Table:  Parameter values and assumptions used in our mathematical model 

	Parameter
	Value

	Demographic and Epidemiologic Parameters

	Population size a
	30,000 [1] 

	Age of entering population
	15-25 years

	Age of leaving the population
	65-85 years

	Distribution of Number of Sexual Partners

	Distribution of the number of casual partners of gay men per 6 months (proportion of men in each category)  [2] b
	1-1.5
	26% 

	
	2-5
	21%

	
	6-10
	16%

	
	11-50
	30%

	
	51-60
	7%

	Proportion of men who engage in group sex c
	17% [3]

	Syphilis Biological Parameters

	Overall duration of infectious syphilis d
	1-2 years 

	Duration of incubation period
	3-4 weeks [4]

	Duration of syphilis primary stage
	45-60 days [5]

	Duration of syphilis secondary stage
	100-140 days [6] 

	Average transmission probability per individual act during infectious syphilis stage 
 ADDIN EN.CITE 

[5-14]
 e
	Penile-anal
	1.4% 

	
	Penile-oral
	1% 

	Average transmission probability per act in early latent stage 
 ADDIN EN.CITE 

[5-14]
 e
	Penile-anal
	0.7% 

	
	Penile-oral
	0.5% 

	Per act multiplicative increase in transmission probability of syphilis to  HIV-infected men f
	1.5-2.5

	Percentage of syphilis cases that recur after infectious syphilis 
	25% [15]

	Average duration of remission
	6 months [6]

	Average duration of relapse
	90 days [6]

	Average duration of latency before establishing tertiary disease
	15 years [6]

	Average duration of protective immunity post-treatment of late infection g
	5 years 
 ADDIN EN.CITE 

[8, 16]


	HIV Biological Parameters

	Duration of Primary HIV stage
	70-110 days [17-19]

	Duration of Chronic HIV stage
	3000-5000 days [20-25]

	HIV transmission probability per act in primary stage
	1.5-3% [26-31]

	HIV transmission probability per act in chronic stage
	0.15-0.25% [26-31]

	HIV transmission probability per act in AIDS stage
	1.5-3% 
 ADDIN EN.CITE 
[26-32]


	HIV transmission probability per act for men on ART 
	0.0015-0.005% 
 ADDIN EN.CITE 
[32-35]
 

	Per act multiplicative increase in transmission probability of HIV due to  a syphilis infection in either partner f
	1-5 

	Sexual Behavior Parameters

	Percentage of gay men in a regular sexual partnership
	50% [3]

	Average duration of regular partnerships
	4 years [16]

	Average number of acts with regular partner per week
	penile-oral
	2

	
	penile-anal
	2

	Average number of acts per casual partner/encounter
	penile-oral
	1 [3]

	
	penile-anal
	0.7 [3]

	Proportion of partnerships in which HIV serostatus is disclosed
	Casual/Group
	35% [3, 16]

	
	Regular
	85%  
 ADDIN EN.CITE 

[2, 36, 37]


	Proportion of sexual acts in which condoms are used for partnerships that are (the HIV discordant value decreased from 80% to 69% from 1999 to 2009):
	HIV discordant
	80-69%%

	
	HIV concordant
	10%

	
	HIV status not disclosed
	40%

	Proportion of HIV infected men who disclose their infection status that serosort for other HIV infected partners
	10% 

	Group sex parameters

	Average number of group sex events per year for men who engage in group sex
	3.5 [16]

	Average number of men in each group sex event i
	Median 4.4 [16, 38]

	Average number of sexual partners in group sex event per person
	Min: 1, Max: 10 

	Clinical Parameters

	Efficacy of condoms in protecting against syphilis transmission 
	penile-anal
	90%  [39]

	
	penile-oral
	90% (assumption)

	Percentage of gay men who test for syphilis each year in the absence of a specific intervention (frequency one test per year except for gay men on ART who test on average two times per year) j
	Highly active
	55% [3]

	
	Engage in group sex
	65% [3]

	
	On ART
	70% [3]

	
	Everyone else
	55% [3]

	Percentage of the gay population that never test for syphilis
	15% [16]

	Sensitivity of syphilis test for detecting current infection
	95% 
 ADDIN EN.CITE 

[40, 41]


	Proportion of HIV infected men in primary stage who go onto treatment each year
	11%

	Proportion of HIV infected men in chronic stage who go onto treatment each year
	11%

	Proportion of men with AIDS who go onto treatment each year
	95%

	Percentage of high sexual activity men that get tested for HIV at least once per year k
	50%

	Percentage of men who engage in group sex that get tested for HIV at least once per year k
	75%

	a: The population of gay men in Victoria is estimated to be ~30,000. In Australian gay populations the prevalence of HIV is ~10%  [1]. Approximately 60% of HIV-infected gay men in Australia are on antiretroviral therapy [3].

b: Distribution obtained from the ‘Health  In Men’ (HIM) study [2].

c: Recent studies of group sex among gay men in Australia suggest that most gay men have engaged in group sex at some time [36] with 47% of HIV-negative gay men and 64% of HIV-positive gay men engaging in group sex in the previous six months [3]. However, a large proportion of gay men only engage in group sex once off or very infrequently. The value assumed here, 17%, for the proportion of gay men who engage in group sex regularly is calibrated to match these recent studies.
d: A primary stage of disease generally appears within 2-6 weeks of infection and manifests as a lesion, ulcer (or chancre) that appears at the site of inoculation. It is able to survive in a wide variety of tissues. The Treponema pallidum bacterium disseminates via the blood-stream and may result in secondary syphilis. As T. pallidum is present in mucosal or cutaneous lesions, infected adults are more likely to pass the infection on during the primary and secondary stages. Primary, secondary, and early latent syphilis are collectively called ‘infectious syphilis’. Late latent and tertiary syphilis is generally regarded as no longer infectious for sexual partners. The duration in each stage of infectious syphilis for our model is sampled independently within the specified range for each infected person and the duration of the early latent stage for each individual is given by the difference between the overall infectiousness duration and sum of the time spent in the other stages. 
e: Although various studies have provided estimates 


[7, 9] ADDIN EN.CITE , there are very little unbiased data on the transmissibility of syphilis. Transmission risk has been inferred through studies that trace sexual partners 


[5, 6, 13] ADDIN EN.CITE  and some prospective studies involving prophylactic treatment have been used to estimate transmission probabilities [10, 14]. A review carried out by Garnett et al. [8] suggested that an appropriate transmission probability per partner is ~60% per year for heterosexual couples. Assuming 50-100 acts per partnership per year and the relationship [image: image2.png]


 [12] where n is the number of sexual acts in the partnership, [image: image4.png]


 is the per-partnership probability and [image: image6.png]


 is the per-act probability, suggests that the per act transmission probability is 1-2%. Sexual transmission of syphilis is likely to be higher in male-to-male penile-anal transmission than heterosexual penile-vaginal intercourse. We assume that penile-oral sex has a lower transmission probability per act than penile-anal sex. The relative infectiousness of primary versus secondary syphilis is also unknown: Garnett et al. [8] assumed that the primary stage was more infectious than secondary but Pourbohloul et al. [11] assumed the converse. There are biological reasons to suggest that either assumption is plausible. In the absence of reliable data we assume uniform infectiousness over the duration of infectious syphilis stages. The probability of transmission during the early latent stage is assumed to be half the probability in the primary and secondary stages.
f: It is well established that some sexually transmitted infections (STIs) increase the risk of HIV transmission through a number of biological mechanisms which increase both HIV infectiousness and susceptibility 


[42, 43] ADDIN EN.CITE . Numerous prospective studies have shown that the presence of an STI in one partner of an HIV discordant partnership magnifies the relative risk for HIV by a factor of 2-5 fold [42]. This increased risk is most notable for genital ulcerative-causing infections like herpes simplex virus type 2 and syphilis which increase HIV viral shedding in the genital tract [43]. It is also believed that, due to their compromised immune system, HIV-infected people are more susceptible to becoming co-infected with another STI. We assume HIV increases syphilis transmission by 50-150%.
g: Relatively little is understood regarding immunity to syphilis. It is generally believed that immunity to syphilis does not follow natural infection [44, 45]. But it is also thought that individuals previously infected are less likely to develop a chancre at the site of inoculation [44]. It has also been established that some immunity to syphilis (and clinical manifestations) could be attributed to local innate and adaptive cellular immunity and some to the humoral immune response to a lesser extent [46]. Completely protective immunity has been shown in a rabbit study [47] but not in humans. A controversial study in humans [44] demonstrated that individuals previously treated for syphilis and challenged intradermally with T. pallidum were less likely to develop a typical chancre at the site of inoculation, but were still thought to become infected. Based on the available evidence we conclude that the assumptions of Garnett et al. [8] are reasonable and we similarly assume that individuals treated in early infection obtain no protective immunity but individuals who clear infection in later stages have immunity for up to 5 years. We explored sensitivity of the model to this assumed duration of immunity for people who clear infection in late infection. We found that the model was not very sensitive to this assumption. This is not surprising because the number of gay men diagnoses with late syphilis in Australia is not high. 

i: Among Australian gay men who engaged in group sex during the previous six months, 32.8% indicated that their last group sex event was a threesome, and 28.8% indicated that it involved more than 5 other men [16, 38]. Based on this data we fit a generalized Pareto distribution for the group size.

j: The current background testing rates show the proportion of gay men in each population category that tested on average once per year. 

k:  The HIV testing rate for low sexual activity men was calibrated so that HIV prevalence was 10% in the population and notifications matched surveillance data
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