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Table A1. Additional input parameters for a model of routine HIV screening in US adolescents and young adults
	Parameter
	Value
	Source

	Target population characteristics
	

	  Age  (years)
	12
	Modeled population

	Annual HIV incidence by age a
	
	

	  <13 years
	0.6
	1[, 2]


	  13
	0.6
	1[, 2]


	  14
	1.3
	1[, 2]


	  15
	1.8
	1[, 2]


	  16
	5.4
	1[, 2]


	  17
	11.8
	1[, 2]


	  18
	22.9
	1[, 2]


	  19
	35.8
	1[, 2]


	  20
	51.6
	1[, 2]


	  21
	59.1
	1[, 2]


	  22
	63.8
	1[, 2]


	  23
	70.3
	1[, 2]


	  24
	71.3
	1[, 2]


	  25
	54.3
	1[, 2]


	  26-30
	46.3
	1[, 2]


	  31-35
	38.3
	2[]


	  36-40
	32.6
	2[]


	  41-45
	32.1
	2[]


	  >45
	8.6
	2[]


	New infections estimated to be undiagnosed annually (%)
	

	  13-24 years
	44.2
	3[]


	  25-34
	26.3
	3[]


	  35-44
	13.2
	3[]


	  45-54
	7.9
	3[]


	  55-64
	6.0
	3[]


	  ≥65
	3.3
	3[]


	Annual probability of HIV screening under current practice (%)
	1.1-15.3
	4-6[]


	Mean CD4 at infection, cells/µL
	664
	1[]


	Mean HIV RNA at infection, copies/mL
	>100,000
	
 ADDIN EN.CITE 

[7]


	Screen characteristics
	
	

	  Sensitivity (%)
	99.5
	8[]


	  Specificity (%)
	99.9
	
 ADDIN EN.CITE 

[9]


	Probability of screen offer and acceptance (%)
	80.0
	
 ADDIN EN.CITE 

[10-13]


	Probability of result return (%)
	97.0
	
 ADDIN EN.CITE 

[14]


	Loss to follow-up (rate/100PY)
	
	

	  Adherence >95%
	0.1
	
 ADDIN EN.CITE 

[15]


	  Adherence <50%
	84.5
	
 ADDIN EN.CITE 

[15]



Table A1 continued. Additional input parameters for a model of routine HIV screening in US adolescents and young adults
	Parameter
	Value
	Source

	Natural history
	
	

	  Monthly chronic AIDS death probability, off ART (%)
	16[]


	     >500 cells/μL
	0.0250
	16[]


	     351 – 500
	0.0583
	16[]


	     201 – 350
	0.0916
	16[]


	     101 – 200 
	0.2497
	16[]


	     50 - 100
	0.3411
	16[]


	     <50
	1.4724
	16[]


	Costs (USD 2013)
	
	

	  CD4 cell test
	64
	17[]


	  HIV RNA test
	116
	17[]


	  Routine care by CD4 count, annual cost 
	
	

	     >500 cells/μL
	2,800
	
 ADDIN EN.CITE 

[18-20]


	     351 – 500
	5,800
	
 ADDIN EN.CITE 

[18-20]


	     201 – 350
	5,900
	
 ADDIN EN.CITE 

[18-20]


	     101 – 200 
	6,900
	
 ADDIN EN.CITE 

[18-20]


	     50 - 100
	13,700
	
 ADDIN EN.CITE 

[18-20]


	     <50
	12,500
	
 ADDIN EN.CITE 

[18-20]


	  Acute OI events
	6,070-34,540
	
 ADDIN EN.CITE 

[18, 20-24]


	  Death
	
	
 ADDIN EN.CITE 

[18, 20-24]


	    OI-related
	99,360
	
 ADDIN EN.CITE 

[18, 20-24]


	    HIV-related (excluding OI)
	63,110
	
 ADDIN EN.CITE 

[18, 20-24]


	    Non-HIV-related
	63,110
	
 ADDIN EN.CITE 

[18, 20-24]


	Transmission rates (per 100PY), by disease stage and viral load 

(sensitivity analyses only; Figure A7)(15, 16) 
	
 ADDIN EN.CITE 

[25, 26]


	  Incident infection (3 months post infection)
	7.25 x 9.03b
	
 ADDIN EN.CITE 

[25, 26]


	  Late stage disease (CD4 <200 cells/µL)
	9.03
	25[]


	  >100,000 copies/mL
	9.03
	25[]


	  10,001-100,000 copies/mL
	8.12
	25[]


	  3,001-10,000 copies/mL
	4.17
	25[]


	  501-3,000 copies/mL
	2.06
	25[]


	  21-500 copies/mL
	0.16
	25[]


	  ≤20 copies/mL
	0.16
	25[]


	a Incidence is per 100,000 person years. To inform incidence rates, we analyzed data from the National HIV Surveillance System (NHSS) for people aged 13-29 with HIV infection diagnosed in 2013 reported to CDC through June 2014; these data included youth with and without identified risk factors for HIV 
 ADDIN EN.CITE 

[1, 3]
. Incidence rates for those aged ≥30 were based on 2009 diagnoses, as reported by CDC in February 2015 2[]
. We adjusted these data for proportion of all new HIV infections estimated to be undiagnosed, stratified by age and calendar year, to derive incidence rates for use in the model. Rates are therefore not equal to published CDC estimates. Figure A1 presents these data graphically for the base case and sensitivity analyses.

b During the period of acute infection, the transmission rate is 7.25 times the transmission rate of the highest viral load stratum (>100,000 copies/mL) 
 ADDIN EN.CITE 

[26]
.
PY: person-year; ART: antiretroviral therapy; OI: opportunistic infection


	Table A2. Stage of disease at diagnosis of HIV infection during 2013, among persons aged 13–29 years, by age group 

	
	
	
	
	Stage 1
	
	Stage 2
	
	Stage 3
	
	Stage unknown

	
	
	
	
	(CD4 ≥500 cells/μL or ≥29%)
	
	(CD4 200-499 cells/μL or 14%-28%)
	
	(OI or CD4 <200 cells/μL or <14%)
	
	(No CD4 information)

	Age at diagnosis (year)
	 
	Total No.
	 
	No.
	%
	 
	No.
	%
	 
	No.
	%
	 
	No.
	%

	13–18 
	
	573
	
	163
	28.4
	
	203
	35.4
	
	45
	7.9
	
	162
	28.3

	19–24 
	
	4,846
	
	1,291
	26.6
	
	1,757
	36.3
	
	496
	10.2
	
	1,302
	26.9

	25–29 
	
	4,218
	
	1,113
	26.4
	
	1,444
	34.2
	
	618
	14.7
	
	1,043
	24.7

	Total
	
	9,637
	
	2,567
	26.6
	
	3,404
	35.3
	
	1,159
	12.0
	
	2,507
	26.0

	Stage of disease at diagnosis of HIV infection based on first CD4 cell count performed or documentation of an AIDS-defining condition ≤3 months after a diagnosis of HIV infection 1[, 27]
. Because a complete assessment of stage of disease at HIV diagnosis relies on complete laboratory data (all CD4 values) so that earlier stages of disease (stage 1 or 2) can be assessed, stage of disease at diagnosis was calculated for the 28 jurisdictions (27 states and the District of Columbia) that reported complete laboratory data. 
No.: Number; CD4: CD4+ T-lymphocyte count (cells/μL) or percentage; OI: opportunistic infection


	Table A3: Sensitivity analyses: Age and ICER of most effective one-time screening strategy

	Parameter
	Value 
	Most effective age to screen

compared to current practice, years
	ICER: most effective age to screen

compared to current practice, $/YLS a

	Incidence b
	
	

	
	Base case
	25
	67,000

	
	Peak at age 15
	18
	54,400

	
	Peak at age 18
	18
	53,700

	
	Peak at age 20
	21
	54,300

	
	Peak at age 28
	30 
	54,800

	a Incremental cost effectiveness ratio = (Δ cost/Δ life expectancy). Small changes in population life expectancy and population costs resulted in substantial variation in ICERs when comparing the most effective strategy to the next best strategy (as presented in Table 2). Therefore, the strategy with the greatest effectiveness (which was also the strategy with the greatest cost) is shown here compared to current practice. 

b Diagnoses of new HIV infections among persons aged <13 to 29 years peaked at age 23 in 2009, age 22 in 2010 and 2011, age 24 in 2012 and age 25 in 2013; estimates are not available for peak incidence among persons aged <13 to 29 years 1[]
. See Figure A2.
ICER: Incremental cost-effectiveness ratio; YLS: year-of-life saved
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Figure A1. HIV incidence sensitivity analyses model inputs: Multipliers of the base case

To inform incidence rates, we used 2013 age-stratified CDC data on rates of new HIV diagnoses for the general population; these data include youth with and without identified risk factors for HIV 1[, 3]
. We adjusted these data for proportion of all new HIV infections estimated to be undiagnosed. HIV prevalence at age 12 years was zero in the modeled population. Incidence begins to rise steeply prior to age 18 years, peaking at age 24 years. After age 45 years, annual incidence was constant. The 5-fold increase approximates rates of new diagnoses reported by CDC among African American males in 2013. The peak incidence of the 50- and 100-fold populations (3.6/100PY and 7.2/100PY, respectively) approximated higher peak incidence populations (Adolescent Trials Network study 110: 3.1/100,000 PY; PROUD study 9.1/100,000 PY 9.1/ 100PY); the overall incidence curves for these populations however are likely substantially different. 

PY: Person-years 
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Figure A2. Peak age of HIV incidence sensitivity analyses model inputs
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Figure A2.  Peak age of HIV incidence sensitivity analyses model inputs
In sensitivity analyses, we shifted the peak of incidence from as early as age 15 to as late as age 28 using base case absolute values. Diagnoses of new HIV infections among persons aged <13 to 29 years peaked at age 23 in 2009, age 22 in 2010 and 2011, age 24 in 2012 and age 25 in 2013. This figure depicts the age-shifted HIV incidence values used as model inputs for these sensitivity analyses. The most effective and most cost-effective age for a one-time screen was sensitive to the peak of incidence. 

PY: Person-years
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Figure A3a. Mechanisms of HIV detection for people HIV-infected at any age

This stacked bar graph presents the mechanisms of HIV detection for all HIV-infected people over their lifetime, regardless of the age of HIV infection. A one-time screen at age 25 in addition to current practice screening will only detect 10.3% of infections, most of which occur after age 25.
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Figure A3b. Mechanisms of HIV detection for all people HIV-infected before age 25 years

This stacked bar graph presents the mechanisms of HIV detection for all HIV-infected people over their lifetime, limited to those who were infected before age 25. A one-time screen at age 25 in addition to current practice screening will detect 38.4% of infections.
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Figure A4. HIV care continuum outcomes among people HIV-infected before age 25 years

This stacked bar graph presents HIV continuum of care outcomes for AYA infected before age 25 years. Among people HIV-infected by age 25 years, proportion diagnosed with HIV, linked to care, retained in care and virally suppressed are shown cross-sectionally at age 25 years and 11 months. Compared to either current practice, or screens at ages 15 or 18, a screen at age 25 substantially improved care continuum outcomes. A screen at age 30 is equivalent to current practice when considering the care continuum at age 25 years. HIV screening occurs in the first month of the year, while HIV care continuum outcomes are calculated in the eleventh month of the year.
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Figure A5. Efficiency frontier for one-time HIV screening for US adolescents and young adults

The vertical axis shows discounted population life months and the horizontal axis shows discounted per-person lifetime costs (USD 2013, rounded to $10). Incremental cost-effectiveness ratios (ICERs) are shown in gray (rounded to $100). A one-time HIV screen in addition to current practice for the adolescent and young adult (AYA) US population (ages 25 or 30 years) lies on the efficiency frontier. Strategies below the line represent dominated strategies or a less efficient uses of resources. The co-linearity of one-time screening strategies is presented graphically here; changes in population life expectancy and population costs resulted in non-meaningful variation in comparator strategies when comparing the most effective strategy to the next best strategy. In sensitivity analyses, all one-time screens in addition to current practice between the ages of 13 and 30 years were examined.
Figure A6. Selected additional 2-way sensitivity analyses: Screen at age 25 compared to current practice

	
	<$100,000/YLS                      
	
	$100,000-150,000/YLS
	
	>$150,000/YLS



	Panel A
	 

	 
	Linkage to care

	
	25%
	50%
	75%
	100%

	HIV screen 
cost
	Half
	67,700
	62,200
	69,500
	58,300
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	Linkage to care
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	Panel C
	 

	 
	Result return

	
	25%
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	HIV screen 
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	2-fold
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	Panel D
	

	Test at 25
	Linkage to care
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	75%
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	Loss to follow-up
	Half
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Figure A7. Proportion of HIV transmissions averted with one-time HIV screening compared to current practice for US adolescents and young adults

The percent reduction in one generation of HIV transmissions per 100 person-years resulting from each testing strategy compared to current practice is shown. A test at age 25 resulted in the greatest reduction (3.8%). We project transmission using a community viral load approach. We assume that the rate at which an infected person transmits HIV directly to susceptible community members depends on stage of infection (acute, chronic and advanced disease) and HIV RNA level. The model reports monthly HIV RNA for each simulated patient. We quantify the total person-time spent by HIV-infected individuals in each of six viral load strata over the entire simulation. We multiply the person-time in each stratum by stratum-specific rates of onward HIV transmission (Table A1), and sum across all strata. This yields an estimate of the total number of first-generation (primary) transmissions attributable to the community of infected persons.
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Figure A6. Selected additional 2-way sensitivity analyses: Screen at age 25 compared to current practice


Heat maps for two-way sensitivity analyses are shown: HIV screen cost and linkage to care (Panel A); HIV care cost and linkage to care (Panel B); HIV screen cost and result return (Panel C); linkage to care and loss to follow up (Panel D). HIV Screen costs, HIV care costs and loss to follow up are shown as multipliers of base case inputs.
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