


Supplement C
Model validation: Comparison against national-level PATH3.0 model
To validate the introduced model, we compared its performance against the PATH 3.0 model [1], a comprehensive stochastic agent-based model of HIV in the United States, calibrated to, and validated against, several epidemiological and care parameters in the National HIV Surveillance System (NHSS) [2], [3]. The purpose of this study is to compare the compartment model to a validated, high-fidelity model of HIV transmission. In addition to verifying that the two models produce similar results for similar parameters, we aim to confirm that the models respond similarly to changes in self-testing related inputs (such as testing rate and self-testing prevalence). In this supplement, we provide the relevant details and results of this validation.
Compartmental model setup 
The parameter values used to populate the compartment model are summarized in Table C1a-C1d, with appropriate source documentation and details provided. The parameter calibration process is explained in Supplement B. Briefly, all natural disease progression parameters are taken from the literature, and all care continuum related parameters are taken from the PATH simulation data. The remaining unknown parameters include the baseline testing rate, and transmission rate, which were calibrated using disease burden and care continuum data from PATH. 
PATH3.0 model setup
To validate the introduced compartmental modeling, we compare the compartment model to PATH3.0, a stochastic, agent-based model. PATH3.0 has been previously validated by comparing multiple epidemic metrics against data from the National HIV Surveillance System for years 2010 to 2017. A full description of PATH3.0 and its relevant parameters can be found in [1].
The PATH model was modified to simulate self-testing behaviors. As in the compartment model, two parameters  and  govern the percentage of self-tests and the change to the overall testing rate, respectively, with  giving the time to diagnosis after a positive self-test. The other new parameters are the self-test sensitivities for acute and chronic PWH and AIDS patients,  and  These are taken to be same as those in the compartment model and provided in Table C1a. 








Table C1a: Input, fixed parameter values, validation against PATH3.0.
	Parameter
	Name
	Value
	Source

	
	Rate of movement from acute to chronic infection
	1/60 days
	[4]

	
	Rate of movement from chronic infection to AIDS 
	1/11.8 years
	[5]
	
	Delay in diagnosis after positive self-test, AIDS
	1/30 days

	Assumed

	
	Baseline testing rate for acute, chronic 
	.02/month
	PATH rates

	
	Testing rate for AIDS stage. 
	.0816/month
	PATH rates, set  as 

	
	Multiplier for increase in testing from AIDS compared to acute/chronic infection
	4.08
	[6]
	
	Sensitivity of laboratory test to acute infection
	.83
	[4]
	
	Sensitivity of self-test to acute infection
	0.0
	[7]
	
	Sensitivity of laboratory test to chronic infection
	1.0
	[8]
	
	Sensitivity of self-test to chronic infection
	.92
	[7]


Table C1b: Incidence-related parameter values, validation against PATH3.0
	Parameter
	Name
	Value
	Source

	
	Transmission rate for chronic infection
	.0056/month

	PATH outputs, calibration as detailed

	
	Transmission rate for acute infection
	.0325/month

	PATH outputs, set as  

	
	Factor change in transmission probability for acute compared to chronic infection
	5.8
	[1]
	
	Transmission rate for AIDS PWH
	.0056/month

	PATH outputs, set as  

	
	Factor change in transmission probability for AIDS compared to chronic infection
	1.0
	Assumed

	
	Transmission rate for diagnosed infection
	.0017/month
	PATH outputs, calculation as detailed

	
	Transmission rate for diagnosed PWH not care, diagnosed PWH on ART but not VLS
	.0043/month

	PATH outputs, set as 

	
	Factor change in transmission probability for diagnosed, not in care and on ART< not VLS compared chronic infection
	0.78
	[1]; assumed equal.

	
	Transmission rate for diagnosed PWH who are VLS
	0.000/month

	PATH outputs, set as 

	
	Factor change in transmission for PWH who are VLS compared to chronic infection
	0.0
	[1]







Table C1c: Mortality-related parameter values, validation against PATH3.0
	Parameter
	Name
	Value
	Source

	
	Mortality rate, acute infection
	0.0126 / years
	PATH outputs, calibration as detailed

	
	Mortality rate, chronic infection, diagnosed not in care, on ART but not VLS
	0.0320 / years
	PATH outputs, set as 

	
	Factor change in mortality for PWH with chronic infection, diagnosed but not in care, and ART but not VLS
	2.538
	[1], assumed equal.

	
	Mortality rate, PWH with AIDS, not diagnosed
	0.0847 / years
	[1], set as 

	
	Factor change in mortality for undiagnosed PWH with AIDS compared to acute infection
	6.172
	[1]
	
	Mortality rate, diagnosed infection
	0.0175 / years
	PATH outputs, computed as detailed

	
	Mortality rate, PWH who are VLS
	0.0080 / years
	PATH outputs, set as 

	
	Factor change in mortality for PWH who are VLS compared to acute infection
	0.6346
	[1]


Table C1d: Continuum-of-care related parameter values, validation against PATH3.0
	Parameter
	Name
	Value
	Source

	
	Portion of diagnosed PWH not in care
	.175
	 [1],  PATH outputs

	
	Portion of diagnosed PWH on ART, not VLS
	.115
	[1],   [9] PATH outputs

	
	Portion of diagnosed PWH VLS
	.710
	[1], [9] PATH outputs

	
	Portion of undiagnosed who are acute
	.0375
	Calibrated

	
	Portion of undiagnosed with AIDS
	.11
	Calibrated

	
	Initial acutely infected PWH
	14
	PATH initial conditions

	
	Initial chronic unaware PWH
	160
	PATH initial conditions

	
	Initial AIDS
	6
	PATH initial conditions

	
	Initial diagnosed PWH
	830
	PATH initial conditions



Scenarios
We aim to see that the compartmental and PATH models respond similarly to changes in testing and self-testing levels. To this end, wee focused our analyses on simulating varying combinations of  (% increase in testing rate from baseline),  (% of tests that are self-tests), and  (time from positive self-test to diagnosis), and estimating the corresponding changes in reach (proportion aware) and HIV incidence compared to a baseline scenario. We assume baseline scenario as   ; that is, no self-testing is present, and the overall testing rate is the calibrated population-level testing rate over 2017-2019. Note that with ,  has no effect (this parameter does not influence testing outside of self-tests),  and hence baseline case is identical for each   We evaluated  months. For each , the - samples are drawn from ; for the compartment model, we consider 25,000 random samples. For PATH3.0, we sample 121 pairs at the evenly-spaced points  for both  and . 
For both models, we focused our analyses on men who have sex with men (MSM) given the higher prevalence in this group [10].  After a 12-year dry run beginning in 2006, we tracked incidence and the percentage of PWH aware of serological status among MSM from 2017-2030. For each  sample, the outputs of interest are the percent change from baseline in cumulative incidence from 2017-2030, and the overall % PWH who are aware of status at the end of the simulation period. For the compartment model, we also report the percent change in the effective reproduction number, , from the baseline case. As the definition of  in PATH3.0 is not straightforward, we do not provide this measure for the PATH3.0 simulations. 
Results
We depict the baseline  ratio of new infections to PWH deaths, Transmission rate, and mortality rates, by year, for the compartment and PATH models (Figure C3). Note the shown compartment model rates are not actually constant; however their smaller variation compared to PATH makes this difficult to observe. As PATH is a stochastic simulation, it is subject to more fluctuation than the deterministic compartment model. The mean values over the shown period for each indicator are given in Table C2. 
Fig. C3: new infection/mortality ratio, incidence and mortality rates calculated from simulation outputs for the PATH and compartment models. 
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Table C2: agreement in simulation outputs between PATH and compartment models for key baseline indicators over the simulated time period 2017-30.
	Model
	 Avg. infection/death ratio
	Avg. infection rate
	Avg. mortality rate

	PATH
	1.45
	.029/year
	.0205/year

	Compartment
	1.41
	.027/year
	.0195/year



In Fig. C4, we plot results from the validation study. The plots are arranged, from top to bottom, with  months, respectively. From left-to-right, we plot percent change in incidence from baseline, the percent change in  from baseline, and the percentage of PWH aware of their infection in the  plane, with each point corresponding to the respective sampled value.
The background of each plot shows the outputs of the compartmental simulations in the  -plane, while the superimposed points above in the left and right plots show the outputs of the PATH simulation at the corresponding  point. The black curve in each plot delineates where the compartmental simulation changed sign, that is, the region in the -plane to the left of the black curve (hereafter referred to as the negative outcomes region) gave worsened outcomes compared to baseline. Conversely, to the right of the black curve, we saw reduced incidence and increased awareness of status for the respective (. For the PATH simulation, points corresponding to improved outcomes (when compared to baseline) are plotted as circles, while the corresponding worsened outcomes are plotted as squares.
For both percent incidence change and awareness of status, we observe that the color-blending between the compartmental and PATH simulations is in good agreement, showing that the same  configurations yielded similar results for the two models. We also note that the square points (indicating points where PATH corresponds to worsened outcomes compared to baseline) are concentrated to the left of the black line, which marks the outcome delineation for the compartment model. This indicates that the models also were in broad agreement on the threshold points for which self-testing is beneficial. 
Moving from top to bottom, we note that the threshold curve (and the corresponding square/circle split in the PATH simulations) was sensitive to changes in . For small , self-testing provided improved outcomes for all but the most extreme cases, in which self-testing simply replaced laboratory tests without changing the overall testing rate. However, as  grew larger, the threshold curve moved rightward, indicating a greater risk of negative outcomes. As the  month cases demonstrate, the overall testing rate had to increase to ensure that self-testing yielded a net positive effect. In Table C3, we provide the minimum, maximum and average percent changes in incidence, the baseline, minimum, maximum, and average levels of awareness of HIV status, and the area of the negative outcomes region for all simulations. 
From this analysis, we draw two primary conclusions. The first is that the compartment model, despite its simplified, linearized structure, shows similar qualitative and quantitative behavior as compared to the PATH3.0 agent-based model. For similar baseline parameters, the models produce similar results. Furthermore, the two models respond similarly under changes to testing and self-testing levels. As PATH has been previously validated [1], from this agreement between the models, we can establish the validity of the compartmental model, giving us confidence in the results presented in the main text.
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Table C3: Quantitative agreement in simulation outputs between PATH and Compartment model
	Model
	
	Min %  incidence change (2017-30)
	Max % incidence change (2017-30)
	Avg % incidence change (2017-30)
	Baseline % aware
(2030)
	Min %
Aware
(2030)
	Max % aware
(2030)
	Avg % aware
(2030)
	Area, neg. outcome region (2017-30)

	Compartment
	1 month
	-9.3%
	2.4%
	-4.3%
	90.5%
	89.6%
	94.6%
	92.5%
	0.082

	PATH
	1 month
	-8.8%
	2.8%
	-4.2%
	90.2%
	88.2%
	96.1%
	93.1%
	0.082

	Compartment
	2 months
	-9.3%
	2.7%
	-4.2%
	90.5%
	89.4%
	94.6%
	92.4%
	0.091

	PATH
	2 months
	-9.1%
	3.2%
	-4.2%
	90.2%
	87.8%
	96.1%
	93.1%
	0.083

	Compartment
	3 months
	-9.3%
	2.9%
	-4.1%
	90.5%
	89.3%
	94.6%
	92.4%
	0.101

	PATH
	3 months
	-8.6%
	2.1%
	-4.1%
	90.2%
	88.4%
	96.1%
	93.0%
	0.124

	Compartment
	6 months
	-9.3%
	3.7%
	-3.7%
	90.5%
	89.0%
	94.6%
	92.2%
	0.130

	PATH
	6 months
	-8.6%
	2.9%
	-3.8%
	90.2%
	87.7%
	96.1%
	92.9%
	0.150

	Compartment
	12 months
	-9.3%
	5.0%
	-3.0%
	90.5%
	88.3%
	94.6%
	91.9%
	0.193

	PATH
	12 months
	-8.6%
	3.4%
	-3.1%
	90.2%
	87.7%
	96.1%
	92.8%
	0.190






Fig. C4: Simulation results of the PATH/Compartment validation. From top,  months. The background are outputs from the compartmental simulations, while the colored points above are the PATH simulation outputs. From left to right, the plots show % incidence change from baseline over the simulated period 2017-30, %  change from baseline over the simulated period 2017-30, and % of PWH aware of HIV status at the end of 2030 in the - plane. Black curves show where sign of compartment simulation changed (i.e., from increase to decrease). PATH simulations plotted as circles/squares corresponding to decrease/increase. Please refer to appropriate section in supplement text  for a detailed interpretation of these results.
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