
SUPPLEMENTAL DIGITAL CONTENT 1 - APPENDIX
The model begins with a cohort of individuals, all of whom are assumed to have tested seronegative for HIV at the start of the model.  This test result is assumed to be accurate, thus, there is 0% prevalence at the start of the model.  It is assumed that the individuals are of age 20 years at the start.  The model progresses through cycles of 3-month periods for a duration of 45 years in the base-case, and up to 70 years in the sensitivity analysis. HIV incidence occurs at a constant rate for the first 30 years, over which testing can occur.
Deriving mortality rates for HIV-uninfected individuals

Mortality rates for HIV-uninfected individuals were derived from data from the World Health Organization (WHO) mortality tables for South Africa in 2005 (the latest data available).1
  Mortality attributed to HIV was subtracted from the all-cause mortality rates for each age group.  With such rates, 51.5% of the population has died by age 65, assuming no effect from HIV. 

The resulting age-specific mortality were:

Ages 20-24:  0.3457% per year

Ages 25-34:  1.2640% per year

Ages 35-44:  1.6654% per year

Ages 45-54:  1.7512% per year

Ages 55-64:  2.3161% per year

Ages 65-74:  4.2102% per year 
Ages 75+:  13.1365% per year 
HIV incidence 
The cohort first progresses through 30 years with a constant HIV incidence rate throughout.  Three scenarios, each with a different incidence rate, were evaluated.  Annual rates of 0.8%, 1.3%, and 4.0% were chosen to reflecting populations of low,
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 risk for HIV seen in previously published studies in sub-Saharan Africa.  While the 30 year period represents the ages at which HIV-infection typically occurs and allows for longer intervals of HIV testing to be studied,10,11
 shorter periods of a constant incidence were studied in the sensitivity analysis.  

Untreated HIV disease progression:  CD4 count decline and mortality rates
HIV disease progression was modeled based on changes in CD4 counts.  A value of 600 cells/mm3 for the average CD4 count at seroconversion with a standard deviation of 240 was used, based on several published studies.
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  An annual rate of CD4 decline of 39 cells/mm3/year was assumed in the base case,
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 resulting in a median time from seroconversion to a CD4 count of 200 cells/mm3 of 10.3 years.  While CD4 count at seroconversion differs based on age, sex and exposure group,12
 and that the rate of decline of the CD4 count depends on HIV subtype,
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  the model does not account for these variations.  However, in sensitivity analysis, the rate of CD4 decline was varied from 22 cells/mm3/year to 75 cells/ mm3/year, resulting in a corresponding average time from seroconversion to a CD4 count of 200 cells/mm3 of 18.2 years to 5.3 years.  

Mortality rates for untreated HIV are based on a longitudinal study in South Africa.17
  As individuals in this study did not have CD4 counts in the extreme low range, the mortality rate for the lowest CD4 stratum below was derived from relative mortality risks seen in another study, despite that study’s use of antiretroviral therapy.18
  Yearly mortality rates per CD4 stratum are:

> 500 cells/mm3 :  
Baseline age-specific rate for uninfected persons


350-499 cells/mm3 :  4.60%


200-349 cells/mm3 : 7.98%


50-199 cells/mm3 :  25.54%


0-49 cells/mm3 :  48.54%

These rates yield a 10-year cumulative mortality of 39% in the base case, and 30% to 79% in the sensitivity analysis.  
Re-testing for HIV
The model assumes that individuals who acquire HIV can be linked to care only through testing for HIV.  Different frequencies of HIV re-testing are compared, occurring at equal intervals throughout the 30 year period with constant HIV incidence.  The testing strategies studied include testing every 3 months, 6 months, 1 year, 2 years, 3 years, 4.29 years, 5 years, 6 years, 7.5 years, 10 years, 15 years, and one test after 30 years from the model start.  Testing every 4.29 years is derived from dividing the 30 year period into 7 intervals; for simplicity it is referred to as testing every 4 years.  All individuals test for HIV at the specified intervals, with exception of those who have previously received a diagnosis of HIV.  While 100% adherence to testing recommendations is implausible in real life, this assumptions allows for the accurate comparisons of the cost effectiveness of different testing frequencies studied.  The cost per quality-adjusted life years (QALYs) gained for each testing strategy is calculated by comparing it with a scenario without testing or treatment for HIV.  Incremental cost effectiveness ratios are also calculated. The model does not include a potential background of ongoing symptom-based case-identification or exposure-related self-initiated testing at interim time points.  Each test is assumed to have 100% sensitivity and specificity.  
Post-diagnosis follow-up for care and treatment
Linkage to care is modeled as a function of time since diagnosis, based on an intensive referral system in Tanzania.19
 The base case posits that 70% of HIV-seropositive testers will be linked to care in the first year post-diagnosis, with an additional 10% of the remaining individuals each subsequent year.  In the sensitivity analysis, this ranges from as low as 30% in the first year with 3% each year thereafter to 100% immediately after diagnosis.   
Initiation and efficacy of highly active antiretroviral therapy (HAART)
HIV-infected individuals are started on 1st-line HAART if linked to care and with a CD4 count of 350 cells/mm3 or less.20
  Efficacy of HAART is modeled by increases in CD4 count over time, with resulting decreases in mortality, and by treatment failure rates.  The rise in CD4 count was modeled to reflect the evidence showing that the degree of immune reconstitution is a function of CD4 nadir.
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  Maximum possible increases were based roughly on a modified equation of that used by Drusano, et. al.23
 in modeling the increase in CD4 seen on HAART and used by a previously published cost-effectiveness analysis.
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  The increase in CD4 is assumed to occur gradually over a period of 2 years.  The CD4 count of individuals still on effective therapy after 2 years is assumed to hold constant.  The increase in CD4 per 3-month cycle is based on an individual’s current CD4 count as follows for the base-case:
Current CD4 count:

Rise over 3-month cycle:

>300:   



37.5 cells/mm3/cycle

250-299:


35.0 cells/mm3/cycle

200-249:


31.0 cells/mm3/cycle

150-199:


27.0 cells/mm3/cycle


100-149:


26.0 cells/mm3/cycle


50-99:



24.0 cells/mm3/cycle


0-49:



13.5 cells/mm3/cycle

These increases represent conservative estimated compared to those seen in the literature, in order to overestimate the impact of HAART in the base-case.
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  The corresponding maximal possible rises in CD4 due to HAART, by CD4 count at the time of treatment initiation, are as follows:
CD4 at treatment initiation:
Maximum possible rise in CD4 count:

300-350:


+ 300 cells/mm3
250-300:


+ 295 cells/mm3
200-250:


+ 285 cells/mm3
150-200:


+ 270 cells/mm3
100-150:


+ 247 cells/mm3
50-100:



+ 218 cells/mm3
0-50:



+ 154 cells/mm3
Mortality estimates for those on therapy are derived from a study in South Africa 18
 and are modeled by relative risks compared to the baseline age-specific mortality rate for uninfected individuals. 
Current CD4 count on HAART:
Relative mortality risk compared to baseline mortality rate:


>500



1


400-499


1.41


300-399


1.45


200-299


1.66


100-199


2.59


50-99



4.93


0-49



11.63

Treatment failure rates are modeled as a function of time since treatment initiation, with highest failure rates occurring in the first year of treatment.  Failure rates of 27% in the first year and 7.83% each following year were applied to both 1st-line and 2nd-line therapy in the base-case, and are derived from trials and reviews of clinical outcomes in sub-Saharan Africa. 
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  Given the wide range of failure rates seen in in various clinical settings,26
 we varied failure rates from 1% failure each year after treatment initiation to 40% in the first year and 15% failing each year thereafter for both 1st- and 2nd- line therapy.  
If treatment failure occurs on 1st-line HAART,  detection of virologic failure was assumed to take 6 months in the base-case scenario, based on guidelines on the management of ART from South Africa and the frequency with which viral load and CD4 measurements are performed.20
  In sensitivity analysis, this was varied from 0 months to 18 months.  During virologic failure, it was assumed that the CD4 count again drops at the same rate as those who are not on therapy, but mortality rates for those on therapy still apply, as the source for this input data included both those with suppressed and non-suppressed viral loads.18
  Individuals are then switched to 2nd-line HAART after 6 months in the base-case.  To be conservative in estimating the maximal possible rise in CD4 from 1st- and 2nd-line therapy and consequently the prolongation of life from HAART, it was assumed in the base-case that no further increases in CD4 count occur while on 2nd-line therapy; CD4 count remains constant instead.  We explored allowing the same increase as occurs for 1st-line therapy to happen during suppressive 2nd-line therapy, and this variation did not affect the relative cost-effectiveness of the testing strategies from that seen in the base-case (data not shown).  Individuals failing 2nd-line therapy were kept on non-suppressive therapy; mortality rates for those on HAART still apply to these individuals, though the CD4 count again drops at a rate equal to the rate posited for persons not on therapy.  
Loss to follow-up

Loss to follow-up could take place in the model for individuals on either 1st- or 2nd-line therapy.  Based on a systematic review of patient retention in ART programs in sub-Saharan Africa, and not including loss to follow-up due to deaths, a 10.33% yearly rate of loss to follow-up was estimated for the model.
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  After loss to follow-up, an individual is assumed to no longer be taking HAART.  Thus, mortality rates for untreated HIV apply, and the CD4 count drops at the rate for untreated disease.  There is no mechanism in the model for those who are lost to follow-up to return to care at a later time. 
Secondary transmission of HIV
Rates of secondary transmission for HIV for untreated individuals who are unaware of their HIV-infected status were based on two studies looking at secondary transmission from heterosexual African adults.
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  For the purposes of differential infectiveness, HIV disease is divided into stages:  acute (2 months after seroconversion), subacute (9 months after the acute phase), chronic (post 11 months from seroconversion, CD4 > 350 cells/mm3), symptomatic HIV (200 < CD4 < 350), and AIDS (roughly defined as CD4 <200 here).  One study only reports infectivity in terms of transmissions per coital act,
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 while the other reports in terms of transmissions per patient-year, but all the patients in the cohort are aware of their seropositive status and receiving testing and counseling every three months.
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  To derive transmission rates per patient-year for individuals unaware of their HIV status, the relative risks of the rates of transmission from these two studies, which closely corresponded, were rescaled to conform to the assumption of an undiscounted reproductive number of 1.0 for someone infected at age 20.  The results rates are:

HIV stage

Secondary transmission per patient-year:


Acute*:


0.586


Subacute:

0.100



Chronic:

0.050


Symptomatic:

0.0716




AIDS:


0.180
For the cohort as a whole, these rates equate to an undiscounted average of 0.94 secondary infections over the course of the lifetime of a person living with HIV.  Regarding the acute phase of HIV, because the model assumes 100% sensitivity and specificity for each HIV test, it is also assumed that for every seropositive individual testing for HIV, the acute phase has already finished; in other words, HIV testing cannot detect individuals in the acute phase in the model, and all reductions in secondary transmissions occur due to reductions in infectivity in later stages.  
Reductions in infectivity can occur in two ways in the model:  through knowledge of one’s diagnosis (eg, testing) and through treatment.  Rates of HIV transmission were assumed to decline by 20% if the HIV-infected individual was aware of his/her seropositive status, a conservative estimate based on studies from the US, Zimbabwe and Uganda.
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  No behavior change was modeled for individuals testing seronegative.35
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  It is assumed that for persons on effective therapy, secondary transmissions of HIV occur at a rate of 0.0037 per patient-year,
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 consistent with decreases in transmission seen in other studies.
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  Reductions in secondary transmissions of HIV are calculated by comparing the number of transmissions from a scenario without testing or treatment with scenario for the testing strategy being studied.  All infections averted are discounted.  
Costs

All costs were inflated to 2011 US dollars.  The cost for the base-case of HIV counseling and testing (HCT) was derived from a cost-effectiveness study of a fixed-site HCT center in Tanzania at $8.19 per tester.


39

  This value takes into account staff and overhead costs in addition to supply costs.  Despite medication prices being higher in South Africa than elsewhere in sub-Saharan Africa, this country will likely start more individuals on therapy than any other country in the near-future.40
  Thus, cost estimates for antiretroviral therapy were derived to be reflective of those for South Africa.  The South African 2010 guidelines for the clinical management of HIV state that all new patients are to be started on tenofovir plus emtracitabine or lamivudine plus efavirenz or nevirapine.20
  Using the WHO Global Price Reporting Mechanism,41
 we averaged the costs that South Africa paid for the above medicines in 2008 or more recently.  Assuming that patients have an equal chance of starting on any of the combinations possible, we averaged the costs of the four possible combinations for first-line therapy, resulting in an average of $560 per person per year.  Doing similarly for 2nd-line therapy of zidovudine plus lamivudine plus ritonavir-boosted lopinavir, we arrived at a cost of $752 per person per year.  In sensitivity analysis, we varied the cost of 1st-line therapy from $50-1000 and of 2nd-line therapy from $200-2000 to account for different prices in different countries.  Staff and overhead costs are not modeled explicitly but could be absorbed into treatment costs in the model.  Cost of laboratory monitoring and cost of prophylaxis for opportunistic infections, combined at $254 per patient-year, and cost of treatment of opportunistic infections and for palliative care, at $519 per patient, were derived from estimates for sub-Saharan Africa.42
  Costs for treatment of opportunistic infections and for palliative care were assumed to occur at the end of life, and were thus counted at the time of death.  
Quality of life values

The quality of life of an uninfected individual was assumed to be 1.0.  The quality of life values for an HIV-infected individual were taken from a meta-analysis of utility estimates in HIV/AIDS,43
 and are based on CD4 strata in the model.  For a CD4 count > 350 cells/mm3, < 350 but > 200 cells/mm3, and < 200 cells/mm3, the quality of life values used are 0.94, 0.82, and 0.7, respectively.  These values are used for HIV-infected individuals regardless of treatment status.  
Calculating cost saved and QALYs saved due to infections averted

In base-case scenario and in the sensitivity analysis, we included in the cost-effectiveness calculations the cost savings and the quality-adjust life-years saved due to infections averted.  We assume that all secondary infections averted would have been treated in the same manner as occurs in the testing strategy being studied.  For example, for testing every 3 months, most HIV-infected individuals will receive treatment (resulting in higher costs, but a lesser decrease in QALYs lost), whereas for testing once after 30 years, much fewer HIV-infected individuals will receive treatment (resulting in lower costs, but a much higher degree of QALYs lost).  Correspondingly, each secondary infection averted from the first scenario will carry greater cost savings, but lesser QALY savings; each secondary infection averted from the latter scenario will carry lesser cost savings, but greater QALY savings.  We explored the assumption that every secondary infection averted would have received treatment and that no secondary infection averted would have received treatment, and these assumptions did not change the relative cost-effectiveness of the testing strategies in the base-case.   Cost saved per infection averted was calculated as the total treatment cost (not including HCT costs) divided by the total number of HIV infections occurring (not only those infections diagnosed or treated).  QALYs saved per infection averted were calculated by subtracting the total number of QALYs for the intervention scenario from a scenario run over the same time horizon, but without any HIV, and then dividing by the total number of HIV infections occurring in the intervention scenario. Costs, QALYs, and infections were each discounted at 3% per year. 
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