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I. DETAILS ON THE CONSTRUCTION OF THE MODEL

i. [bookmark: _Toc339818239]Sources of data 

Age at infection was modeled according to the distribution described by Rosenberg et al [1].
The CD4 count distribution for the uninfected population was obtained from a previous study on the general population in Argentina where a median of 801 CD4 (q25:648; q75:980) was described. 
The viral load at a steady state was set according to data obtained from different cohorts in Argentina and other regions: in a study performed in Buenos Aires between March 2003 and November 2005 over 321 newly diagnosed individuals, a mean viral load of 4.597 Log10[copies/ml] was observed (SD= 0.83021) [2]. At Hospital Fernández in Buenos Aires, a mean value of 4.021 (SD= 1.581) was observed[3] also in newly-diagnosed individuals. In a recent study performed including  seven cohorts from Latin America and the Caribbean, a mean viral load of 5.0 (4.6 – 5.4) Log10[copies/ml] at initiation of first HAART was observed[4]. For the MACS cohort, a mean and relatively stable viral load of 4.1 Log10[copies/ml] was reported during the first three years after seroconvertion[5]. In the present study a value of 4.6 (3.6-5.6) Log10[copies/ml] was used and considered constant until initiation of HAART.
In regards to the response to HAART, variations in CD4 count and viral load as well as the frequency of discordant responses were modeled according to rates described previously for the ART-LINC cohort [6]. This is a cohort of patients from low-income settings with a median age of 35 years, median baseline CD4 cell count of 137 cells per microliter and viral load of 5.1 Log10[copies/ml]  at initiation of HAART.
The recovering of the CD4 count after successful HAART was modeled according to Mocroft et al [7]. The model was developed in order to allow an increment in 60 CD4 cells per year as observed in the EUROSIDA cohort with the restriction that the CD4 count cannot exceed the value corresponding to the uninfected state.
After therapy failure, the viral load at rebound was modeled according to Le Moing et al [8] and Deeks et al [9]. Both studies analyzed virological rebound after failure to protease inhibitor-containing regimens.
Toxicity and rebound rates, as well as increased risk  of disease progression related to past AIDS, were those observed by the  EUROSIDA cohort [10].
Suppression rate was estimated according to CCASAnet cohort [4,11], PUMA cohort[12] and ART-LINC [6]. The observed rates were consistent in the different cohorts with around 50% of individuals achieving undetectable viral load, and 25% showing viral load reduction to levels between 50 and 400 RNAcopies/ml.

ii. [bookmark: _Toc339818240]Construction of probability functions

[bookmark: _Toc339818241]VL-dependent decay of CD4 count. We first applied the mathematical function described by Cook et al [13] and later the one by Sanders et al [14]. However, this function takes a value of zero when viral load equals 2.36 Log10[copies/ml] and therefore the CD4 count variation after viral load drops below that limit becomes increasingly positive. To correct this, we applied a mathematical function fitted to the data described by Mellors et al [15] where the annual decay rate was estimated for different ranges of viral load (Supplementary Figure S1). Therefore, the monthly rate of CD4 decay according to viral load is determined by:
;
where the Annual decay factor is a mean value of 14.76 (95%CI=9.39-20.43). This function has the same limitation as the one described by Cook et al [13] but the viral load at which the CD4 net variation becomes positive is 0.7 log (0.5-1.0) which is below the limit of detection applied in our model (50 copies/ml = 1.7 log).

[bookmark: _Toc339818242]Probability of AIDS progression and death after AIDS. The mathematical function applied for modeling the probability of AIDS progression was based on the one reported by Phillips et al [16] while the one applied for the probability of death after AIDS was based on a report by Schneider et al [17]. Both functions were modified in order to consider variations in risk associated to different age at seroconvertion reported for the CASCADE cohort [18].
The general probability for transition between states is defined as

Considering that every cycle of the simulation represents a time step of one month, and that rates may be affected by a modified risk factor (Z), then

The annual rate of progression to AIDS described by Phillips et al [16] for the CASCADE cohort is given by the function:

Based on the observation reported also for CASCADE [18], where progression was increased by a factor of 1.32 every 10-years increase in the patient´s age at infection, and considering the minimal patient´s age at infection at 15 year-old, we obtained a function that determines the increased risk of progression (ZAIDS) according to the next function:

Of note, when age at infection equals 15, then ZAIDS equals 1 and increase by a factor of 1.32 every 10 years. In the case of the probability function for death after AIDS, Schneider et al [17] reported that 25% of individuals die after AIDS diagnosis in 0.56 years in the no-treatment/monotherapy era, which is the closer setting to the natural infection. That percentage corresponds to a monthly rate of 0.0428, which is independent of any other parameter. Then, we included an increased risk of 1.47 folds every 10-years increase in age at infection[18]. Considering again the minimal age at infection at 15 year-old, the ZDeath is defined as:

This rate gives a mean survival time after development of AIDS of 1.17 years.

[bookmark: _Toc339818243]Obtaining probability of AIDS-related death. The function that determines the probability of disease progression (PAIDS) and death after AIDS (PDeath/AIDS) according to CD4 count, viral load, current patient’s age and patient’s age at infection were provided above. The probability of AIDS-related death can be obtained simply by multiplying both probabilities since:

P(Death/AIDS) = (PAIDS  PDeath)/P(AIDS)   &  P(AIDS/Death) = (PAIDS  PDeath)/P(Death) 
And therefore:    P(Death/AIDS) = P(AIDS/Death) P(Death) / P(AIDS)   P(Death) = P(Death/AIDS) P(AIDS)/ P(AIDS/Death)
Since: P(AIDS/Death)=1, then P(Death) = P(Death/AIDS) P(AIDS) , as mentioned above

See Supplementary Figure S2 for a detailed analysis of how rates of disease progression and death change according to variations in viral load, CD4 count and patient’s age.

[bookmark: _Toc339818244]Probability of detection through symptomatology. This probability was defined as a linear function dependent on CD4 count, based on the one previously described by Sanders et al  [14], but modified in order to allow a maximum rate of detection of 35% or 75% (DTS efficiency) at CD4 count equal or lower to 50 cells/µl and a minimum of 0% at CD4 count equal or higher than 350 cells/µl.
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II. DETAILS ON ASSESSMENT OF EXTERNAL CONSISTENCY

i. [bookmark: _Toc339818246]Comparison of the time to AIDS and the time to death after infection predicted by the model with those reported by the Collaborative Group on AIDS Incubation and HIV Survival, Lancet (2000) Vol.1; 355(9210):1131-7.

In order to perform this analysis, we set up the model with the following parameters:
Age at infection: U(15; 64).
Viral load at steady state: U(3.6; 5.6).
CD4 count at the moment of infection: U(600; 1000).
Age at diagnosis (Adx): Defined as Adx = Ainf + 400, with Ainf: age at infection, in order to prevent diagnosis and to analyze natural history of infection.
Probability of being diagnosed through symptomatoloy = 0
Simulations: 10,000 monte-carlo simulations with 1,800 cycles per run

Output analysis
In order to describe the population under analysis, we show the distribution of values sampled by the model at the beginning of the simulations for variables defining patients´ age at infection, viral load at steady state and CD4 count at the moment of infection in supplementary figure S6. As expected, the distributions reflect the initial set up of the model for those parameters described above. We also show the posterior distributions obtained for patient´s age at progression to AIDS and death in supplementary figure S7 for the total population under analysis. Using the model´s output, time to AIDS and time to death were calculated and analyzed for the total population as well as classifying patients according to age at infection. Finally, time to AIDS and time to death according to patient´s age at infection were compared with those previously reported for the CASCADE Cohort [18]. The distribution of the total times to AIDS and times to death are shown in supplementary figure S8 while times to AIDS and times to death according to patient´s age at infection are shown in supplementary figure S9. As shown in figure 2 of the main manuscript, our predictions are highly accurate, following the trend observed in CASCADE cohort although tend to overestimate the time to AIDS and death for ages at infection higher than 35.

[bookmark: _Toc339818247]ii. Comparison of annual mortality rate after 25 year old predicted by the model with those reported by Lohse et al, Ann Intern Med. 2007;146:87-95.

Lohse et al. [19] estimated the absolute mortality rate (mortality rate for the general population subtracted from the mortality rate for patients with HIV infection) after diagnosis and during three different eras of HAART. In the present analysis we compare model´s prediction with those reported for patients treated between 2000 and 2005. In order to perform this analysis, we set up the model with the following parameters:
Age at infection: (18 to 56), Median=26.
Viral load at steady state: U(3.6; 5.6).
CD4 count at the moment of infection: U(600; 1000).
Annual testing rate: 10%
Treatment CD4 threshold: 200 cells/ul
Simulations: 10,000 monte-carlo simulations with 1,800 cycles per run

Output analysis
Anna faris  Kathleen Robertson. In order to describe the population under analysis, we show the distribution of values sampled by the model at the beginning of the simulations for variables defining patients´ age at infection, viral load at steady state and CD4 count at the moment of infection in supplementary figure S10. These distributions reflect the initial set up of the model for those parameters described above. In addition, distribution of patients’ age at the initiation of the first HAART regiment is shown in supplementary figure S10. Also, posterior distributions obtained for patients´ age at death are shown in supplementary figure S11, separating AIDS-related causes of death from those not related to AIDS.
Using model´s output, we obtained the survival curves for the total population, as well as for death related to AIDS and death not related to AIDS, censoring the corresponding cases in each of the last two analyses. Survival curves obtained by Kaplan Meier analysis are shown in supplementary figure S12. If mortality rate is constant across time, then the logarithm transformation of the survival function should be linearly related, with a slope equal to the annual mortality rate. The lack of linearity shown in the natural logarithm transformation of survival curves (supplementary figure S12) implies that the overall mortality rate is not constant over time. Our analysis of the natural logarithm transformed survival curve derived from the AIDS-related mortality rates show that it can be fitted to the following function:

With  being the patient´s age expressed in years.
The mortality rate at each time point is the slope of the tangent line to the curve and can be obtained from the derivative of the function described above:

The distribution of the ln transformed AIDS-related survival probabilities obtained from the model and the adjusted function  are shown in supplementary figure S13. The average mortality rate per 5-year range obtained from integring the derivative function  are compared with those reported by Lohse et al for each five-year age interval in the figure 2 of the main manuscript.
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