

[bookmark: _GoBack]S1 Appendix. Model Description, Equations, and Parameters Used
Model Description
Our model examines the relative rate of emergence of antibiotic resistance in populations whose collective immunosuppression and prescribed antibiotic use patterns disrupt the selective pressures typically exerted on bacterial pathogens by host immune function and medically recommended antibiotic-taking behavior. We have chosen Indonesia and Swaziland as sample populations, since these countries represent the lower and upper extremes of HIV/AIDS prevalence within the developing world. The vast difference in HIV/AIDS prevalence that exists between the two countries (0.46% of the adult population in Indonesia is HIV/AIDS+, versus 27.4% in Swaziland[1, 2]) suggests that there is a significant difference in the proportion of each population that is actively recommended to be taking antibiotics to treat or prevent infection. 
Based on immune function alone, we recognize three categories of susceptible host: (1) those who are fully immunocompetent; (2) those rendered immunocompromised by active AIDS, including those incompletely adhering to highly active antiretroviral therapy (HAART); and, (3) those who are HIV/AIDS-positive, but whose consistent use of HAART provides them with a level of immune function sufficient to greatly reduce their risk of complications from AIDS-defining illness.[3, 4] Given the short-term nature of bacterial evolution (independent of the duration of infection), we chose to examine the emergence of antibiotic resistance over the course of 180 days. We therefore assume that no change in population description from seroconversion occurs;[3] immune status remains constant over time (though, future work will relax this assumption). Due to its high incidence in HIV/AIDS+ patients,[5] we parameterized our model with values reflecting tuberculosis, though the model can represent any bacterial infection. 
We defined our susceptible, infectious and recovered populations according to four descriptors: immune status, HAART adherence, TB status, and antibiotic adherence. We denote immune (HIV/AIDS) and HAART using superscripts, and TB status and adherence to antibiotics using subscripts (Table S1). For example, the compartment  is comprised of AIDS-immunocompromised, HAART-nonadherent hosts (+- in the superscript), who are susceptible to bacterial infection, but are thus far infection-negative, and therefore do not take antibiotics (-- in the subscript).

	
	Symbols
	Definitions

	
	--
	HIV/AIDS-, HAART-

	Superscripts
	+-
	HIV/AIDS+, HAART-

	
	++
	HIV/AIDS+, HAART+

	
	--
	Infection-, untreated

	Subscripts
	++
	Infection+, fully treated

	
	+/
	Infection+, partially treated

	
	+-
	Infection+ , untreated

	
	-+
	Infection-, prophylaxis



Table S1. Key to Super- and Subscripts Used in the Model
Within the ODE model, we describe variables using a combination of super- and subscripts reflecting immune and antibiotic treatment status. All possible combinations are shown.

In consideration of high HIV/TB co-infection prevalence – especially in the developing world[5-7] – we have chosen to use tuberculosis data to inform our parameter values, having derived those values directly from the literature whenever possible. We therefore use the work of Blower and Chou,[8] who estimate that fewer than 20% of TB cases are treated worldwide, and Trostle,[9] who reports a failure rate of 40-60% with respect to antibiotic adherence, to establish a relationship between C values when adherence is varied. When C1 is equal to 20%, we assume that C2 is equal to 50%, the mean of Trostle’s reported treatment failure rate. Under these circumstances, C3 is equal to 30%. In varying adherence, we maintain this initial ratio of probabilities by assuming that C2 is equal to 0.625*(1 – C1), and that C3 is equal to 0.375*(1 – C1). 
We describe this scenario using the system of ordinary differential equations shown below, where the symbol  is used to represent the sum of all infectives that can that infect susceptibles at a rate of , where  depends on HIV/AIDS status of the susceptible, ζ represents the transition rate from exposed to actively infective,  represents the HIV/AIDS excluded rate of death,  represents the AIDS-attributable rate of death,  represents the bacterial infection-attributable rate of death (as informed by tuberculosis),  represents per capita birthrate,  represents the HIV/AIDS status-dependent rate of loss of immunity,  represents the HIV/AIDS and antibiotic category dependent rate of recovery from bacterial infection,  represents the transition among antibiotic adherence states, and  represents the HAART-dependent increase in infection-attributable death for patients with active AIDS. We have made the simplifying assumptions that HIV/AIDS+, HAART+ individuals give birth to HIV/AIDS- offspring, and that the offspring of HIV/AIDS+, HAART- individuals are also HIV/AIDS+. We expect the effects of these assumptions to be minor, especially given the few births likely to take place during the 180-day duration of the model. For detailed list of parameters, their condition dependencies, values used, and the reference from which they were estimated, see Table S2.

	Parameter Symbol
	Description
	Population
	Value/Source

	NIN
	Total population
	Indonesia
	253,609,643[2]

	NSZ
	Total population
	Swaziland
	1,419,623[1]

	HA
	HIV/AIDS prevalence
	Indonesia
	0.46%[2]

	
	
	Swaziland
	27.4%[1]

	α
	Daily birth rate
	Indonesia
	4.67x10-05 [2]

	
	
	Swaziland
	6.90x10-05 [1]

	LEA
	Current population life expectancy at birth
	Swaziland
	32 y[1]

	LEHE
	HIV-excluded life expectancy at birth
	Swaziland
	61.5y[1, 10]

	ω
	Daily HIV-excluded death rate
	Indonesia
	3.69x10-05 1

	
	
	Swaziland
	4.45x10-05 [1, 10]

	ωA
	Daily death rate, attributable AIDS
	Indonesia
	4.32x10-05

	
	
	Swaziland
	2.0x10-03 2

	ωI
	Daily tuberculosis-attributable death rate
	Both
	8.22x10-04 [11]

	
	Between-host bacterial transmission rate for fully immunocompetent hosts
	Indonesia
	2.21x10-05 [11, 12]

	
	
	Swaziland
	7.9x10-09 [11, 12]

	
	Between-host bacterial transmission rate for HIV/AIDS+, HAART-
	Indonesia
	1.72x10-09; assumed.

	
	
	Swaziland
	4.64x10-10; assumed.

	
	Between-host bacterial transmission rate for HIV/AIDS+, HAART+ hosts
	Indonesia
	9.49x10-08  [11, 12]

	
	
	Swaziland
	2.76x10-09 [11, 12]

	
	Rate of transition from exposed to infective, fully immunocompetent
	Both
	3.10x10-07[11]

	
	Rate of transition from exposed to infective, HIV/AIDS+, HAART-
	Both
	3.41x10-07; assumed.

	
	Rate of transition from exposed to infective, HIV/AIDS+, HAART+
	Both
	3.10x10-07; assumed.

	
	Rate of immune memory loss in fully immunocompetent hosts
	Both
	1·0x10-03; assumed.


	
	Rate of immune memory loss in HIV/AIDS+, HAART- hosts
	Both
	1·0x10-02; assumed.

	
	Rate of immune memory loss in HIV/AIDS+, HAART+ hosts
	Both
	2.0x10-03; assumed.

	
	Transition rate from untreated to partially antibiotic adherent
	Both
	1.05x10-02 [13]

	
	Transition rate from partially antibiotic adherent to untreated
	Both
	1.05x10-02[13]

	
	TB recovery rate in HIV/AIDS-, DOTS-treated hosts
	Both
	3.0x10-03 [12, 14, 15]

	
	TB recovery rate in HIV/AIDS-, non-DOTS-treated hosts
	Both
	2.0x10-03 [12, 14, 15]

	
	TB recovery rate in HIV/AIDS-, untreated hosts
	Both
	9.13x10-04 [12, 14, 15]

	
	TB recovery rate in HIV/AIDS+, HAART-, DOTS-treated hosts
	Both
	2.0x10-03 [12, 14, 15]

	
	TB recovery rate in HIV/AIDS+, HAART-, non-DOTS-treated hosts
	Both
	1.5x10-03 [12, 14, 15]

	
	TB recovery rate in HIV/AIDS+, HAART-, untreated hosts
	Both
	3.0x10-04 [12, 14, 15]

	
	TB recovery rate in HIV/AIDS+, HAART+, DOTS-treated hosts
	Both
	1.50x10-4; assumed.

	
	TB recovery rate in HIV/AIDS+, HAART+, non-DOTS-treated hosts
	Both
	1.0x10-3; assumed.

	
	TB recovery rate in HIV/AIDS+, HAART+, untreated hosts
	Both
	4.57x10-4; assumed.

	C1
	Probability of early TB detection and complete (DOTS) treatment
	Both
	Varied, depending on percent complete adherence[8]

	C2
	Probability of incomplete (non-DOTS) TB treatment
	Both
	0.625* (1-C1)[9]

	C3
	Probability that no treatment was ever sought
	Both
	0.375* (1-C1); assumed.

	
	Multiplier representing increased risk of infection death in HIV/AIDS+, HAART- infectives
	Both
	3.3[16]

	
	Factor of increase for infection-attributable death in HIV/AIDS+, HAART+ patients
	Both
	1 (placeholder only).



Table S2. SEIR Model Parameter Values
Table S2 defines the values for each parameter used in the model; some parameter values were readily available in the literature, while others were calculated using known values, with the formulas corresponding to these calculations appearing in the supplement. Where applicable, we assume equivalent immune function in HIV/AIDS- and HIV/AIDS+, HAART+ hosts. We note that, rather than the annual figures typically reported in the literature, parameter values for this model have been converted into per person, per day probabilities to reflect the duration of the model. HIV-excluded and AIDS-attributable mortality in Indonesia were adjusted using current and past mortality rates for Swaziland. The models used for this process appear in the appendix to this paper. The model used to separate AIDS-attributable mortality from all-cause mortality is located in the supplement.







 













 
Calculation of Example Parameter Values
To reflect the entry and re-entry of new susceptibles into the population via birth and gradual loss of immune memory, respectively, as well as the departure, due to death, of individuals from all compartments (even just within the relatively short 180 day duration of the model), we defined several parameters (Table S2). (Where possible, the parameter values used in this model were taken from the existing literature; when we were unable to do this, values were assumed, or calculated using the models detailed in this section.) Mortality-associated parameter values include separate rates for HIV-excluded, bacterial infection-related, and other-cause AIDS-related death. We also use the parameters  and , which represent the differing rate of immune memory loss for each HIV status, and the rate of transition between antibiotic adherence categories, respectively. We note that ρ, β, and ζ (the transition rate from exposed to infective) depend on immune status only, and do not vary based on antibiotic adherence; the opposite is true for the parameter θ, which varies based on antibiotic adherence alone. Parameters such as these, whose values are assigned based on either HIV/AIDS status or antibiotic adherence, but not both, are singly indexed using the applicable sub- or superscript.
Although we use  to represent the rate at which immune memory is lost during recovery from a bacterial infection, we recognize that it is difficult, if not impossible, to assign a value to a parameter that essentially equates to the number of T-cells lost per day.[17] Because we cannot ignore the difference in immune memory that exists between immunocompetent and AIDS-immunocompromised hosts,[18] we assigned an arbitrary value of 0.001 to represent rate of immune memory loss among the immunocompetent. We assume that immune memory is lost twice as fast in HIV/AIDS+, HAART-treated hosts[19] and ten times as fast in those with active AIDS. (In assigning parameter values to HIV/AIDS+, HAART-adherent hosts, we assume their immunocompetence to be equivalent to that HIV/AIDS- hosts in all instances except with regard to loss of immune memory.) Though these particular values are chosen arbitrarily, the qualitative outcome of the model will be unaffected so long as the values remain monotonically increasing.
Due to financial constraints, people in developing countries may forgo antibiotic treatment[20-22] (possibly in favor of purchasing HAART), but, we found no data indicating the frequency with which they alternate between partially adherent and untreated. However, using the work of Kaona, et al.,[13] we were able to establish a mean duration of adherence to antibiotic treatment in TB+ hosts by taking a weighted mean of the points at which patients ceased treatment prior to finishing their antibiotic regimens. We use the inverse of that 95.1-day duration to represent the rate at which infectives transition between the partially adherent and untreated states. 
We use the symbol ζ to represent the rate of transition from exposure to active infectivity. Cohen and Murray[11] provide an annual transition rate, which we convert to reflect a daily value, and use as a baseline for fully immunocompetent and HAART+ hosts. We assume that those with active AIDS transition ten-percent more quickly once exposed.
In keeping with the primary literature on compartmental modeling, we use the parameter β to represent the between-host bacterial transmission rate; and we use  to represent the rate of recovery once a bacterial infection is contracted.[23, 24] We assume that β is equivalent for HIV- and HIV/AIDS+, HAART-adherent individuals, whereas the β value for AIDS+, HAART-nonadherent individuals was assumed to be ten-percent higher than that of their fully immunocompetent and HAART-adherent comparators. In all cases, we rely on the work of Cohen and Murray,[11] who assigned an arbitrary annual transmission rate of 8.50x10-6 to their study population of one million. However, we converted this annual transmission rate to a daily transmission rate, and adjusted it to account for differing population sizes in Indonesia and Swaziland, and differing subpopulation sizes among immune classes.
Values for  were assigned based on previously published TB infection duration data. Dye, et al.,[25] report that in fully treated, immunocompetent hosts, TB infection lasts approximately 292 days; whereas, with partial treatment, approximate infection duration is 547.5 days. Tiemersma, et al.,[15] estimate an infection duration of 1095 days in the complete absence of antibiotic treatment. We use the inverse of these three durations to establish baseline rates of recovery in fully immunocompetent hosts.
For HIV/AIDS+, HAART+ hosts, we assume that each antibiotic-dependent value of  is equivalent to 50% of the one corresponding to fully immunocompetent hosts of the same antibiotic status. We made this assumption to reflect the potential immune complications that can arise within this subpopulation, despite HAART treatment, and to reflect a more reasonable steady state for the ratio of β to γ. In all cases, these values are reflective of initial values used in Cohen[11] and Dye.[12, 14]
For AIDS-immunocompromised hosts, we the use the tuberculosis case fatality rates (CFRs) set forth by Corbett, et al.,[16] to modify estimated rates of recovery in hosts lacking immune function. Corbett reports a mean CFR ratio of 1.5 for HIV/AIDS+ versus immunocompetent hosts with full (DOTS) antibiotic treatment.[16, 26] (Corbett’s work separates CFRs according to smear-negative and smear-positive samples.  However, since our work does not address smear- vs. smear+ TB, we apply a mean of the smear- and smear+ CFRs to our baseline γ values to adjust for immunoincompetence due to active AIDS.) We apply the inverse of that ratio, two-thirds, to  – with the assumption that being 1.5 times more likely to succumb to tuberculosis is the equivalent of being 0.67 times as likely to recover – in order to define a recovery rate for fully antibiotic adherent, HIV/AIDS+, HAART- hosts. Similarly, we apply the inverse of 1.27[16] to  to adjust for immunoincompetence in partially treated (non-DOTS), HIV/AIDS+, HAART- hosts; and, in the complete absence of antibiotic treatment, we apply the inverse of 3.3[16] to , to calculate a rate of recovery in AIDS-immunocompromised hosts.
We apply the multiplier to the parameter  to account for the increased probability of infection-attributable mortality affecting HIV/AIDS+, non-HAART-adherent hosts. We again refer to Corbett, et al.,[16] and assume a worst-case scenario, in which infection-attributable mortality is 3.3 times greater than it is in fully immunocompetent and HAART-treated hosts. Accordingly, we set  equal to 3.3 for those AIDS+ infectives not receiving HAART. We assume that immunocompetence and/or HAART is largely protective against death from opportunistic infection in antibiotic-adherent infectives, so we assign a value of one to . (Values for ψ are based on HIV status alone.)
Antibiotic Adherence
The literature reports ranges of antibiotic adherence from 5-95%, depending on factors such as age, socioeconomic status and medication side-effects.[27-29] We investigated the impact of adherence on emergence using a range of 0-100% adherence. When comparing projected emergence both with and without HIV/AIDS in the population, we also included a trial in which we assumed all categories of hosts were 20% adherent to reflect the best-case scenario of adherence reported by Blower and Chou.[8]
Per Host Category Relative Emergence Calculations 
Determining the relative emergence attributable to each host category required that we include estimates of the per cell, per bacterial generation mutation rate; the total number of infected cells per host; the expected number of bacterial generations per infection duration; the per category infection duration; and the relative success of the mutant strain (Table S3).



	Infective Category
	Per cell, Per Generation, Mutation Rate
	Total Infected Cells per Host
	Per Category Infection Duration (Days)
	Generations Per Infection Duration
	Relative Success of Mutant

	
	3.00x10-10[30]
	2.08x105
	292
	194.67
	0.95

	
	2.25x10-10
	3.11x105
	547
	365
	0.95

	
	1.50x10-10
	4.15x105[31, 32]
	1095
	730
	0.05

	
	3.30x10-10
	2.59x105
	438
	292
	0.95

	
	2.48x10-10
	3.89x105
	695
	463
	0.95

	
	1.65x10-10
	5.19x105
	3613
	2409
	0.05

	
	3.00x10-10[30]
	2.08x105
	292
	194
	0.95

	
	2.25x10-10
	3.11x105
	547
	365
	0.95

	
	1.50x10-10
	4.15x105[31, 32]
	1095
	730
	0.05



Table S3. Projected Emergence Parameters
To calculate relative projected emergence attributable to each host category, we estimated relevant bacteriological rates. Generations per infection duration were estimated based on the work of Gill,[33] and previously discussed γ values;[15, 16, 25] whereas the relative success of mutations was arbitrarily assigned based on selective pressures exerted by host health behavior and immune function.[34-36]

Per cell, Per Bacterial Generation Mutation Rate
To estimate this parameter value, we relied upon the work Billington, et al.,[30] who report a range of 2.0x10-10 to 4.0x10-10 mutations per cell, per generation, in Mycobacterium tuberculosis (MTB) in the presence of Rifampin. Using the mean of that range, we establish a baseline mutation rate of 3.0x10-10 for fully immunocompetent (and HAART+), antibiotic-adherent hosts. In the absence of the selective pressure applied by antibiotic use,[37] we assume mutations to develop 50% less frequently in immunocompetent and HAART+, antibiotic-negative hosts, as compared to the baseline. Finally, among partially-treated hosts, we expect that some selective pressure will be exerted by the intermittent use of antibiotics; however, we do not expect that mutations will arise as frequently as they do in fully-adherent hosts. (Rather, we expect that drug-resistant strains already present within the host microbiome will gain a competitive advantage under this condition.) We therefore use the mean of the mutation rates for fully-adherent and untreated hosts to establish a mutation rate of 2.25x10-10 for partially-treated HIV/AIDS- and HIV/AIDS+, HAART+, hosts.
Among AIDS-immunocompromised hosts, the selective pressure typically applied by a functional immune response is absent.[38, 39] While this might suggest that fewer mutations would occur, bacterial replication occurs more rapidly in immunocompromised hosts,[40] thereby presumably increasing the probability of random mutation. Therefore, for each antibiotic adherence category, we assume an arbitrary 10% increase in the per bacterium mutation rate of AIDS-immunocompromised hosts, relative to their fully immunocompetent and HAART+ comparators.
Total Infected Cells per Host
To calculate an expected number of infected cells for each host category, we referenced Stone, et al.,[32] and Dormans, et al.,[31] who provide estimates for the total number of alveolar cells in the mouse and human lung, and the number of MTB colony-forming units (CFUs) found in a mouse model, respectively. In examining strain-specific MTB colonization within the lungs of a mouse host, Dormans, et al., found a range of approximately 105-109 CFUs.[31] Assuming that MTB resides solely in the cells of alveolar region, and assuming a best-case bacillary load of 105 CFUs, we divided 105 by the total number of alveolar cells present in the mouse[32] to establish a percentage of infected cells. We then multiplied that same percentage by the total number of alveoli present in human lungs[32] to correct for the large difference in total alveolar cells that exists between the mouse and human. This process produced a baseline of 4.15x105 infected alveoli in fully immunocompetent and HAART-adherent hosts. We assumed that, among fully-treated hosts, 50% fewer infective alveoli would be found; and we used the mean number of infective alveoli found in fully-treated and untreated hosts to estimate infective alveoli in those who are partially-treated. Finally, among the AIDS-immunocompromised, we assumed a 25% increase in infected alveoli in fully and untreated hosts, relative to their immunocompetent counterparts. We then used the mean infective alveoli form those host categories to establish an estimate for partially treated hosts. (While we recognize that this process only provides us with a rough estimate of the number of infected alveoli, we do not expect it to significantly affect our results, nor do we expect it to compromise our ability to determine relative emergence attributable to each category of infective host.)
Bacterial Generations per Infection Duration
The expected number of bacterial generations per infection duration for each host category was estimated using Gill et al.,[33] who report that MTB doubling time ranges from 18-54h. Accordingly, we assume an average doubling time of 36h. For each adherence category, we apply that doubling time in the equation (1/γ*24h/1d)/36h, wherein 1/γ represents the per category infection duration.
Relative Probability of Mutant Success
Based on the combination of HIV/AIDS status and antibiotic adherence, each category of infective was assigned a value representing the relative probability that an antibiotic-resistant mutant would arise and successfully compete for host resources. These probability values were assumed based on the selective pressures associated with each host category. For example, emergence of antibiotic resistance is less likely in immunocompetent, antibiotic adherent hosts, but those mutations that do arise face little host resource competition,[36] since the combination of host immune function and appropriate antibiotic use exerts a twofold selective pressure against drug-sensitive strains.[35] The probability of evolutionary success of a drug-resistant mutant is, therefore, presumed to be high for the host category . Accordingly, the probability value assigned to that host category is 0.95. Conversely, antibiotic-untreated, AIDS-immunocompromised, hosts lack the selective pressures typically applied by immune function and antibiotic adherence against drug-sensitive pathogens; drug-resistant strains are, therefore, unlikely to arise by means other than random mutation and horizontal transfer from antibiotic-resistant microbes already present within the host microbiome.[34]
AIDS-attributable Mortality Adjustments
In order to accurately estimate a death rate due to attributable AIDS, it was necessary to divide the reported HIV/AIDS prevalence for each population into two separate groups: those who are HIV+, but whose disease has not yet progressed to AIDS, and those who are AIDS+. Morgan, et al.,[10] report a median progression time from HIV seroconversion to active AIDS of 3431 days, and a median survival time from AIDS to death of 276 days in the rural Africa during the pre-HAART era; the total post-seroconversion survival time is 3707 days, 276 days of which are spent in the AIDS+ category. That is, of the total post-seroconversion survival time, 93% is spent with HIV only, and 7% is spent with active AIDS. Accordingly, we estimate that of the HIV/AIDS+ hosts present in each country, 93% are HIV+, and 7% have active AIDS.
Since our model reflects the current state of HAART availability, it was necessary to adjust AIDS-attributable death to account for the longer post-seroconversion lifespans made possible by the introduction of antiretrovirals.[41] However, an updated estimate of post-activation of AIDS survival time in HAART-treated hosts was not readily available in the literature. We therefore adjust for the additional total post-seroconversion survival time afforded by HAART availability, while assuming that the same percentages apply to time spent in each category as were estimated using Morgan;[10] we expect that this assumption may change the outcome of the model slightly, but not significantly.
The model below, the parameter symbols for which appear in Table S4, was used to calculate the attributable AIDS death rate for Swaziland:
1/ STASZ = (1/ LESZ – 1/ LEHESZ*ICPSZ)/APSZ
Solving for STASZ, and taking its inverse provides an annual AIDS-attributable death rate, and we divide that number by 365 to determine ωA, the daily rate.

		Parameter Symbol
	Description 
	Value/Source

	NSZ
	Total population, Swaziland 
	1,419,623[1]

	HASZ
	HIV/AIDS prevalence 
	26.5%[1]

	LESZ
	Current population life expectancy at birth
	32 y[42]

	LEHESZ
	HIV-excluded life expectancy at birth 
	61.5 y[41]

	ωASZ
	AIDS attributable death rate (d)
	(1/ STASZ)/365

	PHIV
	Proportion of HIV/AIDS+ hosts with HIV only 
	0.93[10]

	PAIDS
	Proportion of HIV/AIDS+ hosts with active AIDS 
	0.07[10]

	APOPSZ
	People living with active AIDS, Swaziland
	NSZ* HASZ * PAIDS

	ICPOPSZ
	People who are fully immunocompetent or HAART treated, Swaziland
	NSZ - APOPSZ

	ICPSZ
	Percent of population that is fully immunocompetent or HAART treated, Swaziland 
	ICPOPSZ/NSZ

	APSZ
	Percent of population that with active AIDS, Swaziland
	APOPSZ/NSZ



Table S4. AIDS-attributable mortality estimates, Swaziland
The parameters detailed above were used to estimate an AIDS-attributable mortality rate which applies only to those Swazilanders with active AIDS. We assume that HIV/AIDS+, HAART-adherent, hosts are susceptible only to HIV-excluded and infection-related death.


In Indonesia, calculating the AIDS-attributable death rate required that we adjust for the fact that population life expectancy is now greater than it was prior to the introduction of HIV/AIDS. (This phenomenon, actually the result of medical advances unrelated to HIV/AIDS,[43] masks the impact of HIV/AIDS on life expectancy.) We use the model described below to adjust for increased Indonesian life expectancy in the post-HIV/AIDS era. Parameter values and symbols are found in Tables S4 and S5.

	Parameter Symbol
	Description 
	Value/Source

	NSZ
	Total population, Swaziland 
	1,419,623[1]

	NIN
	Total population, Indonesia 
	253,609,643[2]

	HASZ
	HIV/AIDS prevalence, Swaziland
	26.5%[1]

	HAIN
	HIV/AIDS prevalence, Indonesia 
	0.4%[2]

	LESZ
	Current population life expectancy at birth, Swaziland
	32 y[42]

	LEIN
	Current population life expectancy at birth, Indonesia 
	72.2 y[2]

	LESZ80
	Pre-AIDS life expectancy, Swaziland 
	61.5 y[41]

	LEIN80
	Pre-AIDS life expectancy, Indonesia 
	52.5y [44]

	LEHESZ
	Current HIV-excluded life expectancy, Swaziland
	61.5 y[41]

	LEHEIN
	Current HIV-excluded life expectancy, Indonesia 
	74.3y

	ωA’
	Adjusted AIDS attributable death rate (d), Swaziland
	(1/ STASZ’)/365

	PHIV
	Proportion of HIV/AIDS+ hosts with HIV only 
	0.93[10]

	PAIDS
	Proportion of HIV/AIDS+ hosts with active AIDS 
	0.07[10]

	APOPSZ
	People living with active AIDS, Swaziland 
	NSZ* HASZ * PAIDS

	ICPOPSZ
	People who are fully immunocompetent or HAART treated, Swaziland
	NSZ - APOP

	ICPSZ
	Percent of population that is fully immunocompetent or HAART treated, Swaziland
	ICPOPSZ/NSZ

	APSZ
	Percent of population with active AIDS, Swaziland
	APOPSZ/NSZ

	APOPIN
	People living with active AIDS, Indonesia  
	NIN*HAIN*PAIDS

	ICPOPIN
	People who are fully immunocompetent or HAART treated, Indonesia
	NIN - APOPIN

	ICPIN
	Percent of population that is fully immunocompetent or HAART-treated, Indonesia
	ICPOPIN/NIN

	APIN
	Percent of population with active AIDS, Indonesia 
	APOPIN/NIN



Table S5. AIDS-attributable mortality, India
AIDS-attributable mortality for Indonesia was calculated based on an adjusted life expectancy for Swaziland. This allowed us to avoid the appearance that HIV/AIDS is adding life-years to population life expectancy when, in fact, medical advances unrelated to HIV/AIDS are the reason for longer lifespans.

Using the equation 1/STASZ = (1/ LESZ - (1/LESZ80* ICPSZ))/APSZ, we solve for an adjusted survival time with active AIDS in Swaziland and apply its inverse to the ratio of pre-AIDS life expectancies in Swaziland and Indonesia to determine HIV-excluded life expectancy in Indonesia as follows:
1/LEHEIN = (1/LEIN - 1/STASZ’*(LESZ80/LEIN80) *(APIN))/ ICPIN
Finally, to calculate death due to AIDS in Indonesia, we apply 1/LEHEIN to the ratio LESZ80/LEIN80, and divide the product by 365 to assess daily AIDS-related mortality. 
We note that this model relies upon two assumptions: First, we assume that the post-AIDS life expectancy ratio in Indonesia and Swaziland is equivalent to the pre-AIDS life expectancy ratio; and, second, we assume that life expectancy among the immunocompetent in Swaziland hasn’t changed between the current and pre-AIDS era.
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