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Appendix
Model equations and description. Our model consists of a system of five differential equations for each risk group:
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The index 
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 is the HIV susceptible population that is at lower (or higher) risk of HIV acquisition due the presence of a biological cofactor that reduces HIV acquisition such as male circumcision (or enhances HIV acquisition such as sexually transmitted infections). The 
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The progression of HIV is described by 
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, the rate of HIV/AIDS disease mortality. 
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 is the birth (and death) rate. The rates 
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In these expressions, 
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 describes the effective new sexual partner acquisition rate for each population variable 
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Xi

. Note that we use the term effective rate of partner change, as opposed to rate of partner change, since this parameter does not merely reflect the actual rate at which individuals change their partners, but also represents other behavioral mechanisms that effectively enhance this quantity such as concurrency and topology of sexual networks [1-3], and variability in risk behavior [4]. 

The mixing between the four risk groups is dictated by the sexual-mixing matrix 
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 that provides the probability that an individual in risk group 
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 would choose a partner in risk group 
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 [5]. It is given by the expression
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Here, 
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 is the identity matrix and the parameter 
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 measures the degree of assortativeness in the mixing. At the extreme 
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, the mixing is fully proportional while at the other extreme 
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, the mixing is fully assortative as individuals choose partners only from within their risk group.

The parameters 
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We assume a constant birth rate in the model and we do not stratify the population according to age and sex. The best data on HIV transmission probability per coital act indicates that there are no differences between HIV transmission probability per coital act from male to female and from female to male [6, 7]. The sources of the disparity in HIV spread among men and women appear to be primarily due to behavioral patterns such as age cohort mixing (young women with older men) [8]. Though age plays an important role in dictating the patterns of mixing in the population, our sensitivity analyses below indicate that this aspect of the dynamics has limited impact on our predictions for the role of the different stages. Coutinho et al. [9] have also found that inclusion of age structure has a limited effect in changing the relative contribution of each stage.
We used the general population survey of the Four City study [10] to fit HIV prevalence levels in Kisumu and Yaoundé in the year 1997-1998 for the sexually active population. Meanwhile, we used the antenatal clinic surveillance data [11, 12] to fit the time series trends in HIV prevalence. Please note that antenatal surveillance data do not necessarily reflect the HIV population prevalence level [13], though they are valuable in describing the trends in prevalence. Our prediction for HIV prevalence in Kisumu appears to underestimate the epidemic since the general population survey for Kisumu found substantially lower prevalence than provided by the antenatal surveillance data.

The simulations starts in 1970 at very small HIV prevalence (0.023% in Kisumu and 0.062% in Yaoundé) where the distribution of the HIV infected population is chosen according to the weight set by the fraction of the duration of the stage relative to the total time from onset of infection to death. We verified that choosing alternative initial distributions among the stages in 1970 has no impact on the results of our analyses. 
Proportion of infections due to each HIV stage. The proportion of infections due to stage 
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 is defined as 
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While the cumulative 
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 due to stage 
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 since 1980 up to time 
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 is defined as
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Sensitivity and uncertainty analyses. We performed two kinds of sensitivity and uncertainty analyses to assess the robustness of our predictions first to alternative assumptions for the model structure and second to the uncertainty in the behavioral and HIV progression parameters used to parameterize the model. Table 1 summarizes the results of the sensitivity analyses of five alternative scenarios of heterogeneity in the HIV dynamics compared to our original assumptions. The scenarios are: 1) sexual behavior heterogeneity in terms of three risk groups and a hierarchy of partnership durations of 48, 24, 12, 6, and ¼ months with increasing sexual risk as opposed to four risk groups and a hierarchy of 48, 36, 24, 12, 6, and ¼ months in the original fit (Table 1 of the main text); 2) sexual behavior heterogeneity in terms of two risk groups and a hierarchy of partnership durations of 42, 12, and 1 months; 3) a biological cofactor that reduces the susceptibility to HIV acquisition by 50% for half of the population (male circumcision like cofactor [14-16]); 4) a biological cofactor that enhances susceptibility to HIV acquisition by 100% for half of the population (HSV-2 like cofactor [17, 18]); and lastly 5) a biological cofactor that enhances susceptibility to HIV acquisition but only for the population in the intermediate to high risk group by 50%, and in the high risk group by 100% (bacterial STI like cofactor). Tables 2 and 3 show how our predictions are largely insensitive to the variations in these assumptions of the infection dynamics. We also examined (not shown) the impact if the cofactor’s mechanism of action, such as the HSV-2 like cofactor, was to enhance HIV infectiousness instead of enhancing HIV acquisition and found the predictions to be largely insensitive to this variation. 
The biological input in our model such as HIV transmission probabilities and stage durations are set by the empirical data and the main theme of our work is to assess the implications of these measurements on the role of the different HIV stages in the HIV epidemic. However recent evidence suggests that the time from HIV infection to death can be as short as 7.5 years with infection with subtypes D and AD recombinant and multiple viruses [19, 20]. Moreover, recent compilation of data by UNAIDS suggests that the average duration from HIV infection to death in absence of antiretroviral therapy is about 11 years [21, 22] which is one year longer than earlier estimates [23]. Therefore we examine below the sensitivity of our predictions to a variation in the duration of HIV infection from 7.5 to 11 years to account for the variability in the available measurements of this duration.   
Furthermore, while the behavioral input in our model is informed by empirical data, the ambiguity in the definition of what constitutes a sexual risk behavior introduces an element of uncertainty in the values of the behavioral parameters. Therefore we examined the sensitivity of our predictions to the following variations in the behavioral parameters: 1) overall 
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15% in all values of the new sexual partner acquisition rates, 2) overall 
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15% in all values of the durations of partnerships, 3) overall 
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15% in the fractions of the population in the low to moderate, moderate to high, and high risk groups with the rest of the population allocated to the low risk group, 4) 
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15% in the degree of assortativeness in the mixing between the risk groups. 

Figures 1 and 2 show the results of the sensitivity and uncertainty analyses for the Kisumu and Yaoundé calculations of Figure 1 and 2 of the main text. The analyses were done by Monte Carlo sampling from the specified ranges of uncertainty using the uniform distribution for 1000 runs of the model. The predictions of the model are virtually invariable to the specified variations in the distribution of the population among the different risk groups and the level of assortativeness in the mixing between the risk groups. However, the fractions of infections arising from the acute and advanced stages are sensitive to the variations in the level of exposure to HIV infection as expressed by the new sexual partner acquisition rates and partnership durations. This illustrates the strong dependence of the contribution of the acute stage to the level of sexual risk behavior, rather than to the finer details of the risk-behavior landscape, in the populations where the infection is spreading (Discussion in the main text). Please note that the level of sexual risk behavior is calibrated in our model by fitting HIV prevalence level and that the variations in the partner change rates and partnership durations lead to changes in the levels of HIV incidence and prevalence. 
Figures 1E and 2E show also the results of the variation in the duration from infection to death. The contribution of the acute stage is largely insensitive to this variation but those of the latent and late stages vary considerably as we vary this duration from 7.5 to 11 years. The results highlight the importance of measuring the distribution from infection to AIDS and death in different settings with different prevalent virus subtypes.

To sum up, though some of our quantitative results show sensitivity to our assumptions of the HIV dynamics, the sensitivity and uncertainty analyses confirm that the predictions generated in this investigation, such the relative role of the stages, are largely invariable to the changes in the model structure and uncertainty in parameter values. The latent stage contributes the largest share of HIV infections but none of the HIV stages dominates the infectious spread. 
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 Figure 1 Sensitivity and uncertainty analyses with respect to the behavioral and HIV progression parameters in the model for the calculation of Kisumu, Kenya. The role of each of HIV stages of progression with respect to variations in (A) new sexual partner acquisition rates, (B) durations of partnerships, (C) distribution of the population among the different risk groups, (D) assortativeness in the mixing between the risk groups, and (E) duration from onset of HIV infection to death.
Figure 2 Sensitivity and uncertainty analyses with respect to the behavioral and HIV progression parameters in the model for the calculation of Yaoundé, Cameron. The role of each of HIV stages of progression with respect to variations in (A) new sexual partner acquisition rates, (B) durations of partnerships, (C) distribution of the population among the different risk groups, (D) assortativeness in the mixing between the risk groups, and (E) duration from onset of HIV infection to death.
Table 1 Sensitivity of our model predictions for Kisumu and Yaoundé to various sources of heterogeneity in the HIV infectious spread.
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