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Part 1: Principle and Structure of the Model
1.1 Principle of the math model
The math model is built based on Bernoulli probability theory (Gray, et al., 2001; Mastro, et al., 1994; Satten, et al., 1994). For each HIV seronegative person, the probability of being infected through heterosexual contacts during the study period (1 year) is modeled as 
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is the probability of each person meeting an HIV-positive partner and m represents the number of partners in a year. 
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, the probability of HIV transmission within a discordant partnership, is equal to 
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 refers to per-act infectivity and n represents the number of sexual contacts with each partner. Substituting the latter into the former results in an equation, 
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, which shows that the probability of infection through heterosexual contacts is associated with the number of sexual partners and the number of sexual contacts with each partner. There are evidences that these behaviors vary with the type of sexual partner, the above equation is therefore modified by considering three types of sexual partners (i.e., regular, casual, and commercial). The modified full equation estimating the probability of infection through heterosexual contacts is expressed as:
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We assume that the probability of being infected during each sexual contact is independent, and that the probability of being infected by each sexual partner is independent. We also assume that the probability of each individual meeting an HIV-infected partner is equal to the prevalence of HIV among the partner population.

A number of factors may influence the per-act infectivity of HIV transmission, including STD infection status within the partnership, HIV infection stage of the infected partner, circumcision status of the male partner, and condom usage during sexual intercourse. Per-act infectivity is therefore adjusted by considering the effects of such cofactors in various probabilistic combinations that an HIV-negative individual may encounter while having sex with an HIV-positive partner.

1.2 Structure of the model
The model is expected to estimate both burden of disease (BOD) and health impact of PSI interventions (i.e., products and services). BOD is expected for the purpose of testing the reliability of the model by comparing the BOD to that reported by the UNAIDS. It is measured through number of new infections and loss of disability adjusted life years (DALYs). Health impact of PSI interventions is measured through new infection averted per unit of product or service and DALYs gained per unit of product or service. 

To achieve this, the model is designed to have two components: baseline (i.e., a scenario when there are no PSI products/ services available) and follow up (i.e., a scenario when PSI products/ services are programmed in the population). The baseline component assumes no incremental interventions, and gives us an estimate of the potential disease burden of HIV that would be accrued in a given year in terms of new infections with HIV and DALYs lost due to HIV/AIDS. The follow up component runs to estimate the reduction in risk of being infected by incorporating various PSI products/ services in terms of sales, population level coverage, and/ or other features. The products/ services directed at reducing the spread of HIV include male condoms, female condoms, voluntary counseling and testing (VCT) and male circumcision (MC).
Due to the heterogeneity of sexual behaviors which are associated with HIV heterosexual transmission, study population is divided into five risk groups (i.e., population categories) as defined by total number of partners. BOD and health impact are estimated for each of the risk groups. The five risk groups are as follows:
· Low Risk (total partners in the past year = 1)
· Medium Risk (total partners in the past year = 2)

· High Risk (total partners in the past year = 3-4)
· Very High Risk (total partners in the past year = 5-9)

· Highest Risk (total partners in the past year ≥ 10)

Part 2: Estimating Country Specific Disease Burden

2.1 Parameters with country specific data

Four types of parameters can be country-specific and they are demographic, epidemic, sexual behavioral and condom use parameters. Demographic parameters include population size and proportion of sexually active people in the country. Sexual behavioral parameters include number of sexual partners by type in the past year and number of sexual contacts with each partner by type in the past year. Condom use parameter includes percentage of sexual contacts with each partner type protected by a condom. Epidemic parameters include HIV prevalence and STD prevalence among different population and male circumcision rate. 
As sexual behavioral data are not readily available for many countries, they are set as defaults for all countries in the model. The default values are obtained from combined data of three studies (PSI TRaC surveys) conducted among general population aged 15 to 49 in Angola, Zambia and Zimbabwe. For the epidemic parameters, since data on HIV prevalence among commercial sex workers and STD prevalence among general adults and commercial sex workers are not readily available for most PSI countries, functional relationships between them and the empirically sourced adult HIV prevalence are identified and formulated. 
The function for HIV prevalence among commercial partners is stated as follows (where 
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 is the adult HIV prevalence and 
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is the HIV prevalence in CSWs):

· For a Sub-Saharan African country, 
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· For an Asian country, 
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· For a Latin American and Caribbean country, 
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The function for STD prevalence among general adults is stated as below (where 
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 is the adult HIV prevalence and 
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 is the STD prevalence among general adults):

· 
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STD prevalence among commercial partners is set at 80% for all PSI countries at this moment.

2.2 Estimating disease burden of HIV/AIDS
The model starts by taking the demographic data from the specific country being studied, and uses this to estimate the number of sexually active people within the country at the time of the baseline year. Each population is then broken down into the five risk groups according to total number of sexual partners. 

For individual in each risk group the model runs a scenario where for that individual there are 
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 sexual partners by type and Y sexual contacts with each of the three types of partner. The risk of infection is dependent on number of sexual contacts, male circumcision rate, HIV prevalence and STD prevalence rate amongst that individual and each type of partners, and also the likelihood of the partner being in the acute stage of HIV infection. In addition a baseline probability level of condom use is assumed for each sexual contact based on the type of partner. The resulting likelihood of infection within each risk group is then multiplied by the size of the sexually active population within that risk group, to get an estimate of the total number of new infections of HIV in the time period studied (one year). For each risk group the model runs as below:
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Representation of Risk of HIV Infection Through Heterosexual Transmission


The final stage of the modeling process is the translation of the estimated number of new infections into a total equivalent figure for burden measured in DALYs. For this process the methodology is followed from the original DCPP report published in 2000, incorporating any updates from the more recent DCPP version 2 published in 2005. We assume that an infected person lives an average of 10 years with HIV and another two years with AIDS before death.
For more details on the parameters used and their sources, see Part 4.
Part 3: Estimating the Health Impact of PSI Interventions

The second component of the model involves estimating the impact of each intervention on alleviating the burden from HIV/AIDS in that specific population. Since different intervention has impact on different drivers of risk of infection, we describe this component by products/ services. 

3.1 Condom Sales

Demographic parameters needed in the baseline scenario are not needed in the follow-up scenario. Instead, sales related parameter (i.e., market share of PSI branded condoms) is needed. Epidemic & sexual behavioral parameters remain the same as in the baseline scenario. Condom use parameter differs from that in the baseline since condom sales program aims at increasing percentage of sexual contacts protected by a condom. 
For each individual in each risk group the model runs a scenario where for that individual there are the same number of sexual partners and the same number of sexual contacts with each type of partners as in the baseline scenario. Probability of condom use for each sexual contact at follow-up is a function of that in the baseline and market share of PSI condoms. The resulting likelihood of infection within each risk group is then subtracted from that in the baseline scenario, to get an estimate of the reduction in risk of infection per person per year. Number of PSI condoms consumed per person per year is estimated based on sexual activities and condom use data. Dividing the reduction in risk of infection per person per year by the number of PSI condoms consumed per person per year yields the estimate of new infection averted per condom. For each risk group the model runs as below:
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The final stage of the modeling process is the translation of the estimated number of new infections averted per condom into an equivalent figure measured in DALYs gained per condom. An infected person is assumed to live an average of 10 years with HIV and another two years with AIDS before death.

Part 4: Parameters & Sources
Deterministic data points for parameters used in the model and their sources are listed below.

4.1 Risk group sexual activity data

Sexual behavior (i.e., number of partner by type and number of sexual contacts with each partner by type) and proportion of people in each risk group are obtained from a combined data of three PSI TRaC surveys among general population (aged 15-49) in Angola, Zambia and Zimbabwe. 
	% of sexually active
	Group
	% among sexually active
	Partner Type
	average no. of partner /yr
	average no. of sexual acts /partner/yr

	82.2%
	Low risk 
	77.3%
	regular
	0.854
	58.75

	5297/7135 (1 partner)
	
	casual
	0.139
	43

	
	
	
	commercial
	0.0072
	

	
	Med risk
	11.2%
	regular
	0.958
	70.18

	
	(2 partners)
	
	casual
	0.931
	40.9

	
	 
	
	commercial
	0.1112
	24

	
	High risk
	5.3%
	regular
	0.997
	69.78

	
	(3-4 partners)
	
	casual
	1.763
	25.2

	
	
	
	commercial
	0.5015
	24

	
	V High risk
	3.7%
	regular
	1.054
	55.89

	
	(5-9 partners)
	
	casual
	2.769
	21.5

	
	 
	
	commercial
	2.269
	25.2

	
	Highest risk
	2.5%
	regular
	4.092
	31.5

	
	(10+ partners)
	
	casual
	4.74
	18.7

	
	
	
	commercial
	9.315
	36


Baseline condom usage


Condom usage rates are assumed to be 8%, 32% and 48% in regular, casual, and commercial relationships, respectively. The rates apply to all PSI countries. 

4.2 Epidemiologic Information (selected): 

HIV prevalence rate for general adults are obtained from “WHO/UNAIDS Epidemiological Fact Sheets on HIV/AIDS”. Adult STD prevalence and HIV prevalence among CSWs are obtained based on functions of adult HIV prevalence.
	Country
	Adult HIV prevalence (%)
	CSW HIV prevalence (%)
	Adult STD prevalence (%)

	SSA
	5.9
	39.7
	13.8

	LCA
	0.5
	1.8
	3.0

	Nigeria
	3.9
	38.4
	10.7

	Kenya
	6.1
	39.8
	14.1

	Madagascar
	0.5
	36.3
	3.0

	Zimbabwe
	20.1
	48.5
	29.4

	Myanmar
	1.3
	22.1
	5.4

	India
	0.9
	15.3
	4.3


Male circumcision rates 
Country-specific male circumcision rates are drawn from the published work by Williams et al. (2006). 
4.3 Biological information:

In Europe and North America, studies of serodiscordant couples typically have revealed a per-act infectivity of 0.001 (range: 0.0001-0.0015) (De Vincenzi, 1994; Downs & De Vincenzi, 1996; Leynaert, et al., 1998; Peterman, et al., 1988; Royce, et al., 1997; Wiley, et al., 1989). Similarly, a study of monogamous couples in Rakai, Uganda, found that the average per-act infectivity was 0.0011 (Gray, et al., 2001). We therefore select 0.0005 as the transmission probability per sexual contact during asymptomatic stage when both partners are absent from STDs.
Transmission probability per act during acute infection period when partners are absent from STDs: 0.0047 (Pilcher et al., 2004)

Effect of STD infection on HIV transmission: 5 (Rottingen et al., 2001 and Satten et al., 1994)

4.4 Disease related information:

Acute period of infection: 54 days (Pilcher CD et al., 2004)

Duration of HIV: 10 years; YLD weight: 0.135 (DCPP)

Duration of AIDS: 2 years; YLD weight: 0.505 (DCPP)

Age of infection: 26 years old for low, 25 for medium, and 24 for all high risk groups

Life span: 81.25 years for both men and women
4.5 Efficacy of Products/ Intervention: 

Protective efficacy of condoms: 90% (Pinkerton et al., 1997)

Protective efficacy of male circumcision: 60% (Auvert et al., 2005; Gray et al., 2007; Bailey et al., 2007)
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