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[bookmark: _Ref359696124][bookmark: _Toc369870526]Overview 
The model is a network model with discrete-time stochastic simulation. Parameterization and programming of the base case model can be divided into two parts: 1) establishing the initial model population; 2) implementing and recording the transitions of that changing population at each time step. The first part, covered in the section Model Population below, involves identifying the relevant characteristics to include for each individual, the “creation” of the individuals in the model, and the positioning of each individual within the appropriate initial structure (un-incarcerated, jail, or prison). The second part is covered in the Model Simulation section. The Model Calibration section details how the model was calibrated to epidemiologic targets and provides outputs from simulations of the status quo. The Economic Model section provides information on cost data.
The model was programmed in Python™ version 2.7.10. Simulations were run on the Barley and Sherlock clusters at Stanford University, which are maintained and made available by the Stanford Research Computing Center. Some parts of this appendix appear as a technical supplement in [1].
[bookmark: _Ref358121245][bookmark: _Toc369870527]Model Population
[bookmark: _Toc369870528]Demographics
We performed an extensive literature review to gather background information and parameter values regarding population demographics and risk behaviors in King County, Washington. Based on substantial differences in incarceration rates, disease prevalence and natural history, partner selection, and background mortality rates, we identified key individual characteristics to include in the model: risk group (person who injects drugs (PWID), person who abuses but does not inject illicit drugs (PWUD), and non-drug user (low-risk, LR)); race (black, white, or other); sex (male or female); sexual orientation (men who have sex with men (MSM), heterosexual male, heterosexual female); and age group (18-19, 20-29, 30-39, 40-49, 50-59, or 60-74 years old). 
We assigned characteristics sequentially to account for dependencies. For instance, an individual i was first assigned a risk group by drawing a random number  . Consider the parameters  where  is the proportion of the population in group j. (For low-risk individuals, we have ). When , we assigned risk group PWID to individual i. When , we assigned risk group PWUD to individual i. Otherwise, the individual i was assigned to the low-risk group. 
Individual i was then assigned race in a similar manner, where now the distribution of race depended on the risk group, j, and the relevant comparison parameters were , where . In the absence of data to the contrary, race and sex were assumed to be independent so that sex was assigned only on the basis of risk group. Other characteristics were assigned using the same process of drawing a random number and comparing it to the calculated parameters reflecting the outcomes of previous draws.
Given the nature of the source data, in practice we used an assortment of conditional probabilities to distribute characteristics appropriately, so that the order of assignment, while reflecting the formats in which data were collected and presented, was not necessarily intuitive. For instance, the marker for HIV infection was assigned based on risk group, race, and sex. Sexual orientation was then assigned based on risk group, race, sex, and HIV status. Age was assigned according to risk group, HIV status, and sexual orientation. Finally, hepatitis C virus (HCV) status was assigned according to risk group, sex, and age. Because of the high rates of HCV among PWID [2-4], we independently assigned HIV and HCV infection to each individual, using risk group as the primary correlate of each which, after assignment, gave a rate of HIV/HCV co-infection comparable to King County estimates [5]. 
Table A provides demographic parameter values and data sources. Further information on HIV (HIV, Initial Conditions) and HCV (HCV, Initial Conditions) assignment can be found in the respective subsections below.
King County, Washington has an approximate population of 1,390,300. For computational tractability, we simulated our model on a population roughly 10% of the total population while keeping demographic distributions consistent with King County as a whole. After instantiating each of the 140,000 individuals in the model, we assigned sexual and injecting partnerships; this algorithm is described in greater detail in Partnerships. We then assigned initial incarceration status according to the risk group, race, sex, and age group of each individual. Further detail is provided in Incarceration. Finally, unincarcerated individuals could be connected to programs such as needle/syringe exchange programs (NSP) or treatment for substance use disorder (SUDT); this is discussed below in Community Programs.
[bookmark: _Ref358122046][bookmark: _Toc369870529]HIV, Initial Conditions
Estimates of HIV prevalence in each risk group, race, and sex category were taken from King County, Washington-specific reports [2]. After drawing a random number to assign infection status, we determined the awareness status, treatment status, and CD4 count and viral load based on distributions observed in the literature. To identify the appropriate parameters to use for an individual, we used a hierarchical stratification of risk factors. If an individual was PWID, then all parameters associated with PWID (e.g., probability of being on treatment) were applied to that person, regardless of other risk characteristics (e.g., sexual orientation). If the individual was MSM, but not PWID, that became his primary risk factor. Otherwise, individuals were assigned parameters in keeping with heterosexual-specific data from King County, Washington. 
Every individual, regardless of whether infected with HIV at time 0, was assigned a set of baseline characteristics, which were activated if/when infection occurred. Some characteristics inherent to an individual did not change throughout the simulation. These included an adherence parameter, which determined an individual’s likelihood of adhering to HIV antiretroviral therapy (ART) or HCV treatment, a viral load set point, and a CD4 count. Only those individuals infected at time 0 were assigned awareness and treatment status.
In keeping with a published microsimulation of HIV transmission [6], adherence was assigned on a 1-5 integer scale, where an adherence level of 5 corresponded to  adherence, decreasing to 70–89% at level 4, 50–69% at level 3, 30–49% at level 2, and 0–29% at level 1. We assumed that 60% of individuals had level 5 adherence, and 10% of individuals were assigned to each remaining level [6].
We assigned awareness of HIV status based solely on risk group [2, 7] and additionally assumed that individuals in the acute phase of HIV at time 0 (a small proportion of the total infected population [6]) could not yet be diagnosed. For those who were aware of their HIV infection, we determined, based on King County, Washington records, the probability of having AIDS by risk group and sex/sexual orientation [2]. If AIDS was assigned by a random draw, the individual was given a CD4 count uniformly selected to be between 5 and 200 cells/mm3. Otherwise, the CD4 count was uniformly selected to be between 201 and 700 cells/mm3. 
For individuals aware of their HIV infection, we next assigned ART treatment status by PWID, MSM, or low-risk characteristic [2]. We assumed that no individual currently incarcerated could be on treatment. Individuals assigned to be on ART who had an adherence parameter of level 4 or 5 were considered to be virally suppressed. An individual’s viral load set point was defined as the viral load they would have in the absence of treatment; we drew this value from a truncated normal distribution [8]. For individuals who were virally suppressed, a current viral load was drawn from another truncated normal distribution, which was capped at 2.3 log10 copies/ml [2].
For individuals who were not aware of their HIV infection, and could not therefore be on ART, we assumed their current viral load was the same as their viral set point. Their CD4 count was assigned based on a distribution for unaware, HIV-infected individuals found in the literature [8]. Individuals in the acute HIV stage had a CD4 count uniformly assigned to be between 500 and 1600 cells/mm3 [8].
Table B provides parameter values and data sources related to the assignment of initial conditions for HIV-infected individuals.
[bookmark: _Ref358122055][bookmark: _Toc369870530]HCV, Initial Conditions
We included 9 possible states related to HCV: uninfected, recovered, acute infection, no fibrosis (F0), portal fibrosis (F1), periportal fibrosis (F2), bridging fibrosis (F3), compensated cirrhosis (F4), and decompensated cirrhosis (ESLD, or end-stage liver disease) [9]. To initialize the population we used data on HCV prevalence in each age, risk, and sex group [3-5, 10] to assign each individual a probability of HCV infection at time 0. Broad HCV prevalence estimates for lower-risk groups were available [3, 10], but for PWID, data were often presented in terms of the presence of HCV antibodies in the blood, and did not differentiate between current and prior infection [3-5]. Using an estimate of the number of individuals who spontaneously clear the infection [9], the fraction of PWID who have received care [11, 12], and the fraction of those who have successfully completed care [4], we calculated a percentage for each age group that we estimated to be “cured” and used it to determine the proportion of individuals who were still actively infected. 
Once we determined whether an individual was HCV-infected, we assigned 1% of HCV-infected individuals to the acute infection stage, which means they had been infected with HCV for less than 6 months. (The 1% probability was chosen during calibration to be consistent with rates of progression to chronic infection.) All other individuals were considered chronically infected. Because we did not have epidemiologic estimates for the distribution of chronic HCV stages at the desired level of detail, we used progression probabilities taken from the literature [13] and a recursive algorithm to calculate the distribution of individuals among the HCV disease stages (F0, F1, F2, F3, and ESLD) given years since HCV infection, sex, age, years since HIV infection, and HIV treatment status. We checked the validity of this algorithm against populations in which distribution data was available [9].
 We then used our calculated HCV disease stage distributions as input data. For each individual we uniformly drew a random integer between 0 and (individual’s age – 18) and multiplied it by 12 to approximate months since infection and used this along with other already assigned demographic characteristics to assign each individual to a plausible HCV disease stage. 
Each HCV infection was associated with a genotype, either G2/G3 or G1/G4, with probability consistent with the genotype distribution in the general population [14]. We assumed that individuals with a G2/G3 genotype infection would require 6 months of treatment to clear the infection, while individuals with a G1/G4 genotype infection would require 12 months of treatment [9]. Due to high quit rates in HCV treatment, we randomly assigned a small proportion of infected individuals to be on treatment at time 0 [9]. For those on treatment, we uniformly selected an integer between 0 and the required months on treatment to mark how far into their course of treatment they already were. We assumed that no individual currently incarcerated could be on treatment.
Similar to the inherent characteristics discussed in HIV, Initial Conditions, we assigned certain unchangeable properties to each individual, regardless of current HCV infection status, which would become relevant if/when an HCV infection occurred. We assigned a monthly probability of quitting HCV treatment, which correlated to an individual’s ART adherence parameter (e.g., a higher adherence level meant a lower chance of quitting). We also randomly assigned individuals as being CC-type or non-CC-type (these are variants of the human IL28B gene), with the probability of assignment based on race [15]. CC-type individuals are more likely to have a sustained virologic response following HCV treatment (i.e., they are more likely to be “cured” if they complete treatment) [9].
Table C provides parameter values and data sources related to the assignment of initial conditions for individuals infected with HCV.
[bookmark: _Ref358122450][bookmark: _Toc369870531]Partnerships
We used a negative binomial distribution to characterize the number of partnerships per individual [6], which has previously been found to best characterize social networks for infectious disease spread [16]. According to risk group, age, sex, and sexual orientation, each individual i was assigned the parameters pi  (0,1), the probability of success per trial, and ri-  , the number of failures permitted before the trials are stopped. For tractability, we track a sub-network of partnerships. Degree 0 individuals are infected with HIV and/or HCV and can transmit one or both diseases to their uninfected partners. (An exception is the group uninfected with HIV but infected with acute HCV. We assumed that they cannot transmit HCV currently but we assigned them as Degree 0 to anticipate their shortly becoming infectious.) Degree 1 individuals are uninfected with both HIV and HCV and cannot transmit a disease but are linked by a partnership to a Degree 1 individual. Degree 2 individuals are similarly uninfected and are linked to a Degree 1 individual while having no Degree 0 partners. In this way we assigned partnerships to anticipate the spread of disease without having to assign all possible partners to all uninfected individuals (the majority of the model’s population). 
We used the following algorithm to assign partnerships at time 0. Let S be the set of all individuals awaiting the assignment of partners. Let A be the set of all available partners and let U be the set of all individuals in the modeled population. Let Dd be the set of all individuals who are of degree d in the network. (In particular, D0 is the set of all individuals infected with HIV and/or HCV). Let  be the number of partners assigned to individual i. 
1) Set S = D0. Set A=U. Set .
2) While S is non-empty, select   (That is, remove i from the pool of individuals needing partner assignments as well as from the pool of individuals available to be assigned partners.) Assign partners to i:
a.  Simulate the flip of a weighted, random coin that is heads with probability pi, until ri tails have occurred. The number of resulting heads, , is the number of partners individual i should be assigned in the absence of incarceration at time 0. Note that and therefore for  , . 
b. For n= 1,…,:
i. To determine the appropriate demographics of i’s nth partner, draw a series of random numbers to determine whether the partner is heterosexual male, heterosexual female, or MSM; whether the partner is PWID, PWID, or low-risk; and which age group the partner is in [6, 17, 18]. The likelihoods of these assignments are based on individual i’s characteristics.
ii. Randomly select a partner j from , where  is the set of individuals in the model with the selected sex/sexual orientation, risk group, and age characteristics. Assign a link between i and j. Partnerships may be casual or main [19]. If both i and j are PWID, the link may be a sexual partnership, an injecting partnership, or both [6]. 
iii. .
iv. [bookmark: _Ref358122467]If , then  j and . If , then  j and .
Table D provides parameter values and data sources related to the assignment of partnerships in the model.
[bookmark: _Toc369870532]Incarceration
	At the start of the model run, and at any time thereafter, an individual can be in one of three locations: jail, prison, or unincarcerated. We assumed that all individuals in the prison population are serving a felony sentence. According to risk group, sex, and race, we sampled an initial prison population from the King County population [20-24] and assigned sentence length, s, in months to each individual [21, 24], then drew a random integer from  to establish the remaining number of months of their sentence to be served. We assumed the prison system was state run and would include individuals from multiple counties beyond King County; we only tracked the population associated with King County. 
Individuals in the jail population might be awaiting a court proceeding regarding a misdemeanor crime, serving a misdemeanor sentence, awaiting a court proceeding regarding a felony crime, or serving a felony sentence. According to risk group, sex, and race, we sampled an initial jail population from the King County population [20-22, 24] and then assigned the type of crime and pre/post-sentencing status to each individual according to distributions specific to Washington State and, where possible, King County specifically [21, 24, 25]. After determining crime and sentencing status, we assigned r, the number of months remaining in the sentence or until the sentencing is determined as we did for the prison population.
To be conservative about the public health effects of the incarceration system, we assumed that no HIV or HCV transmission occurs in jail or prison. We assumed that individuals in prison have no sexual or injecting partners and we disconnect from their assigned partners at the time of sentencing or at time 0. Because the majority of jail stays for misdemeanor crimes are less than one week in duration [21], we do not automatically disconnect jailed individuals from their partners. Rather, we assumed no partner contact for all individuals while in jail but only officially disconnected partnerships at the time of sentencing or at time 0 if an individual’s jail stay will exceed 1 year. 
Table E provides parameter values and data sources related to the initial conditions of incarceration in the model.
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Community programs in the model include ART for HIV, HCV treatment, treatment for substance use disorder (SUDT), and needle and syringe programs (NSP) for PWID.  PWID in the model are eligible to use NSP, which reduce the frequency of sharing injection equipment [26], and SUDT, which we assumed reduces the frequency of injections [27]. SUDT broadly includes opioid agonist therapies, such as methadone maintenance and buprenorphine maintenance therapies, as well as drug rehabilitation programs. PWUD can also be enrolled in SUDT. Where applicable, we assumed that PWID using NSP are more likely to enroll in and less likely to quit SUDT than PWID who do not use NSP, and individuals receiving SUDT are more likely to initiate and less likely to stop ART than individuals not receiving SUDT [6]. We assigned “membership” to each of these two programs by back calculating distributions (e.g., given that an individual is on ART, how likely is it that the person is receiving SUDT) so that, after assignment, initial enrollment was consistent with these assumptions.
In all runs, both base case and diversion program scenarios, the model began with no enrollment in the diversion program. Table F provides parameter values and data sources related to the initial enrollment of PWID and PWUD in community programs.
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The model runs on weekly time steps to accommodate the frequency of criminal activity, the duration of sentences, and jail population turnover. All other transitions occur once every four weeks, i.e., on a monthly basis. Transitions occur in a fixed cascade so that transitions higher up in the cascade may prohibit or change the likelihood of further transitions during that time step. For instance, mortality happens at the beginning of the week and individuals who die are then ineligible for other transitions. Disease infection occurs before disease progression, and individuals who are newly infected have zero probability of progressing in their disease during the first month of their infection. Individuals who commit identified crimes may have their disease progress but may not infect their partners that week, etc. The transitions are presented in this section in an order chosen for clarity to the reader and are not necessarily in the order they occur in the model.
[bookmark: _Toc369870536]Criminal Activity and Incarceration
We assumed a fixed, low-risk incarcerated population; that is, the initial low-risk population in jail and prison remain in these locations throughout the model run. They do not, therefore, represent actual modeled individuals but instead guarantee consistent demographics, while PWID and PWUD cycle in and out of jail and prison. Crimes by these populations are committed and identified in the model with a probability that is dependent on individual age, race, sex, and risk group. We assumed no difference in crime type and sentencing length by these identifiers so that the numbers of crimes committed annually by each subpopulation is proportional to the current incarcerated population breakdown [20-22, 24]. To calculate the weekly probability of identified criminal activity, we took the total annual number of crimes [21], the percent committed by PWID and PWUD, which we assumed to be roughly equivalent to the percent of the incarcerated population who are PWID and PWUD [20], the percent of these crimes committed by a specific age, race, sex group [20-22, 24], and divided by the total number population size of this age, sex, race, and risk group. Because SUDT reduces the need to get high through illegal sources, we associated SUDT with lowered criminal activity [28]. For individuals not on SUDT, we raised the probability of criminal activity so that net criminal activity across each age, sex, race, and risk group agreed with the original calculation.
If a crime is committed, it is assigned to be either a felony or a misdemeanor, consistent with the relative frequency of such events in Washington State [21]. A PWID or PWUD committing a misdemeanor crime is eligible to enroll in the diversion program if they are not already enrolled and, if they do enroll, they are not moved to jail (see Diversion Program). A very small percentage of misdemeanor crimes are assigned to drug court, from which we assume an even smaller percent of PWID and PWUD “graduate” to low-risk groups [29]. Otherwise, all individuals who are identified after committing a crime, regardless of the severity of their alleged crime (misdemeanor or felony), will be booked into jail [21]. At this time, an individual quits all treatments he or she is receiving and loses enrollment in community programs.
If the crime is a misdemeanor, a sentence time, which includes possible court proceedings, is assigned according to a Washington State sentencing distribution [21]. If the crime is a felony, the individual awaits trial in jail for a number of weeks according to a pre-sentencing distribution [30]. After a trial, some percentage of accused felons return to the unincarcerated population while others are given a sentence, which will be served either in jail or prison. Those with sentence lengths of a year or more are always sent to prison [21]. The outcome of the trial and the location and duration of the sentence are all assigned probabilities consistent with data from Washington State’s incarceration system [21]. Under our assumptions, individuals heading to prison disconnect from their sexual and injecting partners at the time of sentencing. We assumed that individuals who are not disconnected from their partners would not have sexual or injection-based contact with them while incarcerated.
Each week, every individual’s remaining sentence length is updated (). Individuals reaching the end of their sentence are released. Given the difficulty of transitioning from jail or prison back to normal life, we assumed that there is no automatic reconnection to disease treatment or community programs [31]. At the time of release, PWID are more likely to overdose [32-36], as we discuss further in Mortality. Table G provides parameter values and data sources related to incarceration transitions.
[bookmark: _Toc369870537]Simulation of Partnerships
At every subsequent time step at which partnerships are modified we followed a similar algorithm to that outlined for t=0 with slight modifications to steps b) ii and iii. In keeping with Marshall et al. [6] we simulated the dissolution and formation of new partnerships in a consistent, stylized way by allowing individuals to drop partners and gain new ones. As before, for individual , the number of partners to be assigned at time t is  Let be the set of partners that individual i has from time step , where , the number of assigned partners from time . We begin with 
· If  < , randomly select  partners where , to disconnect from i. For each j selected,  and .
· If  > , randomly select  partners where , to connect for i. For each j selected,  and .
Table D provides parameter values and data sources related to the assignment of partnerships in the model.
[bookmark: _Toc369870538]Disease Transmission	
HIV or HCV can be transmitted if two conditions are met. First, injection- or sexual-based contact must be made. (This is predicated upon a partnership existing between the uninfected person and an infected person and both partners being unincarcerated. We assumed, conservatively, that no transmission occurs within the incarceration system.) Second, given that contact is made, infection transfer must happen. The contact at time t occurs at a frequency, , that depends upon characteristics of both the uninfected and the infected partner, i and j, respectively, and infection transfer occurs with a probability, , that depends on these characteristics as well as properties of the relevant disease. We model infection transfer as a Bernoulli process [37]. The probability of infection in a given month = 1 – probability no infection transfer in one month, where the latter probability is . The calculations for infection are adapted from previous models [27, 38].
The frequency of sexual contact is , the average number of sexual encounters between two partners in one month [39]. The frequency of injection-based contact, , depends on the number of injections between two partners in one month, which varies over time. To calculate this quantity, we begin with , the average number of injections that a PWID makes per month [14]. The number of injections made by individual i is , where the  parameters are multipliers less than 1 that specify that in the absence of NSP not all injections are shared ( or that reduce the frequency of sharing injecting equipment from NSP () [26] or the frequency of injecting from SUDT () [27]. We divide by , the number of partners connected to i, because we assume that individuals with n injecting partners will not inject n more times per month than individuals with only 1 injecting partner. Finally, we calculate .
We calculate the probability of infection transfer as follows: , where p is the disease-specific transmission probability given the stage of disease and/or treatment status of infected partner j,  is the probability that a condom is used in the partnership, and  is the effectiveness of the condom. The quantity  is the average of and , which are each determined by the individual’s risk group, sex, and sexual orientation and, additionally, whether they have HIV and are aware of it, in which case we assumed a modification of behavior [6, 7, 19, 40]. The value of the parameter  is disease-specific [14, 27].
For HIV,  depends on viral load, the type of contact, either sexual or injection-based and, if sexual, the sex and sexual orientation of the partners (i.e., MSM to MSM, heterosexual female to heterosexual male, and heterosexual male to heterosexual female) [6, 8, 41]. Monteiro et al. [6] found that adding in viral load heterogeneity, rather than basing infection probabilities on CD4 count, reduced bias in predictive models of HIV transmission. To reduce calculation time, we did not calculate the probability directly from the individual viral load; rather, we placed individuals in viral load range blocks and used pre-calculated values based on those. The one exception to this is when the HIV infection is acute or the CD4 count has dropped below the AIDS threshold and the individual is not on effective treatment (i.e., treatment with a sufficiently high adherence level), in which case we used separate pre-calculated values for these highly-infectious stages [6, 8, 41]. 
The infection transfer probability for HIV does not directly depend on whether the infected partner is on ART or not. However, since viral load and HIV stage evolve as functions of treatment (see HIV Progression), the infection transfer probability for HIV is indirectly affected by treatment. For HCV, the infection transfer probability directly depends on whether the individual is receiving HCV treatment. This latter probability does not depend on the HCV disease stage, as long as the HCV infection is chronic, nor are sexual transmission parameters dependent on sex and sexual orientation [14, 42, 43]. The probability of HCV infection transfer is therefore a function only of the type of contact and whether the infected individual is receiving HCV treatment [14]. We made the assumption that the number of strains of HCV meant that previous antibodies from prior infection and recovery would not protect individuals from re-infection, so we did not take into account prior resolved infection when determining HCV infection transfer probability.
An uninfected individual’s total probability of infection at time t is calculated as . An uninfected individual can only be infected once in any time step. Upon infection with HIV, an individual is marked as HIV-positive and enters the acute phase. The individual’s assigned viral load and CD4 count, initiated at the time of that person’s entrance into the model, are now “active.” Upon infection with HCV, an individual is marked as HCV-positive and enters the acute phase. The infection is randomly assigned a genotype [15]. We assumed that an individual cannot begin an infection either aware or on treatment.
Table H provides parameter values and data sources related to non-specific disease transmission. Table I provides parameter values and data sources related to HIV- and HCV-specific disease transmission.
[bookmark: _Toc369870539]Disease Progression
	In keeping with the level of detail appropriate to capture substantial differences in infectivity, quality of life, and treatment costs, we tracked continuous viral load and CD4 count variables for HIV and we modeled HCV as a Markov process with discrete disease stages. At each monthly time step, we updated these disease-specific parameters for each individual already infected at the beginning of the month.
[bookmark: _Ref359599025][bookmark: _Toc369870540]HIV Progression
	HIV infection begins with a brief and highly infectious acute phase [6]. Antiretroviral treatment (ART) slows HIV progression [44], which is characterized by increasing viral load and decreasing CD4 count, both of which are modeled as continuous variables [8, 44]. Opportunistic infections, which decrease quality of life and increase mortality risk, are more likely to occur at lower CD4 counts [44]. In order to enroll in ART, individuals must first become aware of their infectious status, which occurs via testing [6, 26].
If an individual has been HIV-infected for more than three months [6], that person transitions out of the acute phase. If the individual did not begin the month in the acute phase, he or she may develop an opportunistic infection with a probability that depends on CD4 count [44]. The opportunistic infection will lower the person’s CD4 count [44]. In the absence of treatment, the person experiences a – possibly additional – CD4 drop drawn from a viral-load-dependent distribution (the drop may potentially be negative; that is, a small gain is also possible) [45]. With effective treatment (i.e., treatment with a sufficiently high adherence level), viral load decreases at a fixed increment for the first six months, scaled by adherence level [44, 46]. We assumed that viral load will not drop past a set point of 1.7 log10 copies/ml [44], where 2.3 log10 copies/ml is considered virally suppressed [2]. We assumed that viral load remains constant after the first 6 months [44]. If an opportunistic infection did not occur in a given month, then an individual on effective treatment for less than 48 months will experience a CD4 rise that diminishes with the duration of treatment [44] and is scaled by adherence level [6]. The CD4 increase is also age-dependent, with individuals over age 40 experiencing less gain [44]. 
Table J provides parameter values and data sources related to HIV progression.
[bookmark: _Toc369870541]HCV Progression
HCV progression is modeled as a Markov process between stages: a noninfectious, acute phase, followed by an infectious, chronic phase that progresses through liver fibrosis stages F0, F1, F2, F3, F4, and finally end-stage liver disease [9, 13, 47]. The progression rate is affected by sex, age, HIV status, and HIV treatment status [13]. Quality of life decreases throughout the progression [9]. In the acute and F0 stages, an individual can spontaneously clear HCV infection [9, 48]; afterwards, treatment is required to clear the infection [9, 14].
If an individual has acute HCV infection for more than 6 months [47], the person may either clear the infection or move into the F0 stage of chronic infection. The clearing probability is lower if the individual is co-infected with HIV [9, 48]. Because no additional costs or QALY losses are associated with acute HCV infection in the model, we only check whether the individual has cleared the infection once, at the end of the 6-month period. (We note that, if individuals clear HCV in less than 6 months, they would be re-eligible to be infected at a sooner date, making the pool of uninfected individuals higher than under our assumption, but this is unlikely to have a substantial impact on our calculations.) 
If an individual begins the month with chronic HCV infection and is on treatment and not in the ESLD stage of HCV, he or she is eligible to clear the infection at the end of the treatment period. The probability that an individual clears the infection is based on the person’s race (black or not), the stage of infection (clearing probability decreasing with severity of stage), whether the person is co-infected with HIV (clearing probability with HIV co-infection is lower), and whether the person is CC-type or non-CC-type (CC-type individuals are better able to clear the infection) [9, 14].
If the infected individual did not clear HCV with treatment and is in the F0 stage, the person may still spontaneously clear the infection. The probability of spontaneous clearance is lower if the person is co-infected with HIV [9, 48]. If the individual does not clear the HCV infection in the current month, the infection will progress to the next stage (unless it is in the final ESLD stage), with a probability that is sex- and age-dependent (progression rates are highest for older males) and higher with HIV co-infection, although the effects of HIV can be reduced if the individual is on effective ART [13]. 
Table K provides parameter values and data sources related to HCV progression.
[bookmark: _Toc369870542]Disease Awareness and Treatment
Individuals must be aware of their infection to initiate treatment. For instance, in the case of HIV, individuals who begin the month unaware of their HIV infection are eligible to be screened, and individuals who begin the month aware but not on treatment are eligible to enroll in ART. We assumed that individuals do not receive HIV or HCV care while in the incarceration system, nor are they screened at time of entry. It is unclear whether HIV and HCV care are provided consistently within jails and/or prisons and, if provided, what quality the care has. For this reason, we make the assumption that care would be sporadic at best and so do not consider effects from potential HIV and HCV care while incarcerated. Table L provides parameter values and data sources related to disease awareness and treatment.
[bookmark: _Toc369870543]HIV Awareness
HIV-unaware individuals are tested at a probability that is dependent upon their risk group and community program enrollment. PWID in NSP are more likely to be tested for HIV than PWID not in NSP [6]. Similarly, PWID and PWUD receiving SUDT are more likely to be tested for HIV than PWID and PWUD not receiving SUDT [6]. Given the case management component of programs such as Seattle’s Law Enforcement Assisted Diversion Program (LEAD), we assume that individuals enrolled in the program have additionally increased chances of testing [49]. 
[bookmark: _Toc369870544]HIV Treatment
HIV-aware individuals initiate and quit treatment at probabilities that are dependent upon their risk group and community program enrollment. PWID and PWUD receiving SUDT are more likely to begin HIV treatment than those who are not enrolled [6]. Conversely, quitting rates are lower for PWID and PWUD receiving SUDT than for those not receiving SUDT [6]. We assume that, as a consequence of the case management component of a diversion program, individuals enrolled in the program have additionally increased chances of starting ART and lowered chances of quitting [49].
At the time of incarceration, we assumed that individuals cease HIV treatment if they are on it. Because the majority of misdemeanor jail stays are one week or less and the average stay is 21 days [21], and because PWID and PWUD frequently cycle in and out of the incarceration system, if, at the time of ART initiation, an individual has ceased HIV treatment less than a month ago, we did not restart that person’s months-on-treatment count; that is, we avoided artificially inflating the viral load decrease and CD4 increase that could otherwise occur in the model by constantly quitting and restarting treatment.
Because PWID and PWUD have higher ART quit rates induced by higher incarceration rates, to keep enrollment calibrated to reasonably constant or increasing levels, we assumed that PWID and PWUD also have a higher probability of initiating ART than low-risk individuals. Out of context these numbers can appear misleading.
[bookmark: _Toc369870545]HCV Treatment
	We did not separately include a marker for HCV awareness nor did we explicitly model HCV testing. Because we assumed that the probability of initiating HCV treatment is very low [11, 12], the simplification does not create the risk of artificially inflating HCV treatment levels in the population. 
	As with HIV, HCV treatment initiation depends on risk group and enrollment in community programs. In practice, we modeled these processes identically, with a multiplier less than 1 that scales entry probabilities for HCV treatment. Quitting HCV treatment depends on the individual’s adherence levels (see HCV, Initial Conditions).
We assumed that at the time an individual progresses to ESLD, the person will cease HCV treatment if on it, as at this point there is no benefit from treatment, and only high costs and QALY losses from continuing (12). This drop is automatically triggered in the model. (In reality, the discrete distinctions between stages are a simplification, and treatment would not necessarily halt at such an arbitrary juncture. However, the simplification is unlikely to affect our calculations.) 
At the time of incarceration, we assumed that individuals cease HCV treatment if they are on it. Because HCV treatment is expensive (12), has QALY decrements (12), and quit rates are already high, we assumed that even if the jail stay is short, treatment is not resumed upon release, as exit from the incarceration system can severely disrupt daily life.
[bookmark: _Toc369870546]Community Programs
Table M provides parameter values and data sources related to community program transitions.
[bookmark: _Toc369870547]NSP and SUDT
We assumed that enrollments in community programs are correlated: thus, a PWID using NSP is more likely to engage with SUDT and an individual connected to the diversion program is more likely to join both NSP and SUDT and less likely to quit these programs. At the time of incarceration, an individual ceases connection with both NSP and SUDT and does not automatically reconnect once released. This makes sense for SUDT especially, as there are often long waiting lists for SUDT and individuals may have to surrender their place. Opioid agonist therapies and rehab programs are sporadically offered within the incarceration system; we made the assumption that these are not available or not available at an effective level [34, 50]. As we did not model disease transmission within jails or prisons, this assumption only has impact on individual trajectories and quality of life. Since entry into the incarceration system can severely disrupt daily life, we also assumed that housing and other anchoring habits might change at the time of incarceration, making it not unreasonable for it to take a period of time to re-establish NSP use. We calibrated entry and quitting rates for NSP and SUDT such that the additional quit rates from incarceration are balanced and the percent of PWID and PWUD enrolled over time is constant (see Model Calibration). 
While NSP enrollment is binary (an individual is either enrolled or not), we modeled SUDT with a waiting list since many individuals with interest in receiving opioid agonist therapy or enrolling in rehab programs never make contact with that service [51, 52]. For a PWID or PWUD who is not enrolled in SUDT nor on a waiting list for it, we assumed that the individual seeks out SUDT with a probability that is dependent on their risk group, NSP status, and diversion program status. Given that a suitable random number is drawn, another random number determines whether they immediately join SUDT (i.e., their waiting time is less than 1 month) or whether they join a waiting list and remain on the list for at least 1 month [51, 52]. A fraction of individuals seeking SUDT will withdraw from the waiting list and be lost before the next time step [51, 52]. Individuals still on the waiting list at the start of the month can either enter SUDT, quit the waiting list, or remain on the list for another month. Those enrolled in SUDT may quit at any time. We assume that quitting is less likely for individuals enrolled in the diversion program because of that program’s case management component [49].
Diversion Program
The manuscript describes how we modeled the diversion program, with additional details in the Criminal Activity and Incarceration section of this supplement. Table N provides parameter values and data sources related to the model implementation of such a program.
[bookmark: _Toc369870549]Demographic Transitions
At every time step, new individuals enter the model. The number of new entrants is determined such that the population remains largely constant with slight upward trend over 10 years [53]. New individuals are aged 18, are low risk, and are HIV- and HCV-negative. Their race, gender, and sex/sexual orientation are determined in keeping with current demographics in King County, Washington [2, 53-56].
Low-risk individuals may initiate drug use and become PWUD or PWID [56]. There is a separate probability for joining each risk group, calibrated to maintain risk group proportions over 5 years. These probabilities are higher for individuals under age 30 [56]. Most transitions into the PWID population are from PWUD, whose transition probabilities we assumed to be age-independent [57, 58]. PWID and PWUD may also quit drug use, either through a drug court program (which affects a very small number) [29] or through SUDT [27].
Table O provides parameter values and data sources related to demographic transitions.
[bookmark: _Ref358560809][bookmark: _Toc369870550][bookmark: _Ref358121408]Mortality 
Background mortality rates by age, sex, and race were taken from US life tables [59]. We assumed no direct increase in the background mortality rate due to an individual’s risk group, but PWID and PWUD have monthly probabilities of overdose [31, 36, 60-62], moderated by SUDT enrollment [27, 32, 62], and PWID have an additional probability of overdose at the time of release from the incarceration system [33, 62]. Overdose deaths are tracked separately. HIV infection increases mortality via CD4 count and opportunistic infections, but CD4 count-related mortality is moderated by being on effective ART [44, 45]. Across the F0-F4 stages, chronic HCV increases mortality by an amount that depends on both race and sex but is otherwise constant [15]. HCV-infected individuals with ESLD have a much higher probability of death from liver disease than individuals in stages F0-F4 [15]. We note that mortality rates are indirectly raised for PWID and PWUD because HIV and HCV prevalence are much higher in these populations than in the low-risk population. Table P provides parameter values and data sources related to mortality.
[bookmark: _Ref366862941][bookmark: _Toc369870551]Model Calibration
A majority of input parameters were calculated explicitly from published King County, Washington data or were well established in the literature on disease natural history and other infectious disease models. A subset of parameters had unknown or wide uncertainty intervals, and it was these parameters alone that we varied in a calibration process. For tractability, we took a simple, incremental approach. We manually varied subsets of model parameters to stabilize subsets of the model dynamics. 
We undertook the following process. We assumed that incarceration dynamics did not depend on infection dynamics. Therefore we could isolate the incarceration dynamics and, turning off other aspects of the model, adjust incarceration-related parameters to replicate constant crime rates and jail and prison populations (Figures A-D). For this subset of model inputs, we performed a simplified version of calibration described in [27, 63], drawing from uniform ranges instead of parameterized distributions. We performed 15 “starter” simulations with random draws from conceivable ranges for each parameter and observed model output on key demographic targets. In large-scale model calibrations, this process would be automated and formalized, with each set of parameters scored using an objective function. Instead, given the scope of this calibration and the relative certainty of most parameters, we performed the calibration manually, although, in practice, we were approximating the same approach. The “starter” simulations provided intuition into how model dynamics depended on input values, and we narrowed our ranges accordingly, running another 15 simulations iteratively until the ranges were sufficiently tight that we could identify a reasonable set of parameters that reproduced demographic data in King County, Washington.
Next, having established incarceration-related inputs, we used a similar approach to calibrate community program enrollments (Figures E and F show results for the PWID population), which depended on incarceration rates but we assumed could still be isolated from disease dynamics. Disease incidence, awareness, and treatment all depended upon community program enrollments, so once we had adjusted those parameters appropriately we could calibrate to the remaining epidemiologic targets (Figures G-J show results for the PWID population). We began with HIV-related parameters, which involved interplay between risk groups, and, having established those, adjusted HCV-related parameters, which were mostly internal to the PWID community. 
In the case of HIV incidence, we calibrated to historic King County, Washington data both in terms of absolute numbers (which were relatively stable over the past 5 years) and in terms of the distribution over risk, sex, and sexual orientation groups (which were presented as averages over the past 5 years) [2]. For treatment and awareness, given that both were high in all populations, we calibrated to current levels and aimed for constant levels or slight upward trending [2]. HCV targets were harder to identify. We estimated current infection rates given national prevalence and infection rates and the relative prevalence of HCV in King County, Washington [2-4, 10]. We also assumed that, given the higher prevalence of HCV in older generations, HCV prevalence would decrease over time in all risk groups [2-4, 10]. 
We calibrated primarily to the following targets: PWID population (proportion of total population), PWID NSP population (proportion of PWID population), PWID SUDT population (proportion of PWID population), PWID overdose deaths (monthly), PWID HIV prevalence, PWID HIV awareness (proportion of HIV-positive PWID population), PWID on HIV treatment (proportion of HIV-positive PWID population), PWID HCV prevalence, PWUD population, PWUD SUDT population, PWUD overdose deaths, PWUD HIV prevalence, PWUD HIV awareness, PWUD on HIV treatment, PWUD HCV prevalence, MSM population, MSM HIV prevalence, MSM HIV awareness, MSM on HIV treatment, low-risk HIV prevalence, low-risk HIV awareness, low-risk HIV on HIV treatment, low-risk HCV prevalence, total population size, total HIV incidence (monthly), PWID HIV incidence (proportion of total incidence), PWID/MSM HIV incidence (proportion of total incidence), MSM HIV incidence (proportion of total incidence), low-risk HIV incidence (proportion of total incidence), total HCV incidence (monthly), HIV diagnosis (monthly), HIV-related mortality (monthly), misdemeanor arrests (monthly), felony arrests (monthly), jail population (monthly), prison population (monthly).
[bookmark: _Ref359696100][bookmark: _Toc369870552]Economic Model
	Every state in the model has an associated monthly QALY value. This value is a function of an age-, sex-, and risk group-dependent QALY baseline [64]; multipliers that are greater or less than 1 that raise or lower quality of life (e.g., SUDT enrollment raises quality of life, while HIV infection lowers quality of life); and possible decrements from HCV treatment [9]. HIV quality-of-life multipliers are based on CD4 count unless an individual develops an opportunistic infection, in which case the usual CD4 count QALY multiplier is replaced by a lower multiplier for that month [65]. We did not include a quality-of-life multiplier specifically for ART, as the effect of ART is reflected in an individual’s CD4 count. HCV-infected individuals may continue to have QALY multipliers less than 1 even after a sustained virologic response from HCV treatment, depending on the stage from which they recovered [9].
Because there is scant supporting data, we conservatively assumed no QALY decrement associated with incarceration. While it is likely that entering the incarceration system generates substantial QALY losses, some sources suggest that basic healthcare within the system can in fact improve quality of life for the very poor and marginalized who would not otherwise receive such services [50]. Therefore, our base case analysis assumed no direct change in quality of life due to incarceration, only the indirect change that comes from losing SUDT or treatment services.
Costs are associated with all states as well as some transitions. Any identified crime is associated with a one-time police response cost and a jail-booking fee, as well as a one-time misdemeanor or felony charge that covers legal proceedings [21]. HIV diagnosis also has a one-time cost [27]. Background healthcare usage is age-dependent, with individuals over 60 having substantially higher costs [27, 66], unless an individual is in prison, in which case a constant cost, which includes healthcare, is applied [21, 67]. We also included costs associated with HCV stage or sustained virologic response from later HCV stages and HCV treatment; with HIV CD4 count, opportunistic infections, and ART; with NSP, SUDT, and the diversion program; and with jail.
Table Q provides parameter values and data sources related to costs and QALYs.
We discounted all costs and QALYs at a 3% annual rate [68, 69]. Additionally, we calculated lifetime costs and QALYs by age, risk group, and infection status (infected with both HIV and HCV, either HIV or HCV, or neither). We took a dot product of a vector of population size at the end of the model run with a vector of lifetime costs (discounted out at 10 years), and another of lifetime benefits (also discounted), to determine the total lifetime costs and QALYs for the population.
We briefly summarize how we calculated lifetime costs; the QALY process is identical. First, for each risk and infection group, we began with 200,000 individuals and ran the simulation in the absence of infection or population entry for the average-aged individual in the age 60-74 group until they matured out of the model at 74. We stored the cumulative costs, then performed the same simulation for the average-aged individual in the age 50-59 group until they reached the age of 60 and stored the costs again. We also stored the probability of surviving till the end of the time horizon, . After performing these simulations for each age group, we then calculated lifetime costs. For instance, for an individual in the 40-49 age group, . This approach reduces run time; similar calculations have been used for other microsimulations [70]. 
Figure A. Calibrated misdemeanor arrests
[image: ]
Colored lines plots sampled trial runs under the model’s status quo. The solid black line plots the average among sampled trial runs. The dotted black line plots the current demographic estimate in King County, Washington.

Figure B. Calibrated jail population
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Colored lines plots sampled trial runs under the model’s status quo. The solid black line plots the average among sampled trial runs. The dotted black line plots the current demographic estimate in King County, Washington.

Figure C. Calibrated felony arrests
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Colored lines plots sampled trial runs under the model’s status quo. The solid black line plots the average among sampled trial runs. The dotted black line plots the current demographic estimate in King County, Washington.

Figure D. Calibrated prison population
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Colored lines plots sampled trial runs under the model’s status quo. The solid black line plots the average among sampled trial runs. The dotted black line plots the current demographic estimate in King County, Washington.


Figure E. Calibrated NSP population, PWID
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Colored lines plots sampled trial runs under the model’s status quo. The solid black line plots the average among sampled trial runs. The dotted black line plots the current demographic estimate in King County, Washington.

Figure F. Calibrated SUDT population, PWID
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Colored lines plots sampled trial runs under the model’s status quo. The solid black line plots the average among sampled trial runs. The dotted black line plots the current demographic estimate in King County, Washington.

Figure G. Calibrated HIV prevalence, PWID
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Colored lines plots sampled trial runs under the model’s status quo. The solid black line plots the average among sampled trial runs. The dotted black line plots the current demographic estimate in King County, Washington.

Figure H. Calibrated HIV awareness, PWID
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Colored lines plots sampled trial runs under the model’s status quo. The solid black line plots the average among sampled trial runs. The dotted black line plots the current demographic estimate in King County, Washington.

Figure I. Calibrated HIV treatment, PWID

[image: ]
Colored lines plots sampled trial runs under the model’s status quo. The solid black line plots the average among sampled trial runs. The dotted black line plots the current demographic estimate in King County, Washington.

Figure J. Calibrated HCV prevalence, PWID

[image: ]
Colored lines plots sampled trial runs under the model’s status quo. The solid black line plots the average among sampled trial runs. The dotted black line plots the current demographic estimate in King County, Washington.

Figure K. Cost-Efficient Frontier (Base Case) 
[image: ]
When considering healthcare costs only (both inside and outside the criminal justice system), the program cost $25,500 per QALY gained. Including additional savings from reduced incarceration (societal perspective) improved the ICER to $6,200 per QALY gained.













Table A. Model Demographics[footnoteRef:2] [2:  MSM = men who have sex with men. PWID = people who inject drugs. PWUD = people who use but do not inject drugs.] 

	Parameter
	Value
	Source

	King County population, ages 18-74
	1,390,302
	[54]

	PWID
	
	

	% of population
	0.0165
	[2, 54, 56]

	    Race and sex
	
	[2]

	     % white
	0.57
	

	     % black
	0.23
	

	     % other
	0.20
	

	     % female 
	0.33
	

	     Age (HIV uninfected)
	
	[2, 53]

	     18-29
	0.155
	

	     30-39
	0.246
	

	     40-49
	0.259
	

	     50-59
	0.255
	

	     60-74
	0.085
	

	     MSM (HIV uninfected)
	
	[2, 55]

	     P(MSM|white male)
	0.083
	

	     P(MSM|black male)
	0.046
	

	     P(MSM|other male)
	0.099
	

	Non-PWID
	
	

	     Race and sex
	
	[2, 54, 56]

	         % white
	0.702
	

	         % black
	0.064
	

	         % other
	0.234
	

	         % female 
	0.503
	

	     Age (HIV uninfected, non-MSM)
	
	[2, 53]

	          18-29
	0.233
	

	          30-39
	0.214
	

	          40-49
	0.209
	

	          50-59
	0.191
	

	          60-74
	0.154
	

	     MSM (HIV uninfected)
	
	[2, 55]

	     P(MSM|white male)
	0.038
	

	     P(MSM|black male)
	0.089
	

	     P(MSM|other male)
	0.046
	

	          Age (HIV-uninfected MSM)
	
	[2, 53]

	        18-29
	0.372
	

	          30-39
	0.277
	

	          40-49
	0.182
	

	          50-59
	0.118
	

	         60-74
	0.051
	

	     PWUD (HIV uninfected) 
	
	[2, 6, 55]

	         Heterosexual female
	
	

	         P(PWUD |white non-PWID)
	0.039
	

	         P(PWUD |black non-PWID)
	0.173
	

	         P(PWUD |other non-PWID)
	0.041
	

	         Heterosexual male
	
	

	         P(PWUD |white non-PWID)
	0.051
	

	         P(PWUD |black non-PWID)
	0.241
	

	         P(PWUD |other non-PWID)
	0.054
	

	         MSM
	
	

	         P(PWUD |white non-PWID)
	0.177
	

	         P(PWUD |black non-PWID)
	0.179
	

	         P(PWUD |other non-PWID)
	0.171
	





Table B. HIV Demographics[footnoteRef:3] [3:  ART = antiretroviral therapy. MSM = men who have sex with men. PWID = people who inject drugs. PWUD = people who abuse but do not inject drugs. ] 

	Parameter
	Value
	Source

	PWID
	
	

	    HIV Prevalence
	
	[2]

	          Female
	
	

	          P(HIV|white)
	0.049
	

	          P(HIV|black)
	0.071
	

	          P(HIV|other)
	0.076
	

	          Male
	
	

	          P(HIV|white)
	0.080
	

	          P(HIV|black)
	0.114
	

	          P(HIV|other)
	0.123
	

	     Age distribution (HIV infected)
	
	[2, 53]

	     18-29
	0.097
	

	     30-39
	0.290
	

	     40-49
	0.387
	

	     50-59
	0.170
	

	     60-74
	0.0565
	

	     Awareness of HIV status
	
	

	     Fraction aware
	0.755
	[7]

	     P(AIDS|aware female)
	0.637
	[2]

	     P(AIDS|aware heterosexual male)
	0.696
	[2]

	     P(AIDS|aware MSM)
	0.614
	[2]

	     HIV Treatment
	
	

	     P(ART|aware)
	0.802
	[2]

	     Fraction achieving >90% adherence
	0.810
	[6]

	     MSM
	
	[2, 55]

	     P(MSM|HIV infected, white male)
	0.962
	

	     P(MSM|HIV infected, black male)
	0.357
	

	     P(MSM|HIV infected, other male)
	0.710
	

	Non-PWID
	
	

	     HIV Prevalence
	
	[2, 54, 56]

	          Female
	
	

	          P(HIV|white)
	0.00082
	

	          P(HIV|black)
	0.00231
	

	          P(HIV|other)
	0.00071
	

	          Male
	
	

	          P(HIV|white)
	0.00857
	

	          P(HIV|black)
	0.0241
	

	          P(HIV|other)
	0.00735
	

	     Age distribution (HIV infected)
	
	[2, 53]

	     18-29
	0.088
	

	     30-39
	0.149
	

	     40-49
	0.250
	

	     50-59
	0.350
	

	     60-74
	0.163
	

	     Awareness of HIV status 
	
	[2]

	     Fraction aware
	0.92
	

	     P(AIDS|aware female)
	0.569
	

	     P(AIDS|aware heterosexual male)
	0.706
	

	     HIV Treatment
	
	

	     P(ART|aware)
	0.880
	[2]

	     Fraction achieving >90% adherence
	0.818
	[6]

	     MSM 
	
	

	     P(MSM|HIV infected, white male)
	0.828
	[2, 55]

	     P(MSM|HIV infected, black male)
	0.721
	[2, 55]

	     P(MSM|HIV infected, other male)
	0.965
	[2, 55]

	        Age distribution (HIV infected)
	
	[2, 53]

	        18-29
	0.181
	

	        30-39
	0.304
	

	        40-49
	0.249
	

	        50-59
	0.184
	

	        60-74
	0.082
	

	        Awareness of HIV status
	
	[2]

	        Fraction aware
	0.920
	

	        P(AIDS|aware)
	0.507
	

	        HIV Treatment
	
	

	        P(ART|aware)
	0.902
	[2]

	        Fraction achieving >90% adherence
	0.820
	[6]

	     PWUD[footnoteRef:4] [4:  A PWUD was identified in the following way. First, it was determined if the individual was a PWID or non-PWID. If non-PWID, it was then determined if the individual was a PWUD or not.] 

	
	[2, 6, 55]

	        Heterosexual female
	
	

	        P(PWUD |white non-PWID)
	0.282
	

	        P(PWUD |black non-PWID)
	0.446
	

	        P(PWUD |other non-PWID)
	0.080
	

	        Heterosexual male
	
	

	        P(PWUD |white non-PWID)
	0.195
	

	        P(PWUD |black non-PWID)
	0.191
	

	        P(PWUD |other non-PWID)
	0.274
	

	        MSM
	
	

	        P(PWUD |white non-PWID)
	0.733
	

	        P(PWUD |black non-PWID)
	0.705
	

	        P(PWUD |other non-PWID)
	0.878
	

	Untreated HIV
	
	[8]

	    CD4 count distribution
	
	

	    0-50
	0.104
	

	    51-200
	0.272
	

	    201-350
	0.261
	

	    351-500
	0.177
	

	    500-700
	0.186
	

	    Viral load (log10 copies/ml)
	
	

	     Normal distribution, mean
	4.02
	

	     Normal distribution, SD
	0.85
	

	     Normal distribution, min
	2.60
	

	     Normal distribution, max
	6.00
	

	Viral load for virally suppressed HIV
	
	[2, 8]

	     Normal distribution, mean
	2.00
	

	     Normal distribution, SD
	0.27
	

	     Normal distribution, min
	0.10
	

	     Normal distribution, max
	2.30
	





Table C. HCV Demographics[footnoteRef:5] [5: CC-type and non-CC-type refers to variants of the human IL28B gene. G1/2/3/4 genotype refer to variants of the HCV infection. HCV = hepatitis C virus. PWID = people who inject drugs. PWUD = people who abuse but do not inject drugs. 
] 

	Parameter
	Value
	Source

	HCV prevalence, non-PWID/non-PWUD
	
	[3, 10]

	     Female
	 
	

	     18-29
	0.00158
	   

	     30-39
	0.00344
	

	     40-49
	0.00352
	

	     50-59
	0.00965
	

	     60-74
	0.0240
	

	     Male
	
	

	     18-29
	0.00273
	

	     30-39
	0.00594
	

	     40-49
	0.00606
	

	     50-59
	0.0165
	

	     60-74
	0.0412
	

	HCV prevalence, PWID
	
	[2, 3, 5]

	18-29
	0.450
	

	30-39
	0.534
	

	40-49
	0.637
	

	50-59
	0.783
	

	60-74
	0.783
	

	HCV prevalence, PWUD
	
	[3, 10]

	18-29
	0.090
	

	30-39
	0.107
	

	40-49
	0.127
	

	50-59
	0.157
	

	60-74
	0.157
	

	HCV treatment and recovery
	
	

	Fraction of PWID on treatment
	0.044
	[11, 12]

	Fraction of non-PWID on treatment
	0.055
	Estimated

	Fraction of HCV infections that are G2/3 genotype (6 months of treatment) 
	0.3
	[14]

	Fraction of HCV infections that are G1/4 genotype (12 months of treatment)
	0.7
	[14]

	P(CC-type|white)
	0.370
	[15]

	P(CC-type|black)
	0.140
	[15]



Table D. Partnerships and Mixing[footnoteRef:6] [6:  MSM = men who have sex with men. PWID = people who inject drugs. PWUD = people who abuse but do not inject drugs. ] 

	Parameter
	Value
	Source

	Negative binomial distributions for monthly partnership formation (n, p)
	
	[17]

	     PWID
	
	

	        Female
	(0.25,0.40)
	

	        Heterosexual male
	(0.25,0.40)
	

	        MSM
	(0.50,0.40)
	

	     PWUD
	
	

	        Female
	(0.30,0.40)
	

	        Heterosexual male
	(0.25,0.50)
	

	        MSM
	(0.65,0.32)
	

	     Non-PWID, non-PWUD
	
	

	        Female
	(0.17,0.40)
	

	        Heterosexual male
	(0.083,0.75)
	

	        MSM
	(0.50,0.50)
	

	Macro-network
	
	[6, 17]

	Fraction of PWID partners who are chosen to be PWID 
	0.80
	

	Fraction of PWID partners who are chosen to be PWUD
	0.18
	

	Fraction of PWUD partners who are chosen to be PWUD
	0.60
	

	Fraction of MSM partners who are chosen to be MSM
	0.85
	

	Fraction of non-PWID, non-PWUD partners who are chosen to be non-PWID, non-PWUD
	1.00
	

	Age selection
	see tables below
	[18]

	Characterizing partnerships
	
	

	Fraction of relationships that are casual
	0.342
	[19]

	Fraction of PWID partners that are injecting only
	0.600
	[6]

















	Male Sexual Partner Matrix) 
	Age

	
	18-19
	20-29
	30-39
	40-49
	50-59
	60-74

	Age
	18-19
	0.973
	0.020
	0.00420
	0.00140
	0.00140
	0.000

	
	20-29
	0.0850
	0.800
	0.100
	0.00857
	0.00429
	0.00214

	
	30-39
	0.0560
	0.224
	0.630
	0.060
	0.020
	0.010

	
	40-49
	0.0418
	0.167
	0.170
	0.560
	0.0520
	0.00900

	
	50-59
	0.0276
	0.110
	0.179
	0.17875
	0.500
	0.00450

	
	60-74
	0.0188
	0.0375
	0.0938
	0.200
	0.200
	0.450



	Female Sexual Partner Matrix
	Age

	
	18-19
	20-29
	30-39
	40-49
	50-59
	60-74

	Age
	18-19
	0.91
	0.0780
	0.00720
	0.00240
	0.00240
	0.00

	
	20-29
	0.020
	0.760
	0.150
	0.028
	0.0280
	0.0140

	
	30-39
	0.0040
	0.0260
	0.740
	0.150
	0.0533
	0.0267

	
	40-49
	0.00460
	0.0184
	0.0820
	0.690
	0.140
	0.0650

	
	50-59
	0.00243
	0.00486
	0.138
	0.640
	0.205
	0.000

	
	60-74
	0.00
	0.00486
	0.0121
	0.0197
	0.118
	0.845




Table E. Incarceration, Initial Conditions[footnoteRef:7] [7:  PWID = people who inject drugs. PWUD = people who abuse but do not inject drugs.] 

	Parameter
	Value
	Source

	Prison
	
	

	Fraction incarcerated in prison
	0.680
	[21, 23]

	     Sentence distribution
	
	[24, 71]

	     1-2 years
	0.221
	 

	     2-5 years
	0.363
	

	     5-10 years
	0.312
	

	     10+ years
	0.105                              
	

	Jail
	
	

	     Misdemeanor sentence distribution
	
	[21]

	     1 week 
	0.641
	

	     2 week 
	0.103
	

	     3-4 week 
	0.135
	

	     4-9 week
	0.055
	

	     9-13 week 
	0.026
	

	     13-25 week 
	0.026
	

	     26-52 week 
	0.014
	

	     Pre-sentence felony
	
	

	          Fraction of jail population 
	0.578
	Estimated [21]

	          Uniformly distributed stay, weeks 
	[4,8]
	Estimated [25]

	     Felony sentence
	
	Estimated [21, 25]

	          Fraction of jail population
	0.109
	

	          2-week sentence 
	0.11
	

	          3-4-week sentence 
	0.70
	

	          4-9-week sentence 
	0.18
	

	          9-13-week sentence 
	0.01
	

	Fraction currently incarcerated, by age
	
	[20-23]

	       PWID
	
	

	           Female 
	
	

	              White
	
	

	               18-29
	0.085
	

	               30-39
	0.043
	

	               40-49
	0.027
	

	               50-59
	0.016
	

	               60-74
	0.017
	

	              Black
	
	

	               18-29
	0.120
	

	               30-39
	0.061
	

	               40-49
	0.037
	

	               50-59
	0.022
	

	               60-74
	0.023
	

	              Other
	
	

	               18-29
	0.035
	

	               30-39
	0.018
	

	               40-49
	0.012
	

	               50-59
	0.006
	

	               60-74
	0.007
	

	           Male 
	
	

	              White
	
	

	               18-29
	0.307
	

	               30-39
	0.156
	

	               40-49
	0.095
	

	               50-59
	0.0567
	

	               60-74
	0.060
	

	              Black
	
	

	               18-29
	0.420
	

	               30-39
	0.209
	

	               40-49
	0.126
	

	               50-59
	0.077
	

	               60-74
	0.081
	

	              Other
	
	

	               18-29
	0.126
	

	               30-39
	0.062
	

	               40-49
	0.038
	

	               50-59
	0.023
	

	               60-74
	0.024
	

	Non-PWID, non-PWUD
	
	

	           Female 
	
	

	              White
	
	

	               18-29
	0.00034
	

	               30-39
	0.00031
	

	               40-49
	0.00021
	

	               50-59
	0.00013
	

	               60-74
	0.00005
	

	              Black
	
	

	               18-29
	0.00413
	

	               30-39
	0.00379
	

	               40-49
	0.00255
	

	               50-59
	0.00154
	

	               60-74
	0.00067
	

	              Other
	
	

	               18-29
	0.00027
	

	               30-39
	0.00025
	

	               40-49
	0.00017
	

	               50-59
	0.00010
	

	               60-74
	0.00004
	

	           Male 
	
	

	              White
	
	

	               18-29
	0.00366
	

	               30-39
	0.00339
	

	               40-49
	0.00232
	

	               50-59
	0.00141
	

	               60-74
	0.00062
	

	              Black
	
	

	               18-29
	0.044
	

	               30-39
	0.041
	

	               40-49
	0.029
	

	               50-59
	0.018
	

	               60-74
	0.008
	

	              Other
	
	

	               18-29
	0.00260
	

	               30-39
	0.00242
	

	               40-49
	0.00166
	

	               50-59
	0.00101
	

	               60-74
	0.00044
	

	PWUD
	
	

	           Female 
	
	

	              White
	
	

	               18-29
	0.0188
	

	               30-39
	0.0099
	

	               40-49
	0.0062
	

	               50-59
	0.0035
	

	               60-74
	0.0037
	

	              Black
	
	

	               18-29
	0.0263
	

	               30-39
	0.0139
	

	               40-49
	0.0087
	

	               50-59
	0.0049
	

	               60-74
	0.0051
	

	              Other
	
	

	               18-29
	0.0076
	

	               30-39
	0.0040
	

	               40-49
	0.0025
	

	               50-59
	0.0014
	

	               60-74
	0.0015
	

	           Male 
	
	

	              White
	
	

	               18-29
	0.078
	

	               30-39
	0.047
	

	               40-49
	0.031
	

	               50-59
	0.018
	

	               60-74
	0.019
	

	              Black
	
	

	               18-29
	0.123
	

	               30-39
	0.070
	

	               40-49
	0.046
	

	               50-59
	0.026
	

	               60-74
	0.027
	

	              Other
	
	

	               18-29
	0.030
	

	               30-39
	0.018
	

	               40-49
	0.012
	

	               50-59
	0.007
	

	               60-74
	0.007
	





Table F. SUDT and NSP Programs, Initial Conditions[footnoteRef:8] [8:  ART = antiretroviral therapy. NSP = needle/syringe exchange program. SUDT = treatment for substance use disorder. ] 

	Parameter
	Value
	Source

	SUDT
	
	

	P(SUDT|not on ART)
	0.211
	[2, 6, 56]

	P(SUDT|on ART)
	0.644
	[2, 6, 56]

	Fraction of SUDT-associated individuals on waiting list
	0.018
	Estimated [51, 52, 72]

	NSP
	
	

	P(NSP|on SUDT) 
	0.850
	Estimated [6, 56] 

	P(NSP|not on SUDT)
	0.324
	Estimated [6, 56]





Table G. Incarceration Transitions[footnoteRef:9] [9:  PWID = people who inject drugs. PWUD = people who abuse but do not inject drugs. SUDT = treatment for substance use disorder.] 

	Parameter
	Value
	Source

	Chance of weekly identified crime
	
	[20, 21, 24, 30]

	     PWID
	
	

	           Female 
	
	

	              White
	
	

	               18-29
	0.0037
	

	               30-39
	0.0022
	

	               40-49
	0.0013
	

	               50-59
	0.0008
	

	               60-74
	0.0008
	

	              Black
	
	

	               18-29
	0.0093
	

	               30-39
	0.0053
	

	               40-49
	0.0033
	

	               50-59
	0.0019
	

	               60-74
	0.0020
	

	              Other
	
	

	               18-29
	0.0107
	

	               30-39
	0.0061
	

	               40-49
	0.0037
	

	               50-59
	0.0022
	

	               60-74
	0.0023
	

	           Male 
	
	

	              White
	
	

	               18-29
	0.0149
	

	               30-39
	0.0075
	

	               40-49
	0.0046
	

	               50-59
	0.0027
	

	               60-74
	0.0029
	

	              Black
	
	

	               18-29
	0.0373
	

	               30-39
	0.0185
	

	               40-49
	0.0112
	

	               50-59
	0.0069
	

	               60-74
	0.0072
	

	              Other
	
	

	               18-29
	0.0430
	

	               30-39
	0.0213
	

	               40-49
	0.0128
	

	               50-59
	0.0079
	

	               60-74
	0.0083
	

	     PWUD
	
	

	           Female 
	
	

	              White
	
	

	               18-29
	0.0008
	

	               30-39
	0.0005
	

	               40-49
	0.0003
	

	               50-59
	0.0002
	

	               60-74
	0.0002
	

	              Black
	
	

	               18-29
	0.0020
	

	               30-39
	0.0012
	

	               40-49
	0.0008
	

	               50-59
	0.0004
	

	               60-74
	0.0004
	

	              Other
	
	

	               18-29
	0.0023
	

	               30-39
	0.0014
	

	               40-49
	0.0009
	

	               50-59
	0.0005
	

	               60-74
	0.0005
	

	           Male 
	
	

	              White
	
	

	               18-29
	0.0038
	

	               30-39
	0.0023
	

	               40-49
	0.0015
	

	               50-59
	0.0009
	

	               60-74
	0.0009
	

	              Black
	
	

	               18-29
	0.0109
	

	               30-39
	0.0062
	

	               40-49
	0.0040
	

	               50-59
	0.0023
	

	               60-74
	0.0024
	

	              Other
	
	

	               18-29
	0.0103
	

	               30-39
	0.0062
	

	               40-49
	0.0042
	

	               50-59
	0.0025
	

	               60-74
	0.0025
	

	Community Programs
	
	[28]

	Hazard ratio for criminal activity, SUDT 
	0.914
	 

	Hazard ratio for criminal activity, not on SUDT
	1.027
	

	
	
	

	Felony
	
	

	Fraction of crimes that are felonies
	0.217
	[21]

	Fraction of felonies resulting in prison sentence
	0.218
	[21, 24]

	Fraction of felonies resulting in jail sentence
	0.430
	[21]

	Fraction of felonies resulting in release after trial
	0.352
	[21, 24]

	Fraction of misdemeanors that result in transitions to non-PWID, non-PWUD population via drug court 
	0.005
	[29]






Table H. Transmission (Contact and Transfer) Parameters[footnoteRef:10] [10:  MSM = men who have sex with men. NSP = needle/syringe exchange program. PWID = people who inject drugs. PWUD = people who abuse but do not inject drugs. SUDT = treatment for substance use disorder. ] 

	Parameter
	Value
	Source

	Drug Injection
	
	

	Number of risky injections per month (N)
	12
	[14, 73]

	P(share per injection, casual)
	0.062
	Estimated [7]

	P(share per injection, main)
	0.18
	Estimated [7]

	Sexual Contact
	
	

	N sex acts per month, average
	7
	[39]

	NSP sharing multiplier
	0.55
	[26]

	HIV aware N multiplier
	0.90
	[27]

	SUDT N multiplier
	0.45
	[27]

	Condom Usage (probability per act)
	
	Estimated [6, 7, 19, 40]

	    HIV uninfected/unaware
	
	

	        Female 
	
	

	        PWID with main partner
	0.44
	

	        PWID with casual partner
	0.76
	

	        PWUD with main partner
	0.19
	

	        PWUD with casual partner
	0.57
	

	        Non-drug user with main partner
	0.37
	

	        Non-drug user with casual partner
	0.56
	

	        Heterosexual male 
	
	

	        PWID with main partner
	0.44
	

	        PWID with casual partner
	0.76
	

	        PWUD with main partner
	0.74
	

	        PWUD with casual partner
	0.85
	

	        Non-drug user with main partner
	0.63
	

	        Non-drug user with casual partner
	0.72
	

	        MSM 
	
	

	        PWID with main partner
	0.44
	

	        PWID with casual partner
	0.76
	

	        PWUD with main partner
	0.51
	

	        PWUD with casual partner
	0.64
	

	        Non-drug user with main partner
	0.63
	

	        Non-drug user with casual partner
	0.72
	

	HIV aware
	
	

	        Female 
	
	

	        PWID with main partner
	0.58
	

	        PWID with casual partner
	0.85
	

	        PWUD with main partner
	0.25
	

	        PWUD with casual partner
	0.74
	

	        Non-drug user with main partner
	0.47
	

	        Non-drug user with casual partner
	0.73
	

	        Heterosexual male 
	
	

	        PWID with main partner
	0.58
	

	        PWID with casual partner
	0.85
	

	        PWUD with main partner
	0.85
	

	        PWUD with casual partner
	0.85
	

	        Non-drug user with main partner
	0.82
	

	        Non-drug user with casual partner
	0.85
	

	        MSM 
	
	

	        PWID with main partner
	0.58
	

	        PWID with casual partner
	0.85
	

	        PWUD with main partner
	0.66
	

	        PWUD with casual partner
	0.83
	

	        Non-drug user with main partner
	0.82
	

	        Non-drug user with casual partner
	0.85
	





Table I. Disease-Specific Transmission Parameters[footnoteRef:11] [11:  HCV = hepatitis C virus. VL = viral load. ] 

	Parameter
	Value
	Source

	HIV
	
	

	    Transmission
	
	[6, 8, 41]

	        Female to male
	
	

	        VL>10
	0.00001
	

	        VL>40
	0.00002
	

	        VL>400
	0.00008
	

	        VL>1000
	0.0001
	

	        VL>10,000
	0.0003
	

	        VL>50,000
	0.0007
	

	        Acute HIV infection
	0.0055
	

	        AIDS
	0.0027
	

	        Male to female
	
	

	        VL>10
	0.00003
	

	        VL>40
	0.00007
	

	        VL>400
	0.0002
	

	        VL>1000
	0.0003
	

	        VL>10,000
	0.0008
	

	        VL>50,000
	0.0016
	

	        Acute HIV infection
	0.0112
	

	        AIDS
	0.0059
	

	        Male to male
	
	

	        VL>10
	0.00007
	

	        VL>40
	0.0001
	

	        VL>400
	0.0004
	

	        VL>1000
	0.0006
	

	        VL>10,000
	0.0016
	

	        VL>50,000
	0.0035
	

	        Acute HIV infection
	0.0215
	

	        AIDS
	0.0114
	

	        Injection
	
	

	        VL>10
	0.00004
	

	        VL>40
	0.00009
	

	        VL>400
	0.0002
	

	        VL>1000
	0.0004
	

	        VL>10,000
	0.0011
	

	        VL>50,000
	0.0022
	

	        Acute HIV infection
	0.0155
	

	        AIDS
	0.0082
	

	    Condom effectiveness 
	0.9
	[27]

	HCV
	
	

	Transmission per injection
	0.075
	[14, 43]

	Sexual transmission per partner per month
	0.00046
	[14, 42]

	Injection damper, treatment
	0.5
	[14]

	Sexual damper, treatment
	0.1
	[14]

	Condom effectiveness 
	0.79
	[14]


	


Table J. HIV Progression Parameters[footnoteRef:12] [12:  ART = antiretroviral therapy. OI = opportunistic infection. VL = viral load.] 

	Parameter
	Value
	Source

	Duration of acute phase (months)
	3
	[6]

	Progression in the absence of ART
	
	

	    CD4 decrease, normal distribution (mean, SD)
	
	[45]

	    VL < 500 
	(1.67, 0.9)
	

	    VL < 2000
	(3.33, 1.7)
	

	    VL < 10000
	(4.08, 2.1)
	

	    VL < 40000
	(4.58, 2.4)
	

	    VL = 40000+
	(6.33, 3.2)
	

	Progression with ART
	
	

	CD4 rise on ART multiplier[footnoteRef:13] [13:  The underlying CD4 rise is calculated as log(m+2)/log(m+1), where m is months on ART. ] 

	75
	[44]

	CD4 rise multiplier, > 40 years old
	0.80
	[44]

	    Adherence multiplier
	
	[6, 46]

	     <30% adherent
	0
	

	     30-49% adherent
	0.20
	

	     50-69% adherent
	0.61
	

	     70-89% adherent
	0.82
	

	     90% adherent
	1.00
	

	VL decrease on ART, first 6 months
	0.92
	[44]

	Opportunistic infections (OIs)
	
	[44]

	    Monthly risk given CD4 count
	
	

	    0-49
	0.024
	

	    51-100
	0.012
	

	    101-200
	0.009
	

	    201-300 
	0.006
	

	    301-400
	0.002
	

	    401-500
	0.0006
	

	    500+
	0
	

	CD4 decline with OI
	58.5
		





Table K. HCV Progression Parameters[footnoteRef:14] [14:  ART = antiretroviral therapy. CC-type and non-CC-type refers to variants of the human IL28B gene. HCV = hepatitis C virus. SVR = sustained virologic response. 
] 

	Parameter
	Value
	Source

	Duration of acute phase, months
	6
	[47]

	Monthly Fibrosis Progression
	
	[13]

	  No HIV
	
	

	     Female
	0.0017
	

	     18-19
	0.0033
	

	     20-29
	0.0054
	

	     30-49
	0.0071
	

	     50-59
	0.0141
	

	     60-69
	0.0182
	

	     70-74
	 
	

	     Male 
	0.0021
	

	     18-19
	0.0042
	

	     20-29
	0.0075
	

	     30-49
	0.0104
	

	     50-59
	0.0206
	

	     60-69
	0.0287
	

	     70-74
	0.0017
	

	  HIV, no ART
	
	

	     Female
	
	

	     18-19
	0.0052
	

	     20-29
	0.0103
	

	     30-49
	0.0185
	

	     50-59
	0.0256
	

	     60-69
	0.0506
	

	     70-74
	0.0701
	

	     Male 
	
	

	     18-19
	0.0041
	

	     20-29
	0.0083
	

	     30-49
	0.0134
	

	     50-59
	0.0175
	

	     60-69
	0.0347
	

	     70-74
	0.0446
	

	HIV, on ART
	
	

	     Female
	
	

	     18-19
	0.0036
	

	     20-29
	0.0071
	

	     30-49
	0.0128
	

	     50-59
	0.0178
	

	     60-69
	0.0352
	

	     70-74
	0.0490
	

	     Male 
	
	

	     18-19
	0.0029
	

	     20-29
	0.0057
	

	     30-49
	0.0093
	

	     50-59
	0.0121
	

	     60-69
	0.0241
	

	     70-74
	0.0310
	

	HCV Treatment 
	
	

	    Probability of SVR
	
	

	    HIV-, white, CC
	0.83
	[9]

	    HIV-, white, non-CC
	0.64
	[9]

	    HIV-, black, CC
	0.67
	[9]

	    HIV-, black, non-CC
	0.4
	[9]

	    Decrease in SVR, HIV+
	0.89
	[14]

	    Decrease in SVR for F3, F4
	0.80
	[9]

	    Spontaneous clearing
	
	[9, 48]

	    Acute, HIV+
	0.15
	

	    Acute, HIV-
	0.25
	

	    F0, HIV+
	0.001
	

	    F0, HIV-
	0.0006
	





Table L. HIV and HCV Awareness and Treatment[footnoteRef:15]  [15:  ART = antiretroviral therapy. HCV = hepatitis C virus. PWID = people who inject drugs. PWUD = people who abuse but do not inject drugs. SUDT = treatment for substance use disorder. ] 

	Parameter
	Value
	Source

	HCV treatment 
	
	

	    Monthly probability of quitting
	
	Estimated [6, 46]

	    Adherence level 5
	0.0085
	

	    Adherence level 4
	0.0270
	

	    Adherence level 3
	0.0365
	

	    Adherence level 2
	0.109
	

	    Adherence level 1
	0.125
	

	Treatment entry multiplier relative to ART, non-PWID, non-PWUD
	0.100
	Calibrated [11, 12]

	Treatment entry multiplier relative to ART, PWID or PWUD 
	0.025
	Calibrated [11, 12]

	HIV awareness (annual)
	
	Calibrated [6]

	P(HIV test|no NSP), PWID
	0.081
	

	P(HIV test|NSP), PWID
	0.104
	

	P(HIV test), PWUD or non-drug user
	0.268
	

	HIV treatment (monthly[footnoteRef:16]) [16:  Note, entrance rates are higher for drug users to counbalance the effects of frequent incarceration, which, at least temporarily, disconnects participants.] 

	
	Calibrated [6]

	P(start ART|no SUDT), PWID
	0.175
	

	P(start ART|no SUDT), PWUD
	0.176
	

	P(start ART), non-drug user
	0.058
	

	P(start ART| SUDT), PWID
	0.265
	

	P(start ART| SUDT), PWUD
	0.244
	

	P(quit ART|no SUDT), PWID
	0.0017
	

	P(quit ART|no SUDT), PWUD
	0.0017
	

	P(quit ART), non-drug user
	0.0025
	

	P(quit ART| SUDT), PWID
	0.0008
	

	P(quit ART| SUDT), PWUD
	0.0008
	

	VL minimum when ART is ceased (log10 copies/ml)
	3
	[44]

	Months since quitting ART before time on ART can reset
	4
	Calibrated





Table M. SUDT and NSP Program Parameters (monthly values)[footnoteRef:17] [17:  NSP = needle/syringe exchange program. PWID = people who inject drugs. PWUD = people who abuse but do not inject drugs. SUDT = treatment for substance use disorder. ] 

	Parameter
	Value
	Source

	SUDT
	
	

	P(quit drug use via SUDT)
	0.003
	Calibrated [6]

	P(stay waiting for SUDT)
	0.016
	Calibrated [51, 52]

	P(get in for SUDT)
	0.638
	Calibrated [51, 52]

	P(enter SUDT), PWUD
	0.018
	Calibrated [6]

	P(enter SUDT|no NSP), PWID
	0.018
	Calibrated [6]

	P(enter SUDT|NSP), PWID
	0.039
	Calibrated [6]

	P(quit SUDT)
	0.028
	Calibrated [6]

	NSP
	
	Calibrated [6]

	P(enter NSP),PWID
	0.049
	

	P(quit NSP), PWID
	0.029
	





Table N. Diversion Program Parameters[footnoteRef:18] [18:  SUDT = treatment for substance use disorder. QALY = quality-adjusted life year.] 

	Parameter
	Value
	Source

	Multiplier for criminal activity if connected to the diversion program (does not include effects of SUDT)
	0.58
	Estimated [74, 75]

	Given a crime is commited, reduction in chance it is a felony charge if connected to the diversion program
	1
	Estimated [74, 75]

	Diversion program QALY multiplier
	1
	Estimated

	Diversion program annual cost (first three years)
	$899
	[76]

	Diversion program annual cost after start up
	$532
	[76]

	Multiplier for joining community programs if connected to the diversion program
	2 [1,3]
	Control variable

	Multiplier for quitting community programs if connected to the diversion program
	0.5 [1, 0.25]
	Control variable

	Fraction of misdemeanor arrests that result in entry to the diversion program
	0.25 [0.10, 0.75]
	Control variable





Table O. Demographic Transition Parameters[footnoteRef:19] [19:  PWID = people who inject drugs. PWUD = people who abuse but do not inject drugs. SUDT = treatment for substance use disorder.] 

	Parameter
	Value
	Source

	Drug-use transitions (probability per month)
	
	

	Non-drug user to PWID, ages  29
	1.73E-05
	Calibrated [56]

	Non-drug user to PWID, ages > 29
	2.87E-06
	Calibrated [56]

	PWUD to PWID 
	0.000646
	Calibrated [57, 58]

	Non-drug user to PWUD, ages  29
	0.000442
	Calibrated [56]

	Non-drug user to PWUD, ages > 29
	7.17E-05
	Calibrated [56]

	P(quit drug use via SUDT)
	0.0031
	[27]






Table P. Mortality Parameters
	Parameter
	Value
	Source

	Background[footnoteRef:20] [20:  Background mortality rates by age, sex, and race are not reproduced here.
ESLD = end stage liver disease. HCV = hepatitis C virus. PWID = people who inject drugs. PWUD = people who abuse but do not inject drugs. SUDT = treatment for substance use disorder. ART = antiretroviral therapy.] 

	
	[59]

	HCV
	
	[15]

	    Hazard ratio, stages F0-F4
	
	

	        Female
	1.05
	

	          White
	1.11
	

	           Black
	1.08
	

	           Other
	
	

	        Male
	1.17
	

	          White
	1.24
	

	           Black
	1.21
	

	           Other
	
	

	Monthly probability of death, ESLD
	0.013
	

	HIV
	
	

	Monthly probability of death with an opportunistic infection
	
	[44, 45]

	   0-50
	0.0238
	

	   51-100
	0.0119
	

	   101-200
	0.0088
	

	    201-300
	0.0058
	

	    301-400
	0.0024
	

	    401-500
	0.0006
	

	     > 500
	0
	

	    Additional HIV mortality
	
	[44]

	        No ART, monthly probability
	
	

	        0-50
	0.0173
	

	        51-100
	0.0068
	

	       101-200
	0.0054
	

	       201-300
	0.0043
	

	       301-400
	0.0036
	

	       401-500
	0.0029
	

	       > 500
	0.0018
	

	       ART, monthly probability
	
	

	        0-50
	0.0050
	

	        51-100
	0.0028
	

	       101-200
	0.0021
	

	       201-300
	0.0015
	

	       301-400
	0.0014
	

	       401-500
	0.0008
	

	       > 500
	0.0005
	

	Overdose deaths
	
	

	PWID, monthly probability
	0.00019
	[31, 36, 60-62]

	PWUD, monthly probability
	0.00023
	[31, 36, 60, 61]

	Multiplier from SUDT
	0.4
	[27, 32, 62]

	PWID probability of post-incarceration overdose
	0.0095
	[33-36, 62]





Table Q. Costs and QALYs [footnoteRef:21] [21:  ART = antiretroviral therapy. ESLD = end stage liver disease. HCV = hepatitis C virus. MSM = men who have sex with men. NSP = needle/syringe exchange program. PWID = people who inject drugs. PWUD = people who abuse but do not inject drugs. QALY = quality-adjusted life year. SUDT = treatment for substance use disorder. SVR = sustained virologic response. ] 

	Parameter
	Value
	Source

	QALY multipliers
	
	

	   Annual baseline
	
	[64]

	     Female
	
	

	     18-19
	0.91
	

	     20-29
	0.90
	

	     30-39
	0.89
	

	     40-49
	0.86
	

	     50-59
	0.83
	

	     60-74
	0.81
	

	     Male
	
	

	     18-19
	0.94
	

	     20-29
	0.93
	

	     30-39
	0.91
	

	     40-49
	0.88
	

	     50-59
	0.85
	

	     60-74
	0.84
	

	   Drug use
	
	

	   PWID 
	0.90
	[27]

	   PWUD 
	0.95
	[27]

	   HIV
	
	[65]

	     CD4 >200
	0.94
	

	     CD4 101-200
	0.87
	

	     CD4 51-100
	0.81
	

	     CD4 0-50
	0.79
	

	     Opportunistic infection (replaces CD4 multiplier)
	0.60
	

	   SUDT
	1.06
	[27]

	   NSP
	1.00
	[26]

	   HCV
	
	[9]

	     F0/F1
	0.98
	

	     F2/F3
	0.85
	

	     F4
	0.79
	

	     ESLD
	0.72
	

	     Monthly treatment decrement
	-0.011
	

	     SVR following F0/F1
	1.00
	

	     SVR following F2/F3
	0.93
	

	     SVR following F4
	0.93
	

	   Jail
	1.0
	Estimated

	   Prison
	1.0
	Estimated

	Monthly costs (2016 US $)
	
	

	    Background healthcare cost
	
	[27, 66]

	    Age < 60
	335
	

	    Age 60
	714
	

	   Additional costs
	
	

	      HIV
	
	

	        CD4 > 50
	617
	[65]

	        CD4 0-50
	1,036
	[65]

	    Opportunistic infection (in addition to CD4 cost)
	10,052
	[65]

	        ART
	1,250
	[27]

	        One-time cost of diagnosis
	500
	[27]

	   OAT
	540
	[27, 72]

	   NSP
	51
	[26]

	   HCV
	
	[9]

	     F0/F1/F2/F3
	125
	

	     F4
	375
	

	     ESLD
	1,762
	

	     Treatment 
	8,500
	

	     SVR following F0/F1/F2/F3
	36
	

	     SVR following F4
	73
	

	   Incarceration
	
	

	     One-time law enforcement cost
	1,100
	[21]

	     One-time misdemeanor cost
	273
	[21]

	     One-time felony cost
	9,740
	[21]

	     One-time jail booking fee
	121
	[21]

	     Jail (weekly)
	679
	[21]

	     Prison 
	3,188
	[21, 67]
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