 25% -25.7 -37.8 13.2 -25.1 -37.3 14.7 -26.0 -38.3 11.5 -27.3 -39.3 10.4 
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Table S5. Estimated effect of antibacterial mouthwash on gonorrhoea incidence rate per 100 person-years with 50% coverage. 

Estimated effect of antibacterial mouthwash on gonorrhoea incidence rate per 100 person years that occur at the oropharynx, anorectum or urethra in MSM. 1) Baseline 

(scenario 1); 2) Increasing susceptibility of oropharyngeal gonorrhoea only (scenario 2); 3) Reducing transmissibility of gonorrhoea only (scenario 3); 4) Reducing 

transmissibility from the oropharynx and increasing susceptibility to the oropharynx (scenario 4). (Coverage 50%) 

Scenarios Transmissibility Susceptibility Total incidence (95%CI) oropharynx(95%CI) anorectum (95%CI) urethra (95%CI) 

1 0% 0% 44 36 50 26 21 31 9 8 11 8 5 12 

2 0% 5% 53 43 75 31 25 48 11 10 18 10 6 14 

2 0% 10% 60 49 82 36 30 53 13 11 19 11 7 17 

2 0% 15% 68 55 90 41 33 57 14 12 19 12 8 19 

2 0% 20% 76 61 97 46 37 60 16 13 20 13 9 21 

2 0% 25% 83 67 102 51 40 62 17 15 22 15 10 23 

3 5% 0% 31 25 37 19 15 23 7 6 8 6 4 8 

4 5% 5% 39 31 60 23 18 38 8 7 14 7 5 11 

4 5% 10% 47 37 67 28 22 43 10 8 15 8 5 13 

4 5% 15% 55 43 74 33 26 47 11 10 17 10 6 15 

4 5% 20% 62 48 81 38 29 51 13 11 18 11 7 18 

4 5% 25% 70 54 88 42 33 55 15 12 19 12 8 20 

3 10% 0% 20 15 24 12 9 16 4 4 5 3 2 5 
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4 10% 5% 26 20 45 16 11 28 6 5 10 5 3 8 

4 10% 10% 33 25 51 20 15 32 7 6 11 6 4 10 

4 10% 15% 41 30 58 25 18 37 9 7 13 7 4 12 

4 10% 20% 48 36 65 30 22 41 10 8 14 8 5 14 

4 10% 25% 55 41 74 34 25 45 12 9 16 10 6 16 

3 15% 0% 11 7 15 7 4 9 2 2 3 2 1 3 

4 15% 5% 16 10 30 10 6 18 3 2 7 3 1 5 

4 15% 10% 22 14 36 13 8 22 5 3 8 4 2 7 

4 15% 15% 28 18 44 17 11 27 6 4 10 5 3 9 

4 15% 20% 35 23 53 21 14 33 7 5 11 6 3 11 

4 15% 25% 41 29 62 25 17 38 9 6 13 7 4 13 

3 20% 0% 5 3 8 3 2 5 1 1 2 1 0 2 

4 20% 5% 8 4 19 5 3 12 2 1 4 1 1 3 

4 20% 10% 12 7 26 7 4 16 3 2 5 2 1 4 

4 20% 15% 17 9 33 10 6 21 4 2 7 3 1 6 

4 20% 20% 23 12 41 13 8 26 5 3 8 4 2 7 

4 20% 25% 29 16 50 17 10 31 6 4 10 5 2 9 

3 25% 0% 2 1 4 1 1 2 0 0 1 0 0 1 
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4 25% 5% 4 2 10 2 1 7 1 0 2 1 0 2 

4 25% 10% 6 2 15 3 2 10 1 1 3 1 0 2 

4 25% 15% 9 4 22 5 2 15 2 1 4 1 1 3 

4 25% 20% 12 5 29 7 3 19 3 1 6 2 1 5 

4 25% 25% 17 8 37 10 5 24 3 2 7 3 1 6 
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Table S6. Estimated effect of antibacterial mouthwash on percentage change in incidence with 50% coverage 

Estimated effect of antibacterial mouthwash on Percentage change in incidence that occur at the oropharynx, anorectum or urethra in MSM. 1) Baseline (scenario 1); 

2) Increasing susceptibility of oropharyngeal gonorrhoea only (scenario 2); 3) Reducing transmissibility of gonorrhoea only (scenario 3); 4) Reducing transmissibility 

from the oropharynx and increasing susceptibility to the oropharynx (scenario 4). (Coverage 50%) 

Scen

arios 

Transmi

ssibility 

Suscep

tibility Percentage change of total 

incidence than baseline (95%CI),% 

Percentage change  at the 

oropharynx than baseline 

(95%CI),% 

Percentage change at the 

anorectum than baseline 

(95%CI),% 

Percentage change at the urethra 

than baseline (95%CI),% 

1 0% 0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

2 0% 5% 18.5 14.6 70.8 18.7 14.7 71.7 18.2 14.1 68.8 18.4 14.4 70.1 

2 0% 10% 36.9 28.9 85.2 37.3 29.2 86.4 36.0 28.0 82.5 36.5 28.6 84.3 

2 0% 15% 54.7 42.9 99.3 55.5 43.5 100.8 53.3 41.4 96.0 54.2 42.4 98.2 

2 0% 20% 72.2 56.6 113.1 73.4 57.5 115.0 70.0 54.4 109.1 71.3 55.9 111.8 

2 0% 25% 89.3 70.0 131.8 90.9 71.2 134.4 86.2 67.0 126.8 88.1 69.0 130.2 

3 5% 0% -28.5 -33.3 -25.3 -28.3 -33.1 -25.1 -28.4 -33.3 -25.3 -29.1 -34.0 -25.9 

4 5% 5% -11.3 -17.6 34.5 -10.9 -17.2 35.5 -11.5 -18.0 33.0 -12.3 -18.6 32.6 

4 5% 10% -11.3 -17.6 34.5 6.4 -2.9 51.3 5.3 -4.3 47.5 4.5 -4.8 47.4 

4 5% 15% 23.1 10.3 63.2 24.0 11.2 65.0 22.3 9.1 60.7 21.5 8.7 60.7 

4 5% 20% 40.9 24.0 78.3 42.2 25.1 80.2 39.1 22.1 74.5 38.7 22.0 75.2 
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4 5% 25% 57.3 37.4 96.3 58.9 38.8 99.0 54.8 35.0 92.2 54.7 35.0 93.0 

3 10% 0% -54.3 -62.3 -48.8 -54.0 -62.1 -48.4 -54.3 -62.3 -48.8 -55.2 -63.0 -49.6 

4 10% 5% -39.1 -48.9 -2.4 -38.7 -48.5 -1.4 -39.3 -49.1 -3.6 -40.4 -50.0 -4.9 

4 10% 10% -23.7 -35.8 15.9 -23.0 -35.2 17.4 -24.1 -36.4 14.2 -25.3 -37.4 13.0 

4 10% 15% -7.4 -22.1 31.5 -6.4 -21.3 33.0 -8.1 -23.1 28.9 -9.5 -24.2 27.7 

4 10% 20% 8.8 -9.3 45.5 10.0 -8.1 47.6 7.7 -10.7 43.2 6.2 -11.8 41.9 

4 10% 25% 25.3 4.0 67.1 26.9 5.4 69.7 23.7 2.0 62.3 21.9 1.0 61.8 

3 15% 0% -74.8 -82.4 -68.2 -74.6 -82.3 -67.9 -74.9 -82.6 -68.2 -75.4 -82.9 -68.9 

4 15% 5% -63.4 -73.9 -32.4 -63.1 -73.7 -31.5 -63.6 -74.0 -33.3 -64.5 -74.6 -34.9 

4 15% 10% -50.5 -63.8 -16.4 -49.9 -63.4 -15.2 -50.7 -64.2 -17.7 -51.9 -65.0 -19.6 

4 15% 15% -36.9 -53.5 -4.2 -36.0 -52.9 -2.5 -37.5 -54.1 -5.6 -39.0 -55.1 -7.6 

4 15% 20% -22.1 -41.4 11.9 -21.0 -40.6 12.9 -22.8 -42.4 10.7 -24.7 -43.7 9.5 

4 15% 25% -6.9 -29.3 36.6 -5.5 -28.1 39.3 -7.9 -30.7 31.3 -10.1 -32.2 30.5 

3 20% 0% -88.1 -93.7 -82.3 -87.9 -93.6 -82.1 -88.2 -93.8 -82.4 -88.5 -93.9 -82.8 

4 20% 5% -81.5 -89.2 -59.1 -81.3 -89.0 -58.6 -81.6 -89.3 -59.4 -82.2 -89.6 -60.2 

4 20% 10% -72.6 -83.8 -45.4 -72.2 -83.6 -44.9 -72.9 -84.0 -45.9 -73.7 -84.4 -47.4 

4 20% 15% -61.7 -76.7 -29.7 -61.1 -76.4 -29.0 -62.0 -77.1 -30.4 -63.3 -77.7 -32.1 

4 20% 20% -50.2 -69.0 -12.6 -49.3 -68.5 -11.6 -50.8 -69.6 -13.7 -52.5 -70.5 -15.9 
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4 20% 25% -37.5 -60.0 5.5 -36.3 -59.3 6.7 -38.3 -60.9 3.3 -40.3 -62.0 0.7 

3 25% 0% -95.0 -98.1 -91.1 -94.9 -98.0 -91.0 -95.1 -98.1 -91.2 -95.2 -98.1 -91.4 

4 25% 5% -91.8 -96.3 -78.2 -91.7 -96.2 -77.8 -91.9 -96.3 -78.6 -92.1 -96.4 -79.3 

4 25% 10% -87.3 -94.1 -67.8 -87.1 -94.0 -67.2 -87.5 -94.2 -68.5 -87.9 -94.4 -69.5 

4 25% 15% -80.8 -90.9 -54.9 -80.4 -90.8 -54.1 -81.0 -91.1 -55.9 -81.7 -91.4 -57.4 

4 25% 20% -72.4 -86.5 -39.9 -71.8 -86.3 -38.7 -72.8 -86.8 -41.5 -73.9 -87.2 -43.5 

4 25% 25% -63.1 -81.4 -23.5 -62.3 -81.0 -21.9 -63.7 -81.9 -25.7 -65.1 -82.4 -28.2 
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Table S7. Estimated effect of antibacterial mouthwash on gonorrhoea incidence rate per 100 person-years with 80% coverage. 

Estimated effect of antibacterial mouthwash on gonorrhoea incidence rate per 100 person years that occur at the oropharynx, anorectum or urethra in MSM. 1) Baseline 

(scenario 1); 2) Increasing susceptibility of oropharyngeal gonorrhoea only (scenario 2); 3) Reducing transmissibility of gonorrhoea only (scenario 3); 4) Reducing 

transmissibility from the oropharynx and increasing susceptibility to the oropharynx (scenario 4). (Coverage 80%) 

Scena

rios 

Transmiss

ibility 

Suscepti

bility Total incidence (95%CI), 

100 person-years 

Incidence  at the 

oropharynx(95%CI), 100 person-

years 

Incidence  at the anorectum 

(95%CI), 100 person-years 

Incidence  at the urethra (95%CI), 

100 person-years 

1 0% 0% 44 37 50 26 21 31 9 8 11 8 5 12 

2 0% 5% 58 47 79 34 28 51 12 10 18 10 7 16 

2 0% 10% 69 56 92 42 34 58 15 12 19 12 8 19 

2 0% 15% 82 65 102 50 39 62 17 14 22 14 10 23 

2 0% 20% 93 74 113 57 45 68 19 16 25 16 11 26 

2 0% 25% 104 83 127 63 50 77 22 18 27 18 12 30 

3 5% 0% 24 19 29 14 11 19 5 4 6 4 3 7 

4 5% 5% 36 28 55 22 17 35 8 6 13 7 4 10 

4 5% 10% 48 37 66 29 22 43 10 8 15 9 5 14 

4 5% 15% 60 46 78 37 28 49 13 10 17 11 6 17 

4 5% 20% 71 55 91 44 33 55 15 12 19 12 8 21 
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4 5% 25% 83 63 105 51 39 64 17 14 22 14 9 24 

3 10% 0% 10 6 14 6 4 8 2 1 3 2 1 3 

4 10% 5% 18 11 31 11 7 19 4 3 7 3 2 5 

4 10% 10% 28 17 44 17 11 28 6 4 9 5 2 9 

4 10% 15% 39 26 59 24 16 36 8 6 12 7 3 12 

4 10% 20% 49 34 71 30 21 43 10 7 15 8 5 15 

4 10% 25% 60 42 83 37 26 50 13 9 17 10 6 18 

3 15% 0% 3 1 5 2 1 3 1 0 1 0 0 1 

4 15% 5% 6 3 15 4 2 10 1 1 3 1 0 2 

4 15% 10% 11 5 26 7 3 17 2 1 5 2 1 4 

4 15% 15% 19 9 39 12 6 25 4 2 8 3 1 7 

4 15% 20% 29 15 51 17 9 31 6 3 10 5 2 10 

4 15% 25% 38 22 59 23 14 36 8 5 13 6 3 13 

3 20% 0% 1 0 1 0 0 1 0 0 0 0 0 0 

4 20% 5% 1 0 5 1 0 3 0 0 1 0 0 1 

4 20% 10% 3 1 10 2 1 7 1 0 2 1 0 2 

4 20% 15% 6 2 19 4 1 13 1 0 4 1 0 3 

4 20% 20% 11 3 30 7 2 20 2 1 6 2 0 5 
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4 20% 25% 18 6 37 11 4 24 4 1 7 3 1 8 

3 25% 0% 0 0 0 0 0 0 0 0 0 0 0 0 

4 25% 5% 0 0 1 0 0 1 0 0 0 0 0 0 

4 25% 10% 1 0 3 0 0 2 0 0 1 0 0 1 

4 25% 15% 1 0 7 1 0 4 0 0 1 0 0 1 

4 25% 20% 3 0 12 2 0 8 1 0 2 0 0 2 

4 25% 25% 5 1 19 3 1 12 1 0 4 1 0 3 
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Table S8. Estimated effect of antibacterial mouthwash on percentage change in incidence with 80% coverage 

Estimated effect of antibacterial mouthwash on Percentage change in incidence that occur at the oropharynx, anorectum or urethra in MSM (%). 1) Baseline (scenario 

1); 2) Increasing susceptibility of oropharyngeal gonorrhoea only (scenario 2); 3) Reducing transmissibility of gonorrhoea only (scenario 3); 4) Reducing transmissibility 

from the oropharynx and increasing susceptibility to the oropharynx (scenario 4). (Coverage 80%) 

Scen

arios 

Transmi

ssibility 

Suscep

tibility Percentage change of total 

incidence than baseline (95%CI),% 

Percentage change  at the 

oropharynx than baseline 

(95%CI),% 

Percentage change at the 

anorectum than baseline 

(95%CI),% 

Percentage change at the urethra 

than baseline (95%CI),% 

1 0% 0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

2 0% 5% 29.4 23.1 80.1 29.8 23.4 81.2 28.7 22.4 77.7 29.1 22.9 79.3 

2 0% 10% 58.1 45.6 102.5 58.9 46.2 104.1 56.4 43.9 99.1 57.5 45.0 101.4 

2 0% 15% 85.6 67.2 128.5 87.0 68.4 131.1 82.8 64.5 121.4 84.5 66.3 125.9 

2 0% 20% 111.5 88.1 148.1 113.5 89.7 151.4 107.5 84.0 142.5 110.1 86.7 145.2 

2 0% 25% 136.6 108.1 177.5 139.2 110.4 181.7 131.0 102.6 169.2 134.6 106.4 174.6 

3 5% 0% -44.4 -51.2 -39.7 -44.1 -51.0 -39.4 -44.3 -51.3 -39.7 -45.1 -52.0 -40.4 

4 5% 5% -18.0 -28.2 21.8 -17.4 -27.6 23.0 -18.4 -28.7 20.3 -19.5 -29.6 19.3 

4 5% 10% -18.0 -28.2 21.8 9.9 -5.1 49.5 7.8 -7.3 45.0 6.5 -8.1 44.4 

4 5% 15% 35.6 15.7 75.5 37.1 17.0 78.1 33.9 13.6 70.5 32.7 12.9 70.8 

4 5% 20% 62.4 36.8 103.7 64.7 38.7 106.9 59.2 33.7 97.8 58.4 33.3 98.1 

Page 55 of 71

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

 on A
pril 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-052823 on 7 O

ctober 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

 

 

4 5% 25% 87.7 57.4 130.7 90.8 60.0 134.8 83.5 53.1 122.5 82.7 53.2 123.6 

3 10% 0% -77.9 -85.4 -71.3 -77.6 -85.3 -71.0 -77.9 -85.5 -71.4 -78.4 -85.8 -71.9 

4 10% 5% -59.8 -72.1 -28.2 -59.2 -71.8 -27.2 -60.1 -72.4 -29.3 -61.1 -73.0 -31.1 

4 10% 10% -38.1 -55.8 -6.2 -37.3 -55.2 -4.6 -38.7 -56.4 -7.2 -40.3 -57.5 -8.3 

4 10% 15% -13.5 -36.2 24.2 -12.1 -35.1 26.5 -14.6 -37.5 22.6 -16.8 -38.9 21.1 

4 10% 20% 12.0 -16.4 58.9 14.0 -14.8 62.0 10.1 -18.5 53.5 7.5 -20.1 52.2 

4 10% 25% 37.4 4.1 85.4 40.0 6.3 88.0 34.8 1.0 78.9 31.8 -0.7 76.8 

3 15% 0% -94.0 -97.5 -89.6 -93.9 -97.5 -89.4 -94.1 -97.6 -89.7 -94.2 -97.6 -89.9 

4 15% 5% -86.9 -93.7 -67.6 -86.7 -93.6 -67.1 -87.0 -93.8 -68.3 -87.4 -93.9 -69.2 

4 15% 10% -74.4 -87.3 -45.3 -73.9 -87.1 -44.3 -74.6 -87.5 -46.5 -75.6 -87.9 -48.2 

4 15% 15% -58.1 -77.8 -18.3 -57.2 -77.4 -16.7 -58.5 -78.4 -20.5 -60.2 -79.0 -23.0 

4 15% 20% -37.3 -64.7 10.6 -35.9 -63.9 13.0 -38.3 -65.7 7.2 -40.8 -66.9 4.1 

4 15% 25% -14.5 -48.5 33.7 -12.3 -47.1 37.5 -16.3 -50.2 30.5 -19.4 -51.9 26.0 

3 20% 0% -98.7 -99.7 -97.0 -98.7 -99.7 -96.9 -98.8 -99.7 -97.0 -98.8 -99.7 -97.1 

4 20% 5% -96.9 -99.0 -89.4 -96.9 -99.0 -89.2 -97.0 -99.1 -89.7 -97.1 -99.1 -90.0 

4 20% 10% -93.1 -97.9 -78.1 -93.0 -97.8 -77.6 -93.3 -97.9 -78.7 -93.5 -98.0 -79.5 

4 20% 15% -86.3 -95.9 -59.9 -85.9 -95.8 -59.0 -86.6 -96.0 -61.1 -87.2 -96.1 -62.7 

4 20% 20% -75.8 -92.2 -36.3 -75.1 -92.0 -34.5 -76.2 -92.5 -38.7 -77.4 -92.8 -41.4 
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4 20% 25% -61.3 -85.6 -14.5 -60.2 -85.1 -11.9 -62.0 -86.1 -17.4 -64.0 -86.7 -20.0 

3 25% 0% -99.8 -100.0 -99.2 -99.8 -100.0 -99.2 -99.8 -100.0 -99.3 -99.8 -100.0 -99.3 

4 25% 5% -99.4 -99.9 -97.1 -99.4 -99.9 -97.0 -99.4 -99.9 -97.2 -99.5 -99.9 -97.2 

4 25% 10% -98.7 -99.8 -93.4 -98.6 -99.8 -93.3 -98.7 -99.8 -93.6 -98.7 -99.8 -93.8 

4 25% 15% -97.1 -99.5 -86.0 -97.0 -99.5 -85.6 -97.1 -99.6 -86.5 -97.3 -99.6 -87.0 

4 25% 20% -93.8 -99.0 -74.4 -93.6 -99.0 -73.5 -94.0 -99.1 -75.5 -94.2 -99.1 -76.8 

4 25% 25% -88.2 -97.9 -57.2 -87.8 -97.8 -55.7 -88.6 -98.0 -59.1 -89.2 -98.1 -61.4 
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2) Results based on 3,049 MSM attending a health center in the USA7 

 

Figure 2a. Estimated the effect of antibacterial mouthwash on incident Neisseria gonorrhoeae cases that occur at the oropharynx, anorectum or urethra in MSM. 

 1) Baseline (scenario 1); 2) Increasing susceptibility of oropharyngeal gonorrhoea only (scenario 2); 3) Reducing transmissibility of gonorrhoea only (scenario 3); 4) Reducing 

transmissibility from the oropharynx and increasing susceptibility to the oropharynx (scenario 4) 
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Figure 2b. Contour plots for the effect of antibacterial mouthwash on the percentage change of incidence at the oropharynx, anorectum or urethra by increasing susceptibility of 

oropharyngeal gonorrhoea and reducing transmissibility of gonorrhoea from the oropharynx.  

The black solid isoclines indicate the threshold that the percentage change of incidence is zero. 
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3）Results based on 393 MSM attending STD & HIV care clinics in the USA8 
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Figure 3a. Estimated the effect of antibacterial mouthwash on incident Neisseria gonorrhoeae cases that occur at the oropharynx, anorectum or urethra in MSM.  

1) Baseline (scenario 1); 2) Increasing susceptibility of oropharyngeal gonorrhoea only (scenario 2); 3) Reducing transmissibility of gonorrhoea only (scenario 3); 4) Reducing 

transmissibility from the oropharynx and increasing susceptibility to the oropharynx (scenario 4) 
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Figure 3b. Contour plots for the effect of antibacterial mouthwash on the percentage change of incidence at the oropharynx, anorectum or urethra by increasing susceptibility of 

oropharyngeal gonorrhoea and reducing transmissibility of gonorrhoea from the oropharynx.  

The black solid isoclines indicate the threshold that the percentage change of incidence is zero. 
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4) Results based on 179 MSM with HIV in the USA9 
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Figure 4a. Estimated the effect of antibacterial mouthwash on incident Neisseria gonorrhoeae cases that occur at the oropharynx, anorectum or urethra in MSM.  

1) Baseline (scenario 1); 2) Increasing susceptibility of oropharyngeal gonorrhoea only (scenario 2); 3) Reducing transmissibility of gonorrhoea only (scenario 3); 4) Reducing 

transmissibility from the oropharynx and increasing susceptibility to the oropharynx (scenario 4) 
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Figure 4b. Contour plots for the effect of antibacterial mouthwash on the percentage change of incidence at the oropharynx, anorectum or urethra by increasing susceptibility of 

oropharyngeal gonorrhoea and reducing transmissibility of gonorrhoea from the oropharynx.  

The black solid isoclines indicate the threshold that the percentage change of incidence is zero. 

5) Results based on MSM surveillance data (271, 242 consultations) from all Dutch STI clinics10 
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Figure 5a. Estimated the effect of antibacterial mouthwash on incident Neisseria gonorrhoeae cases that occur at the oropharynx, anorectum or urethra in MSM.  

1) Baseline (scenario 1); 2) Increasing susceptibility of oropharyngeal gonorrhoea only (scenario 2); 3) Reducing transmissibility of gonorrhoea only (scenario 3); 4) Reducing 

transmissibility from the oropharynx and increasing susceptibility to the oropharynx (scenario 4) 
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Figure 5b. Contour plots for the effect of antibacterial mouthwash on the percentage change of incidence at the oropharynx, anorectum or urethra by increasing susceptibility of 

oropharyngeal gonorrhoea and reducing transmissibility of gonorrhoea from the oropharynx.  

The black solid isoclines indicate the threshold that the percentage change of incidence is zero. 
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6) Results based on 1,610 community samples of MSM in Thailand11 
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Figure 6a. Estimated the effect of antibacterial mouthwash on incident Neisseria gonorrhoeae cases that occur at the oropharynx, anorectum or urethra in MSM.  

1) Baseline (scenario 1); 2) Increasing susceptibility of oropharyngeal gonorrhoea only (scenario 2); 3) Reducing transmissibility of gonorrhoea only (scenario 3); 4) Reducing 

transmissibility from the oropharynx and increasing susceptibility to the oropharynx (scenario 4) 
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Figure 6b. Contour plots for the effect of antibacterial mouthwash on the percentage change of incidence at the oropharynx, anorectum or urethra by increasing susceptibility of 

oropharyngeal gonorrhoea and reducing transmissibility of gonorrhoea from the oropharynx.  

The black solid isoclines indicate the threshold that the percentage change of incidence is zero. 
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