Impact of male circumcision on the HIV epidemic in Papua New Guinea: a country with extensive foreskin cutting practices
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Supplementary Table S1
Table S1 - Summary of model parameters and uncertainty ranges. 

For each parameter, we estimated a value by calibrating the model to represent the estimated HIV prevalence, the number of reported cases overall and across age groups, and the number of people who have begun ART. Uncertainty ranges for parameters are based on available data or are assumed where no data is available. For beta distributed uncertainty ranges, the estimated value represents the mean value. We assumed wide uncertainty ranges for values that are particularly important for HIV transmission, in particular the circumcision and penile cutting parameters. 

	Parameter
	Estimated 

Values
	Time

Varying
	Age

Varying
	Uncertainty 

Range
	Distribution
	Footnote

	Demographic Parameters

	Percentage of urban males that are MSMW
	6%
	No
	No
	1-10%
	Uniform
	1

	Percentage men in rural areas that are MSMW
	4%
	No
	No
	0-10%
	Beta
	1

	Percentage of females in urban areas that are FSW
	5%
	No
	No
	2-8%
	Uniform
	2

	Percentage of females in rural areas that are FSW
	1%
	No
	No
	0-5%
	Beta
	2

	Percentage of FSW who stop engaging in sex work in year
	5%
	No
	No
	0-10%
	Uniform
	3

	Percentage of population that migrates from rural to urban areas each year
	1%
	No
	No
	0-5%
	Beta
	4

	HIV Transmission Parameters

	Per-act reference transmission probability from chronically infected females to males during unprotected sexual intercourse
	0.00052
	No
	No
	0.0001-0.0014
	Beta
	5

	Per-act reference transmission probability from chronically infected males to females during unprotected sexual intercourse
	0.002
	No
	No
	0.0006-0.003
	Beta
	5

	Per-act male to male  reference transmission probability
	0.009
	No
	No
	0.0024-0.0276
	Beta
	5

	Prevalence of sexually transmitted infections other than HIV in each population group
	Varies across groups
	No
	No
	±25%
	Uniform
	6

	Multiplicative factor for increased HIV transmission probability due to the presence of STIs
	5
	No
	No
	±25%
	Uniform
	7

	Sexual Behaviour Parameters

	Number of casual and regular partners per year – non MSMW
	Varies across groups
	Yes
	Yes
	±25%
	Uniform
	8

	Number of casual males partners per year for  MSMW
	1-2
	Yes
	Yes
	0-10
	Beta
	9

	Number of regular male partners per year for  MSMW
	0.075-0.1
	Yes
	Yes
	0-3
	Beta
	9

	Per act probability of condom usage
	Varies across groups
	Yes
	Yes
	±25% 

(max 100%)
	Uniform
	10

	Acts of sexual intercourse per casual partnership
	1
	No
	No
	±25%
	Uniform
	11

	Acts of sexual intercourse per regular partnership
	100
	No
	No
	±25%
	Uniform
	11

	Clinical Parameters

	Proportion of HIV+ individuals with primary or chronic HIV infection that are diagnosed with HIV each year 
	Varies across groups
	Yes
	Yes
	±25%
	Uniform
	12

	Proportion of people with AIDS diagnosed each year.
	Varies across groups
	Yes
	No
	±25%
	Uniform
	13

	Proportion of HIV infected individuals with diagnosed AIDS that begin first line ART treatment each year
	Calibrated to match data on number that have started ART
	Yes
	No
	±25%
	Uniform
	14

	Proportion of people on first line ART in urban areas that experience treatment failure each year
	10-20%
	No
	No
	±25%
	Uniform
	15

	Circumcision & Penile Cutting parameters

	Percentage of urban and rural males that are circumcised
	5%
	No
	No
	0-15%
	Beta
	16

	Percentage of urban and rural males with longitudinal penile cutting 
	45%
	No
	No
	20-70%
	Uniform
	16

	Reduction in HIV acquisition for circumcised general males and MSMW through vaginal intercourse
	60%
	No
	No
	50-70%
	Uniform
	17

	Reduction in HIV acquisition for general males and MSMW with foreskin cutting through vaginal intercourse
	20%
	No
	No
	0-60%
	Beta
	18

	1: The proportion of men that are MSMW is based on data from surveys but is highly uncertain. We assume a higher percentage in urban areas to reflect levels similar to MSM populations in high-income countries.

2: It is difficult to separate female sex workers from the general female population due to the high levels of transactional sex that occur throughout PNG. The values are based on data from surveys with assumed ranges reflecting this uncertainty. We assume a higher percentage in urban populations.

3: The proportion of FSW who stop sex work and return to the general female population was calibrated to maintain the proportion of females who are sex workers. FSW older than 45 are assumed to stop sex work. 

4: Population movement within PNG is very common with people travelling regularly across the country. However, there is no quantitative data available on population movement in PNG. Due to this uncertainty, we assumed that 1% of people in rural areas move to urban areas each year with a large percentage range. This value is fixed and the same for each age group. Migration from urban to rural areas is set automatically in the model so that the overall percentage of people in urban areas is fixed over time.

5: The per-act contact rates for male to female, female to male, and male to male transmission are based on numerous studies 
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 and represent the probability of HIV transmission from an infected partner who is in the chronic infection stage and not on ART during a sexual act with neither partner infected with other STIs 2[]
. The values we use here have been calibrated to match the HIV epidemiology data for PNG while remaining in the reported confidence intervals for the per act transmission probabilities. One exception to this is that we allow the male to female transmission probability to be higher to take into account the level of anal sex and sexual violence that are present in PNG 8-10[]
.

6: The prevalence of STIs in each population group have been calibrated to the HIV epidemic based on available survey data. We assume a 25% uncertainty for all population groups. 

7: This multiplicative increase in HIV transmission probability if one partner in a discordant partnerships has an STI is based on the estimates for genital ulcer disease in the Boily et al. meta-analysis 2[]
. We assume a 25% uncertainty for all population groups. 

8: The numbers of sexual partners each population group has each year were calibrated to the PNG HIV epidemic and change over time with the same relative reduction in partners. A small reduction in partner numbers is assumed for individuals with AIDS or who have been diagnosed with HIV due to illness and education/counseling.

9: Despite surveys showing MSMW can have high levels of sexual activity there have been low numbers of recorded transmissions attributed to homosexual contact and there is a relatively low HIV prevalence in MSMW. This means to calibrate the model we had to assume the average number of male partners MSMW have each year is low reflecting infrequent sexual intercourse between men on average.  Given this is at odds with other MSM populations a wide range in the number of partnerships for MSMW. We assumed urban MSMW have twice the number of sexual partners than rural MSMW to reflect the presence of a higher sexually active homosexual population in urban areas.

10: Condom usage varies across population groups depending on the type of partnership and was informed by available data. Data suggests that condom use has increased over time. 

11: These values are based on standard assumptions used in the HIV modeling literature. For regular partnerships the 100 acts corresponds to the assumed number of acts in a long-term regular partnership each year.  

12: Diagnosis of HIV+ individuals assumed that rural testing rates are less than those for urban populations due to lower access to medical services. The relative change in testing rate from 1990 to 2010 is the same for each population and age group. There is no variation with age in testing rates assumed for general males, MSMW, or FSW populations. Younger general females have higher testing rates than older females due to ANC testing. The parameter values were calibrated to match the cumulative number of diagnoses in each age group. All populations are assumed to have the same relative increase in testing over time to match the rise in recorded diagnoses in PNG. General males and MSMW are assumed to have the same testing rates overall while FSW are assumed to have a higher testing rate than general females due to their higher risk of acquiring HIV and to reflect available testing data. We assume a 25% uncertainty. 

13: Individuals with AIDS have a higher testing rate due to the presence of clinical symptoms and was assumed to be the same for each population group. Urban populations have a higher rate than rural populations due to better access to medical services. Diagnoses rates for people with AIDS are assumed to be much higher than for the rates during primary and chronic HIV  infection and are calibrated so that simulated annual diagnoses matches the recorded diagnoses in PNG overall. We assumed a 25% uncertainty range. 

14: ART only became available in PNG at the end of 2003, since then HIV infected individuals have been given treatment based on WHO guidelines. Despite expected differences between rural and urban areas due to logistical problems we assume the same rate of ART initiation for both urban and rural areas (with the differences between urban and rural areas contained in the AIDS diagnoses rate). We assumed a 25% uncertainty range.

15: There is no data available on HIV treatment failure in PNG. These values and ranges are assumed based on available clinical data 11[]
. All population and age groups have the same failure rate with urban areas having half the failure rate of rural areas reflecting better access to ART services. We assumed a 25% uncertainty range.

16: Men in PNG are likely circumcised after birth or after they become sexually active but it is assumed that men undergo these procedures prior to becoming sexually active. The proportion of men that have penile cutting or are circumcised is particularly important for evaluating MMC so we have assumed a wide range for these proportions.

17: The protective effect of complete foreskin removal is estimated from the results of a number of random control trials evaluating the impact of circumcision of HIV transmission 
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.

18: For penile cutting and the partial removal of the foreskin there is no data available on the relative effectiveness in reducing the risk of HIV acquisition but it is likely to vary widely depending on the level of foreskin removal. Based on discussions with local stakeholders and experts we assumed a 20% reduction for men who have any penile cutting with a wide uncertainty range from no protection (0%) to the same protection as circumcision (60%).
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