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Summary of modeling approach
The underlying model structure, data and assumptions behind this work come from an STDSIM quantification developed for Kisumu as part of the 4-cities study, which has previously been described in detail. [1] This supplemental material expands on the Methods section of the paper to document (1) changes made to the original quantification for this study, (2) model fitting, and (3) explorations of alternative scenarios. 
1. Changes to the original quantification
As described in Methods, four main improvements were made to the quantification of sex work used in the 4-cities study. We updated HIV transmission probabilities used in 4-cities modelling to lower values that resulted from a recent systematic review. [2] Data and assumptions related to sex work were reviewed and updated, and the simulation of sex work refined to permit more detailed estimates and analyses. This involved changing the quantification of sex work, using the mean number of clients per week (1.6) from survey data, rather than the median (1.0) as reported by Morison and used by Orroth. [3,1] We also refined the simulation of commercial sex to include three categories of sex workers with different rates of partner change (numbers of clients). Finally, STI treatment assumptions were updated based on recent programme evaluation data. [4] After making these changes, STI transmission probabilities were refitted in order to arrive at observed STI prevalences. All other quantifications remain unchanged.  
1.1. Updating and refining the quantification of sex work. We reviewed all original parameter assumptions related to sex work in the original quantification for Kisumu and made several changes. Four parameters determine the overall level of sex work – sex worker and client population sizes and activity (number of clients for sex workers, number of sex worker visits for clients) per unit time. These parameters are closely linked in STDSIM with client demand driving sex worker supply. As in the original study, we consider data on sex worker parameters (from mapping studies and behavioural surveys) more reliable than for male clients (where there are important biases). We thus quantified the client parameters to give sex worker population sizes and activity levels that approximate values from the data.
The main change from the original study for sex workers was increasing their number of clients per week from the median of 1.0 as reported by Morison to the mean value of 1.6 from 4-cities survey data. [1,3] More recent (2006) survey data from Kisumu using respondent-driven sampling suggest even higher client numbers (median = 3 per week, interquartile range = 2-5). [7,8] We then extended STDSIM to permit disaggregation of sex workers into 3 activity groups. This was done in a way to maintain overall sex worker population size and mean client numbers as already described. The assumptions are examined further in 3.3.
One important parameter set – client activity – was increased in order to reach sex worker population sizes and reported activity as informed by data (sex worker selection is random, proportional to sex workers’ defined client numbers). Client activity includes two components – client population size as a proportion of adult males and their visiting behaviour or frequency of visiting sex workers, which varies by marital (regular partner) status. Reliable data on both of these are sparse due to inherent biases of household surveys. [5,6] Our approach was to maintain the client population sizes from the 4-cities and to increase visiting behaviour (demand side) – from 1 to 3 visits per year for less active, and from 12 to 18 times per year for more active clients – in order to support the sex worker parameters (supply side).
The overall size of the sex worker population, an output variable, remained essentially the same (2.2% of women 15-49 compared to 2.1% in original). This is still lower than data (3.0%) suggest, however, which may underestimate the contribution of sex work to disease transmission. [9] Increasing sex worker population size further would have required raising client numbers and/or their rate of visiting sex workers even more than we did. Taken together, these changes result in ‘more’ sex work than in the original 4-cities quantification although this may still be underestimated considering the most reliable data (sex worker reported client numbers and population size). The effect of varying these assumptions is examined in 3.1 and 3.2.

1.2. Updating transmission probabilities and STI treatment assumptions. A recent systematic review suggests that HIV transmission probabilities are lower than those used in the original 4-cities modeling study. [2 Boily] We thus reduced HIV transmission probabilities to values from the systematic review (see Table S1). 
Table S1. HIV transmission probabilities used in the model (from Boily et al.) [2]
	
	HIV primary
	HIV asymptomatic
	HIV symptomatic
	AIDS

	M –> F
	1.426%
	0.095%
	0.285%
	0.713%

	F –> M
	0.713%
	0.047%
	0.143%
	0.356%



STI cofactor estimates for HIV transmission and acquisition were not changed. These remain at 3x for gonorrhea and chlamydia, 7.5x for ulcerative syphilis, 25x for ulcerative chancroid and primary HSV-2, and 10x for non-primary HSV-2 ulcers.
Two STI treatment interventions in the original quantification – STI syndrome case management introduced in 1992 and an STI screening intervention introduced for sex workers in 1993 – were removed. These changes were based on more recent data, which describe improvements in the 1990s to be marginal and short-lived, virtually collapsing in 2001 following the end of World Bank project funding which supported STI drug provision. [4] 
STI transmission probabilities were then refitted within a priori ranges (based on estimates with wide confidence intervals) maintaining the 2:1 ratio for male-to-female compared to female-to-male transmission, as was done in the original 4-cities model. These crude fits resulted from 10% steps of deviation from the original quantifications in such a way that (1) the model predictions fitted the prevalences for M, F and CSW best, and (2) transmission probabilities stayed within the fitting range set for the 4-cities study. These changes are summarised in Table S2.


Table S2. Original 4-cities and revised STI transmission probabilities and refitted STI outputs
	Transmission probabilities 

	
	Syphilis 
(average over first 6 months)
	Gonorrhoea
(14 weeks)
	Chlamydia
(14 weeks men, 52 weeks women)
	Chancroid
(11 weeks)

	M–>F revised 
	0.0875
	0.156
	0.126
	0.18

	F–>M revised
	0.0438
	0.078
	0.063
	0.10*

	(% of original)
	50%
	60%
	50%
	80%

	STI prevalences 1997 (data and model outputs)

	
	Syphilis 
	Gonorrhoea
	Chlamydia
	Chancroid

	Male
	Data (CI)
	3.1 (1.5)
	0 (1.2)
	2.6  (1.4)
	no data

	
	Original 
	7.7
	1.4
	2.8
	0.0

	
	Revised
	5.0
	0.8
	1.6
	2.0

	Female
	Data (CI)
	3.9 (1.3)
	0.9 (0.6)
	4.5 (1.4)
	no data

	
	Original 
	8.7
	2.1
	6.0
	0.0

	
	Revised
	5.2
	1.0
	3.5
	1.2

	Sex worker
	Data
	11.0
	13.0
	8.0
	no data

	
	Original 
	20.6
	8.8
	11.9
	0.0

	
	Revised
	15.5
	6.9
	13.9
	11.8**


* Lower limit of a priori range
**Note that while there are no data on chancroid, indirect data supports its presence. Morison reports very high prevalence of genital ulcers (29%) among Kisumu sex workers based on clinical examination. 
2. Fit of the model to HIV prevalence data
The changes described above influenced the fitting of our revised quantification, which has a somewhat lower prevalence trend than the original, but a good fit to the original study data (Figure S1). 
Fig S1. Original 4-cities and revised quantification for Kisumu 
[image: ]


3. Alternative scenarios
3.1 Effect of varying key parameter values
Several parameter assumptions were subject to further exploration to assess whether changes in their values would affect the main conclusions of the study. The primary outcome of interest is HIV prevalence in 2010, ten years after the time when interventions are introduced in the paper. For example, in the paper’s quantification, HIV prevalence is estimated to be 22.8% in 2010 with no intervention. After removing transmission from the 40% of most active sex workers (HM) in 2000, this declines to 16.4%. Table S3 summarizes effects of varying selected parameter values on these outcomes.

Table S3. Effect of varying select parameter values on HIV prevalence and intervention outcomes 
	Parameter
	Parameter value
	HIV prevalence 2010
	% change after blocking transmission  in sex work (HM)
	Conclusions

	Reference 
	
	22.8%
	28.2%
	

	1. Sex worker and client population sizes.
Sex worker population size may be underestimated in the quantification, suggesting that client demand is also low.
	Decrease by 2/3
	14.9%
	24.4%
	Varying assumptions about population size affects overall HIV transmission level and proportional effect of interventions, but not main conclusions.

	
	Increase by 1.5
	31.4%
	33.2%
	

	2. Sex worker partner change (mean number of clients in last week), which may be underestimated in the quantification. [4,5]
Reference (mean=1.6)
	Increase by 1.5
	27.6%
	33.7%
	Increasing sex worker client numbers increases the contribution of sex work to HIV transmission and the effect of interventions, strengthening conclusions.

	3. Sex worker partner change (mean client number by sex worker subgroup, skewness of distribution). 
Reference parameter values were taken from distribution of sex worker survey responses (mean = 1.6 clients per week as in #2). 
Reference (L=0.55, M=2.19, H=5.67 )
	Decrease (L=1, M=2, H=4)
	18.2%
	19.7%
	Varying assumptions about the skewness of the sex worker partner change parameter affects HIV transmission level and proportional effect of interventions, but not main conclusions.

	4. Condom use in sex work at baseline.
This parameter value is based on reported condom use at baseline, which may be overestimated due to social desirability bias.
	Decrease by 2/3
	27.8%
	35.7%
	At lower baseline rates of condom use, the relative effect of interventions on transmission is greater. 

	5. STI transmission probabilities and treatment interventions.
These were updated from original 4 cities parameter values as described in section 1.
	Original STI transmission probabilities; same treatment assumptions until 2000.
	26.4%
	28.8%
	Varying STI transmission probabilities and treatment increases STI and HIV transmission levels but does not alter main conclusions.

	6. At a specific level of overall client demand (see #1 above), are assumptions about the number of sex worker visits by clients in two risk categories (H/L). Original quantification uses H=12, L=1, and revised uses H=18, L=3.
	H= 24/year, L=2/year

H=12/year, L=4/year
	24.3%


19.2%
	31.7%


22.9%
	Increasing the difference between high and low-activity clients increases HIV transmission but does not alter main conclusions.



3.2 Effect of sex worker interventions in context of ART rollout
In addition, as described in the main paper, we ran several simulations in a quantification that included progressive roll-out of ART as has been reported for Kenya. [10] 
HIV and ART in STDSIM
Based on data from Orange Farm, South Africa, we assumed the initial (HIV-negative) CD4 cell count in the population to follow a lognormal distribution with median 7.02 (equivalent to 1116 cells/µL) [11]. CD4 cell counts to decline by 25% during acute infection, and decline linearly over the other stages until the CD4 cell count reaches 0.5% of its initial value, after which an individual dies of AIDS. Therefore, based on the average HIV-negative CD4 cell counts and duration of HIV infection, an individual will on average reach a CD4 cell count of ≤350 cells/µL after about 6 years following infection, and at that point will have a remaining life expectancy of about 4 years.
In the model, ART coverage is the result of two components: (i) an individual's demand for ART as a function of HIV-disease stage, and (ii) the capacity of the health system to meet this demand. ART coverage in our model is the ART demand met by the capacity of the health system. We assumed the ART demand function to be the same as previously estimated for the Hlabisa sub district of KwaZulu-Natal, South Africa [12], in which about 30% of all infected individuals start to seek care for HIV well after their CD4 cell counts drop below 200 cells/µL. We fitted the model predictions to observed ART coverage levels over the period 2004 -2010 by performing a grid-search on three parameter: start-year of ART scale-up, rate of ART scale-up, and ART scale-up function (3 options: linear, square-root, or quadratic). We optimized predicted ART coverage by calculating the Mean Squared Error of predicted ART coverage in the model compared to coverage data reported by WHO [13]. We assumed eligibility criteria to change from ART at ≤200 cells/µL to ≤350 cells/µL in mid-2011, and the ART scale-up to continue according to the estimated scale-up pattern for the years 2012 - 2050 in the baseline.
For Kenya, the optimal fit was given by a start of the ART scale-up in 2003, and by 2010, 50% of those eligible (at CD4 cell counts of ≤350 cells/µL) are on treatment. Universal access (coverage of >80%) in the model is achieved in 2014 and maintained thereafter.
Figure 5 in the manuscript shows the more rapid decline in HIV prevalence when condom use among sex workers (HM) increased in 2000 as compared to the ART only scenario. We also ran the same simulations with later introduction of sex worker condom use interventions. Figure S2 shows HIV prevalence estimates in the ART scenario where sex worker condom use increases to 70% in 2012. 
We conclude that the main findings of our study are also valid in settings with ART scale-up, and that the prevention effects of sex worker interventions and ART appear to be largely independent and complementary. 
Fig S2. ART roll-out with sex worker condom use intervention (70% HM) delayed until 2012 
[image: ]
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