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Supplemental methods
Data sources and analysis
Demography
The total size of the empirical 15-54 year old population in 2008 was 3318 men and 3749 women, giving a sex ratio of 0.885 males per female. After age standardising and adjusting for under 15 mortality (individuals were recruited into the model at age 15) the average adjusted ‘birth’ rate for 15-54 year old women in 1990-91 was 206 per 1000 woman years. The Brass lifetable model fitted[1] mortality rate for 15-54 year olds in 1989-95 was 2.76 per 1000 person years at risk for men and 2.48 per 1000 person years for women.
Concurrency and number of partners
Concurrency is defined as ‘overlapping sexual partnerships where sexual intercourse with one partner occurs between two acts of intercourse with another partner’[2]. Concurrency can be measured either as a point prevalence - the proportion of the population with more than one ongoing partnership at a single point in time – or as a period prevalence – the proportion who have had overlapping sexual partnerships at any point during a period of time. Compared to period prevalences, point prevalences are less affected by short-duration overlaps (e.g. an individual starting a second partnership shortly before ending the first, or having a single encounter with a sex worker while in a long-term relationship) and are therefore more strongly influenced by the prevalence of sustained overlaps of long term partnerships. As sustained overlaps are believed to contribute more to increasing the spread of HIV than short overlaps,[3]a point prevalence was used when measuring concurrency and fitting the model to the concurrency levels found in the cohort.
In line with the recommendations made by the UNAIDS Reference Group on Estimates, Modelling, and Projections[2], individuals’ concurrency status six months before their interview were used to calculate the prevalence of concurrency. This was used in preference to their concurrency status at the time of the interview because it does not depend on participants’ guesses about whether they will have sex with specific partners again.
Data on concurrency and number of current partners were available from round 21 of the General Population Cohort, collected in 2009-2010, from 1214 15-54 year old men and 1470 15-54 year old women. Participants were asked a series of questions about their most recent sexual partners within the last 12 months, up to a maximum of three partners. Information was obtained on when the participant first and last had sex with each partner to the nearest month (Using the questions “When did you first have sex with this partner? How many months ago?” and “When did you last have sex with this partner? How many months ago?”), and the partnership type in each case (“How would you best describe your relationship with this person?”). Partnerships were classified by the survey team as spouse, ex-spouse, non-spousal regular partner, casual partner, commercial, or other. Spouses were defined by the survey team as ‘partners who are in a consistent sexual relationship and are living together or perceive themselves as married’ (Alex Karabarinde, Head of GPC Survey Team, personal correspondence). These six responses were categorised into two groups for the data analysis and modelling: long-duration partners (partners described as spouses or ex-spouses) and short-duration partners (all other partners).
The proportions of individuals with zero ongoing partnerships, one ongoing partnership, and two or more ongoing partnerships (concurrency) by gender and by partnership type were calculated.
Following the UNAIDS Reference Group on Estimates, Modelling, and Projections’ recommendations[2], individuals reporting two or more partnerships for which first sex occurred at least six months before the interview, and most recent sex was no more than six months before the interview, were classified to have concurrent partnerships. Partnerships were not considered to be concurrent if one was reported to have started and the other ended exactly six months before the interview. Individuals were excluded from the calculation if data were missing on the start or end date of any partnership and it was not possible to determine conclusively whether they had had overlapping partnerships six months before the interview.
Possible sources of bias in the measurement of concurrency and partnership prevalences were explored by comparing data on partnerships reported to have been ongoing six months before the interview with data on partnerships reported to be ongoing at the time of the interview, and by calculating the proportion of men and women reporting more than three sexual partners in the past year. 
To allow comparisons to be made between the prevalence of concurrency in Uganda and the prevalence in other sub-Saharan African countries two further measures of concurrency were calculated: the proportion of 15-24 year old men reporting more than one ongoing partnership at the time of the interview and the proportion of 15-34 year old men who reported ever having had sex who reported that they were still having sex with more than one of their last three sexual partners at the time of the interview.
Other sexual behaviour
Data on annual partnership incidence were available from a subset of the cohort of 1446-1471 men for 2004-2008. The average incidence (standardised to the 2008 cohort population by sex and HIV status) was 0.44 partners per year. 
The proportion of men who reported using a condom the last time they had sex was calculated for men who reported having one ongoing partnership, and for men who reported having more than one ongoing partnership.
Epidemiology
The age-standardised prevalence of HIV in 15-54 year olds in the cohort in 1992 was 9.7% in men (95% CI: 8.4-11.2%) and 10.9% in women (95% CI: 9.6-12.4%). In 2001 it was 7.8% in men (95% CI: 6.7-9.0%) and 9.4% in women (95% CI: 8.3%-10.7%). In 2007 it was 7.1% in men (95% CI: 6.1-8.3%) and 10.5% in women (95% CI: 9.4-11.7%). These years were chosen as the fitting years as they were local maximum or minimum years for the prevalence of HIV in the cohort, and therefore fitting to them meant that the overall trend in HIV prevalence by gender in the model would be similar to the overall trend in the cohort.
[bookmark: _GoBack]Antiretroviral therapy (ART) was introduced into the cohort in 2004. 51% of all adults in the cohort who were eligible to receive ART received it that year. This increased to 88% in 2005, 90% in 2006, 91% in 2007, and 92% in 2008 onwards.

Model description
The Mukwano model is an event-driven stochastic network model incorporating individual level behaviour, written in C++. The model runs for a user-defined time period. Using graph theory terminology, individuals are represented by nodes in the network and partnerships between individuals are represented by edges between the nodes. We will use ‘individuals’ and ‘partnerships’ rather than ‘nodes’ and ‘edges’ from now on. The initial population is set up using input parameters; the size N of the population, the population distribution between genders and the age distribution of the initial population. Events such as births, deaths, formation and dissolution of partnerships and transmission of disease occur when the model is running. In order to model sexual behaviour in the population, we calculate the rate of partnership formation that is expected between subgroups in the population and use these rates to schedule partnership formation events. When a scheduled partnership formation event between two subgroups occurs, one individual is chosen at random from each of the two subgroups and a partnership is formed. All events are scheduled sequentially by an event manager.
Each simulated human has certain characteristics attached to it at birth. These include gender, time of birth, a sexual activity index, and a concurrency index. 
The sexual activity index is a random number between 0 and 1, where closer to 0 means a lower desired sexual partnership formation rate.  This index is used in the allocation of individuals to sexual activity groups. 
The concurrency index is a random number between 0 and 1 and is used in the allocation of simulated humans to groups with different behaviour with respect to the formation of concurrent partnerships.
Demography
The initial population was exponentially distributed and restricted so that everyone was aged between 15 and 54 years old. People were recruited into the model population at age 15, at a rate which is a function of the empirically found birth rate and empirically found under-15 mortality.  At age 55, people were removed from the model and all partnerships with that person were dissolved.
Births: Let there be  females in the population. Let each female have an annual birth rate of b. Then the total expected number of births per year is. 
Deaths: Let there be  females and  males in the population and let the annual death rates for females and males be and  respectively. The total expected number of deaths per year is 
Sexual Behaviour
We define sexual activity groups in the model by associating a desired annual contact rate  (desired sexual partnership formation rate) with each group and specifying the proportion of males and females assigned to each of these groups.  A gender, , specific contact rate is denoted by . In this study we assumed two sexual activity groups. 
Let  be the maximum number of sexual activity groups (identical in both genders),  be the maximum number of concurrency groups (identical in both genders), and  be the maximum number of current partner groups (identical in both genders). Individuals are assigned to a concurrency group based on their concurrency index and sexual activity group. The proportion from each sexual activity group in each concurrency group is specified. These proportions are permitted to vary by gender. In this study, we assumed two concurrency groups; the first group contained individuals who were constrained to behave monogamously, and the second group contained individuals who were permitted to have concurrent relationships. 
Each gender, , and concurrency group, , has a parameter associated with it. The parameter  is permitted take values between 0 and 1. In this study, as we had two concurrency groups, there were four inputted values for  for a scenario, one for each gender and one for each concurrency group. The fitted values of these parameters are given in Table S2.  determines how likely it is that a person with  current partners can take another partner, where  is a non-negative integer.  We defined  to be equal to one. When  is equal to one, the value of  is one regardless of the value of , so how likely a simulated individual can take another partner is unchanged for any number of current partners. If  is less than one, it becomes less likely that a simulated individual will take another partner. Finally, if  is zero then simulated individuals are constrained to only have one current partner and therefore behave monogamously.
In the model, only heterosexual relationships are modelled. Partnership formation is a dynamic process, depending on the desired contact rate, , per year, the number of current partners, , of each individual, the concurrency parameter, , the size  of each population subgroup, a parameter, , used to control mixing between sexual activity groups, and a parameter, , that controls the balancing of partnerships between the two genders. 
Partnership Formation   
Let  be the size of the population subgroup consisting of individuals of gender   in sexual activity group , with the desired contact rate for this population subgroup denoted by  The mean number of contacts desired by this group is . 
The  subgroup, of individuals of gender  and in sexual activity group  may be further partitioned into subgroups according to concurrency group  and number of current partners . Let   be the size of the population subgroup consisting of individuals of gender , in sexual activity group , concurrency group  and with  current partners.
In this study, we want to maintain the overall desired contact rate in the sexual activity groups (and hence overall partnership incidence) whilst allowing the propensity for concurrent partnerships () to change over time. This is achieved as follows.
Let  be the desired per-person contact rate for the  subgroup. Then    is the desired total contact rate for this group. Let
						(S1)
where  and  are dummy variables summing over the concurrency groups and current number of partner groups respectively. Thus, we apportion a proportion of the desired total contact rate   to each   subgroup. This proportion is determined by the size of the  subgroup, weighted by concurrency parameter  in that subgroup.
Equation S1 may be rearranged as 
					(S2)
and so  is the desired per-person contact rate for the  subgroup. Since , for any value of , it can be seen that this method maintains the desired total contact rate for each sexual activity group.
Distribution of contacts
The desired contacts of each  subgroup are distributed between individuals of the opposite gender (opposite gender indicated by a  ). 
We define  as the desired number of contacts the  subgroup assigns to the  subgroup. Then
					(S3)
Where  is a dummy variable summing over the opposite gender’s sexual activity groups and  is a parameter used to control mixing between sexual activity groups such that it takes values between 0 and 1.  indicates that mixing is completely assortative and  indicates that mixing is proportionate-random. The parameter  takes the value 1 if sexual activity groups of both genders are the same (i.e. ) and  otherwise.
Now we extend equation S3 to consider the  subgroups of. The desired total contact rate that the  subgroup allocates to the  subgroup is 
 (S4)
Where ,  and  and are dummy variables summing over the opposite gender’s concurrency groups, current number of partner groups, and sexual activity groups, respectively. The contacts that are allocated to sexual activity group  via the assortativity parameter  are further distributed to the concurrency group  and partner group  according to the weighted proportion   .
As the total number of partnerships desired by males and females may not be the same, we balance these potentially different partnership demands using a compromise parameter, which takes a weighted mean of what both groups desire. In the case where , the formation rate is simply the arithmetic mean of the desired female and male rates. Thus the partnership formation rate between the  and  groups is
	
	 (S5)



We assume that the occurrence of partnership formation events between the  and groups in a given time period forms a non-homogeneous Poisson process with rate  given in equation S5.
Partnership duration
When a partnership forms, it is assigned a duration of user defined length of time - in this paper, there were either short or long partnerships. If two low-sexual activity individuals formed the partnership then the duration of the partnership was long. If two high-activity individuals formed a partnership, then the duration of the partnership was short. If low and high activity individuals form the partnership, there was a 50% probability of either partnership type being formed. 
We also introduced a constraint on the parameters related to partnership formation to ensure that we did not choose combinations of these parameters that would be impossible to simulate. We ensured that the inequality   was satisfied when , where  is the proportion of people of gender  in sexual activity group  and  is the partnership duration associated with sexual activity group  
Epidemiology
Mukwano contains a very flexible STI module allowing unlimited (subject to memory constraints) different STIs to be simulated. This is accomplished by instantiating multiple instances of a 'generic' STI definition objects based on the user-defined characteristics for specific STIs. Here we outline the characteristics for HIV in the model.
HIV natural history
Currently, the user-defined characteristics for the natural history of HIV are the number and order of HIV/AIDS stages and gender-specific attributes of each stage, such as duration (mean and distribution), per contact infectivity and sub-stage characteristics. HIV stage transitions are implemented using a state machine. At the end of each HIV stage, individuals will either move to another HIV stage, or die. During a simulation, each individual contains a reference to his/her HIV status. The initial HIV stage is defined as stage 0, defined as 'susceptible'.
HIV introduction
HIV is seeded into a population by infecting a certain proportion of individuals at random with the disease at a user specified time. HIV is distributed randomly by stage.
HIV transmission
In each relationship, sex acts are scheduled to occur according to a user-defined probability distribution. At each unprotected sexual contact between a susceptible and infectious partner, we draw a random number from the uniform distribution between 0 and 1 and compare it with the transmission probability for the corresponding stage of the infectious individual. The infection is transmitted if the random number is less than the transmission probability.
ART
ART is implemented by moving a proportion of individuals in the AIDS/pre-AIDS stage onto the ART sub-stage where they have longer survival and lower transmission probabilities than untreated individuals. Full details are shown below.
Scheduling of Events
An event in the Mukwano model is any occurrence which could change the state of the network, e.g. birth, death, aging, relationship forming, relationship dissolving, transmission of disease and moving from one disease state to another. Events occur sequentially in the model and are scheduled to occur using a calendar queue with a priority queue for each bucket [4]. Certain events that occur in the model can force other events to occur before their scheduled time. For example, if a person dies and she/he is in a relationship with one or more people, then those relationships must end immediately - not at their original appointed time.
We describe how births are scheduled in the model; the scheduling of other events may be inferred from this. We assume that the occurrence of birth events forms a non-homogeneous Poisson process with rate  where it is implicitly assumed that the number of females may change over time. The time to a birth event is determined by Monte-Carlo sampling from an exponential distribution.
Assume we are at time t0 and births occur with rate . A time is sampled to schedule the next birth; this time is drawn from an exponential distribution with mean . Let that time be . The next birth event thus occurs at scheduled-time. If there is any change in the original rate  before time  then we must adjust for that. Say that at time  there is a change to the rate, and we have a new rate new. We adjust the scheduled time as follows: 

We may choose to adjust the scheduled time every time a change (e.g. death/age-updating) occurs or at regular intervals if we want to speed up the model.
Interventions
To reflect changes in behaviour over time, some parameters in the model can be changed at regular or once-off time points. We can alter sexual behaviour (contact rates, concurrency parameters and partnership durations) and transmission probabilities due to the introduction of anti-retroviral therapy.
In particular, we set up our model so that the concurrency parameters  change at a specified time in the model to reflect an intervention to reduce concurrency. The way the model is set up, a reduction in the value of  will not affect partnership incidence as the overall contact rate  for sexual activity groups is maintained, but the distribution of the partnerships is altered, i.e. using graph theory terminology, there is a change in the way edges are distributed in the network.



Baseline scenario creation
In the lower- and higher-concurrency scenarios, the ratio of the prevalence of male long-duration partnership concurrency to the prevalence of male short-duration partnership concurrency, and the ratio of the proportion of males with exactly one long-duration partnerships (and any number of short-duration partnerships) to the proportion of males with exactly one short-duration partnerships (and any number of long-duration partnerships), were the same as the ratios of reported partnerships. The ratios of the prevalence of female long-duration partnership concurrency to the prevalence of female short-duration partnership concurrency in the estimated- and higher-concurrency scenarios were the same as the ratios of reported partnerships in men.
In all scenarios the proportions of men with one partner of either type were the same as the proportions reported. In the scenarios modelling the reported level of male concurrency (estimated- and reported-concurrency scenarios), the proportions with zero partners by type and in total were fitted to be the same as the proportions reported. In the lower- and higher-concurrency scenarios, the proportion of men with zero partners varied according to the prevalence of male concurrency.
As a closed population was modelled, it was necessary that the total number of partnerships by type was identical for men and women. For this reason, the model could only be fitted exactly to the data for one sex. As it is likely that there is a stronger social desirability bias on women to mis-report partnerships (e.g. to report a lower number of partners or to report non-spousal partners as spouses) than on men, we preferentially fitted to the sexual behaviour reported by males. The proportion of females with one or zero partners was therefore allowed to vary so that the number of partnerships of each type females were in at any point would balance the number that men were in.


Summary of plausible ranges for model inputs and outputs
Demography: Inputs: The modelled birth rate and death rates by gender were based on the rates in the cohort in 1990-91 and 1989-95 respectively.
Outputs: The size of the model population in 2008 was fitted to the size of the cohort population aged 15-54 in 2008 by gender. The fits were considered acceptable if they were within ±10% of the target size. An approximately stable population size was desired between the introduction of HIV in 1979 and the fitting year, 2008.  An average growth rate between these years of between -0.1% and 0.1% per year was considered acceptable.
Sexual behaviour: Inputs: Details of the sexual behaviour input parameters and constraints upon them are given in Supplemental Table S2. Outputs: The model was fitted to the target partnership distributions for each scenario. Fits were considered acceptable if all proportions and ratios were within ±10%(relative) of the desired values. In the lower-concurrency scenario, a fit was only considered acceptable if there was no female concurrency. The target male partnership incidence in the best-estimate scenario was the reported partnership incidence in the cohort in 2004-08. A range of ±10% was considered acceptable. There was no target male partnership incidence in the lower- and higher-concurrency scenarios. 
Epidemiology: Inputs: Untreated HIV infection was crudely categorised into four sequential stages, primary HIV infection, post primary CD4+ count >200 cells/µl, pre AIDS CD4+ count <200 cells/µl and an AIDS stage(Supplemental Figure S1). Starting in 2004, ART was implemented by simulating treatment of a proportion of individuals with CD4 count <200 cells/µl. Details of assumed stage durations, transmission probabilities, the effect of ART on transmission probabilities and survival, and ART coverage were based on literature review and shown in Supplemental Content. Outputs: The model was fitted to the male and female prevalences of HIV in the cohort in 1992, 2001 and 2007. Fits were considered acceptable if they were within the 95% confidence intervals for the data.


Longer description of plausible ranges for model inputs 
Demography
The upper bound on the birth rate was taken to be 110% of the birth rate in the cohort in 1990-91, adjusted for under-15 mortality (individuals were recruited into the model at age 15). The lower bounds for the male and female mortality rates were taken to be 90% of the mortality rates in 1989-95. There was no lower bound on the birth rate or upper bound on the mortality as migration was not modelled and there is a net out-migration from these rural areas of Uganda[5]. The demographic input parameters were kept the same in all scenarios. 
The sex ratio in the initial population in 1950 was assumed to be the same as the sex ratio of the cohort in 2008 to ease fitting the population composition in 2008. A mortality rate of 1000 per person per year was modelled for over 54 year olds to remove them from the model population.
Sexual behaviour
All individuals were simulated to be able to form partnerships from their recruitment into the model population at the age of 15. A coital frequency of ten times a month was modelled, in line with findings from neighbouring Rakai district[6]. The partnership formation rate was taken to be the male desired formation rate (). The proportion of men and women in the high activity group was allowed to vary between 10 and 50%. Mixing by activity level was allowed to vary between a moderate level of assortative mixing () and random mixing (). The proportion of men and women in each activity group and the value of the mixing parameter  were held constant across all scenarios. The durations of long-duration partnerships was fixed at 10 years. The duration of short-duration partnerships was varied in the best-estimate scenario. The fitted value was then used in all other scenarios. For each gender, 100% of one activity group were simulated to be in the high concurrency group. The proportion of the other activity group who were also in the high concurrency group was allowed to vary between 0 and 1.
Three different sets of risk behaviour with different contact rates and concurrency parameters were modelled over time. The first lasted between the start of the model and year X, the second between year X and year Y, and the third between year Y and the end of the model. Year X was allowed to vary between1986 and 1992 and year Y between 1998 and 2002. Simulated contacts rates and concurrency parameters in the third risk set were greater than or equal to those in the second risk set and less than or equal to those in the first risk set. The male and female concurrency parameters,  for the high concurrency group were allowed to vary between 0 and 1 in each set. Males and females in the low concurrency group were not allowed to form concurrent partnerships (i.e.  for males and females in the low activity group). The contact rates for high and low activity males were allowed to take any value provided that the contact rate for high activity males was higher than the contact rate for low activity males. Female contact rates were set equal to the male contact rates in the same activity group and risk behaviour set. The ratio of the high activity contact rate to the low activity contact rate was kept constant across all risk sets.
Female behaviour parameters were allowed to vary across all scenarios unless stated otherwise. Male behaviour parameters were held constant across the estimated- and reported-concurrency scenarios.
Epidemiology
A schematic of the simulated natural history of HIV is shown in Figure S1.  Untreated HIV infection was crudely categorised into four sequential stages, primary HIV infection (Pri), post primary CD4+ count more than 200 cells/µl (CD4>200), pre AIDS CD4+ count less than 200 cells /µl (CD4<200PreAIDS), and an AIDS (AIDS) stage. ART was implemented by simulating the removal from the CD4<200PreAIDS into the ARTFromPreAIDS stage and the removal from the AIDS stage into the ARTFromAIDS stage.  Stage durations were drawn from a Weibull distribution with a mean of 0.25 years for the primary stage, 7.9 years for the CD4>200 stage, 2.1 years for the CD4<200PreAIDS stage, 0.75 years for the AIDS and AIDSFromART stages, 6.4 years for the ARTFromPreAIDS stage, and 2.25 years for the ARTFromAIDS stage. Transmission probabilities were assumed to follow a bathtub distribution based on analysis by Hollingsworth et al [7] and data from Wawer et al [6].  The assumed ratio of transmission probabilities by stage are shown in Table S2.  ART was assumed to reduce transmission probabilities in the ARTFromPreAIDS and the ARTFromAIDS stage by 92% [8-10] and increase survival by a multiple of 3 [11] (Table S2).  In line with data from the MRC cohort, ART coverage was simulated to increase from 0% before 2004, to 51%, 88%, 90%, 91% and 92% in 2004, 2005, 2006, and 2007 and 2008 onwards. 

Baseline fitting strategy
Model outputs were fitted by manually varying model inputs within the ranges specified a priori. Demographic outcomes were fitted first, followed by sexual behaviour then HIV prevalence. Simulated demography and sexual behaviour were re-fitted slightly after HIV was introduced. The model was run between 1950 and 2020 and the results of 2000 runs with identical input parameters were averaged to produce the results.


Supplemental Results
Empirical prevalence of concurrency and partnership distribution, and reported condom use
Six men (0.5%) and no women were excluded from the concurrency calculations due to incomplete partnership data. 9.0% (109/1208, 9.6% when age-standardised to the model population) of men reported having had concurrent partners at six months prior to the interview (95% CI: 7.9-11.4%) (Table S1). 3.6% (43, 3.8%) reported having had concurrent long-duration partnerships (95% CI: 2.7-4.9) and 1.8% (22, 1.9%) reported having had concurrent short-duration partnerships (95% CI: 1.1-2.7%). Only 0.20% (3/1470, 0.20%) of women reported having had concurrent partners at six months prior to the interview (95% CI: 0.00-0.44 %). 0.07% (1, 0.07%) reported concurrent long-duration partnerships (95% CI: 0.00-0.20%). No women reported concurrent short-duration partnerships.
Only one person reported one partnership ending and another starting exactly six months before the interview. He reported a duration of only day for both partnerships and therefore they were highly unlikely to have been concurrent.
The proportions of men and women reporting zero, one, and more than one ongoing partnership at the time of the survey are shown in Table S8. There was very little difference in the proportions of men and women reporting concurrent partners six months before the interview and the proportion reporting concurrent ongoing partnerships at the time of the survey (men: 9.6% six months before and 9.9% at the time of the survey, p=0.47; women: 0.20% and 0.14%, p=0.48). There was also little difference in the proportions reporting one partner (men: 39.4% and 39.6%, p=0.47.; women: 57.9% and 60.0%, p=0.13). This suggests that the estimates of concurrency and partnership prevalences are unlikely to have been greatly affected by either recall bias or by the fact that the prevalences used were, strictly speaking, one-month period prevalences and not point prevalences.
Only 2.3% (27) of men (95% CI: 1.4-3.2%) and 0.12% (2) of women (95% CI: 0.00-0.30) reported having had more than three sexual partners in the preceding 12 months. This shows that the fact that concurrent partnerships may not have been detected in individuals who had had more than three partners in the six months prior to the interview (as full information was collected on the last three sexual partners only) is unlikely to have had much effect on the estimates of concurrency.
1.8% of 15-24 year old men reported having more than one ongoing partnership at the time of the interview. Using the same measure of concurrency, 23% of 15-24 year old men reported concurrency in KwaZulu-Natal in South Africa in 2002[12]. 8.5% of 15-34 year old men in the cohort who had ever had sex reported that they were still having sex with more than one of their last three sexual partners, compared to 21% in Botswana in 2007[13].
15.9% of men with more than one ongoing partnership at the time of the interview reported using a condom the last time they had sex, compared to 9.9% (59/594) of men with only one ongoing partnership (p=0.04).
Baseline simulated scenarios
The values of the input parameters used in each scenario are given in Table S2. The fitted values for partnership prevalences are given in Table S4 and the fitted values for demographic, epidemiological and all other behavioural outputs are given in Table S5.The fit to the male and female population sizes in 2008 is shown in Figure S3. The target and simulated partnership prevalences and HIV prevalences for the reported-concurrency scenario are shown in Figure S4.
Simulated interventions
Impact on sexual behaviour
The 20% reduction in concurrency was achieved by reducing the magnitude of θm in the high concurrency group by between 34.0% and 54.0% and the magnitude of θf in the high concurrency group by between 24.9% and 31.5% (Table S3). The 50% reduction in concurrency was achieved by reducing  by between 68.0% and 87.0% and  by between 58.0% and 66.0%.
In the 20% reduction in concurrency intervention scenarios the prevalence of long-duration partnership concurrency in 2020 was between 25.3% and 33.9% lower in men and between 18.7% and 18.9% lower in women (where relevant) compared to the baseline scenarios. (Table S6), and the prevalence of short-duration partnership concurrency was between 20.2% and 23.6% lower in men and between 20.9% and 24.0% lower in women. 
In the 50% reduction in concurrency intervention scenarios, the prevalence of long-duration partnership concurrency in 2020 was between 56.1% and 67.4% lower in men and between 45.9% and 47.7% lower in women (where relevant) compared to the baseline scenarios, and the prevalence of short-duration partnership concurrency was between 47.8% and 50.0% lower in men and between 52.1% and 55.9% lower in women.
There was a sharp decrease in the prevalence of total concurrency between 2010 and 2011 following the start of the intervention (Table S6). With a 20% reduction in concurrency by 2020, this ranged between a 9.6% and 13.7% reduction in men and between an 11.8% and 13.5% reduction in women. With a 50% reduction in concurrency by 2020, this ranged between a 27.4% and 33.0% reduction in men and between a 32.7% and 34.2% reduction in women. This was due to all ‘excess’ short-duration partnership concurrent partnerships started before the intervention ending between 2010 and 2011. Following this, there was a gradual decline in the prevalence of concurrency as ‘excess’ long-duration partnership concurrent partnerships started before the intervention ended. This is illustrated for the best-estimate scenario in Figure S5. The full impact of the intervention on concurrency was reached by 2020, 10 years after the introduction of the intervention, when all partnerships started before the intervention had ended.
There was very little difference in partnership incidence (Figure S6) or average number of sex acts per male per year (Figure S7) between the baseline scenarios and the corresponding intervention scenarios. Average annual partnership incidence between 2011 and 2020 was between 0.04% lower and 0.08% higher in the intervention versions compared to the baseline versions. For any single year average partnership incidence was between 0.23% lower and 0.33% higher. The average annual number of sex acts per person between 2011 and 2020 was between 0.01% lower and 0.18% higher in the intervention versions compared to the baseline versions. For any single year it varied between 0.06% lower and 0.44% higher. All differences are presented as relative differences.
Impact on HIV
The incidences of HIV in 2020 with and without the fitted interventions and the percentage reductions in incidence caused by the interventions are given in 9. The trend in HIV over time in the baseline and intervention (50% reduction in concurrency) scenarios are shown for the best-estimate scenario in Figure S2.
The reductions in HIV incidence cause by differing reductions in male and female concurrency are shown in Table S10.
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	Men
	Women

	
	
	Number (%)
	Age standardised proportion* (%) (95% CI)
	Number (%)
	Age standardised proportion* (%) (95% CI)

	Long-duration partnerships
	0
	733 (60.7)
	57.8 (55.0-60.6)
	722 (49.1)
	49.3 (46.7-51.8)

	
	1
	432 (35.8)
	38.5 (35.7-41.3)
	747 (50.8)
	50.7 (48.1-53.2)

	
	2+
	43 (3.6)
	3.8 (2.7-4.9)
	1 (0.1)
	0.07 (0.00-0.20)

	Short-duration partnerships
	0
	1045 (86.5)
	86.1 (84.1-88.1)
	1365 (92.9)
	92.9 (91.6-94.2)

	
	1
	141 (11.7)
	12.1 (10.2-13.9)
	105 (7.1)
	7.1 (5.8-8.1)

	
	2+
	22 (1.8)
	1.9 (1.1-2.7)
	0 (0.0)
	-

	All partnerships
	0
	620 (51.3)
	48.3 (45.5-51.2)
	619 (42.1)
	42.3 (39.8-44.8)

	
	1
	479 (39.7)
	42.0 (39.2-44.9)
	848 (57.7)
	57.5 (55.0-60.0)

	
	2+
	109 (9.0)
	9.6 (7.9-11.4)
	3 (0.2)
	0.20 (0.00-0.44)

	Total
	1208
	
	
	1470
	


[bookmark: _Ref290456480]Table S1. Prevalence of concurrency and number of partners in 15-54 year olds in the Masaka cohort in 2008
* age standardised to the empirical 2008 population
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4

	Inputs
	Fitting constraint
	Held constant across scenarios:
	Modelled value
	Reference/explanation for fitting constraint/notes

	
	
	
	Best-estimate scenario
	Lower-concurrency scenario
	Higher-concurrency scenario
	Reported-concurrency scenario
	

	Demography
	
	
	
	
	
	
	

	Initial population size (male)
	n/a
	All
	2874
	2874
	2874
	2874
	n/a

	Initial population size (female)
	n/a
	All
	3247
	3247
	3247
	3247
	n/a

	Ratio of men to women in initial population
	0.885
	All
	0.885
	0.885
	0.885
	0.885
	Same as the ratio in the cohort in 2008

	Birth rate (per 1000 women years)
	195 (no lower bound-215)
	All
	57.00
	57.00
	57.00
	57.00
	Average birth rate in cohort in 1990-91. No lower bound to +10%

	Male mortality rate (per 1000 years at risk)
	2.76 (2.48-no upper bound)
	All
	10.00
	10.00
	10.00
	10.00
	Male mortality rate in cohort in 1989-95. -10% to no upper bound

	Female mortality rate (per 1000 years at risk)
	2.48 (2.23- no upper bound)
	All
	2.48
	2.48
	2.48
	2.48
	Female mortality rate in cohort in 1989-95. -10% to no upper bound

	Sexual behaviour
	
	
	
	
	
	
	

	Age at debut
	15
	All
	15
	15
	15
	15
	

	Coital frequency (per month)
	10
	All
	10
	10
	10
	10
	Wawer (2005)[6]

	Duration of long-duration partnerships (years)
	10
	All
	10
	10
	10
	10
	

	Duration of short-duration partnerships (years)
	<10
	All
	0.43
	0.43
	0.43
	0.43
	Varied to fit empirical partnership incidence  in best-estimate scenario and then fitted value used in all other scenarios

	Proportion of men in high activity group
	0.1-0.5
	All
	0.35
	0.35
	0.35
	0.35
	

	Proportion of women in high activity group
	0.1-0.5
	All
	0.35
	0.35
	0.35
	0.35
	

	Mixing by activity group (ε)
	0.5-1
	All
	0.67
	0.67
	0.67
	0.67
	A moderate level of assortative mixing to random mixing

	Proportion of high activity men in high concurrency group
	0-1
	Estimated and Reported
	1
	1
	1
	1
	Either the proportion in the high activity group or the proportion in the low activity group was set equal to one to minimise the modelled value of theta

	Proportion of low activity men in high concurrency group
	0-1
	Estimated and Reported
	0.275
	0.4
	0.35
	0.275
	

	Proportion of high activity women in high concurrency group
	0-1
	No
	1
	1
	0.85
	1
	Either the proportion in the high activity group or the proportion in the low activity group was set equal to one to minimise the modelled value of theta

	Proportion of low activity women in high concurrency group
	0-1
	No
	0.7
	0.6
	1
	0.1
	

	Risk behaviour 1
	High activity contact rate
	> Low activity contact rate
	No
	2.071
	2.045
	2.406
	2.156
	Ratio of high activity rate to low activity rate the same in all risk behaviour sets

	
	Low activity contact rate
	< High activity contact rate
	No
	0.179
	0.167
	0.190
	0.186
	

	
	Male concurrency parameter in high concurrency group
	0-1
	No
	0.65
	0.5
	0.85
	0.65
	

	
	Female concurrency parameter in high concurrency group
	0-1
	No
	0.5
	0.12
	0.6
	0.5
	

	Start year for risk behaviour 2
	1986-1992
	All
	1986
	1986
	1986
	1986
	

	Risk behaviour 2
	High activity contact rate
	> Low activity contact rate
	No
	0.925
	0.828
	1.283
	0.925
	Ratio of high activity rate to low activity rate the same in all risk behaviour sets

	
	Low activity contact rate
	< Low activity contact rate
	No
	0.080
	0.068
	0.101
	0.080
	

	
	Male concurrency parameter in high concurrency group
	0-1
	No
	0.65
	0.2
	0.4
	0.65
	

	
	Female concurrency parameter in high concurrency group
	0-1
	No
	0
	0
	0.05
	0
	

	Start year for risk behaviour 3
	1998-2002
	All
	1998
	1998
	1998
	1998
	

	Risk behaviour 3
	High activity contact rate
	> Low activity contact rate
	Estimated and Reported
	1.100
	0.964
	1.361
	1.100
	Ratio of high activity rate to low activity rate the same in all risk behaviour sets

	
	Low activity contact rate
	< Low activity contact rate
	Estimated and Reported
	0.095
	0.079
	0.107
	0.095
	

	
	Male concurrency parameter in high concurrency group
	0-1
	Estimated and Reported
	0.65
	0.34
	0.85
	0.65
	

	
	Female concurrency parameter in high concurrency group
	0-1
	No
	0.065
	0
	0.055
	0
	

	Epidemiology
	
	
	
	
	
	
	

	Female to male transmission probability during the Pri stage
	
	None
	0.0338
	0.0420
	0.0220
	0.0338
	

	Ratio of male to female/male to female transmission probabilities
	1-3
	None
	1.73
	1.90
	1.98
	1.73
	

	Ratio of transmission probability in CD4>200 stage to transmission probability in Pri stage
	0.038
	All
	0.038
	0.038
	0.038
	0.038
	

	Ratio of transmission probability in CD$<200PreAIDS stage to transmission probability in Pri stage
	0.038
	All
	0.038
	0.038
	0.038
	0.038
	

	Ratio of transmission probability in AIDS stage to transmission probability in Pri stage
	0.275
	All
	0.275
	0.275
	0.275
	0.275
	

	Ratio of transmission probability in ARTFromPreAIDS transmission probability in Pri stage
	0.003
	All
	0.003
	0.003
	0.003
	0.003
	

	Ratio of transmission probability in AIDSFromART stage to transmission probability in Pri stage
	0.275
	All
	0.275
	0.275
	0.275
	0.275
	
	

	Ratio of transmission probability in ARTFromAIDS stage to transmission probability in Pri stage
	0.022
	All
	0.022
	0.022
	0.022
	0.022
	
	

	Mean Pri stage duration (years)
	0.25
	All
	0.25
	0.25
	0.25
	0.25
	
	All stage durations were drawn from a weibull distribution

	Mean CD4>200 stage duration (years)
	7.9
	All
	7.9
	7.9
	7.9
	7.9
	
	

	Mean CD4<200PreAIDS stage duration (years)
	2.1
	All
	2.1
	2.1
	2.1
	2.1
	
	

	Mean AIDS stage duration (years)
	0.75
	All
	0.75
	0.75
	0.75
	0.75
	
	

	Mean AIDSFromART stage duration (years)
	0.75
	All
	0.75
	0.75
	0.75
	0.75
	
	

	Mean ARTFromPreAIDS stage duration (years)
	6.4
	All
	6.4
	6.4
	6.4
	6.4
	
	

	Mean ARTFromAIDS stage duration (years)
	2.25
	All
	2.25
	2.25
	2.25
	2.25
	
	

	Proportion of eligible individuals receiving ART
	Pre-2004
	0
	All
	0
	0
	0
	0
	
	

	
	2004
	0.51
	All
	0.51
	0.51
	0.51
	0.51
	
	

	
	2005
	0.88
	All
	0.88
	0.88
	0.88
	0.88
	
	

	
	2006
	0.90
	All
	0.90
	0.90
	0.90
	0.90
	
	

	
	2007
	0.91
	All
	0.91
	0.91
	0.91
	0.91
	
	

	
	2008 onwards
	0.92
	All
	0.92
	0.92
	0.92
	0.92
	
	



Table S2. The plausible ranges for the input parameters and the values used in each scenario
	
Scenario
	Percent decrease in the high concurrency group concurrency parameter 

	
	20% reduction in concurrency
	50% reduction in concurrency

	
	Male
	Female
	Male
	Female

	Best-estimate
	43.0%
	24.9%
	78.0%
	58.0%

	Lower-concurrency
	34.0%
	n/a
	68.0%
	n/a

	Higher-concurrency
	54.0%
	31.5%
	87.0%
	66.0%

	Reported-concurrency*
	43.0%
	n/a
	78.0%
	n/a



Table S3. The fitted reduction in the concurrency parameters in the high concurrency group in the intervention scenarios after the start of the intervention
Note: n/a: not applicable as there is no female concurrency in these scenarios
*The reported concurrency scenario simulated the reported prevalence of both male and female concurrency (ie 9.6% and 0%)






	
	
	
	Long-duration
	Short-duration
	Total
	Ratio of prevalence of men with one long-duration partnership to prevalence of men with one short-duration partnership
	Ratio of prevalence of long-duration partnership concurrency to prevalence of short-duration partnership concurrency

	
	
	Number of partners
	Target (%)
(bounds)
	Model output (%)
	Target (%)
(bounds)
	Model output (%)
	Target (%)
(bounds)
	Model output (%)
	Target
(bounds)
	Model output
	Target
(bounds)
	Model output

	Best-estimate scenario
	Men
	0
	57.78
(52-63.56)
	57.16%
	86.05
(77.45-94.66)
	86.65%
	48.34
(43.5-53.17)
	47.34%
	-
	3.42
	-
	2.01

	
	
	1
	38.46
(34.62-42.31)
	38.73%
	12.07
(10.86-13.27)
	11.31%
	42.03
(37.83-46.24)
	43.84%
	
	
	
	

	
	
	2+
	3.76
(3.38-4.13)
	4.11%
	1.88
(1.69-2.07)
	2.04%
	9.63
(8.66-10.59)
	8.82%
	
	
	
	

	
	Women
	0
	-
	58.93%
	-
	86.66%
	-
	46.42%
	-
	3.11
	-
	2.07

	
	
	1
	-
	40.13%
	-
	12.89%
	-
	51.37%
	
	
	
	

	
	
	2+
	0.94
(0.85-1.03)
	0.93%
	0.47
(0.42-0.52)
	0.45%
	2.41
(2.17-2.65)
	2.21%
	
	
	
	

	Lower-concurrency scenario
	Men
	0
	-
	62.60
	-
	87.69
	53.15
(47.84-58.47)
	52.29
	3.19 
(2.87-3.51)
	3.15
	2.00 
(1.80-2.20)
	1.95

	
	
	1
	-
	35.21
	-
	11.19
	42.03
(37.83-46.24)
	42.56
	
	
	
	

	
	
	2+
	-
	2.19
	-
	1.12
	4.81
(4.33-5.29)
	5.15
	
	
	
	

	
	Women
	0
	-
	64.94
	-
	88.11
	-
	53.07
	-
	2.95
	-
	-

	
	
	1
	-
	35.04
	-
	11.89
	-
	46.93
	
	
	
	

	
	
	2+
	0
	0.00
	0
	0.00
	0
	0.00
	
	
	
	

	Higher-concurrency scenario
	Men
	0
	-
	54.90%
	-
	84.57%
	43.53 
(39.18-47.88)
	44.69%
	3.19 
(2.87-3.51)
	3.17
	2.00 
(1.80-2.20)
	2.05

	
	
	1
	-
	38.18%
	-
	12.05%
	42.03 
(37.83-46.23)
	41.93%
	
	
	
	

	
	
	2+
	-
	6.92%
	-
	3.38%
	14.44
(13-15.88)
	13.38%
	
	
	
	

	
	Women
	0
	-
	53.98%
	-
	83.61%
	-
	38.89%
	-
	2.85
	2.00
 (1.80-2.20)
	1.87

	
	
	1
	-
	44.56%
	-
	15.61%
	-
	57.57%
	
	
	
	

	
	
	2+
	-
	1.46%
	-
	0.78%
	3.61
(3.25-3.97)
	3.53%
	
	
	
	

	Reported-concurrency scenario
	Men
	0
	57.78
(52-63.56)
	57.20
	86.05
(77.45-94.66)
	86.68
	48.34
(43.5-53.17)
	47.40
	-
	3.43
	-
	2.02

	
	
	1
	38.46
(34.62-42.31)
	38.70
	12.07
(10.86-13.27)
	11.30
	42.03 
(37.83-46.24)
	43.81
	
	
	
	

	
	
	2+
	3.76
(3.38-4.13)
	4.10
	1.88
(1.69-2.07)
	2.03
	9.63
(8.66-10.59)
	8.79
	
	
	
	

	
	Women
	0
	-
	57.87
	-
	86.19
	-
	44.07
	-
	3.05
	-
	-

	
	
	1
	-
	42.13
	-
	13.81
	-
	55.93
	
	
	
	

	
	
	2+
	0
	0.00
	0
	0.00
	0
	0.00
	
	
	
	


Table S4. The plausible ranges and model outputs for the prevalence of concurrency and number of partners









	Outputs
	Target (Fitting constraint)
	Modelled value
	Reference/explanation for fitting constraint

	
	
	Lower-concurrency scenario
	Best-estimate scenario
	Higher-concurrency scenario
	Reported-concurrency scenario
	

	Demography
	
	
	
	
	
	

	Population size in 2008 (male)
	3318 (2986-3650)
	3321
	3317
	3332
	3310
	Population size of cohort in 2008 ±10%

	Population size in 2008 (female)
	3749 (3374-4124)
	3758
	3745
	3759
	3722
	Population size of cohort in 2008 ±10%

	Average population growth rate 1979-2008 (% increase per year)
	-0.1-0.1
	-0.01
	-0.02
	0.00
	-0.03
	Approximately stable population size

	Sexual behaviour
	
	
	
	
	
	

	Average male partnership incidence in 2008
	0.444 (0.400-0.489) estimated and reported scenarios only
	0.370
	0.429
	0.528
	0.429
	Average partnership incidence in cohort between 2004-2008 ±10%

	Epidemiology
	
	
	
	
	
	

	HIV prevalence in 1992 (male)
	0.097 (0.084-0.112)
	0.090
	0.094
	0.089
	0.092
	Within the 95% confidence intervals for the data

	HIV prevalence in 1992 (female)
	0.109 (0.096-0.124)
	0.110
	0.115
	0.112
	0.119
	Within the 95% confidence intervals for the data

	HIV prevalence in 2001 (male)
	0.078 (0.07-0.090)
	0.077
	0.075
	0.074
	0.076
	Within the 95% confidence intervals for the data

	HIV prevalence in 2001 (female)
	0.094 (0.083-0.107)
	0.093
	0.095
	0.096
	0.096
	Within the 95% confidence intervals for the data

	HIV prevalence in 2007 (male)
	0.071 (0.060-0.084)
	0.079
	0.078
	0.073
	0.076
	Within the 95% confidence intervals for the data

	HIV prevalence in 2007 (female)
	0.105 (0.093-0.119)
	0.098
	0.097
	0.099
	0.098
	Within the 95% confidence intervals for the data


Table S5. The plausible ranges and simulated values for model outputs



	
	Reduction in concurrency in 2020 (%)
	Reduction in concurrency in 2011 (%)

	Scenario
	Target: 20% reduction in total concurrency
	Target: 50% reduction in total concurrency
	Target: 20% reduction in total concurrency
	Target: 50% reduction in total concurrency

	
	
	Long-duration
	Short-duration
	Total
	Long-duration
	Short-duration
	Total
	Long-duration
	Short-duration
	Total
	Long-duration
	Short-duration
	Total

	Lower-concurrency
	Men
	25.3
	20.2
	20.8
	56.1
	47.8
	49.5
	6.1
	19.6
	13.7
	13.2
	48.0
	33.0

	
	Women
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	Best-estimate
	Men
	29.8
	22.3
	20.7
	57.6
	60.2
	49.2
	6.7
	22.2
	12.0
	13.7
	51.0
	30.8

	
	Women
	18.7
	20.9
	19.3
	51.7
	49.5
	50.2
	4.7
	18.3
	12.7
	11.8
	48.1
	32.7

	Higher-concurrency
	Men
	33.9
	23.6
	20.1
	67.4
	49.5
	49.4
	7.4
	23.4
	9.6
	14.1
	50.8
	27.4

	
	Women
	18.9
	24.0
	20.6
	45.9
	55.9
	49.8
	5.9
	19.0
	14.2
	13.5
	48.0
	34.2

	Reported-concurrency
	Men
	29.7
	22.4
	20.7
	58.0
	61.0
	50.0
	6.8
	22.4
	12.0
	13.7
	50.8
	30.8

	
	Women
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a



Table S6. Reduction in the prevalence of concurrency in 2020 and 2011
Calculated as the difference in prevalence in the intervention scenario compared to the baseline scenario over the prevalence in the baseline scenario. Note: n/a: not applicable as there is no female concurrency in these scenarios.












	Scenario
	Number of partnerships
	Total
	Long-duration
	Short-duration

	
	
	Baseline
	20% reduction in concurrency
	50% reduction in concurrency
	Baseline
	20% reduction in concurrency
	50% reduction in concurrency
	Baseline
	20% reduction in concurrency
	50% reduction in concurrency

	Best-estimate (Men)
	0
	47.34%
	44.35%
	41.22%
	57.09%
	55.33%
	53.77%
	86.68%
	86.15%
	85.54%

	
	1
	43.68%
	48.52%
	54.27%
	38.64%
	41.68%
	44.60%
	11.29%
	12.28%
	13.45%

	
	2+
	8.98%
	7.12%
	4.51%
	4.26%
	2.99%
	1.63%
	2.03%
	1.58%
	1.01%

	Best-estimate (Women)
	0
	46.33%
	45.85%
	45.12%
	58.77%
	58.49%
	58.13%
	86.72%
	86.67%
	86.55%

	
	1
	51.40%
	52.32%
	53.74%
	40.25%
	40.74%
	41.41%
	12.83%
	12.96%
	13.21%

	
	2+
	2.27%
	1.83%
	1.15%
	0.97%
	0.77%
	0.47%
	0.46%
	0.37%
	0.24%

	Lower-concurrency (Men)
	0
	52.20%
	50.93%
	49.29%
	62.44%
	61.80%
	61.03%
	87.74%
	87.48%
	87.18%

	
	1
	42.57%
	44.93%
	48.07%
	35.31%
	36.51%
	37.98%
	11.14%
	11.62%
	12.24%

	
	2+
	5.23%
	4.15%
	2.64%
	2.25%
	1.68%
	0.99%
	1.12%
	0.89%
	0.58%

	Lower-concurrency (Women)
	0
	52.92%
	52.88%
	52.85%
	64.77%
	64.74%
	64.69%
	88.16%
	88.14%
	88.16%

	
	1
	47.08%
	47.12%
	47.15%
	35.23%
	35.26%
	35.31%
	11.84%
	11.86%
	11.84%

	
	2+
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	Higher-concurrency (Men)
	0
	44.58%
	38.51%
	33.43%
	54.72%
	50.84%
	48.12%
	84.60%
	83.41%
	82.40%

	
	1
	41.98%
	50.74%
	59.78%
	38.31%
	44.55%
	49.61%
	12.03%
	14.02%
	15.90%

	
	2+
	13.44%
	10.74%
	6.80%
	6.97%
	4.61%
	2.27%
	3.37%
	2.57%
	1.70%

	Higher-concurrency (Women)
	0
	38.73%
	37.80%
	36.65%
	53.75%
	53.19%
	52.62%
	83.64%
	83.50%
	83.30%

	
	1
	57.62%
	59.31%
	61.52%
	44.72%
	45.64%
	46.71%
	15.56%
	15.85%
	16.27%

	
	2+
	3.65%
	2.90%
	1.83%
	1.53%
	1.16%
	0.67%
	0.79%
	0.64%
	0.43%




Table S7. The distribution of partnerships in 2020 in the baseline and intervention scenarios (20% and 50% reduction in concurrency)



	
	
	Six months before
	Time of interview
	

	
	
	Number
	Proportion (%)
(95% CI)
	Number
	Proportion (%)
(95% CI)
	p-value

	Men
	0
	620
	48.3 (45.5-51.2)
	611
	47.5 (44.7-50.4)
	

	
	1
	479
	42.0 (39.2-44.9)
	479
	41.91 (39.1-44.7)
	0.47

	
	2+
	109
	9.6 (7.9-11.4)
	120
	10.5 (8.8-12.3)
	0.47

	
	Total
	1208
	
	1210
	
	

	Women
	0
	619
	42.3 (39.8-44.8)
	585
	40.0 (37.4-42.5)
	0.28

	
	1
	848
	57.5 (55.0-60.0)
	880
	59.9 (57.4-62.4)
	0.13

	
	2+
	3
	0.2 (0.0-0.4)
	2
	0.2 (0.0-0.4)
	0.48

	
	Total
	1470
	
	1467
	
	


Table S8. Comparison of the empirical partnership distribution six months prior to the interview and the empirical partnership distribution at the time of the interview

















	




	
	
	HIV incidence in 2020

	
	
	
	20% reduction in concurrency
	50% reduction in concurrency

	
	
	No intervention
(per year)
	Intervention
(per year)
	Percent reduction
	Intervention
(per year)
	Percent reduction

	
	
	
	
	
	
	

	Lower-concurrency
	Male
	0.66%
	0.66%
	0.29%
	0.65%
	1.42%

	
	Female
	0.80%
	0.78%
	2.09%
	0.75%
	6.25%

	
	Total
	0.73%
	0.72%
	1.32%
	0.70%
	4.18%

	
	
	
	
	
	
	

	Best-estimate
	Male
	0.65%
	0.62%
	4.08%
	0.61%
	6.03%

	
	Female
	0.81%
	0.74%
	9.24%
	0.68%
	16.19%

	
	Total
	0.73%
	0.68%
	7.06%
	0.65%
	11.91%

	
	
	
	
	
	
	

	Higher-concurrency
	Male
	0.56%
	0.52%
	5.74%
	0.50%
	10.79%

	
	Female
	0.77%
	0.64%
	16.79%
	0.59%
	23.37%

	
	Total
	0.67%
	0.58%
	12.37%
	0.55%
	18.34%

	
	
	
	
	
	
	

	Reported-concurrency
	Male
	0.62%
	0.60%
	2.51%
	0.59%
	3.91%

	
	Female
	0.80%
	0.73%
	8.66%
	0.67%
	15.13%

	
	Total
	0.71%
	0.67%
	6.10%
	0.64%
	10.47%


[bookmark: _Ref290463578]Table S9. The reduction in HIV incidence in 2020 caused by the intervention
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	Reduction in concurrency parameter

	Scenario
	
	10%
	20%
	30%
	40%
	50%
	60%
	70%
	80%
	90%

	Best-estimate

	Reduction in male concurrency
	Reduction in concurrency
	3.89%
	8.56%
	13.37%
	18.76%
	24.97%
	32.36%
	41.31%
	52.23%
	67.79%

	
	
	Male
	0.86%
	0.53%
	1.74%
	2.68%
	2.40%
	3.67%
	4.53%
	4.38%
	5.53%

	
	
	Female
	2.20%
	4.86%
	8.00%
	9.07%
	11.24%
	13.04%
	14.56%
	16.17%
	18.31%

	
	
	Overall
	1.63%
	3.03%
	5.36%
	6.37%
	7.51%
	9.09%
	10.33%
	11.20%
	12.93%

	
	Reduction in female concurrency
	Reduction in concurrency
	7.63%
	15.85%
	24.04%
	32.63%
	41.62%
	51.51%
	62.10%
	73.46%
	85.97%

	
	
	Male
	0.21%
	1.00%
	1.23%
	1.65%
	2.27%
	2.46%
	3.40%
	3.52%
	4.59%

	
	
	Female
	0.07%
	0.66%
	0.56%
	0.87%
	0.86%
	1.20%
	1.65%
	1.67%
	1.66%

	
	
	Overall
	0.13%
	0.81%
	0.85%
	1.20%
	1.46%
	1.74%
	2.39%
	2.46%
	2.91%

	Lower-concurrency
	Reduction in male concurrency
	Reduction in concurrency
	5.39%
	11.61%
	17.94%
	24.97%
	33.02%
	41.77%
	51.96%
	63.71%
	78.76%

	
	
	Male
	0.29%
	0.70%
	0.76%
	1.12%
	1.95%
	1.49%
	2.12%
	2.11%
	2.00%

	
	
	Female
	0.63%
	1.49%
	2.74%
	3.46%
	4.57%
	4.98%
	6.54%
	7.66%
	8.04%

	
	
	Overall
	0.43%
	1.15%
	1.89%
	2.45%
	3.44%
	3.48%
	4.64%
	5.28%
	5.45%

	Higher-concurrency

	Reduction in male concurrency
	Reduction in concurrency
	2.47%
	5.60%
	9.15%
	13.11%
	18.18%
	23.90%
	31.37%
	40.72%
	54.37%

	
	
	Male
	1.28%
	1.63%
	2.91%
	4.98%
	5.22%
	5.93%
	8.00%
	8.46%
	8.59%

	
	
	Female
	2.96%
	6.71%
	10.00%
	12.79%
	14.70%
	17.71%
	19.34%
	22.52%
	23.46%

	
	
	Overall
	2.27%
	4.67%
	7.16%
	9.65%
	10.90%
	13.00%
	14.80%
	16.90%
	17.52%

	
	Reduction in female concurrency
	Reduction in concurrency
	6.48%
	13.16%
	19.98%
	27.09%
	35.37%
	44.47%
	54.48%
	65.60%
	79.37%

	
	
	Male
	0.30%
	1.66%
	1.21%
	1.45%
	1.87%
	2.35%
	3.55%
	4.08%
	3.94%

	
	
	Female
	0.28%
	0.59%
	0.60%
	0.64%
	1.36%
	0.97%
	0.83%
	1.67%
	1.42%

	
	
	Overall
	0.29%
	1.01%
	0.84%
	0.96%
	1.57%
	1.52%
	1.91%
	2.63%
	2.43%



Table S10. The impact of differing reductions in male and female concurrency on HIV incidence in 2020









[image: ]
Figure S1. Schematic of simulated HIV natural history
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Figure S2. The change in HIV incidence over time in the best-estimate scenario following a 50% reduction in concurrency commencing in 2010.
The dashed vertical line indicates the start of the intervention. The drop in HIV incidence starting in 2004 is due to the introduction of ART. Trends in other scenarios are similar (not shown)
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Figure S3. The target and simulated male and female population sizes in 2008
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Figure S4. ‘Reported’-concurrency scenario: a) The target and simulated male partnership distribution, b) the simulated female partnership distribution, and c) the model fit to the empirical HIV prevalences in 1992, 1997 and 2007 and the trend in HIV prevalence 
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Figure S5. The effect of the intervention (50% reduction in concurrency) on the prevalence of concurrency over time in the best-estimate scenario. Intervention starts in 2010.
Trends in other scenarios were very similar (not shown).


Figure S6. The effect of the intervention on partnership incidence.  Intervention starts in 2010.
*the average number of new partners per male per year


Figure S7. The effect of the intervention on the amount of sex. Intervention starts in 2010.




Best-estimate scenario no intervention	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	0.43284717862589117	0.43256659687001453	0.43151005906595241	0.43071033533086944	0.42965157777163182	0.42977480942723822	0.43008670799321658	0.43129000996658184	0.43103706896043881	0.43084157627769543	0.43099399700512331	0.43082584547341291	0.43060312577407139	0.43045859875858189	0.43018101166501682	0.42959877435159832	0.42966188060276189	0.42968671535361386	0.4295986983649635	0.42918000459794792	0.42991545044667828	Best-estimate scenario intervention (20% reduction)	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	0.43284717862589117	0.43256659687001453	0.43151005906595241	0.43071033533086944	0.42965157777163182	0.42977480942723822	0.43008670799321658	0.43129000996658184	0.43103706896043881	0.43084157627769543	0.43099399700512331	0.43067471113963318	0.43136954213250844	0.43064976089018681	0.4297301191336303	0.43033479425281329	0.42973871627406773	0.42968344065235142	0.42984587124297535	0.42946999442827832	0.42942579259617436	Best-estimate scenario intervention (50% reduction)	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	0.43284717862589117	0.43256659687001453	0.43151005906595241	0.43071033533086944	0.42965157777163182	0.42977480942723822	0.43008670799321658	0.43129000996658184	0.43103706896043881	0.43084157627769543	0.43099399700512331	0.4308115733444855	0.43036446244000487	0.43044669192901858	0.43036834065917201	0.42979766931505137	0.42963698655237081	0.42984506842250808	0.42898611108001056	0.4300257372071874	0.42891130111987308	Lower-concurrency scenario no intervention	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	0.37393864483812322	0.37288630031639697	0.37177793557070432	0.3708559681978375	0.3694804179020636	0.36997171763021097	0.37045319317957337	0.37026946313218839	0.37077582448308199	0.37061544089861392	0.37083457098637262	0.37083073536842526	0.37062017341412817	0.37043526958441197	0.37050928832412111	0.36990375967304889	0.36981565045165532	0.36977168316115488	0.36964649450950882	0.37009588679111677	0.36962569832903214	Lower-concurrency scenario intervention (20% reduction)	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	0.37393864483812322	0.37288630031639697	0.37177793557070432	0.3708559681978375	0.3694804179020636	0.36997171763021097	0.37045319317957337	0.37026946313218839	0.37077582448308199	0.37061544089861392	0.37083457098637262	0.37075043236040645	0.37081084696512945	0.37044615347727688	0.36999759937186294	0.36977839955919667	0.36984554188424107	0.36996584560214707	0.36939303257119122	0.37011390215706763	0.36978184269849407	Lower-concurrency scenario intervention (50% reduction)	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	0.37393864483812322	0.37288630031639697	0.37177793557070432	0.3708559681978375	0.3694804179020636	0.36997171763021097	0.37045319317957337	0.37026946313218839	0.37077582448308199	0.37061544089861392	0.37083457098637262	0.37076198998959953	0.37103951358666132	0.37077339959193667	0.37034799284311781	0.36988513388824146	0.36999732036375432	0.36950282681745306	0.36986536456091584	0.3698625594328615	0.36964839769097624	Higher-concurrency scenario no intervention	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	0.53182322541260008	0.53112928748227362	0.52967019622130063	0.5293353031275414	0.52796138545620408	0.52817210504822887	0.52936659241790973	0.52890594031798854	0.5293283514189655	0.52880482210134794	0.52893854865756107	0.52940158692915196	0.5291620953528775	0.52767841419350137	0.52841422569522956	0.52804203086265356	0.52796616255123041	0.52758037169745775	0.52730940660060399	0.52771301990208641	0.52748200144068358	Higher-concurrency scenario intervention (20% reduction)	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	0.53182322541260008	0.53112928748227362	0.52967019622130063	0.5293353031275414	0.52796138545620408	0.52817210504822887	0.52936659241790973	0.52890594031798854	0.5293283514189655	0.52880482210134794	0.52893854865756107	0.52895759131557163	0.52844379160553767	0.52837097219075024	0.52823882935157263	0.52832147539670471	0.5275895781315143	0.52786409495143349	0.52760363643920583	0.52750551660464662	0.52777273700143301	Higher-concurrency scenario intervention (50% reduction)	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	0.53182322541260008	0.53112928748227362	0.52967019622130063	0.5293353031275414	0.52796138545620408	0.52817210504822887	0.52936659241790973	0.52890594031798854	0.5293283514189655	0.52880482210134794	0.52893854865756107	0.52917667301779292	0.5287199063874557	0.52847548294778779	0.52815076841468467	0.52765169863710748	0.52766769640656064	0.52731829164276756	0.52711028638636159	0.52685322517671251	0.52746814060997627	Reported-concurrency scenario no intervention	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	0.43234612886552132	0.43156511285438431	0.43025813270983332	0.4300901776360489	0.42950078388705476	0.42938539126977593	0.43004814898580768	0.43013412458154804	0.42996947035264133	0.43055886455563785	0.43061235137875514	0.43040304651804034	0.42981003003737978	0.42970355764187018	0.42935372135318939	0.42924381500305381	0.42887495721350627	0.42830623639951465	0.42906298122728276	0.42893491659212585	0.42871921387788153	Reported-concurrency scenario intervention (20% reduction)	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	0.43234612886552132	0.43156511285438431	0.43025813270983332	0.4300901776360489	0.42950078388705476	0.42938539126977593	0.43004814898580768	0.43013412458154804	0.42996947035264133	0.43055886455563785	0.43061235137875514	0.43011752580641932	0.43002328610927304	0.42978384313499796	0.42940337677258528	0.429617296752212	0.42901869364918366	0.42970241002367981	0.42911646234532463	0.42956287088917472	0.42933100574860888	Reported-concurrency scenario intervention (50% reduction)	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	0.43234612886552132	0.43156511285438431	0.43025813270983332	0.4300901776360489	0.42950078388705476	0.42938539126977593	0.43004814898580768	0.43013412458154804	0.42996947035264133	0.43055886455563785	0.43061235137875514	0.42989962049538749	0.42991137566297677	0.42961129590676039	0.4296992582845916	0.42948428034719016	0.42891217387770669	0.42903699288500413	0.42883372383021157	0.42919202333369638	0.42898306947370002	
Average
partnership
incidence*

Best-estimate scenario no intervention	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	67.059470559092489	68.127043910956758	69.150965585278527	70.137819916321348	71.137158877025186	72.086051473343545	73.183185409154419	74.319101488169295	75.280952497244314	75.808155893695258	75.992459358234939	76.087699070393526	76.126471302891787	76.121169128585649	76.088915631313327	76.032748857422021	76.016067764753146	76.012428458453158	75.973027603606212	75.964432922560718	75.995283449224715	Best-estimate scenario intervention (20% reduction)	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	67.059470559092489	68.127043910956758	69.150965585278527	70.137819916321348	71.137158877025186	72.086051473343545	73.183185409154419	74.319101488169295	75.280952497244314	75.808155893695258	75.992459358234939	76.093862364108972	76.126033885593259	76.142059485341676	76.072941012722822	76.069080740372527	76.03713643002088	76.015946753185858	76.045421613508609	76.057962964038822	76.106140070074119	Best-estimate scenario intervention (50% reduction)	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	67.059470559092489	68.127043910956758	69.150965585278527	70.137819916321348	71.137158877025186	72.086051473343545	73.183185409154419	74.319101488169295	75.280952497244314	75.808155893695258	75.992459358234939	76.103395778410658	76.128162783052659	76.138719610375333	76.106148205793488	76.079896762649838	76.063516715121708	76.091166897762903	76.095546174208579	76.151910937980318	76.184919795871636	Lower-concurrency scenario no intervention	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	57.338180961006792	58.117700097195005	58.877677413502589	59.62396796150923	60.348298681121932	61.067496173099244	61.928973898830108	62.762571765570662	63.514728487269203	63.915513494727293	64.057179644283195	64.138841497943858	64.151665751025092	64.131897481444838	64.1110255109447	64.081510219742995	64.045073741425142	64.030909609420917	64.029802118378058	64.069876181939648	64.089772704737058	Lower-concurrency scenario intervention (20% reduction)	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	57.338180961006792	58.117700097195005	58.877677413502589	59.62396796150923	60.348298681121932	61.067496173099244	61.928973898830108	62.762571765570662	63.514728487269203	63.915513494727293	64.057179644283195	64.161619912318599	64.185248702240358	64.146290205841524	64.075642543079198	64.04481241015678	64.020079411928748	64.03022722696943	64.005895400001748	64.07274870378312	64.095659588326626	Lower-concurrency scenario intervention (50% reduction)	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	57.338180961006792	58.117700097195005	58.877677413502589	59.62396796150923	60.348298681121932	61.067496173099244	61.928973898830108	62.762571765570662	63.514728487269203	63.915513494727293	64.057179644283195	64.138550881099349	64.170267110985534	64.151564306449558	64.110758907782625	64.053261623016027	64.048688024975846	64.046304999856503	64.101536627664558	64.144777070177781	64.153872863307058	Higher-concurrency scenario no intervention	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	83.236602287659878	83.615737028440094	83.981613476386926	84.399578002948758	84.830560690546392	85.324634270274103	86.062364220334203	86.796812336778558	87.43787267473401	87.805672178119636	88.026896354016458	88.101700707898758	88.167309918403419	88.106228415193911	88.071554233781058	88.01142708212069	87.974921101111505	87.944458861952626	87.896390148767338	87.903841522985758	87.949570109071274	Higher-concurrency scenario intervention (20% reduction)	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	83.236602287659878	83.615737028440094	83.981613476386926	84.399578002948758	84.830560690546392	85.324634270274103	86.062364220334203	86.796812336778558	87.43787267473401	87.805672178119636	88.026896354016458	88.112936932812872	88.163852286473258	88.158437283538177	88.121943441022097	88.112999015797371	88.05936292131193	88.0830096194086	88.097771128705958	88.152781506962285	88.205587719977757	Higher-concurrency scenario intervention (50% reduction)	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	83.236602287659878	83.615737028440094	83.981613476386926	84.399578002948758	84.830560690546392	85.324634270274103	86.062364220334203	86.796812336778558	87.43787267473401	87.805672178119636	88.026896354016458	88.106298376097484	88.172574784482137	88.164538042263558	88.144631340953751	88.1162465229731	88.145764620921469	88.163601110943958	88.164380710749555	88.234816759661442	88.338194783554258	Reported-concurrency scenario no intervention	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	66.876181306117289	67.938892842973019	68.956377774918252	69.96859678899682	70.995215312460758	71.963743541439499	73.094490776043443	74.236486902834258	75.171036838094352	75.739103671683466	75.944328731922127	76.064848178812099	76.076015033605458	76.084680034980408	76.031531442308136	76.024251434941561	75.982389004152651	75.95306622286401	75.999801823226278	76.006249600923127	75.999311423688681	Reported-concurrency scenario intervention (20% reduction)	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	66.876181306117289	67.938892842973019	68.956377774918252	69.96859678899682	70.995215312460758	71.963743541439499	73.094490776043443	74.236486902834258	75.171036838094352	75.739103671683466	75.944328731922127	76.053851534504645	76.105108715560164	76.117557640539303	76.075078144810547	76.061288791879093	76.034924864814627	76.061983889993527	76.08382246603675	76.109382081862819	76.146823191509768	Reported-concurrency scenario intervention (50% reduction)	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	66.876181306117289	67.938892842973019	68.956377774918252	69.96859678899682	70.995215312460758	71.963743541439499	73.094490776043443	74.236486902834258	75.171036838094352	75.739103671683466	75.944328731922127	76.058773195588358	76.100750030507669	76.119262219979163	76.091211497549324	76.069339451905563	76.059681858458205	76.046284402659609	76.079247494588458	76.143207866373913	76.189509164198455	
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