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Supplement 
 
This Supplement provides data and supporting results, including validation, sensitivity analyses, 
and additional clinical scenarios for the first section.  
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Supplement S1. Model Implementation 
 
The model was implemented in AnyLogic, a commercially available simulation software that 
allows for the integration of various modeling paradigms (e.g. agent-based modeling, system 
dynamics modeling and discrete event modeling) into a single software. 
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Supplement S2. Details of Sexual Contact Network 
 

Partnership Types and Partnership Formation 

Detailed parameters for assigning the number of casual or regular partnerships are presented in 
Table 1. 

 

Table 1. Sexual Contact Network Parameters 

Parameter Value Source 
Estimated log-normal model for the number of casual 
partners in the last 6 months, stratified by race 

 (1) 

Intercept 2.00134  
Black MSM (indicator variable) -0.30713  
Hispanic (indicator variable) -0.04513  
White (indicator variable) 0.13855  

Abbreviation: MSM = men who have sex with men. 

 

Sexual Mixing PaĴerns 

We considered the compatibility of individuals in terms of racial, age, sexual positioning and 
sero-status preferences, in the formation of new partnerships. Four distinct racial classes were 
included in the model: White, Black, Hispanic, and other (2). Both racial (Table 2) and age mixing 
(Table 3) preferences were race-dependent (1, 3).  

Sexual positioning preferences were divided into three classes: insertive, receptive and versatile 
anal intercourse (4). Individuals who had an insertive (receptive) sexual positioning preference 
could form partnerships with individuals whose sexual positioning preference was either 
receptive (insertive) or versatile. Individuals who had a versatile sexual positioning preference 
could form partnerships with all individuals, irrespective of their sexual positioning preference. 

The probability of an individual being a sero-sorter or not was both race and human 
immunodeficiency virus (HIV) infection status dependent (5). If neither of two individuals were 
a sero-sorter, a partnership could be formed, irrespective of the HIV infection sero-status of the 
individuals. If one or both of the individuals were sero-sorters, a relationship could only be 
formed if both individuals had the same presumed sero-status. The proportion of sero-sorters 
among HIV-negative and HIV-positive MSM by race are presented in Table 4. 

 

Table 2. Race mixing distribution for regular and casual partnerships 
 

Black White Hispanic Other Source 
Black 78.2% 8.7% 2.6% 52.9% (3) 
White 8.1% 73.9% 27.3% 20.6%  
Hispanic 11.7% 15.9% 68.8% 23.5%  
Other 2.0% 1.5% 1.3% 3.0%  
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Table 3. Age mixing patterns among MSM by race 

Parameters Value (%) Source 

Black MSM 
 

age <25 age 25–34 age 34–44 age 45+ 
age <25 44 24 19 16 
age 25–34 40 48 36 24 
age 34–44 15 24 38 34 
age 45+ 2 4 7 26 

 

(1) 

White MSM 
 

age <25 age 25–34 age 34–44 age 45+ 
age <25 50 26 21 21 
age 25–34 40 52 44 32 
age 34–44 8 20 32 36 
age 45+ 2 2 4 12 

 

 

Hispanic MSM 
 

age <25 age 25–34 age 34–44 age 45+ 
age <25 41 19 15 13 
age 25–34 42 49 39 28 
age 34–44 12 24 32 36 
age 45+ 5 8 13 23 

 

 

Other MSM 
 

age <25 age 25–34 age 34–44 age 45+ 
age <25 41 23 10 6 
age 25–34 42 30 25 12 
age 34–44 12 33 44 45 
age 45+ 5 13 21 37 

 

 

Abbreviation: MSM = men who have sex with men. 

 

Table 4. Sero-sorting preferences by race. 

Race  Intentional sero-sorting 
partnerships  

Source 

HIV-positive MSM  (6) 
Black 15.3%  
White 12.2%  
Hispanic 26.1%  
Other 13.5%  
HIV-negative MSM   
Black 45.9%  
White 52.1%  
Hispanic 47.6%  
Other 57.3%  
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Sexual Intercourse 

Sexual Frequency 

In casual partnerships, only one sexual act occurred per partnership, though various acts could 
occur with different partners on the same day. In regular partnerships, various sexual acts 
occurred over time with the same partner, with a higher sexual act frequency during the first 
month as compared to the rest of the partnership (1). 

Infection Risk 

The base per-sexual-act HIV infection risk for an uninfected individual represented the 
probability of infection from a single sexual act with an infected individual in the unsuppressed 
chronic stage of HIV infection, without the presence of preventive measures (Table 5). This base 
infection risk depended on the sexual position (insertive/receptive) of the infected individual 
during intercourse (7). 

We modified the base infection risk according to the HIV disease stage and suppression status of 
the infected partner, circumcision, condom use and the presence of other sexually transmitted 
diseases (STDs) (Table 5). The risk of infection increased when the infected partner was in the 
acute or final stage of HIV infection (8). The risk also increased with the presence of STDs (9). The 
risk of infection decreased, on the other hand, due to circumcision (7), condom use (10), or when 
the viral load of the HIV-infected partner was suppressed (11).  

Condom use 

Condom use depended on individual’s risk category for sexual encounters, which was assigned 
based on race, age, and substance use status (Table 5). We assumed that all low-risk MSM used 
condoms (12). We also assumed that the probability of condom use among high/moderate risk 
HIV-negative MSM was 39% and 45% for receptive and insertive sexual contact, respectively (1). 
Upon sexual intercourse with a condom within a sero-discordant partnership, a reduction factor 
was applied to the base per-sexual-act HIV infection risk. This reduction factor depended both 
on race and sexual position of the HIV infected individual (10, 13) (Table 5). 
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Table 5. Parameters for the sexual transmission of HIV infection  

Parameters Value Source 

Multinomial model to assign the risk class of MSM, as a function of 
age, race and substance use 

 (12) 

Intercept high risk 0.938  
Age high risk -0.083  
Non-injection drug user high risk 0.693  
White high risk 1.300  
Intercept moderate risk -0.062  
Age moderate risk 0.74  
Non-injection drug user moderate risk 0.255  
White moderate risk 1.364  

Baseline per act infection risk and associated risk factors    
Baseline per act infection risk for HIV- that is insertive, having anal 
sex with HIV+ without preventive measures 

11.0/10000 (7) 

Baseline per act infection risk for HIV- that is receptive, having anal 
sex with HIV+ without preventive measures  

138.0/10000 (7) 

Multiplicative risk factor to increase per act infection risk during HIV 
acute stage 

26.000 (8) 

Multiplicative risk factor to decrease per act infection risk if 
circumcised 

0.2700 (7) 

Multiplicative risk factor to decrease per act infection risk if condom 
used (Non-Black population) - insertive 

0.3710 (10) 

Multiplicative risk factor to decrease per act infection risk if condom 
used (Black MSM) - insertive 

0.5165 (13) 

Multiplicative risk factor to decrease per act infection risk if condom 
used (Non-Black population) - receptive 

0.2770 (10) 

Multiplicative risk factor to decrease per act infection risk if condom 
used (Black MSM) - receptive 

0.6218 (13) 

Multiplicative risk factor to decrease per act infection risk if condom 
used (Non-Black population) - versatile 

0.2950 (10) 

Multiplicative risk factor to decrease per act infection risk if condom 
used (Black MSM) - versatile 

0.6009 (13) 

Multiplicative risk factor to increase per act infection risk during final 
phase (AIDS) 

7.0000 (8) 

Multiplicative risk increase factor for per act infection risk in the 
presence of STD (irrespective of STD being on HIV+ or HIV-) 

3.1310 (9) 

Multiplicative risk factor to decrease per act infection risk if infection 
is suppressed 

0.0000 (11) 

Abbreviation: MSM = men who have sex with men; AIDS = acquired immune deficiency syndrome; STD = sexually transmitted 
disease. 
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Supplement S3. Details of HIV Disease Component 
HIV screening 

Presumed HIV sero-negative individuals were divided into three classes, depending on their HIV 
testing frequency. A certain percentage of individuals never tested for HIV. Other were divided 
into categories of low or high-frequency testers (13, 14). Upon a positive HIV test, individuals 
were considered diagnosed and could be retained in care. The probability of opting out of care 
was race-dependent (13, 15). Individuals not retained in care follow the disease progression of 
untreated individuals. 

 
Table 6. HIV Disease, Screening, and Treatment Parameters 

Parameters Value Source 
Time individuals spend in the acute phase of HIV 
infection 

52 days (16) 

Weibull model parameters for the time until AIDS  (17) 
Beta 1.92934 

 

Lambda 0.00867 
 

Testing frequency categories  (14) 
Never 20.6%  
High frequency 64.3%  
Low frequency 15.1%  
Testing rate for the high frequency category 0.00509 (14) 
Testing rate for the low frequency category 0.00061  
Proportion of MSM who remained in care upon HIV 
diagnosis  

  

Non-Black MSM 0.40000 (15) 
Black MSM 0.31596 (13, 15) 
Monthly probability for unsuppressed individuals to 
get suppressed (median 3 months) 

0.29289 (15) 

Monthly probability for virologic rebound 
non-Black population 

0.09763 (15)  

Monthly probability for virologic rebound 
Black population 

0.15771 (15) (13) 

Abbreviation: MSM = men who have sex with men; HIV = human immunodeficiency virus; AIDS = acquired immune deficiency 
syndrome. 
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Supplement S4. Details of Pre-exposure prophylaxis (PrEP) Component 
Real-world data on PrEP uptake and adherence distributions were obtained from the US PrEP 
Demonstration Project (PrEP Demo) (18, 19). The PrEP Demo project was a prospective open-
label cohort study assessing PrEP delivery in sexually transmitted disease clinics in San Francisco, 
Miami and Washington, DC. The PrEP Demo project showed a significant association between 
ethnicity and sexual risk behavior with PrEP uptake and adherence. 

PrEP’s efficacy was linked to PrEP’s adherence according to data reported in Figure 2 of a study 
by Grant et al. (20). Differential effectiveness as a function of adherence, was derived from a 
relationship between adherence (pills/week) and tenofovir diphosphate (TVF-DP) levels in the 
blood (PrEP Demo Project) (21) and a relationship between blood TVF-DP levels and HIV-1 
incidence, as measured in the iPrEx-OLE study. The iPrEx-OLE study is a 72-week open-label 
extension to the iPrEx, ATN 082 and US Safety studies (20). 

Table 7. Log-linear regression model for the uptake of PrEP 

Covariate Covariate 
Coefficients 

Covariate Value Source 

Age (per 10-year increase) 0.039 Age/10 (18, 19) 

Race-Black -0.174 0 or 1, depending on the 
individual 

 

Race-Hispanic -0.030 0 or 1, depending on the 
individual 

 

Race-Other -0.167 0 or 1, depending on the 
individual 

 

2–5 episodes of anal sex with HIV+ 
partner during the last 12 months 

0.157 0 or 1, depending on the 
individual 

 

>5 episodes of anal sex with HIV+ 
partner during the last 12 months 

0.199 0 or 1, depending on the 
individual 

 

Prior PrEP awareness 0.445 0.589  

Site-DC 0.285 0.168  

Site-Miami 0.425 0.253  

Education level (> high school) 0.086 0.826  

2–5 episodes of male condom-less 
anal sex during the last 12 months 

0.049 0 or 1, depending on the 
individual 

 

>5 episodes of male condom-less 
anal sex during the last 12 months 

0.122 0 or 1, depending on the 
individual 

 

HIV risk perception 0.068 0.75  

Referral status- Clinic-referral or 
Self-referral 

0.392 0.376  

Intercept -1.220   

Abbreviation: HIV = human immunodeficiency virus; PrEP = Pre-exposure prophylaxis. 
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Table 8. Model for adherence to PrEP 

Covariate Covariate 
Coefficients 

Covariate Value Source 

Race-Black -1.273 0 or 1, depending on the 
individual 

(19) 

Race-Hispanic -0.211 0 or 1, depending on the 
individual 

 

Race-Other -0.606 0 or 1, depending on the 
individual 

 

Living situation (Rent or own housing) 0.703 0.2313  
Site-DC 0.077 0.3265  
Site-Miami -1.139 0.3231  
Number of condom-less receptive anal 
sex (if ≥2) 

0.599 Calculated for each individual  

Intercept 1.579   
 

Table 9. PrEP gaps and permanent discontinuations 

Parameter Value Source 
Proportion of PrEP users who discontinue  0.129 (19) 
Proportion of PrEP users who would have gaps in 
taking PrEP  

0.028  

PrEP discontinuation (gap) rate among individuals 
identified to discontinue (have gaps for) PrEP use 

0.004  

Mean duration of PrEP gap (days) 65   
Abbreviation: PrEP = Pre-exposure prophylaxis. 
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Supplement S5. Model Calibration and Validation 

 
*Though the model validation period ended in 2013, we presented results for 2016–2020 instead of 2014–2020.  

 

AnyLogic software provided us with tools to calibrate our model to historic data available for 
2010 through 2013. During the initialization period, the network of sexual partnerships was 
created, and HIV disease was introduced and transmitted within the sexual partnership network 
of the MSM. The initial distribution of race and age and the distribution for the number of 
partners in regular partnerships were adjusted through an iterative calibration process during 
the initialization period to create the appropriate number of HIV transmissions over time and 
eventually represent the observed prevalence of HIV during the validation period. The projection 
period started once the status-quo of the MSM population and HIV epidemic among them were 
representative of historic data during the validation period. 

  

Initialization period       
1990–2009

Validation period     
2010–2013

Projection period     
2016–2020*
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Supplement S6. Model Validation Results 
Figure 1.Simulated and reported HIV prevalence among the MSM population in 2010–2013. 

 
 

Figure 2. Simulated and reported HIV prevalence among the Black MSM population in 2010–
2013. 
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Figure 3. Simulated and reported HIV prevalence among the White MSM population in 2010–
2013. 

 
 

Figure 4. Simulated and reported HIV prevalence among the Hispanic MSM population in 2010–
2013. 

 
Notes: Figures present the total number of persons living with HIV (diagnosed and 
undiagnosed). The prevalence of HIV among MSM for each race was calculated according to the 
following references: CDC HIV Atlas (22), United States Census and a study by Purcell et al. (23) 
(assuming 3.9% of MSM in United States male population).  
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