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RESEARCH IN CONTEXT

Evidence before this study: Black men who have sex with men (MSM) are disproportionately
impacted by HIV and incarceration. Incarceration also impacts employment, housing, and
medical care, and can disrupt HIV prevention and care engagement among incarcerated
individuals. Opportunities exist to improve engagement in HIV prevention and care for jail
detainees, but few interventions have been developed for this population, and such interventions
are logistically challenging and difficult to test empirically. Agent-based models (ABMs) can be
useful for evaluating the potential impact of jail-based HIV prevention interventions before
rolling them out in practice. However, no studies to date have used an ABM to evaluate jail-
based HIV interventions for Black MSM.

Added value of this study: This study used an agent-based network model to examine the
impact of incarceration on HIV transmission among young Black MSM (YBMSM) experiencing
incarceration and their sexual partners. Through simulated experiments, we identified sexual
partners of recently released individuals as a population at high risk of HIV, likely due to
disruptions in HIV care following release from jail among those living with HIV. The model also
allowed us to quantify the potential reduction in HIV incidence associated with ensuring targeted
and sustained HIV care after release for incarcerated individuals living with HIV among the
partners of incarcerated individuals (46% risk reduction) and in the overall population of
YBMSM (19% risk reduction).

Implications of all the available evidence: Taken together, this evidence suggests that

improving linkage and retention in HIV care among incarcerated individuals at the time of
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release could have a substantial impact on the HIV epidemic among YBMSM. The partners of
incarcerated individuals also represent candidates for focused interventions as a population at
high risk for HIV who may not otherwise be reached through standard public health

interventions.
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ABSTRACT

Background: Understanding the impact of incarceration on HIV transmission among Black
MSM is important given their disproportionate representation among those incarcerated and the
potential impact of incarceration on social and sexual networks, employment, housing, and
medical care.

Methods: We developed an agent-based network model (ABNM) of 10,000 agents representing
young Black MSM to examine the impact of incarceration on HIV incidence. Exponential
random graph models were used to model network formation and dissolution dynamics, and
network dynamics and HIV care continuum engagement varied according to incarceration status.
Hypothetical interventions to improve post-release engagement in HIV care for individuals with
incarceration (e.g., enhanced case management, linkage to housing and employment services)
were compared to a control scenario with no change in HIV care engagement after release. We
also examined the impact of varying degrees of post-release care disruption on HIV incidence.
Finding: HIV incidence at 10 years was 4.98 [95% simulation interval (SI): 4.87, 5.09 per 100
person-years (py)] in the population overall; 5.58 (95% SI 5.38, 5.76 per 100 py) among those
with history of incarceration, and 12.86 (95% SI 11.89, 13.73 per 100 py) among partners of
recently released individuals. Sustained post-release HIV care for incarcerated individuals with
HIV resulted in a 46% reduction in HIV incidence among post-incarceration partners [incidence
rate ratio (IRR) = 0.54; 95% SI 0.48-0.60] and a 19% reduction in HIV incidence in the
population overall (IRR = 0.81, 95% SI 0.78-0.83) compared to a scenario with no change in

HIV care engagement from pre to post-release.
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Interpretation: Developing effective and scalable interventions to increase HIV care
engagement among recently incarcerated individuals and their sexual partners is needed to

reduce HIV transmission among Black MSM.
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Introduction

In the U.S., Black gay, bisexual, and other men who have sex with men, hereafter MSM,
continue to experience disproportionate rates of new HIV diagnoses and slower declines in
incidence compared to MSM of other races and ethnicities.(1) These inequities are observed in
the absence of differences in individual-level behavior, instead resulting from the intersection of
factors such as incarceration, violence, and socioeconomic marginalization that impact sexual
networks and engagement in HIV prevention and care continua.(2) Thus, interventions to
increase engagement in HIV prevention and treatment continuums will likely need to be
combined with those that address distal influences on transmission, such as decriminalization, to
end the HIV epidemic among Black MSM.(3,4)

Black men in the U.S. and Black MSM in particular are disproportionately represented in
the criminal legal system.(4,5) Incarceration has numerous public health and social
consequences, affecting social and sexual network stability, employment and housing
opportunities, and access to medical care, all of which can lead to cycles of socioeconomic
marginalization and adverse health outcomes.(4,6) Incarceration may also impact HIV
transmission among Black MSM, through disruptions of social support systems and sexual
networks, resulting in partnerships with higher transmission potential and/or interruptions in HIV
treatment and prevention continuums.(6) Among MSM with HIV these disruptions in HIV care
reduce the probability of maintaining durable viral suppression.(7)

Carceral settings also offer opportunities for delivery of biomedical and social service
interventions to populations who may not otherwise access these services. However, few jail-
based biomedical HIV prevention interventions have been developed specifically for Black

MSM despite their disproportionate rates of HIV and interaction with the criminal legal system.
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Of the existing HIV care continuum interventions that have been developed for criminal legal
settings, many have focused on screening, linkage to care, or behavioral risk reduction during
incarceration or immediately after release with limited long-term follow-up, and most have not
been tailored for MSM specifically.(4) Those that have focused on improving post-release
linkage to care or adherence suggest that access to social services is critical to their success, but
it remains unclear which combinations of interventions would have the most impact.(4) ART and
PrEP interventions that are specifically tailored to Black MSM in criminal legal settings are
lacking but have the potential to be highly impactful for reducing HIV transmission in this
population.

Guidance is needed to determine how interventions for Black MSM experiencing
incarceration can be most effectively deployed, but logistical and ethical challenges make
empirical research difficult in contexts that that restrict movement and other freedoms. Jail
settings may offer limited access to research and frequently include marginalized communities
that are often highly mobile and cycle frequently between carceral and community settings..
Agent-based network models (ABNMs) can generate insights about the processes that drive HIV
transmission and provide a virtual platform for evaluating potential candidate interventions, thus
facilitating more efficient and focused intervention development.(8) Furthermore, the complex
mechanisms by which incarceration likely impacts HIV transmission (i.e., through changes in
sexual networks, changes in HIV prevention and care engagement, and combinations of these)
limits purely empirical approaches to identifying and testing candidate interventions. The
granularity of ABNMs can help disaggregate effects in various population subgroups, such as
persons who experience incarceration and their sexual network members (i.e., “sexual partners”)

and can allow for consideration of the impact of the timing and duration of incarceration.
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Computational modeling can also provide insights about emergent dynamics resulting from the
intersection of incarceration-related changes in network composition and HIV care engagement.

To help provide guidance for interventions in this setting, we extended a previously
developed ABNM(9) by explicitly incorporating the process of incarceration and its associated
effects on sexual networks and HIV prevention and treatment and prevention continuums. We
then conducted computational experiments to evaluate the impact of incarceration and potential
interventions on HIV incidence overall and within key subgroups affected by incarceration.
METHODS

Model development

The ABNM is a stochastic model that proceeds in discrete daily time steps and consists of
10,000 agents representing younger Black MSM (YBMSM, ages 18-34) in the city of Chicago.
Chicago was chosen as the focus of the current work because it contains the largest single-site
jail in the US,(10) and is a key site for Ending the HIV Epidemic (EHE) initiatives. The Cook
County Jail has historically housed approximately 8,000 to 10,000 detainees on any given
day(11), though the population has declined significantly over the past five years to
approximately 5,500 detainees currently.(12) The majority of the jail population is Black (74 %)
and male (95%). Previous estimates and calculations based on recent local data suggest that HIV
seroprevalence in the jail population is approximately 1.7-2%(13), though it is much higher in
certain subgroups, including Black MSM. In a recent study of Black MSM and transgender
women in 6 US cities, 14% reported experiencing incarceration in the past 6 months, and HIV
incidence among those who were negative at baseline was 3.6% (5/137) among those with

previous incarceration compared to 2.8% (22/798) among those without.(14) Chicago also
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contains the third largest Black community in the US and is highly segregated.(15) Sexual
networks among Black MSM in Chicago also tend to be geographically bounded, leading to
dense sexual networks that have impacted HIV transmission in this community.(16). We focused
exclusively on incarceration in jail settings in this study, given the differences between jails and
prisons in terms of population characteristics, transmission potential, and feasibility of
implementing interventions. The model, which has been previously described(9), incorporates
demographic, biological and behavioral processes governing HIV transmission and rules for
sexual network and HIV prevention and treatment disruption due to incarceration. Transmission
between serodiscordant partners is dependent on condom use, and viral load and stage of
infection among HIV-positive agents and PrEP use among HIV negative agents. Exponential
random graph models (ERGMs) were used to model network formation and dissolution
dynamics using the statnet suite of packages in R.(17) Other ABNM components, including
incarceration interventions, were developed with the Repast HPC ABM toolkit using C++.(18)

Parameters and code to reproduce the results are located in a public GitHub repository.(19)

Incarceration related processes & impact on sexual networks and HIV prevention and care
continuums

Values for incarceration-related parameters were computed using data from a local cohort
study of young Black MSM. Approximately 32% of participants had a history of incarceration at
baseline, defined as having spent at least 1 night in jail or detention. Incidence of incarceration
over the course of the study was estimated from a Poisson regression model and stratified by
prior incarceration history. Incidence of incarceration was 7.9 per 100 person-years overall; 18.9

and 2.9 per 100 person-years among those with and without prior incarceration history



202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

respectively. These estimates were converted to daily probabilities in the model. The mean
duration of incarceration among those incarcerated during the study was 58.4 days (95% CI 19.1-
97.7 days). We assumed that the primary mechanisms by which incarceration impacts HIV
transmission are 1) disruptions in post-release ART and PrEP care engagement and 2) changes in
formation and dissolution of sexual partnerships.
ART and PrEP disruption

We operationalized expected ART and PrEP care disruption in the following ways.
Agents who were on ART at the time of jail entry remained on ART during incarceration and
maintained the same level of ART adherence during incarceration as that prior to being
incarcerated. ART use stopped at the time of release and agents remained off ART for a mean
period of 90 days before returning to their pre-incarceration ART status; this is consistent with
research that has shown disruption in HIV care associated with release from incarceration.(7,20)
The disruption period varied across agents and was sampled from a geometric distribution rather
than being entered into the model as a single value. The precise duration of disruption in care
after incarceration is hard to estimate from existing empirical studies and estimates vary across
the literature depending on the follow-up period over which disruption is measured. A 10-site
study of HIV-positive MSM in cities across the US who were transitioning from jail to
community settings found that only 41% (95% CI 20-89%) of YBMSM living with HIV had an
HIV care visit within 6 months after release.(21) Other studies report similarly low rates of
linkage to care after release among HIV-positive detainees.(20) Due to the variability in the
existing empirical data, we conducted experiments that varied the mean period of disruption

from 60 to 720 days (additional results can be found in Appendix section A.9).
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Agents who were taking PrEP prior to incarceration discontinued PrEP at the time of
incarceration, which was consistent with standard practice in the Cook County jail at the time the
model was designed, and remained off PrEP following incarceration for a mean period of 90
days (drawn from a geometric distribution as described above) before returning to their pre-
incarceration PrEP status. Limited empirical data exist on the impact of incarceration on
disruption in PrEP use and retention in PrEP care, so we assumed the same mean duration of
post-release disruption in PrEP use as for ART use. No changes in PrEP or ART use were
incorporated for the pre- and post-incarceration partners.

Sexual network disruption

We operationalized the impact of incarceration on sexual network stability by varying
probabilities of partner retention (i.e., the probability that a partnership in existence prior to
incarceration is maintained after release from jail). The distribution of retention of main and
casual partnerships in the absence of incarceration was estimated using a nonparametric survival
distribution (“baseline retention probability”’). Scenarios considered a range of probabilities of
partner retention, operationalized as multipliers ranging from 0.1 to 1, that were applied to the
baseline main and casual partner retention probabilities. There is limited empirical data on the
impact of incarceration on partnership retention among incarcerated Black MSM. Analysis of
data from a longitudinal cohort study conducted by our team(16) found that among persons
without incarceration histories, 25% of sex partners reported at the baseline visit were retained at
the 9-month follow-up visit, compared to 20% among persons with incarceration history. A
study of partnership dissolution among predominantly heterosexual partnerships of prison
inmates found that 55% of ongoing primary relationships ended during incarceration(22), while a

more recent study estimated that 28% of primary partnerships among Black men in committed
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heterosexual relationships dissolved after incarceration.(23) These studies did not include male
sex partners. Because these data were from different populations, time-periods, and partnership
types, and sample sizes were small, we selected a range of retention probabilities,
operationalized as multiplier values for sensitivity analysis. Multiplier values less than 1 result in
lower partner retention probability compared to the baseline scenario, indicating a greater
probability of partnership dissolution during incarceration.

Data sources:

Parameter values for sexual behaviors, sexual network characteristics, ART adherence
and viral suppression, PrEP use, and incarceration incidence and prevalence were estimated from
a cohort study of young Black MSM in Chicago (see appendix Table A.5).(16) We compared
estimates of incarceration with published local data on the characteristics of the Cook County
Jail(11) and a multisite study of incarceration among Black MSM in the U.S.(24) Parameters
describing PrEP uptake and retention were estimated from local empirical data.(25) Dynamics of
viral load and CD4 evolution were derived from the published literature (see Appendix Section
4.4 and 4.5).

Model calibration:

The model was calibrated to HIV incidence and prevalence estimates from local HIV
surveillance data(26), and incarceration outcomes (proportion of persons experiencing first-time
incarceration and recidivism, and duration of stay in jail) derived from longitudinal population-
based cohort-based data.(27) We also examined differences in HIV incidence and prevalence by
age and prior incarceration history to determine if the results were consistent with existing
literature. For parameters in which there was uncertainty or wide variability in the estimates, we

conducted sensitivity analyses to refine the parameter values and selected the set of parameters
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that produced outputs most consistent with empirical calibration targets (Appendix Section A.6).
The baseline model was simulated 30 times to assess the inherent variability in model outputs for
each parameter set (Appendix Section A.6). The mean HIV prevalence across the 30 runs was
33.48 (SD 0.86); range 31.81-34.78 and the mean HIV incidence rate was 5.15 (SD 0.26) per 100
py (range 4.75-5.64 per 100 py). For computational feasibility and since the replicates did not
differ meaningfully from each other, we chose one of the 30 replicates for the subsequent
analyses to assess the difference between the baseline model and the scenario-specific
computational experiments described below.

Computational Experiments:

We conducted experiments to quantify network and care continuum disruption associated
with incarceration. HIV incidence was examined in scenarios 1.) with varying levels of
partnership dissolution when agents were incarcerated and 2.) with varying levels of post-release
disruption in HIV care for HIV positive agents (e.g., interventions to facilitate care engagement
by reducing barriers to insurance, housing, and employment following reentry). For the
intervention experiments, we compared a control scenario in which there was no change in post-
release care engagement (relative to pre-incarceration care engagement) to intervention scenarios
where the mean duration of post-release disruption was varied. We also simulated a “best case”
scenario in which all HIV-positive agents who were incarcerated received targeted and sustained
HIV care post-release (i.e., all HIV-positive agents, including those not on ART prior to
incarceration, were placed on ART and were maximally adherent) for approximately 2 years
(720 days) after release. We did not conduct experiments to increase PrEP use or adherence after
release.

Role of the funding source:

13
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The funder had no role in data collection, analysis, interpretation, writing of the manuscript, or

decision to submit the manuscript for pulication

Subgroups

After calibrating the model with the incarceration-dependent processes incorporated, we
examined HIV incidence in relevant subpopulations. Detailed definitions of these dynamic
subpopulations are provided in Table 1. At the partnership level, these included pre-incarceration
partners (those who were partnered with an agent at the time of incarceration), post-release
partners (those who formed partnerships with agents released from jail for up to 2 years after
their release), pre-incarceration and post-release partners (intersection of the pre-incarceration
and post-release partners as defined above), ever incarcerated individuals (those who had ever
been incarcerated during the simulation), and never incarcerated individuals (those who had
never been incarcerated up to that point in the simulation).

The HIV incidence in the post-release partners was examined under two counterfactuals
with widely different periods of post-release disruption in HIV care engagement: 90 days vs 720
days. HIV incidence among pre-incarceration partners was measured starting from the time of
the partner incarceration to 180 days thereafter to capture the potentially increased transmission
associated with any new partnerships formed by the un-incarcerated partner (see Appendix
Section A.8). Because the overall HIV incidence in the population includes agents without
partners at a given time, as a comparison to post-release partners, we calculated HIV incidence
among agents in a current relationship (i.e., at least one active partnership) where neither the
index agent nor any of their partners was incarcerated.

Outcome

14
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The primary outcome for analysis was mean 10-year HIV incidence, set in accordance
with Getting to Zero (GTZ) timelines for HIV elimination, computed across the 30 simulation
runs per scenario in units of 100 person-years. Uncertainty around these estimates was quantified
using bootstrap estimates derived via simulation. Since these are stochastic models with inherent
uncertainty, we took the 30 simulation runs for each experimental scenario at each time point and
sampled them 1,000 times with replacement. We chose n=30 because previous analysis
suggested that this number provided sufficient characterization of overall sampling uncertainty,
and larger values of n yielded similar variance. The mean for each of the resampled datasets was
computed, and the 2.5% and 97.5% quantiles of the means were taken to obtain the 95%
bootstrap simulation interval (SI). To compare HIV incidence across different scenarios, we
computed incidence rate ratios by taking the ratio of the mean incidence rate across 30
simulations for each of the comparison scenarios. Confidence intervals around the rate ratios
were computed via bootstrapping as described above.

RESULTS
HIV Incidence

Overall incidence in the population at 10 years was 4.98 (95% SI 4.87, 5.09) per 100
person-years. The 10™-year HIV incidence rate among those with history of incarceration was
5.58 [95% SI5.38, 5.76]) among those with incarceration history compared to 4.72 [95% SI
4.61, 4.85]) among those without (Table 2). Among partners of incarcerated agents, HIV
incidence was highest among post-release partners (12.86; 95% SI 11.89, 13.73) and lowest
among pre-incarceration partners who did not re-form partnerships with incarcerated agents post-

release (4.52; 95% SI: 4.01, 5.03). Tenth-year HIV incidence among those with at least one

15
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active partnership in which neither partner had a history of incarceration was 7.95 (95% S17.75,
8.13) per 100 person-years.
Impact of network disruption

Higher levels of network disruption reduce the likelihood that a pre-incarceration partner
will reconnect with an agent post-incarceration. Ten-year HIV incidence rates increased among
pre-incarceration partners with increases in the probability of reconnection to the incarcerated
agent: the HIV incidence rate nearly doubled from 4.71 (95% SI 4.29, 5.16) per 100 person-years
for a 10% probability of reconnection to 8.00 (95% SI 7.43, 8.59) per 100 person-years for a
100% probability of reconnection following release (Table 3, Figure 1).

Impact of ART care disruption

HIV incidence increased with increasing duration of post-release HIV care disruption
among incarcerated agents, and particularly among the partners of HIV-positive individuals
whose care was disrupted post-release. For the scenario with no change in care post-release
compared with pre-incarceration, mean HIV incidence among post-release partners was 10.61
(95% S110.09, 11.24) per 100 person-years. In contrast, the mean HIV incidence rate under a
mean 90-day disruption of ART increased to 12.61 (95% SI 12.02, 13.24), and to 16.01 (95% SI
14.93, 16.99) when post-release ART was disrupted for a mean of 720 days.

Among post-incarceration partners, targeted and sustained post-release care for agents
with incarceration resulted in a substantially lower HIV incidence (5.72; 95% SI 5.19, 6.27) per
100 person-years compared to the scenario in which there was no change in pre-incarceration
and post-release care for incarcerated agents (10.61; 95% SI 10.09, 11.24; IRR 0.54 (95% SI
0.48, 0.60). Similar but less pronounced associations were observed for population-level HIV

incidence under these scenarios (IRR 0.81 (95% SI (0.78-0.83); Table 4, Figure 2).
16
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DISCUSSION

An agent-based modeling approach helped identify the sexual partners of recently
incarcerated persons as a subgroup with particularly high HIV incidence. This finding suggests
that interventions to improve HIV care engagement among detainees leaving jail could have a
substantial impact on the HIV epidemic among YBMSM by reducing transmission risk to their
partners. This result might not have been readily apparent without the appropriate modeling tools
or from an empirical study focused exclusively on those with incarceration histories. Empirical
studies typically tend to focus on individuals with incarceration and not their sexual partners due
to the logistical, ethical, and resource-related challenges associated with recruiting partners, and
incarceration-related interventions often limit their focus to the impacts on the incarcerated
persons themselves. Furthermore, current HIV incidence rates would require recruitment of large
samples of populations who may be particularly hard to enroll given their stigmatized statuses
related to HIV and sexuality.

Our modeling approach is particularly useful because it allows us to characterize
differences in HIV incidence in the sexual networks of incarcerated persons under different
intervention scenarios. Examination of partner-level effects and identification of emergent
properties in sexual networks is difficult or impossible in other commonly used modeling
approaches.(28,29) The resulting sexual network structure in such contexts is complex, with
partnerships going through cyclical periods of activity and inactivity. Even in the presence of a
highly effective intervention in which targeted and sustained treatment was provided to HIV
positive jail detainees, HIV incidence in the partners of recently released detainees was 5.72
(95% S15.19, 6.27) per 100 person-years. Although all HIV positive agents leaving jail were

assigned to the highest adherence category, there is some built-in variation in the probability that
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they will be fully adherent, so there is still potential for transmission to sexual partners.
However, this result may suggest that some of the increased risk in the post-incarceration
partners is driven by partners who are not recently incarcerated due to increased turnover in
sexual partnerships. Our findings are similar to those of a recent modeling study of HIV
transmission risk among the female partners of incarcerated heterosexual men in Philadelphia
that found that reduced engagement in care among recently incarcerated individuals accounted
for a substantial proportion of transmission risk among women.(30)

Contrary to our original hypothesis, HIV incidence decreased among pre-incarceration
partners of incarcerated agents with increasing network disruption (i.e., decreasing probability of
reconnecting with partners after release). This may be due to reduced opportunity for
transmission due to the dissolution of these sexual partnerships. Had we modeled other
behavioral changes associated with disruption of ongoing partnerships due to partner
incarceration (e.g., increased likelihood of exchange sex or condomless sex with new partners
among the non-incarcerated partner), disruption of sexual partnerships may have had a greater
impact on HIV incidence among pre-incarceration partners. Adams et. al. found that changes in
male risk behavior around the time of incarceration had an important impact on HIV
transmission to female partners of recently incarcerated men.(30) Some might also find
surprising the relatively low HIV incidences that we identified among those who had ever
experienced incarceration. However, this is a population with high rates of recidivism that has
substantially reduced risk of HIV infection while in custody compared to risk following
incarceration.(31) Longer cumulative duration of incarceration may have thus offset the

increased transmission risk associated with the post-incarceration period.
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Due to the high HIV incidence among the partners of incarcerated individuals, focusing
PrEP and ART interventions on incarcerated individuals and their networks could be an efficient
way to distribute limited public health resources to reduce HIV transmission. Further research
should explicitly compare incarceration-focused PrEP interventions with non-targeted, network-
focused, or other PrEP allocation strategies.(9) Agent-based models are also well suited to
quantify direct and indirect intervention effects in the presence of the spillover (i.e., one
individual’s exposure affects the outcome of another) that is always present in infectious disease
transmission.(32) The results have implications for interventions that can reduce post-release
disruptions in HIV care among incarcerated individuals. Interventions will need to address the
short-term chaotic circumstances surrounding incarceration and release, as well as the longer-
term impact of incarceration on care engagement. For example, interventions to facilitate care
engagement by reducing insurance, employment, or housing barriers may be useful for reducing

disruptions in HIV care among incarcerated individuals after release.

Limitations

There are several limitations worth noting. As with all agent-based models, the results
may be sensitive to assumptions that if changed, could have produced different results.
Additionally, empirical data for some parameters was limited or measured with a high degree of
uncertainty. We did not vary sexual risk behaviors among incarcerated individuals or their sexual
partners before and after incarceration, though there may be changes in sexual risk among
individuals and their partners at and around the time of incarceration.(33,34) This may thus have
resulted in an underestimate of the extent to which network disruption impacts HIV transmission.

Additionally, we did not incorporate changes in care engagement during incarceration in the
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experimental scenarios, which could have over or underestimated the potential benefits of care
engagement interventions. Whether adherence improves, declines, or remains the same during
incarceration is likely to be location-specific based on the HIV care program within the jail so it
is hard to determine the direction of bias this might have resulted in. We did not model
interventions to increase PrEP uptake and retention for agents leaving jail or their partners but
plan to incorporate PrEP interventions in our upcoming work in order to understand the full
potential impact of jail-based biomedical interventions. Substance use and other socio-structural
barriers to HIV prevention and care engagement were not incorporated in the current model
though we plan to incorporate these factors into the model in future work. Substance use has an
important impact on HIV prevention and care engagement(35); opportunities for facilitating
linkage to substance use treatment among incarcerated individuals could also have an important
impact on the HIV epidemic and warrant further study. We also did not model cost-effectiveness
of any interventions since that was beyond the scope of this paper, but cost assessments are
warranted in future work.

Our results may not be generalizable to other incarcerated populations or geographic contexts, as
the population-level impact on HIV incidence depends on prevalence of incarceration, HIV, and
the degree of HIV care disruption associated with incarceration, as well as partnership
characteristics and behaviors. Finally, the degree to which incarceration-based interventions can
realistically be implemented likely varies widely based on the political realities and the
geographic location and characteristics of local criminal legal and healthcare systems.
Implementation approaches are needed and can be tested using ABMs in future work.

Conclusions
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Our findings demonstrate the potential impact of improving engagement in HIV care
among incarcerated individuals on HIV transmission among YBMSM overall, and particularly
among the sexual partners of recently released detainees. This study sets the stage for future
planned modeling work that will incorporate structural drivers of incarceration and HIV and
expand the scope of evaluation of biomedical and socio-structural interventions for incarcerated

persons.
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499 Table 1: Definitions for agent classifications

Label

Definition

Time at which
label is applied

Time period
length

Measurement

Pre-
incarceratio
n partner

(only)

Individuals
whose
partners
were
incarcerated
and the
partnership
did not
continue
post-release.

At partner’s
incarceration

182 days

Measures HIV incidence in
the 182 days (~6 months)
following partner’s
incarceration.

Post-release
partner

(only)

Individuals
partnering
with
incarcerated
individuals
within 720
days of their
release, but
not
partnered
with these
persons prior
to their
incarceration

At initiation of
partnership, if
this occurs
within 720 (~2
years) days of
partners’
release from
custody.

Up to 720 days

Measures HIV incidence up to
720 days after release (or
dissolution of the partnership,
whichever is earlier).

Pre-
incarceratio
n + post-
release
partner.

Individuals
partnering
with
incarcerated
individuals
within 720
days of their
release, who
were also
partnered
with the
incarcerated
agent prior
to
incarceration

At partner’s
incarceration

182 + X days,
where X is the
length of the
post-release
partnership

HIV incidence is measured in
the 6 months following
incarceration and in the period
of their relationship post-
release.

Ever
incarcerated

Persons who
are

Time of
incarceration

Following
incarceration,

HIV incidence is calculated as
newly incarcerated persons
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500

501

502

503

504

505

506

507

508

509

persons incarcerated remainder of become infected.

at least once agent’s life

during their course in the

life course in model

the model
Never Persons who | Time of agent Agents’ life HIV incidence for remaining
incarcerated | are never entry into the course in the population is updated as
persons incarcerated | model model agents become incarcerated

during their
life course.

and leave this group.

Partners are
not CJI, at
least one
active
partnership

Persons who
are not pre-
incarceration
partners, not
post-release
partners (as
per
definitions
above), and
who have at
least one
partnership
at a given
time

NA*

NA*

HIV incidence is measured to
compare with other key
subpopulations, particularly
pre-incarceration and post-
release partners (overlaps with
above 2 groups)

*Defined at a given point in time consistent, classification can vary over time.
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511

512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541

Table 2: Year 10 HIV incidence by subpopulation®

Population HIV Incidence (95% SI)
Partners

All pre-incarceration partners” 7.17 (6.69, 7.66)
All post-release partners* 12.61 (11.98, 13.21)
Pre-incarceration only partners® 4.52 (4.01, 5.03)
Post-release only partners® 12.86 (11.89, 13.73)
Both pre-incarceration and post-release 12.31 (11.40, 13.31)
partners’

Non-CJI partners® 7.95 (7.75, 8.13)
Individuals

Overall" 4.98 (4.87, 5.09)
Ever incarcerated: 5.58 (5.38, 5.76)
Never incarcerated’ 4.72 (4.61, 4.85)

SI: bootstrap simulation interval

a. Incarceration status and partnership type can vary over time and individuals can occupy
different subpopulations over the course of the simulation.

b. Individuals partnered with an incarcerated agent, whether or not the partnership dissolved after
release. HIV incidence is calculated over the 6 months following incarceration of the index
partner.

c. Individuals who partnered with an individual released from jail during the past 2 years (720
days) whether or not the partnership existed prior to incarceration. HIV incidence is measured
from the date of partnership formation to the first of: dissolution of the partnership or 720 days.
d. Individuals who were partnered with the incarcerated agent at the time of incarceration, where
the partnership did not re-form after the index partner’s release from jail. HIV incidence is
calculated over the 6 months following the index partner’s incarceration.

e. Individuals who partnered with an individual released from jail during the past 2 years who
were not partnered with the incarcerated individual prior to incarceration. HIV incidence is
measured from the date of partnership formation to the first of: dissolution of the partnership or
720 days.

f. Individuals who were partnered with the incarcerated agent at the time of incarceration, where
the partnership re-formed after the index partner’s release from jail. HIV incidence is measured
from the date of index partner incarceration + 6 months, and during the post-release period.

g. Active partnerships in which partners were not pre-incarceration or post-release partners (i.e.,
neither partner had recently been incarcerated)

h. HIV incidence averaged across the entire agent population

i. Any history of incarceration up to the point at which HIV incidence is calculated. Agents enter
this category at the time of incarceration and remain there for the remainder of the simulation.

j- No history of incarceration at any point in the model
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542 Table 3: Year 10 HIV incidence by post-release reconnection probability

543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573

Retention Pre-Incarceration Partners Overall population
Probability
Multiplier

HIV incidence Incidence ratio HIV incidence Incidence ratio

(95% SI) (95% SI)

0.1 4.71 (4.29,5.16) | 0.66 (0.59,0.74) | 4.66 (4.58,4.74) | 0.95(0.92,0.97)
0.25 4.89 (4.45,5.32) | 0.68(0.61,0.77) | 4.58 (4.48,4.69) | 0.93 (0.90, 0.96)
0.5 6.12 (5.70,6.58) | 0.86(0.79,0.94) | 4.78 (4.67,4.88) | 0.97 (0.94, 1.00)
0.75* 7.13 (6.71,7.61) 1.0 (Ref) 4.92 (4.81,5.02) 1.0 (Ref)

1

8.00 (7.43, 8.59)

1.12 (1.02, 1.62)

5.14 (5.01, 5.28)

1.05 (1.01, 1.08)

SI: bootstrap simulation interval

a. Differences in the estimates for these scenarios differ slightly from those reported in table 2
due to slight differences in the random number generation at the initial parameterization when
running the experiments and do not affect the results substantively.
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575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601

Table 4: Year 10 incidence under different HIV prevention and care disruption scenarios

Post-Release Partners Overall population
HIV incidence | Incidence ratio | HIV incidence | Incidence ratio
(95% ST*) (95% SI) (95% SI) (95% SI)

Targeted and 5.72 0.54 3.89 0.81
sustained care (5.19, 6.27) (0.48, 0.60) (3.81, 3.99) (0.78, 0.83)
No change in care 10.61 1.0 (Ref) 4.83 1.0 (Ref)

(10.09, 11.24) (4.73, 4.92)
Care Disruption: 90 12.61 1.18 4.98 1.03
Days* (12.02, 13.24) (1.10, 1.27) (4.87,5.09) (1.00,1.06)
Care Disruption: 720 16.01 1.51 5.58 1.15
Days (14.93, 16.99) (1.38, 1.63) (5.49,5.67) (1.13, 1.19)

SI: bootstrap simulation interval

a. Differences in the estimates for these scenarios differ slightly from those reported in table 2
due to slight differences in the random number generation at the initial parameterization when
running the experiments and do not affect the results substantively.
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602 Figure 1: HIV incidence by partner reconnection probability after release from jail
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The vertical yellow line represents the 95% bootstrap simulation interval with the yellow point
depicting the mean. The vertical black line in the box plot depicts the 25%, 50% and 75%
quantiles of all 30 runs. The black dots outside the boxplot constitute outliers. Orange bars
represent the general population; teal bars represent pre-incarceration partners.
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Figure 2: HIV incidence under care disruption counterfactuals
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The vertical yellow line represents the 95% bootstrap simulation interval with the yellow point
depicting the mean. The vertical black line in the box plot depicts the 25%, 50% and 75%
quantiles of all 30 runs. The black dots outside the boxplot constitute outliers. Orange bars
represent the general population; teal bars represent post-incarceration partners.

31



665
666
667
668
669

670
671
672

673
674
675
676

677
678
679
680

681
682
683

684
685
686

687
688
689

690
691

692
693
694

695
696

697
698
699

REFERENCES

10.

11.

Centers for Disease Control and Prevention. HIV Surveillance Report, 2019; vol. 32.
[Internet]. 2021 May [cited 2022 Feb 25]. Available from: http://
www.cdc.gov/hiv/library/reports/hiv-surveillance.html

Millett GA, Peterson JL, Flores SA, Hart TA, Jeffries WL, Wilson PA, et al. Comparisons of
disparities and risks of {HIV} infection in black and other men who have sex with men in
Canada, {UK}, and {USA}: a meta-analysis. The Lancet. 2012 Jul;380(9839):341-8.

Hotton AL, Chen YT, Schumm P, Khanna AS, Brewer R, Skaathun B, et al. Socio-Structural
and Neighborhood Predictors of Incident Criminal Justice Involvement in a Population-
Based Cohort of Young Black MSM and Transgender Women. J Urban Health Bull N 'Y
Acad Med. 2020 Oct;97(5):623-34.

Harawa NT, Brewer R, Buckman V, Ramani S, Khanna A, Fujimoto K, et al. HIV, Sexually
Transmitted Infection, and Substance Use Continuum of Care Interventions Among Criminal
Justice-Involved Black Men Who Have Sex With Men: A Systematic Review. Am J Public
Health. 2018 Nov;108(54):e1-9.

Brewer RA, Magnus M, Kuo I, Wang L, Liu TY, Mayer KH. The High Prevalence of
Incarceration History Among Black Men Who Have Sex With Men in the United States:
Associations and Implications. Am J Public Health. 2014 Mar;104(3):448-54.

Schneider JA, Lancki N, Schumm P. At the intersection of criminal justice involvement and
sexual orientation: Dynamic networks and health among a population-based sample of young
Black men who have sex with men. Soc Netw. 2017 Oct;51:73-87.

Iroh PA, Mayo H, Nijhawan AE. The {HIV} Care Cascade Before, During, and After
Incarceration: A Systematic Review and Data Synthesis. Am J Public Health. 2015
Jul;105(7):e5-16.

Cerda M, Keyes KM. Systems Modeling to Advance the Promise of Data Science in
Epidemiology. Am J Epidemiol. 2019 Mar;188(5):862-5.

Khanna AS, Schneider JA, Collier N, Ozik J, Issema R, Paola A di, et al. A modeling
framework to inform preexposure prophylaxis initiation and retention scale-up in the context
of “Getting to Zero’ initiatives. AIDS. 2019 Oct;33(12):1911-22.

The largest jails in the United States [Internet]. Available from: https://www.worldatlas.com/
articles/the-largest-jails-in-the-united-states.html

Olson DE, Taheri S. Population Dynamics and the Characteristics of Inmates in the Cook
County Jail. Chicago, IL, Cook County Sheriff’s Reentry Council [Internet]. Chicago, IL:
Loyola University, Criminology and Criminal Justice Commons; 2012 [cited 2022 Jul 10].

32



700
701

702
703

704
705
706

707
708
709
710
711
712

713
714
715
716

717
718
719

720
721
722

723
724

725
726

727
728
729

730
731
732

12.

14.

15.

16.

17.

18.

19.

20.

21.

Available from: https://ecommons.luc.edu/cgi/viewcontent.cgi?
article=1000&context=criminaljustice_facpubs

Cook County Sheriff’s Office. Jail Population November 17, 2022 [Internet]. Available from:
https://www.cookcountysheriff.org/data/2022/11/

. Spaulding AC, Seals RM, Page MJ, Brzozowski AK, Rhodes W, Hammett TM. HIV/AIDS

among Inmates of and Releasees from US Correctional Facilities, 2006: Declining Share of
Epidemic but Persistent Public Health Opportunity. PLoS ONE. 2009 Nov 11;4(11):e7558.

Khan MR, Brewer R, Abrams J, Mazumdar M, Scheidell JD, Feelemyer J, et al.
Incarceration and Sexual Risk Behavior and Incident Sexually Transmitted Infection/HIV in
HIV Prevention Trials Network 061: Differences by Study City and Among Black Sexual
Minority Men Who Have Sex With Men, Black Sexual Minority Men Who Have Sex With
Men and Women, and Black Transgender Women. Sex Transm Dis. 2022 Apr 1;49(4):284—
96.

Robert J. Sampson. Great American City : Chicago and the Enduring Neighborhood Effect
[Internet]. Chicago, Ill: University of Chicago Press; 2012. Available from:
http://proxy.uchicago.edu/login?url=https://search.ebscohost.com/login.aspx?
direct=true&db=nlebk & AN=507131&site=eds-live&scope=site

Schneider J, Cornwell B, Jonas A, Lancki N, Behler R, Skaathun B, et al. Network dynamics
of HIV risk and prevention in a population-based cohort of young Black men who have sex
with men. Netw Sci. 2017 Sep;5(3):381-4009.

Handcock MS, Hunter DR, Butts CT, Goodreau SM, Morris M. statnet: Software Tools for
the Representation, Visualization, Analysis and Simulation of Network Data. J Stat Softw
[Internet]. 2008;24(1). Available from: https://doi.org/10.18637%2Fjss.v024.i01

Collier N, North M. Parallel agent-based simulation with Repast for High Performance
Computing. SIMULATION. 2012 Nov;89(10):1215-35.

Sheeler D, Collier N, Khanna AS, Ozik J. BARS: building agent-based models for racialized
justice systems. Retrieved February 17, 2022 from https://github.com/khanna7/ BARS.

Ammon B, Iroh P, Tiruneh Y, Li X, Montague BT, Rich JD, et al. HIV Care After Jail: Low
Rates of Engagement in a Vulnerable Population. J Urban Health Bull N Y Acad Med. 2018
Aug;95(4):488-98.

Vagenas P, Zelenev A, Altice FL, Di Paola A, Jordan AO, Teixeira PA, et al. HIV-infected
men who have sex with men, before and after release from jail: the impact of age and race,
results from a multi-site study. AIDS Care. 2016;28(1):22-31.

33



733
734
735

736
737
738
739

740
741
742

743
744
745
746

747
748

749
750
751

752
753
754

755
756
757

758
759
760

761
762
763

764
765
766
767

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Khan MR, Behrend L, Adimora AA, Weir SS, White BL, Wohl DA. Dissolution of primary
intimate relationships during incarceration and implications for post-release HIV
transmission. J Urban Health Bull N 'Y Acad Med. 2011 Apr;88(2):365-75.

Khan MR, Scheidell JD, Golin CE, Friedman SR, Adimora AA, Lejuez CW, et al.
Dissolution of Committed Partnerships during Incarceration and STI/HIV-Related Sexual
Risk Behavior after Prison Release among African American Men. J Urban Health Bull N Y
Acad Med. 2018 Aug;95(4):479-87.

Brewer RA, Magnus M, Kuo I, Wang L, Liu TY, Mayer KH. Exploring the Relationship
Between Incarceration and {HIV} Among Black Men Who Have Sex With Men in the
United States. JAIDS J Acquir Immune Defic Syndr. 2014 Feb;65(2):218-25.

Rusie LK, Orengo C, Burrell D, Ramachandran A, Houlberg M, Keglovitz K, et al.
Preexposure Prophylaxis Initiation and Retention in Care Over 5 Years, 2012-2017: Are
Quarterly Visits Too Much? Clin Infect Dis Off Publ Infect Dis Soc Am. 2018 Jul
2;67(2):283-7.

Chicago Department of Public Health. HIV/STI Surveillance Report, 2019. Chicago, IL;
2020 Dec.

SCHNEIDER J, CORNWELL B, JONAS A, LANCKI N, BEHLER R, SKAATHUN B, et
al. Network dynamics of {HIV} risk and prevention in a population-based cohort of young
Black men who have sex with men. Netw Sci. 2017 Feb;5(3):381-409.

Goodreau SM. A decade of modelling research yields considerable evidence for the
importance of concurrency: a response to Sawers and Stillwaggon. J Int AIDS Soc. 2011
Mar 15;14:12.

Khanna AS, Dimitrov DT, Goodreau SM. What can mathematical models tell us about the
relationship between circular migrations and HIV transmission dynamics? Math Biosci Eng
MBE. 2014 Oct;11(5):1065-90.

Adams JW, Lurie MN, King MRF, Brady KA, Galea S, Friedman SR, et al. Potential drivers
of HIV acquisition in African-American women related to mass incarceration: an agent-
based modelling study. BMC Public Health. 2018 Dec 18;18(1):1387.

Gough E, Kempf MC, Graham L, Manzanero M, Hook EW, Bartolucci A, et al. HIV and
hepatitis B and C incidence rates in US correctional populations and high risk groups: a
systematic review and meta-analysis. BMC Public Health. 2010 Dec 21;10:777.

Buchanan AL, Bessey S, Goedel WC, King M, Murray EJ, Friedman SR, et al. Disseminated
Effects in Agent-Based Models: A Potential Outcomes Framework and Application to
Inform Preexposure Prophylaxis Coverage Levels for HIV Prevention. Am J Epidemiol.
2021 May 4;190(5):939-48.

34



768
769
770
771

772
773
774

775
776
777
778

779

33.

34.

35.

Marotta PL, Gilbert L, Goddard-Eckrich D, Hunt T, Metsch L, Davis A, et al. A Dyadic
Analysis of Criminal Justice Involvement and Sexual HIV Risk Behaviors Among Drug-
Involved Men in Community Corrections and Their Intimate Partners in New York City:
Implications for Prevention, Treatment and Policies. AIDS Behav. 2021 Apr;25(4):1047-62.

Khan MR, Doherty 1A, Schoenbach VJ, Taylor EM, Epperson MW, Adimora AA.
Incarceration and high-risk sex partnerships among men in the United States. J Urban Health
Bull N'Y Acad Med. 2009 Jul;86(4):584-601.

Goodman-Meza D, Shoptaw S, Weiss RE, Nakazono T, Harawa NT, Takada S, et al.
Methamphetamine use drives decreases in viral suppression for people living with HIV
released from a large municipal jail: Results of the LINK LA clinical trial. Drug Alcohol
Depend. 2019 Sep 1;202:178-84.

35





