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Abstract/key word page 

Objective: Young men who have sex with men (YMSM) in the U.S. have a high HIV 

incidence with substantial racial disparities that are poorly understood. We use a data-

driven simulation model to understand the impact of network-level mechanisms and STI 

infections on the spread of HIV among YMSM. 

Methods: We designed and parameterized a stochastic agent-based network simulation 

model using results of a longitudinal cohort study of YMSM in Chicago. Within this model, 

YMSM formed and dissolved partnerships over time, and partnership-types were stratified 

by length of partnership, sex and age of the partner. In each partnership, HIV, gonorrhea 

and chlamydia could be transmitted. Counterfactual scenarios were run to examine 

drivers of HIV. 

Results: Over a 15 year simulation, the HIV epidemic among YMSM continued to rise 

with Latino/White YMSM facing a steeper increase in the HIV burden compared to Black 

YMSM. YMSM in partnerships with older MSM, in particular Black YMSM with older Black 

MSM, were at highest risk for HIV and one infection prevented with an older partner would 

prevent 0.8 additional infections among YMSM. Additionally, racial disparities in HIV were 

driven by differences in the HIV prevalence of YMSM partners. Finally, of all HIV 

infections among YMSM, 14.6% were attributable to NG and CT infections.  

Conclusion: Network-level mechanisms and STI infections play a significant role in the 

spread of HIV, and in racial disparities among YMSM. HIV prevention efforts should target 

YMSM across race, and interventions focusing on YMSM partnerships with older MSM 

might be highly effective. 

Key Words: HIV, STI, Men who have sex with men, sexual behavior, sexual partners, 

Mathematical Models  
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Introduction  

Between 2006 and 2009, the number of new HIV infections in the United States 

attributable to young men who have sex with men (YMSM) aged 13-29 years rose by 

34%, resulting in 27% of all new HIV infections in 2009 attributed to YMSM1,2. In contrast, 

the overall number of new HIV infections has remained stable at an estimated 50,000 

cases per year throughout the same period2. Additionally, there are substantial 

racial/ethnic disparities in HIV among YMSM, with Black YMSM  accounting for more than 

50% of new HIV infections among YMSM in 20091,2, and racial and ethnic minority YMSM 

have a higher incidence of HIV compared to White YMSM3. For example, Black YMSM 

are estimated to have a 3-6 fold increased annual HIV incidence compared to White 

YMSM3,4.  

 Our understanding of the high incidence and racial/ethnic disparities in HIV among 

YMSM is limited5,6. There is evidence that some individual-level mechanisms, such as 

sexually transmitted infections (STIs), contribute to an elevated HIV risk among YMSM5.  

In particular, rectal infections of gonorrhea (NG) and Chlamydia (CT) have received 

attention as possible drivers4,7 due to: 1) the biological evidence that NG and CT increase 

susceptibility and transmissibility of HIV8-11; 2) the empirical evidence of a 2 to 3 times 

greater rectal prevalence of NG and CT compared to urethral prevalence in YMSM4,12; 

and 3) the estimates of rectal testing rates being 7 and 9 times lower compared to urethral 

testing rates among MSM7. However, it remains unclear to what extent urethral and rectal 

NG and CT infections contribute to the high HIV incidence among YMSM13,14.  

However, individual-level mechanisms alone do not adequately explain the 

observed racial/ethnic disparities in HIV incidence among YMSM13,15,16.  Several network-

level and contextual mechanisms have been hypothesized, but most evidence is 
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inconclusive5. Among these, age-assortative and race-assortative mixing are commonly 

hypothesized to contribute to racial/ethnic disparities and high incidence among YMSM17-

22. Particularly, partnerships of YMSM with older MSM are assumed to be significant 

drivers of racial/ethnic disparities and higher HIV incidence in YMSM because of the 

elevated HIV prevalence and differences in HIV prevalence among older MSM 

partners19,20,23. However, only a limited number of studies focus on understanding these 

network-level mechanisms19,20,24 and results are mixed and inconclusive5, thus 

underscoring the need for additional research. 

 Traditional epidemiological and statistical study designs may not be sufficient to 

fully explain and understand the complex HIV epidemic among YMSM4,25. Decomposing 

this complex problem into several distinct analyses of hypothesized mechanisms may 

result not only in an inaccurate estimate of single mechanisms, but also could  potentially 

fail to detect important interactions between these mechanisms25. Epidemic modeling, in 

particular simulation-based approaches, provide the opportunity to study such complex 

systems and examine both main effects and interactions of hypothesized mechanisms4,25. 

Despite their utility for examining the HIV epidemic among YMSM, no epidemic model has 

yet been developed to study the impact of the broad range of hypothesized mechanisms 

and their interactions on the HIV spread among YMSM.   

In this study, we developed a data-driven agent-based dynamic network simulation 

model to study HIV spread among YMSM. Using this novel model we studied the impact 

of age-assortative and race-assortative mixing, and NG and CT infections on HIV 

incidence and racial disparities among YMSM. We parameterized the simulation model 

using data of an ongoing longitudinal cohort study of YMSM in Chicago.  
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Methods  

Data-driven simulation model  

We developed a discrete-time stochastic agent-based dynamic network simulation 

model26,27 to study HIV spread among a YMSM population age 16 to 21.8 years over 15 

years. The simulation model consisted of two major components: the partnership 

formation and dissolution model simulating the sexual partnership behavior of YMSM and 

the disease transmission model simulating the transmission of HIV, NG, and CT across 

sexual partnerships. The online Appendix provides a detailed description of the underlying 

empirical study (online Appendix section SDC 1), the design and parameterization of the 

simulation model (online Appendix section SDC 2 and section SDC 3), the design of the 

population size and race mix, the aging-in, death, and aging-out processes (online 

Appendix section SDC 4), the implementation and validation (online Appendix section 

SDC 5), the counterfactual scenarios (online Appendix section SDC 6), and further details 

on results presented in this paper (online Appendix section SDC 7).    

 

Partnership formation and dissolution model  

The design of the partnership formation and dissolution model was informed using 

data from the Crew 450 study28,29. We modeled partnerships by first splitting sexual 

partner-type by those who were one-night-partnerships (one-night partners) and those 

who were extended partners. Then we further divided extended partners into both 

partners who were also YMSM (within partners) and partners who were not YMSM 

(outside partners). Therefore, there are three major types of partnerships: one-night-

partnerships, outside-partnerships, and within-partnerships (online Appendix section SDC 
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2). Despite being a study of YMSM, including outside partners (those older than 21.8 

years at baseline or female) increases the accuracy of our model versus others30, as 

these relationships are prevalent within our sample and differ in associated risks. For 

example, 27.3% of the 421 YMSM within the Crew 450 cohort identified their sexual 

orientation as something other than “homosexual-only” or “mostly-homosexual,” and 

11.3% of all sex-contacts named by YMSM at data collection waves T1 and T2 were 

female (online Appendix section SDC 1).  

One-night-partnerships, outside-partnerships, and within-partnerships are each 

modelled in one of two ways within our simulation. Within-partnerships are modelled as a 

tie in the network of YMSM, but both one-night-partnerships and outside-partnerships are 

not. Instead, these partnerships are modelled as attributes of YMSM in the network, and 

are dependent on the individual attributes and the sexual momentary degree of the 

individual YMSM. We chose to model the networks of within-partners as ties because the 

strongest empirical data available to us was around YMSM and their partners who were 

also YMSM (online Appendix section SDC 2.2.1).   

We assumed each YMSM had a sexual tendency shaped by their self-reported 

sexual orientation, their desired sex-role, and their desired sex-frequency (online 

Appendix section SDC 2.4, Figure 7). In our model, the sexual orientation of a YMSM 

impacts his choice of forming a partnership either with a man or a women. Additionally, 

because the desired sex-role and sex-frequency might differ from the actual sex-role 

behavior and sex-frequency in a partnership, a novel approach was used in which we 

modeled the desired sex-role and sex-frequency as latent variables which influence the 

actual sex-role behavior and sex-frequency in a partnership. Actual sexual behavior was 

then modelled as a function of the sexual tendency of each individual YMSM, the sexual 
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tendency of his partner, and the overall sexual behavior among the YMSM cohort (online 

Appendix section SDC 2.4).   

After the partnership formation, partnership attributes such as oral-sex only, 

seriousness, mean length and propensity of unprotected anal and vaginal intercourse are 

determined in sequence using probability estimates derived from multivariate regression 

models (online Appendix sections SDC 2.2.3, 2.2.4, and 2.2.5). We assumed that outside-

partnerships and within-partnerships dissolve at each time step with a probability 

determined by the mean duration for each partnership31 (online Appendix section SDC 

2.3). 

Disease transmission model 

We model simultaneous HIV, NG, and CT spread among YMSM (online Appendix 

section SDC 3) where sexually-active YMSM could become infected with HIV, NG, and 

CT having either penile-vaginal or insertive anal intercourse in female-male partnerships, 

or receptive or insertive anal intercourse in male-male partnerships. Transmission through 

oral sex was not considered due to the very low transmission risk for HIV (i.e., 0.04% per 

sex act32) and missing evidence about the pharyngeal-to-urethral transmission risk for NG 

and CT33. 

The level of infectiousness of a HIV-positive individual differed by time since 

infection34, use of antiretroviral therapy (ART)35, and full or partial viral suppression30,36, all 

of which were stratified by race. HIV-infected YMSM initiated ART only if they tested 

positive and an appropriate amount of time had passed since their exposure to the HIV 

infection, reflecting current access to treatment and treatment levels30,37 (online Appendix 

section SDC 3.2). We assumed that on average all outside partners stratified by race and 
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sex have the same HIV prevalence31,32. Thus, outside partners were randomly assigned to 

be HIV-positive or HIV-negative based on their race and gender. HIV, NG, and CT 

prevalence of outside male partners was updated over time due to aging-out of YMSM 

(online Appendix sections SDC 3.2.2 and SDC 7.1).The infectiousness of HIV-infected 

outside partners was also stratified by sex and race. 

We assumed increased HIV susceptibility and HIV transmissibility in case of an 

infection with NG or CT, stratified by site of infection (urethra or rectum)8-11 (online 

Appendix section SDC 3.3.3). Due to missing or limited biological evidence, we assumed 

NG and CT infections to be independent of each other, as well as of HIV infection and 

ART, and that these factors would not impact the spread and course of NG and CT. 

YMSM and outside partners could have HIV, NG, and CT infections simultaneously. For 

NG and CT we assumed that only one site, i.e., urethra or rectum, could be infected 

because of the unknown pharyngeal-to-urethral transmission risk and the low prevalence 

of dual site infections in particular for CT7,38, and that the newly infected site is 

complementary to the infected body site of the sex-partner (i.e., having sex with a rectally 

infected can only result in an urethral infection). The course of rectal and urethral NG and 

CT infections was stratified by type of infection (symptomatic vs. asymptomatic), 

treatment-seeking behavior, and the decision to cease sex while being infected. 

Individuals with an asymptomatic infection could only receive treatment if they tested 

positive (online Appendix sections SDC 3.3.1 and 3.3.2).   

 

Parameterization  

Longitudinal cohort study: Crew 450 
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Empirical data were utilized from an ongoing longitudinal study of 450 Chicago 

YMSM, with study recruitment starting in December 2009 and ending in February 2013.  

After baseline (T1), data were collected every six months. Retention between waves was 

high, with 86.7% of participants completing the assessment at T2. An individual was 

eligible for participation if they were between the ages of 16 and 20 at baseline, birth sex 

male, spoke English, reported a sexual encounter with a male or an identity of 

gay/bisexual, and was available for 2 years of follow-up. Participants were recruited 

through a modified form of respondent-driven sampling28,39 (online Appendix section SDC 

1). 

Model parameterization 

 We simulate a YMSM population of size n=4484 YMSM over 15 years where the 

total population size increases by 0.264% each year40. Size and race-mix were chosen 

such that the simulated population is representative of the YMSM population age 16 to 

21.8 years in Chicago. YMSM age-in, die or age-out of the simulated population over time 

(online Appendix section SDC 4.2). The partnership formation and dissolution model was 

parameterized using data of n=421 YMSM enrolled in the Crew 450 at T1 and 6 month 

follow-up (T2). The fixed age range of the simulated YMSM population was determined by 

the age range of these YMSM across T1 and T2. Multivariate regression analysis was 

performed and significant regression covariates were used to predict partnership 

formation rates and partnership attributes such as the seriousness or mean length of a 

partnership. Other partnership attributes including race and sex of the partner mixing 

probabilities (i.e., for one-night-partnerships and outside-partnership) were calculated 

using available partnership data from T1 and T2 (online Appendix sections SDC 2.2.3, 

2.2.4, and 2.2.5).  
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We parameterized our disease transmission model using biomedical testing data 

from Crew 450, data from the Chicago Department of Public Health (CDPH)41,42 and other 

publicly available surveillance data12,43,44, as well as estimates published in literature 

(online Appendix section SDC 3).  

Validation  

To validate the model, we compared the biomedical findings of the Crew 450 study 

with our simulated results. Figure 18 in the online Appendix section SDC 5.2 shows the 

simulated HIV incidence per 100 person-years compared to the empirical estimates of the 

Crew 450 study after 3.5 years. The simulated results are within the 95% confidence 

intervals of the empirical results. Further details of the validation are available in online 

Appendix section SDC 5.2, where besides sensitivity analysis, the outcomes of the NG 

and CT transmission and partnership formation model are compared to estimates of the 

Crew 450 study and other published findings. The comparison of simulated biomedical, 

partnership formation and network topology measurements with empirical findings as well 

as the results of the sensitivity analysis show an appropriate validation of our simulation 

model.  

Simulation studies  

To determine the impact of age-assortative mixing on HIV spread among YMSM we first 

examine the overall HIV incidence per 100 person-years stratified by partnership-type. 

Second, we determine the HIV incidence per male-male partnership year since male-male 

partnerships are the main mode of transmission and HIV incidence per 100 person-years 

equals the HIV risk on the dyad-level, i.e. per partnership-year, multiplied with the actual 

number of partnerships (online Appendix section SDC 7.2). Race-assortative mixing is 

assumed to maintain and potentially increase racial disparities in HIV among YMSM 
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because of significant differences in HIV prevalence among races17,45. To isolate the 

impact of the HIV risk of a partnership attributable to race-assortative mixing from the 

impact of racial differences in HIV prevalence, we use two counterfactual scenarios: one 

with no race-assortative mixing and one with no racial differences in HIV prevalence 

(online Appendix section SDC 6). Additionally, to quantify the impact of HIV transmission 

through older MSM, we use a counterfactual assuming no HIV transmission occurs in 

outside partnerships (i.e., partnerships with older MSM or females) and another assuming 

a 50% reduction in HIV transmission risk for YMSM in outside partnerships. Finally, we 

quantify the overall impact of NG and CT infections on HIV spread among YMSM by 

comparing the total HIV incidence of a counterfactual where there is no increased HIV 

transmissibility and susceptibility due to NG and CT infections to the base-case (online 

Appendix sections SDC 3.3.3 and SDC 5.4).  

Results shown in the following section are statistically significant (i.e., non-

overlapping 95% confidence intervals (CI)). Results are expressed as means. The half-

width of the 95% CI are ≤ 1.5% of the mean, unless otherwise stated.  
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Results  

HIV epidemic over time 

Black YMSM experienced the highest HIV prevalence and incidence compared to Latino 

and White YMSM (Figures 1A,1B), but only a moderate increase in HIV prevalence and 

incidence across the modeled 15 years (i.e., HIV incidence increased 1.59 fold). However, 

Latino YMSM and White YMSM experienced steeper increases in HIV prevalence and 

incidence (i.e., HIV incidence increased 1.97 fold for Latino YMSM and 2.03 fold for White 

YMSM). 3076 YMSM were newly infected with HIV over 15 years (i.e., 1220 Black YMSM 

vs. 836 Latino and 770 White YMSM) (see also Table 37 in SDC 5.2).  

[Figure 1 about here] 

Age and race mixing 

Overall, 44.4% of all new HIV infections among YMSM occurred in within-partnerships, 

34.5% in outside-partnerships, and 21.1% in one-night-partnerships as shown in Figure 2. 

These proportions varied marginally across races and time, i.e. except for Other YMSM 

deviations to the above fractions were within 5 percentage-points.  

[Figure 2 about here] 

 

We examined male-male partnerships as the main mode of HIV transmission 

among YMSM with a specific focus on Black YMSM given their high incidence; HIV 

incidence per 100 male-male partnership-years was highest for Black-Black and 

NonBlack-(older)Black outside-dyads (Figure 3A). Without race-assortative mixing (i.e., 

partners are selected without regards to their race; Figure 3B), HIV incidence decreased 
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for Black-NonBlack outside-partnerships as well as for all within-partnerships whereas HIV 

incidence for NonBlack-NonBlack outside-partnerships increased.  Assuming the same 

HIV prevalence for all male outside partners (17.2%) and the same HIV prevalence for all 

YMSM (5.6%) at baseline t=0 (Figure 3C), differences in HIV incidence for male-male 

outside-partnerships across racial combinations almost vanished with the HIV incidence 

for Black-NonBlack outside-partnerships being marginally higher compared to Black-Black 

and NonBlack-NonBlack outside-partnerships. In a counterfactual scenario with both 

(Figure 3D), we observe an increase in HIV incidence for NonBlack-NonBlack outside-

partnerships and a decrease in HIV incidence for all within-partnerships compared to the 

counterfactual shown in Figure 3C.  

[Figure 3 about here] 

As shown in Figure 3A-D, HIV incidence in outside-partnerships was always higher than in 

within-partnerships. With no HIV transmissions occurring in outside-partnerships, total HIV 

incidence would decrease by 61.9% (95% CI 61.57%-62.19%) (Figure 4D) and HIV 

prevalence be close to steady-state after 5 years (Figure 4C). If HIV transmission risk is 

reduced by 50% in outside-partnerships, HIV infections would decrease by 26.6% (95% 

CI 26.13%-27.06%) (Figures 4B, 4D). In both counterfactuals scenarios, racial disparities 

decreased but remained significant. 

[Figure 4 about here] 

Gonorrhea and chlamydia 

Using a counterfactual where NG and CT do not affect HIV transmission, we found that 

the fraction of HIV infections attributable to NG or CT was 14.6% (95% CI 14.1%-15.2%). 

In the base-case, 66.4% of these HIV infections were attributable to rectal NG or CT 
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infections. Also, 41.7% of all HIV infections attributable to NG or CT in this scenario were 

attributable to increased HIV susceptibility due to NG or CT infection of a HIV-negative 

individual.  
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Discussion  

We developed a novel data-driven simulation model of HIV spread among YMSM. 

Our study focused on the impact of age- and race-mixing and STIs on HIV incidence and 

racial disparities and was motivated by the limited understanding about the impact of 

these mechanisms on HIV spread among YMSM5.  

Over 15 years, the HIV epidemic among YMSM continued to rise with an 

estimated 3076 new HIV infections. Racial disparities also continued to persist, but 

increases in HIV prevalence and incidence differed by race, with Latino YMSM and White 

YMSM facing greater increases.  These data map onto YMSM specific data from the 

CDPH, that show an overall increase in HIV diagnoses among YMSM,  and steeper 

increases in HIV diagnoses and prevalence46 in Latino/White YMSM vs. Black YMSM 

(online Appendix section SDC 5.2). Further, our estimates of the total number of HIV 

infections among YMSM are within the 95% CI of the CDPH HIV incidence estimates of 

15 to 24 year old YMSM adjusted for age-range and the fraction of HIV infected YMSM 

being unaware of their HIV infection (online Appendix section SDC 5.2).These results 

alone suggest that HIV will continue to place a heavy burden on the YMSM population. 

While Black YMSM will continue to be disproportionately impacted, our model suggests 

that racial disparities in this group will decrease due to increasing incidence in White and 

Latino YMSM, but unfortunately not because of declining incidence among Black YMSM.  

Our results indicate that approximately 45% of all HIV infections among YMSM 

occurred in partnerships between YMSM. While in a partnership, we find that the risk of 

HIV infection is highest across partnership-types for Black YMSM with an older Black 

MSM. This is consistent with findings from studies using other methods18,20,47,48. 

Differences in HIV prevalence among races, particularly the high HIV prevalence among 
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Black MSM, drive the high HIV risk of a Black YMSM-Black(older)MSM partnership 

compared to other NonBlack-(older)NonBlack partnerships, confirming the hypotheses of 

multiple studies5,17,22,45. While 34.5% of all HIV infections among YMSM in the simulation 

occur in partnerships with older MSM or females, a hypothetical scenario where no HIV 

transmissions happen in such partnerships decreases HIV infections among YMSM by 

61.9%. Thus, each YMSM transmission avoided from an older MSM partner will also 

prevent an additional 0.8 HIV infections among YMSM. Therefore, prevention should 

target the reduction of HIV transmission in age-disassortive partnerships. 

Simulating the simultaneous spread of HIV, NG, and CT among YMSM, we 

determined the fraction of HIV infections attributable to NG or CT to be 14.6%, a 

proportion within the range of the few estimates reported. Chesson and Pinkerton49 used 

a simple modeling approach to estimate the fraction of HIV infections attributable to NG or 

CT in the adult heterosexual US population to be between 4.6% and 9.2%.  Another 

modeling study among MSM in the Netherlands50 estimated the fraction of HIV infections 

solely attributable to CT to be 15.2%. Among the 14.6% of all HIV infections attributable to 

NG or CT in our study, 66.4% and 41.7% were due to rectal infections and increased 

susceptibility, respectively. Rectal testing of NG and CT is rare within the population7, and 

this data suggest further evaluation of HIV and STI testing policies is necessary to 

determine a holistic and cost-optimal testing strategy7,14.  

This study has several limitations. First, we simulated the HIV spread among a 

cohort of Chicago YMSM over time, which limits the generalizability of our results to 

YMSM populations in other US cities or older age groups. However, both the 

comparability of the empirical estimates from the Crew 450 study to estimates of other 

studies3,4 and the validation of the model suggests the applicability of our findings to other 
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YMSM populations. Further, as the disease transmission model input parameters are 

based on few data sources, they may be biased due to sampling error; especially in the 

case of NG and CT, parameter estimates were difficult to obtain and estimates varied 

widely51, highlighting the need for more accurate parameter estimates of NG, CT, and 

their interaction with HIV in this context. Furthermore, modeling only within-partnerships 

as a network did not allow us to examine whether potential network effects on HIV 

transmission observed in within-partnerships also apply to one-night-partnerships and 

outside-partnerships. Finally, to parameterize the partnership formation model we used 

multivariate regression analysis where only significant parameters were used to predict 

partnership formation rates and partnership attributes. Thus, certain effects hypothesized 

in other studies were observable but not significant, and therefore not included in the 

model. This could contribute to the fact that racial/ethnic disparities had a lower magnitude 

in our simulated results within the first 3.5 years and thus might also influence racial 

differences in the increase in HIV prevalence and incidence over 15 years.  

Using an agent-based dynamic network simulation model of HIV spread among 

YMSM, we demonstrated: first, that the HIV epidemic among YMSM continues to rise 

especially among Latino and White YMSM; second, racial disparities in HIV risk per 

partnership are mostly driven by differences in HIV prevalence among older MSM 

partners; third, YMSM and in particular Black YMSM having an older Black MSM partner 

are at highest risk; and fourth, NG and CT, particularly rectal infections, account for a 

sizeable portion of all HIV infections. These results emphasize the need for HIV 

prevention efforts targeting all YMSM, holistic HIV and STI testing strategies, and suggest 

that prevention interventions focusing on transmission between YMSM and older MSM 

might be highly effective.  
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Figure Captions 

 

Figure 1. Simulated HIV prevalence (Figure 1A) and incidence per 100 person-years 

(Figure 1B) stratified by race over 15 years. Figure 1B shows the mean HIV incidence per 

100 person-years per time-step (i.e., 0.5 months) with the half-width of the 95% CI are ≤ 

3.5% of the mean except for Other YMSM. 
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Figure 2. Simulated new HIV infections per 100 person-years over 15 years among 

YMSM stratified by race and relationship type. “Total ” shows the simulated number of 

total HIV infections that occurred in all sexual relations. “One-night ”: simulated new HIV 

infections that occurred in one-night-partnerships; “Outside ”: simulated new HIV 

infections that occurred in outside-partnerships, i.e. with older male or female partners. 

HIV infections from females was rare. In outside partnerships with females, 0.0049 HIV 

infections per 100 person-years (95% CI: 0.0040-0.0057) occurred. In one-night-

partnerships with females, 0.0035 (95% CI: 0.0029-0.0041) occurred. “Within ”: simulated 

new HIV infections that occurred in within-partnerships, i.e. partnerships with other 

YMSM. 
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Figure 3. HIV infections per 100 partnership-years, male-male partnerships only. A) Base-

case scenario corresponding to Figures 1 and 2. HIV infections per 100 male-male 

partnership-years in case of one-night-partnerships denotes HIV infections per average 

number of one-night-partnerships per year. For within-partnerships the number of 

partnership-years is the sum of the number of susceptible-infected partnership-years plus 

two times the number of susceptible-susceptible partnership-years (see online Appendix 
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section 7.2 for details). B) Counterfactual scenario with no race-assortative mixing, i.e. 

YMSM select partners independent of race. C) Counterfactual scenario with no difference 

by race in initial HIV prevalence (5.6% at baseline) and among outside partners (set to 

17.2%). D) Counterfactuals of Figures B) and Figure C) combined. In case of outside 

partnerships, i.e. partnerships of YMSM with older MSM, Black-NonBlack partnerships 

denote both partnerships of Black YMSM with older NonBlack MSM and partnerships of 

NonBlack YMSM with older Black MSM (see also Figure 27 in online Appendix section 

SDC 7.2).  
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Figure 4. HIV prevalence stratified by race and total number of new HIV infections over 

15 years (Figure 4D) for the base-case scenario (Figure 4A) corresponding to Figures 1 

and 2, for a counterfactual scenario where no HIV transmission occurs in outside 

partnerships of YMSM with older MSM or females (Figure 4C); and for a counterfactual 

scenario where HIV transmission risk in outside partnerships is reduced by 50% 

compared to the base-case scenario (Figure 4B). HIV infections from females was rare, 

see also caption of Figure 2.  
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