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Quantifying the impact of the National HIV/AIDS strategy targets for improved HIV care engagement in the US 

Model Details: The Johns Hopkins HIV economic-epidemic model (JHHEM) represents a dynamic system in which individuals who acquire HIV infection transition through HIV disease stages and steps in the HIV care continuum as shown in Supplemental Figure 1 below.  Transitions are defined by a system of linear differential equations which describe the rate of change and flow between compartments (representing HIV status, stage of HIV infection for those who are infected, and place in the HIV care continuum) in the model.  Detailed explanation of equations and description has been previously published1, with an updated parameter list of key variables shown in Supplemental Table 1 below.  Here we describe the model update (HIV economic epidemiologic model, version 2) which incorporates newer data on HIV epidemiology and the HIV continuum of care.
Model Populations
Our deterministic model subdivided the US population into several HIV risk groups: Heterosexuals, MSM (including MSM/PWID), and PWID, with population sizes updated based on recent published literature1-6.  Heterosexuals and MSM risk groups were further stratified by age (young 18-30, older 30-78) to account for increased sexual risk behaviors among younger heterosexuals and younger MSM.  The population remained in the model for a period of 60 years to represent the average life-expectancy among adults in the US2.  We allowed for population growth at a rate of 0.7% yearly; the population was assumed to be HIV-negative at entry. 

HIV continuum of care and HIV progression
Within our model, individuals transitioned through multiple steps in the HIV continuum of care seen in Figure 1.  Individuals become aware of their HIV serostatus through either active or passive screening/testing7.  Once aware, individuals either linked to care (defined as adherence to an HIV clinic visit within 3 months [for NHAS intervention scenarios improving linkage, this was changed to 1 month]), or remained out of care (those out of care were still eligible to subsequently engage into care at a later time).  Once linked to care, individuals initiate ART based on current guidelines8.  We accounted for reduced HIV transmission on ART, as well as immunological recovery with viral suppression 9-18.  Specific ART regimens were not modeled, but considered whether individuals were on their first regimen versus subsequent alternative regimens 19-21.  Individuals that were in the compartments defined as linked, treated or suppressed were considered to be ‘in care’.  Individuals could leave care at a rate based initially on literature estimates of retention in care and then manually calibrated to the CDC estimates of the continuum of care22, 23. Individuals not in care were assumed to not be receiving ART or OI prophylaxis, but were eligible to reengage into care.  
After HIV infection, individuals experienced progressive CD4 decline if not on ART at rates shown in Supplemental Table 1. We incorporated increased non-opportunistic infection related HIV death for those not on ART in addition to increased mortality rates from immunosuppression24-26, and incorporated reductions in these rates with virologic suppression 27, 28.


HIV disease transmission
HIV transmission in the model occurs via opposite sex contact, male same-sex contact, and needle sharing1. For each risk group, we calculated an average number of sexual partnerships per year, and an average transmission probability per partnership (calibration described below) calibrated to yield model outputs consistent with current HIV epidemiology; injection drug users (and MSM/PWID) could additionally acquire HIV infection based on needle sharing partnerships. Transmission probabilities per sexual partnership were varied on the basis of sex and sexual behavior (e.g. male to female, female to male, male to male), stage of HIV infection (e.g. increased transmission per sexual partnership during acute HIV infection, ART usage (reductions in probability of transmission), and awareness of HIV serostatus (Supplemental Table 1). Our model allowed for selection of sexual partners from sub-populations of other risk groups.  To allow a balanced number of partnerships among heterosexuals, the average number of partnerships per year for females was calculated based on the population size and number of female partners within each risk group being sought by males.  The average number of yearly partnerships and mixing patterns after model calibration for the base-case scenario are shown below (Supplement Table 2).


Supplement Figure 1: Model Schematic [image: ]
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Figure legend: Schematic of dynamic compartmental HIV model.  The population is divided into compartments based on HIV status, S=susceptible and H=HIV-infected, and stage of HIV for HIV-infected, y,  and engagement with HIV care, x.  Each compartment is stratified further by gender and risk group (heterosexual, MSM, PWID). The model incorporates transmission through sex and injection drug use. People living with HIV (at any point in the HIV continuum of care) progress through a series of HIV stages from acute HIV to AIDS if not on antiretroviral therapy, shown in subset.  Individuals experience immunologic recovery if on ART and virally suppressed. Variable and subscript descriptions are given in detail in Supplemental Table 1. Solid arrows at compartment corners represents rate of model exit.. b, birth rate; =Annual HIV screening rates ;=annual rate of symptomatic testing; π=rate of linkage to care; f=percentage linking to care;  =rate of ART initiation; ε=rate of viral suppression;  =rate of loss from care; r=rate of care reengagement; μ= rate of virological failure; δ =rate of HIV progression
Supplement Table 1: Model variable descriptions (Updated version 2, Sept 2015)
	Variable
	Description

	Total adult population 18-78
	222 million2 

	PWID
	3.9 million (Male); 1.8 million (female)1-6

	MSM
	4.3 million1-4

	X
	Place in HIV care continuum (1 Unaware, 2 Aware, 3 Linked to care, 4 On treatment, 5 Virologic suppression, 6 Aware-out of care) (Supplement Figure 1)

	Y
	Stage of HIV infection (1 Acute HIV, 2 CD4>350, 3 CD4 201-350, 4 CD4≤200) (Supplement Figure 1)

	B
	Entry rate (Supplemental Figure 1)

	
	i-risk group.  Rate of maturation (e.g. median life expectancy of 78 years  [young defined as age 18-30])

	
	HIV mortality rate at HIV stage y (e.g. excess HIV mortality not on ART CD4 >200 0.14% per year [range 0.1-1%per year) 24-26

	PPY
	Partnerships per year: See Supplement Table 2

	P
	Probability of transmission per partnership: male to female (2.2-3.1% by risk group [1.7-3.9%]); female to male (2.0-2.7% by risk group [1.5-3.4%]; MSM 2.9% (2.2-3.7%)

	
	=Annual HIV screening rates:  young men 7.5% (range 5%-9%), young women 12.5% (range 9%-16%), older men 15%(range 11-19%), older women 17.5% (range 13-22%), young MSM 22.5% (range 16-28%), older MSM 27.5%(range 21-34%), PWID  25% (range 18-31%). 29, 30 
 =annual rate of symptomatic testing. base-case: 5% per year CD4>200; 50% per 6 months for CD4≤200) 9, 31*

	
	i-risk group.  Rate of linkage to care (defined in base-case as 3 months)

	f
	Percentage of individuals with initial linkage to care:  young men 40% (range 30%-50%), young women 45% (range 34-56%), older men 45%(range 33-56%), older women 55% (range 41-69%), young MSM 50% (range 37-62%), older MSM 55% (range 41- 69%), male PWID 35% (range 26-43%), female PWID 40% (30-50%)32-38*

	
	Rate of ART initiation dependent on CD4 count (i.e. stage of HIV infection): 0.115 per month for CD4 >350 (i.e. median 6 months), 0.23 per month for CD4 201-350 (median 3 months); .69 per month for CD4≤200(i.e. median 1 months)39 

	
	Rate of virologic suppression: 0.115 per month (i.e. median 6 months; range 0.08 to 0.5 per month) 14, 18, 40

	
	Rate of disengagement from care (i.e. loss to follow-up) among those in HIV care among, by sex and risk group per year: young men 24% (18-30%), young women 22%(17-28%), older men 21% (16-27%), older women 17.5%(13-22%), young MSM 19.5%(15-24%), older MSM 18.5%(14%-23%), male PWID 25%(19-32%), female PWID 23%(17-29%)35, 41, 42

	R
	Rate of reengagement in care among those aware of their HIV status and not in care: 12.5% per year (9%-16%)

	δ
	δ1 = Rate of progression from acute HIV (i.e. 1/duration of acute HIV; duration 2.9months [range 1-4 months]) 43-45; δ 2= Rate of progression from baseline CD4 to CD4 <350 (6.5 years [3-10 years]); δ 3= Rate of progression from CD4 350 to 200 (2.5 years [range 1-5 years] 46-48; δ 4= Rate of progression to death among individuals with CD4<200 (median 2 years [range 1-5 years]) 27, 40, 43, 44, 48, 49

	
	=Rate of immunological recovery with ART and viral suppression (e.g. transition from CD4≤200CD4201-350CD4>350): 0.6 per year16, 50


*Rates of screening, linkage, and yearly retention and reengagement were calibrated (see text) to fit the CDC published HIV care continuum in 2011

Supplement Table 2: Average number of sexual partnerships per year—updated 9/01/2015 after calibration to latest epidemiologic estimates of HIV incidence and prevalence  
	
	Partners 
	Young male ppy 
	Young female ppy 
	Older male ppy 
	Older female ppy 
	Young MSM ppy 
	Older MSM ppy 
	male PWID ppy
	female PWID ppy 
	Total partnerships per year (ppy)

	Risk group 

	
	
	
	
	
	
	
	
	
	

	Young male 
	
	--
	3.59
	--
	0.85
	--
	--
	--
	.02
	4.45

	Young female
	
	3.26
	--
	.32
	--
	.01
	--
	.015
	--
	3.6

	Older male
	
	--
	.10
	--
	1.72
	--
	--
	--
	.01
	1.83

	Older female
	
	.23
	--
	1.57
	--
	--
	.01
	.015
	--
	1.825

	Young MSM
	
	--
	.25
	--
	--
	4.7
	1.57
	--
	--
	6.27

	Older MSM
	
	--
	--
	--
	.25
	.52
	4.41
	--
	--
	4.93

	Male PWID
	
	--
	.10
	--
	.35
	--
	--
	--
	1.38
	1.825

	Female PWID 
	
	.23
	--
	.32
	--
	--
	--
	3.0
	--
	3.55


Abbreviation: ppy, partners per year; MSM, men who have sex with men; PWID, people who inject drugs
Model Initiation and Calibration (version 2, updated Sept 20151): 
We determined the initial sizes of each model compartment by bringing the model to equilibrium in 2006, and then allowing population growth at a yearly rate of 0.7%.  During model initiation and calibration, first all parameters were held fixed (Supplement Table 1) except the transmission probabilities (i.e. transmission probability per partnership, and partnerships per year) and rates of care engagement. ART initiation rates during model calibration reflected prior guidance targeting individuals with CD4<350; beginning in 2011 we incorporated ART initiation at any CD4 count.  To determine transmission probabilities (average yearly partnerships and probability of transmission per partnership), we began with published estimates17,51-53, and identified values at which the model best reflected epidemiologic data on estimated HIV incidence and prevalence between 2007 and 2012 through an iterative process (R parameter optimization package, Optim, followed by manual calibration)54, 55. We simultaneously calibrated parameters (e.g. rates of yearly testing, %linkage to care within 3 months, annual rate of care disengagement and reengagement) related to retention in care to yield model outputs consistent with most recent estimates of the HIV continuum of care published in 201522, 23, 33-35, 41, 56-59.  Model estimates after calibration of yearly HIV prevalence (people living with HIV) compared with latest CDC published data are shown below (Supplement Figure 2)57, 60.  The model estimated an average of 49,000 yearly incident cases between 2007-2012, which compares favorably to CDC estimates (45,000 to 53,200 during this period)55.  Model estimates of current engagement in the HIV care continuum are shown in Supplement Figure 3.

Supplement Figure 2: Model Calibration-Baseline model estimates of People Living With HIV
A. TOTAL PLWH

B. Men                                                                                                  







C. Women

Figure Legend: Model calibration showing model projections during calibration period compared with CDC estimates54 for a)total PLWH b)Male PLWH and c)female PLWH
Supplement Figure 3: Baseline model estimates of engagement in HIV care


Figure Legend: Baseline model projections of current engagement in HIV care compared with CDC estimates22, 23*.  

NHAS Intervention Scenarios:
We identified parameters that would allow achievement of the NHAS indicators as outlined below. 
· NHAS Indicator 1--Enhanced screening: We modeled scenarios of increased annual testing rates for high-risk individuals (MSM, PWID, and heterosexuals aged 18-30 years old)61 in order to achieve NHAS Indicator 1 (“Increase the percentage of PLWH who know their serostatus to at least 90%”) by 2020.  To ascertain the minimum frequency of testing to achieve NHAS Indicator 1, we iteratively increased the baseline annual testing rates among high risk groups and found that an approximate 50% increase (compared to base-case rates) among young heterosexuals (11% per year and 19% per year among men and women, respectively), MSM (34% per year and 41% per year for younger and older MSM, respectively), and PWID (37.5% testing per year for men and women), allowed achievement of NHAS Indicator 1 in 2020.
· NHAS Indicator 4--Increased linkage to care: We model scenarios in which the current proportion of newly diagnosed persons completing an HIV care visit within 1 month from current levels to 85%.  We modeled this scenario independently, and in conjunction with NHAS indicator 1 (increased screening).  Individuals linked to care could still disengage from care at later time points. Individuals not initially linked to care could access care at later time points.
· NHAS Indicator 5--Improved engagement in care: We modeled scenarios of improved yearly retention in care (with improved reengagement in care of those not in care) to achieve NHAS target of retaining at least 90% of persons with diagnosed HIV.  To achieve this indicator, we began with the base-case rates of loss to follow up, and iteratively decreased this rate (in 1% increments) until we reached a parameter set in which 90% of individuals (cross-sectionally) in 2020 that were aware of their serostatus were engaged in care (the rates utilized in the final parameter set were 4.4-6.1% [depending on risk group] loss to follow up yearly, and a rate of reengagement in care [for those out of care] of 0.5 [i.e. reengage at rate of once per 2 years]). We modeled this scenario independently, as well as with NHAS indicator 1 and 4. 
The model calibrations depicting the HIV Care Continuum in 2020 (target year for achieving NHAS indicators) are shown below for each NHAS scenario. 
Supplemental Figure 4a

Figure legend: Continuum of care in 2020 under the scenario of continued current rates of care engagement.  Vertical axis represents all PLWH.





Supplemental Figure 4b

Figure legend: Continuum of care in 2020 under the scenario of achieving National HIV/AIDS Strategy (NHAS) indicator 1 of 90% of PLWH aware of their diagnosis by 2020. In this scenario, rates of initial linkage, yearly retention are constant from the base-case scenario, but incorporates increased annual testing among high risk groups. Vertical axis represents all PLWH.
Supplemental figure 4c

Figure legend: Continuum of care in 2020 under the scenario of achieving National HIV/AIDS Strategy (NHAS) indicator 4 of linking 85% of those newly diagnosed to care within 1 month.  This scenario assumes continuation of current rates of HIV testing and annual care disengagement, but incorporates improvement in initial linkage after diagnosis. Vertical axis represents all PLWH.
Supplemental Figure 4d
Figure legend: Continuum of care in 2020 under the scenario of achieving  NHAS indicator 5 of retaining at least 90% of persons with diagnosed HIV in care (in the year 2020).  Percentages shown in figure are among all PLWH.  This scenario assumes continuation of current rates of HIV testing and linkage, but incorporates improvement in yearly retention in care, and improvement in the rate at which individuals not in care reengage with HIV care. 
Supplemental Figure 4e

Figure legend: Continuum of care in 2020 under the scenario of achieving National HIV/AIDS Strategy (NHAS) indicator 1 of 90% of PLWH aware of their diagnosis by 2020 in conjunction with indicator 4 of linking 85% of those newly diagnosed within 1 month.  This scenario assumes continuation of current rates of retention in medical care. Vertical axis represents all PLWH.
Supplemental Figure 4f

Figure legend: Continuum of care in 2020 under the scenario of achieving National HIV/AIDS Strategy (NHAS) indicator 4 of linking 85% of those newly diagnosed within 1 month in conjunction with indicator 5 of retaining at least 90% of persons with HIV in care (cross-sectionally in 2020).  This scenario assumes continuation of current rates of HIV testing. Vertical axis represents all PLWH.
Supplemental Figure 4g

Figure legend: Continuum of care in 2020 under the scenario of achieving National HIV/AIDS Strategy (NHAS) indicator 1 of achieving 90% of PLWH aware of their diagnosis by 2020, in conjunction with indicator 4 of linking 85% of those newly diagnosed to care within 1 month, in conjunction with indicator 5 of retaining at least 90% of persons with diagnosed HIV in care. Vertical axis represents all PLWH.
Costs parameters
Total health-system costs generated by the adult US population were calculated based on time spent per individual in each compartment and during transitions between compartments, based on HIV status and place in the HIV care continuum. Future costs were discounted 3%.  Details of costing methods have been published previously1, with key costs shown in Supplemental Table 3. We incorporated costs for HIV testing for all individuals unaware of their HIV status at screening rates shown in Supplemental Table 2 and allowed for additional HIV testing on the basis of symptomatic presentation to health care facilities.  We incorporated a cost of $25 per patient linking to care ($10-$150) to represent ancillary costs for referral process and post-test counseling62.  We assumed that individuals out of care who are reengaging in care incurred similar costs to new linkage to care (i.e. HIV provider visit, CD4, genotype, viral load testing).  In the standard of care arm, we estimated the current cost of “retention services” based on staffing and salaries for social work, nurse-managers, and case-managers involved in care coordination and adherence promotion currently available at local HIV clinics (base-case, $300 per patient per year [$50-$1500])63.  We assumed HIV-infected individuals in care receive baseline HIV viral load, CD4 count, and genotype, and incur costs of ongoing clinical visits and laboratory monitoring (Supplement Table 3).  We utilized average annual ART costs based on current DHHS guidance recommending Integrase strand inhibitors (INSTI) or Protease Inhibitor based regimens (with boosted Durunavir) as first line therapy, most of which are not currently available in generic formulations8. Costs were based on published estimates of average wholesale pricing (AWP), with consideration for 340b pricing available to many clinics and patients through AIDS Drug Assistance Programs 64, 65.  We included additional health care costs for HIV infected individuals not on ART to account for hospitalizations, ED visits, and other increased health care utilization (Supplement Table 3).  
For the NHAS scenarios, there is limited published literature on the incremental costs to improve the HIV continuum of care.  In the primary analysis, we included costs related to increased health system utilization (e.g. increased testing, greater linkage, and increased ART usage), but did not incorporate any intervention ‘program’ costs (i.e. our estimates represent the lower bound of achieving NHAS indicators).  In a secondary analysis, we explored potential programmatic costs to implement HIV care strengthening interventions.  We evaluated an increase in per test costs of 20% to account for added resources to achieve NHAS 1, costs of $500 per individual linking to care to achieve NHAS target 4, and an incremental cost (above status quo retention services) of up to $5000 per individual per year in care to represent an intensified case-management or social work or behavioral intervention program that results in a decline in the yearly rate of care disengagement sufficient to reach NHAS 5 targets, coupled with an incremental cost of $1000(range $10-$500) per patient that reengages in care for an intervention that increases reengagement rates sufficient to reach NHAS 5 target 66, 67.  
Supplement Table 3: HIV care costs and additional model parameters
	COSTS 
	 
	Lower
	Upper
	Sources:

	Cost of HIV test
	$33
	$10
	$51
	68-70

	Confirmatory HIV test
	$30
	 $5
	$200
	68-70

	HIV viral load
	$116
	$ 55
	 $164
	71

	Genotype
	$384
	 $27
	$547
	70

	Outpatient Visit
	$129
	$55
	$274
	65, 71

	CD4 Test
	$49
	 $20
	$90
	71

	Linkage to care costs
	 $25
	 $10
	$150
	 Assumption

	Current retention in care costs
	$300
	$50
	$1500
	Assumption

	Annual ART costs
	$32,000
	$10000
	$45000
	64

	Cost of additional [inpatient,ED] care per year—HIV CD4>200 (untreated)
	$3,025
	 $200
	$5000
	71

	Cost of additional [inpatient,ED] care—AIDS (untreated) 
	 $21,124
	$2000
	$50000
	 71

	Costs of OI prophylaxis (CD4≤200)
	$925
	$100
	$2000
	71






Additional Model Results and sensitivity analyses:
Estimates of HIV prevalence:  Based on current trends, our model projects an average annual HIV incidence of 52,000 cases between 2015 and 2025 despite initiation of early or immediate ART for HIV infected individuals in care, if current rates of HIV care engagement continue (with ~40% of all PLWH and 45% of those aware of serostatus achieving viral suppression in 2025).  At this annual incidence, the model projects growth in the overall number of PLWH over the next decade, reaching 1.47 million people living with HIV in 2025 (Supplemental Figure 5).  While improvements in HIV screening and linkage (NHAS 1 and 4) reduce the annual incidence (by an average of 2.0% and 3.9%, respectively), as well as overall deaths among PLWH (Table 1, main text), overall prevalence of HIV rises over time.  Alternatively, all scenarios in which a higher percentage of PLWH achieve viral suppression leads eventually to reductions in HIV prevalence (77% of all PLWH suppressed and 81% of those diagnosed suppressed, if achieving NHAS 5 target alone). If the NHAS 5 target of 90% of individuals (who are aware of their diagnosis) are in care by 2020, the model projects sharp declines in both annual HIV incidence (52% reductions) and HIV deaths, such that the overall prevalence of HIV begins to decline by 2025. Supplemental figure 5 shows the trajectory of PLWH over the next decade in varying scenarios of HIV care engagement.  
Additional cost analysis:  Costs of HIV care are also projected to increase as a result of higher rates of care engagement in the scenarios that NHAS targets are met. In the base-case scenario without change in HIV care engagement, we project 719,000 PLWH on ART in 2025 (49% of PLWH); by contrast, despite lower overall HIV prevalence, in the scenario of achieving NHAS 5 (90% in care by 2020), a greater number of PLWH are expected to be on ART (1.07 million, 81% of all PLWH).  We show the cumulative costs over time in Supplemental Figure 6. In sensitivity analysis, we evaluated the factors most influencing total costs, and found that the ART regimen costs accounted for the majority of overall health system costs.  In Supplemental Figure 7 we show results of a one-way sensitivity analysis for the scenario of achieving all NHAS care continuum targets (1, 4, and 5). 
Additional sensitivity analyses: We conducted one-way sensitivity analyses on projections of incidence, mortality and costs for all scenarios.  When key parameters were varied across their ranges, projections of incident HIV infections (with current continuum of care) were found to be most sensitive to the probability of transmission per needle-sharing partnership among PWID (490,000 to 715,000 new infections), annual number and probability of transmission per MSM partnership (454,000 to 610,000), and relative risk of transmission during acute versus chronic HIV infection (462,000 to 665,000). By contrast, estimates of the relative epidemiologic impact of achieving NHAS targets varied minimally across parameter uncertainty ranges (less than 5% change in estimates of HIV infections with variation of any individual parameter). 

Supplemental Figure 5

Figure legend:  Total people living with HIV at varying levels of HIV care engagement at the beginning of each year.  In the base-case scenario, the current rates of HIV care engagement (screening, linkage, retention in care) persist.  In the NHAS scenarios, we project improvements in care engagement (through increased yearly screening, improved linkage to care after diagnosis, and reduced care disengagement) that allows achievement of NHAS indicators 1, 4, and 5 by 2020.  

Supplemental Figure 6

Figure legend: Undiscounted cumulative costs over the next decade under varying levels of HIV care engagement. In the base-case scenario, the current rates of HIV care engagement (screening, linkage, retention in care) persist.  In the NHAS scenarios, we project improvements in care engagement (through increased yearly screening, improved linkage to care after diagnosis, and reduced care disengagement) that allows achievement of NHAS indicators 1, 4, and 5 by 2020.  


Supplemental Figure 7
[image: ]

Figure legend: One way sensitivity analysis depicting top parameters influencing total health care costs.  Baseline retention in care costs (i.e. current costs associated with retention efforts in current HIV care continuum) are shown separately from the potential costs of interventions to achieve NHAS care targets.  In the base-case scenario, we did not include incremental retention intervention costs but explored a range of costs in sensitivity analysis shown here.
Supplemental Figure 8: Total Health Care Costs if achieving all NHAS care continuum targets (1 and 4 and 5)

Figure Legend: Cumulative undiscounted costs over time in the scenario that NHAS targets for screening, linkage and percent in care are achieved by 2020.  Testing and linkage costs include costs of increased tests and referral to HIV care (but do not include costs of testing or linkage interventions); ART costs are based on yearly ART regimen costs in supplemental table 3. Non-ART costs includes costs of clinical care (viral loads and other lab tests), including base-case costs for ancillary services to retain individuals in care ($300 per person per year), but excludes any intervention costs for care strengthening.
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Cumulative testing and linkage costs	120960945.10415401	239210378.51583001	356518881.91343802	473532223.72067797	590485469.434533	707463790.21993303	824497711.52034199	941597891.19933498	1058767814.46503	1176008423.8381901	1293319803.78722	1410701791.3514099	1528154193.0185399	1645676860.5158	1763269714.03039	1880932746.9835701	1998666024.0924001	2116469677.63678	2234343903.0714002	2352288954.3843298	2470305140.1360898	2588392819.4247699	2706552397.5397	2824784323.0865302	2943089084.5528202	3061467206.1413698	3179919245.8864102	3298445792.6547098	3417047462.6336699	3535724897.5831699	3654478762.0776601	3773309741.19484	3892218538.4637399	4011205873.7505999	4130272481.3773799	4249419108.2315798	4368646511.9903698	4487955459.5694304	4607346725.5990801	4726821090.9614401	4846379341.4719	4966022266.6073999	5085750658.3258801	5205565309.9653502	5325467015.2200603	5445456567.1621799	5565534757.3761702	5685702375.1267004	5805960206.5897903	5926309034.1602297	6046749635.7980404	6167282784.4303703	6287909247.4077902	6408629786.0058203	6529445154.9639797	6650356102.0950499	6771363367.8713703	6892467685.1501198	7013669778.7740402	7134970365.5229702	7256370153.6817102	7377869842.9528799	7499470124.1035004	7621171679.0174503	7742975180.5066004	7864881292.20574	7986890668.4916296	8109003954.4333096	8231221785.75072	8353544788.7926903	8475973580.5163298	8598508768.4505997	8721150950.9857197	8843900717.1178703	8966758646.4722309	9089725309.5447502	9212801267.6961308	9335987073.2309704	9459283269.4877205	9582690390.9277992	9706208963.2366791	9829839503.4291401	9953582519.9588299	10077438512.816999	10201407973.7083	10325491386.193001	10449689225.6535	10574001959.5793	10698430047.649099	10822973941.874599	10947634086.7379	11072410919.325399	11197304869.468201	11322316359.881001	11447445806.3032	11572693617.639299	11698060196.0993	11823545937.339001	11949151230.5994	12074876458.8459	12200721998.906	12326688221.6068	12452775491.9107	12578984169.0502	12705314606.661699	12831767152.9165	12958342150.651501	13085039937.497801	13211860846.0075	13338805203.7789	13465873333.579599	13593065553.467501	13720382176.910299	13847823512.902599	13975389866.0818	14103081536.840401	14230898821.437901	14358842012.109699	14486911397.173599	14615107261.134899	14743429884.7899	Cumulative ART costs	1708116742.5757501	3503001149.1731	5380650653.8430099	7336468388.6540203	9366061603.2453995	11465397196.8894	13630783987.637699	15858822738.0207	18146360574.378101	20490455787.030899	22888351440.890499	25337455256.6973	27835323780.148201	30379649495.269299	32968250028.890999	35599058881.998001	38270117351.668297	40979567370.435204	43725645101.651802	46506675155.915001	49321065339.749603	52167301818.401299	55043944692.602203	57949623895.592003	60883035386.493103	63842937601.211899	66828148159.247498	69837540691.682602	72870042030.602402	75924629416.772598	79000327932.469803	82096208016.505905	85211383295.260803	88345008349.538803	91496276731.132797	94664418963.195099	97848700650.516907	101048420826.838	104262910314.702	107491530138.978	110733670081.722	113988747273.729	117256204866.571	120535510777.409	123826156500.235	127127655949.033	130439544409.134	133761377508.536	137092730242.939	140433196068.12201	143782386022.94101	147139927894.85101	150505465434.207	153878657607.22699	157259177869.59201	160646713524.55801	164040965000.03699	167441645343.18701	170848479670.54001	174261204338.436	177679566693.59601	181103324430.40799	184532245349.86099	187966106638.797	191404694548.004	194847803966.311	198295238013.939	201746807693.25601	205202331534.11899	208661635250.89001	212124551439.263	215590919296.38501	219060584149.241	222533397383.909	226009216193.41	229487903200.80099	232969326277.392	236453358302.84299	239939876941.89301	243428764447.60199	246919907462.539	250413196827.54599	253908527405.54999	257405797916.45801	260904910745.737	264405771788.42899	267908290366.91901	271412379020.35001	274917953394.909	278424932104.76099	281933236608.97998	285442791098.052	288953522380.71802	292465359775.52197	295978235007.758	299492082111.41803	303006837335.55798	306522439054.43903	310038827681.849	313555945589.81897	317073737030.59198	320592148061.45898	324111126472.92999	327630621720.42902	331150584859.13098	334670968481.50702	338191726657.45502	341712814877.04102	345234189995.78198	348755810182.32098	352277634868.32098	355799624700.48499	359321741494.63501	362843948191.76099	366366208815.94598	369888488434.06702	373410753117.19702	376932969903.63501	380455106763.49298	383977132564.76703	387499017040.82599	Cumulative other non-ART costs	272681156.77873403	536774883.90897	792856999.32482505	1041840769.84621	1284555453.9700501	1521677913.23703	1753752988.2593501	1981226041.46596	2204469496.96878	2423801624.47719	2639499398.3435798	2851807381.7304902	3060944026.46351	3267106287.75704	3470473105.2625499	3671208102.3378701	3869461709.9225202	4065372875.2904401	4259070448.6438398	4450674321.4670095	4640296368.2208796	4828041247.5764399	5014007066.19203	5198285952.6972198	5380964550.7624102	5562124447.8561602	5741842548.9746799	5920191416.2829504	6097239555.4614496	6273051687.54175	6447688989.1964397	6621209316.8900099	6793667396.9136295	6965115016.5338497	7135601189.4574604	7305172319.6102695	7473872353.2582703	7641742909.4401798	7808823408.6988602	7975151196.1700001	8140761652.3631496	8305688300.4225302	8469962906.46661	8633615573.7929497	8796674831.5964108	8959167720.8227596	9121119871.5338802	9282555578.5173893	9443497872.5998096	9603968586.7210407	9763988419.5393696	9923576995.6862202	10082752922.2568	10241533842.314699	10399936486.6964	10557976719.5844	10715669589.629801	10873029365.522301	11030069575.434799	11186803062.3783	11343242003.883301	11499397955.228701	11655281867.948	11810904137.1618	11966274624.2218	12121402685.618601	12276297200.4361	12430966593.778	12585418860.469999	12739661587.857201	12893701975.949499	13047546856.139601	13201202720.247101	13354675726.9883	13507971718.4104	13661096243.042601	13814054567.9002	13966851693.7199	14119492369.042299	14271981102.531099	14424322175.364	14576519653.0732	14728577396.3943	14880499071.440701	15032288161.081499	15183947974.225901	15335481651.472601	15486892177.0065	15638182385.2542	15789354969.0509	15940412486.807199	16091357369.068899	16242191925.017	16392918348.659599	16543538724.669701	16694055033.8953	16844469158.5832	16994782887.358299	17144997919.934601	17295115871.545601	17445138277.168301	17595066595.568001	17744902213.133301	17894646447.490299	18044300550.923	18193865713.626499	18343343066.803799	18492733685.603802	18642038591.9049	18791258756.956402	18940395103.887501	19089448510.090401	19238419809.483501	19387309794.658401	19536119218.9193	19684848798.220001	19833499213.002899	19982071109.947399	20130565103.628899	20278981778.0956	20427321688.366402	Cumulative Total Costs	2115143641.8552201	4305123651.1117601	6568317480.8998203	8901723873.0878792	11302049806.1978	13766057284.914	16290661082.408701	18872946248.708801	21510161997.932701	24199710148.529598	26939133475.8283	29726105256.4842	32558420096.453098	35433985855.286201	38350816457.7286	41307025417.987396	44300819961.014198	47330495635.157303	50394431350.441597	53491084783.1968	56618988111.6567	59776744021.057602	62963021980.9235	66176554751.160698	69416135100.206406	72680612713.238403	75968891301.108704	79279925794.119705	82612719840.068405	85966323307.613205	89339829980.1492	92732375315.412094	96143134484.3246	99571320347.287201	103016181652.423	106477001216.06599	109953094200.582	113443806605.58299	116948513769.873	120466618920.97	123997551852.492	127540767634.411	131095745396.20599	134661987176.052	138239016830.40302	141826378972.37	145423638008.909	149030377196.05099	152646197743.11899	156270717978.479	159903572543.207	163544411623.561	167192900228.08899	170848717500.07599	174511556048.767	178181121358.18799	181857131121.11801	185539314773.285	189227412987.349	192921176905.19501	196620367910.258	200324757033.095	204034124730.80701	207748260219.25201	211466961176.34799	215190033348.44	218917290174.314	222648552462.12201	226383648061.21899	230122411544.66699	233864683928.59299	237610312413.22501	241359149943.93701	245111055147.60501	248865892098.867	252623529969.25101	256383842858.827	260146709573.39999	263912013417.05399	267679642009.23801	271449487099.875	275221444391.44598	278995413375.00702	282771297176.53802	286549002378.34998	290328438873.58099	294109519790.27502	297892161294.27899	301676282487.01898	305461805275.672	309248654258.18903	313036756617.22699	316826042014.34802	320616442488.58002	324407892359.97302	328200328137.81097	331993688432.89001	335787913873.32703	339582947024.229	343378732311.44501	347175215948.34802	350972345865.27502	354770071642.06097	358568344443.86401	362367116959.901	366166343344.71002	369965979161.81403	373765981329.828	377566308070.92499	381366918861.53802	385167774385.12402	388968836486.92297	392770068130.63098	396571433356.91498	400372897243.68597	404174425868.02197	407975986269.69202	411777546416.198	415579075169.27502	419380542252.78101	423181918221.91699	Time 2016 to 2025
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Top factors influencing costs when
achieving NHAS targets1, 4, and 5

— Cost of ART per year ($10000 to $45000)

. Incremental cost of retention in care interventions
per pt per yr($0 to $5000)

. Incremental cost (per test) of a testing intervention
($0to $100)

I Cost of an HIV test ($10 to $50)
Current cost of retention in care activities ($300 to
F $1500)
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