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Summary
Background Understanding the impact of incarceration on HIV transmission among Black men who have sex with
men is important given their disproportionate representation among people experiencing incarceration and the
potential impact of incarceration on social and sexual networks, employment, housing, and medical care. We
developed an agent-based network model (ABNM) of 10,000 agents representing young Black men who have sex with
men in the city of Chicago to examine the impact of varying degrees of post-incarceration care disruption and care
engagement interventions following release from jail on HIV incidence.

Methods Exponential random graph models were used to model network formation and dissolution dynamics, and
network dynamics and HIV care continuum engagement were 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.

Finding HIV incidence at 10 years was 4.98 [95% simulation interval (SI): 4.87, 5.09 per 100 person-years (py)] in the
model 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 agents recently released from incarceration. Sustained post-
release HIV care for agents with HIV and experiencing recent incarceration resulted in a 46% reduction in HIV
incidence among post-incarceration partners [incidence rate (IR) per 100 py = 5.72 (95% SI 5.19, 6.27) vs. 10.61
(95% SI 10.09, 11.24); incidence rate ratio (IRR) = 0.54; (95% SI 0.48, 0.60)] and a 19% reduction in HIV
incidence in the population overall [(IR per 100 py = 3.89 (95% SI 3.81–3.99) vs. 4.83 (95% SI 4.73, 4.92);
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.

Interpretation Developing effective and scalable interventions to increase HIV care engagement among individuals
experiencing recent incarceration and their sexual partners is needed to reduce HIV transmission among Black men
who have sex with men.
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Research in context

Evidence before this study
Black men who have sex with men disproportionately
experience HIV and incarceration, but few interventions to
improve HIV prevention and care engagement following
release from jail have been developed for Black men who have
sex with men specifically, and such interventions are
logistically challenging and difficult to evaluate empirically.
We previously published a review of HIV, sexually transmitted
infection (STI) and substance use interventions for Black men
who have sex with men who experience incarceration. In
December 2016, we searched PubMed, MEDLINE, Cochrane,
CINAHL, and PsycINFO databases using the following search
terms with no restriction by publication date: (HIV OR
“hiv”[MeSH] OR AIDS OR AIDS[sb] OR “human immunodeficiency
virus” OR “HIV infection” OR “acquired immunodeficiency
syndrome” OR “acquired immunodeficiency syndrome”[MeSH])
OR (STI OR STIs OR STD OR STDs OR “sexually transmitted
infections” OR “sexually transmitted disease” OR “sexually
transmitted diseases” OR “sexually transmitted diseases”[MeSH]
OR syphilis OR chlamydia OR gonorrhea) OR (“risk behavior” OR
“risk behaviors” OR “risk behavior” OR “risk behaviours” OR “risk
taking” OR “risk-taking”[MeSH] OR “substance use” OR
“unprotected sex” OR “unprotected intercourse”) AND (probation
OR parole OR parolee OR ex-offender OR release OR ex-prisoner
OR ex-prisoners OR “released convict” OR “released convicts”) OR
(prisoner OR prisoners OR criminal OR criminals OR inmate OR
inmates OR convicts OR convicts OR felon OR felons OR
incarcerated) OR (prison OR incarceration OR “criminal justice
system” OR corrections OR jail OR “correctional facility”) AND
(male OR men OR “black men who have sex with men” OR
homosex* OR homosexual OR homosexuals OR homosexuality
OR “homosexuality, ego dystonic” OR “homosexuality, ego-
dystonic” OR “ego-dystonic homosexuality” OR bisex* OR
bisexual OR bisexuals OR bisexuality OR “men who have sex with
men” OR MSM OR MSMW OR BMSM OR gay OR gays OR queer
OR queers OR transsexual OR transsexuals OR transsexuality OR
transsexualism OR same-sex OR “sexual orientation”). We

identified 58 studies describing interventions conducted in
the United States that focused on people experiencing
incarceration, with outcomes related to behavior change, HIV,
or sexually transmitted infections (STIs) published between
1992 and 2016. Only 3 focused on sexual or gender
minorities and few focused on improving linkage and
engagement in care for people with HIV who experience
incarceration. Agent-based network models (ABNMs) can be
useful for evaluating the potential impact of jail-based HIV
prevention interventions before rolling them out in practice
and thus can help intervention developers and policy makers
make decisions about where to focus limited public health
resources. However, no studies to date have used an ABNM to
evaluate jail-based HIV interventions for Black men who have
sex with men.

Added value of this study
This study used an ABNM to examine the impact of
interventions to improve engagement in HIV care following
jail release on HIV transmission among young Black men who
have sex with men and their sexual partners. We observed a
46% reduction in HIV incidence in the sexual partners of
people with HIV who were recently released from jail and a
19% reduction in the overall model population in an
intervention scenario that ensured sustained HIV care
following release from jail relative to a scenario with no
intervention.

Implications of all the available evidence
Our findings suggest that improving linkage and retention in
HIV care at the time of release from jail among people who
experience incarceration could have a substantial impact on
the HIV epidemic among young Black men who have sex with
men. The partners of people experiencing incarceration
represent a priority population who may not otherwise be
reached through standard public health interventions.
Introduction
In the U.S., Black gay, bisexual, and other men who
have sex with men continue to experience dispropor-
tionate rates of new HIV diagnoses and slower declines
in incidence compared to those of other races and eth-
nicities.1 These inequities are observed in the absence of
differences in individual-level behavior, instead result-
ing from the intersection of factors such as incarcera-
tion, violence, and socioeconomic marginalization that
impact sexual networks and engagement in HIV
prevention and care.2 Thus, interventions to increase
engagement in HIV prevention and treatment will likely
need to be combined with those that address distal in-
fluences on transmission to end the HIV epidemic
among Black men who have sex with men.3,4

Black men in the U.S. and Black men who have sex
with men 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
www.thelancet.com Vol 28 December, 2023
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and housing opportunities, and access to medical care, all
of which can lead to cycles of socioeconomic marginali-
zation and adverse health outcomes.4,6 Among men who
have sex with men with HIV these disruptions in HIV
care reduce the probability of being durably virally sup-
pressed.7 Incarceration may also impact HIV trans-
mission among Black men who have sex with men as a
group through disruptions of social support systems and
sexual networks, resulting in partnerships with higher
transmission potential and/or interruptions in HIV
treatment and prevention.6

Carceral settings also offer opportunities for delivery
of biomedical and socio-structural interventions to
populations who may not otherwise access these ser-
vices. However, few jail-based biomedical HIV preven-
tion interventions have been developed specifically for
Black men who have sex with men despite their
disproportionate burden of HIV and interaction with the
criminal legal system. Of the existing HIV care contin-
uum interventions that have been developed for crim-
inal 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
men who have sex with men 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 HIV treatment interventions, including anti-
retroviral therapy (ART) and pre-exposure prophylaxis
(PrEP), that are specifically tailored to Black men who
have sex with men 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 men who have sex with men who experience
incarceration can be most effectively deployed, but
logistical and ethical challenges make empirical
research difficult in contexts that restrict movement and
other freedoms. Jail settings may offer limited access to
researchers, and marginalized populations that are often
highly mobile and cycle frequently between carceral and
community settings are overrepresented in jails, making
them also difficult to study in the community. 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) limit purely
empirical approaches to identifying and testing candi-
date interventions. The granularity of ABNMs can help
disaggregate effects in various population subgroups,
www.thelancet.com Vol 28 December, 2023
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. Computational modeling can
also provide insights about emergent dynamics result-
ing 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 ABNM99 by
explicitly incorporating the process of incarceration and
its associated effects on sexual networks and on HIV
prevention and treatment and prevention engagement.
We then conducted computational experiments to eval-
uate the impact of incarceration and potential in-
terventions 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 men who have sex with
men between the ages of 18 and 34 in the city of Chi-
cago. 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 8000 to 10,000 people on any
given day,11 though the population has declined signif-
icantly over the past five years to approximately 5500
currently.12 The majority of the jail population is Black
(74%) and male (95%). Previous estimates suggest that
HIV seroprevalence in U.S. jail populations in general
range from approximately 1.7–2%,13 which is consistent
with estimates based on recent local data. As in non-jail
settings, HIV prevalence is significantly higher among
Black men who have sex with men who experience
incarceration compared to other subgroups. In a recent
study of Black men who have sex with men and trans-
gender women in 6 US cities, 14% reported experi-
encing incarceration in the past 6 months, and HIV
incidence was 3.6% (5/137) among those with previous
incarceration compared to 2.8% (22/798) among those
without.14 Chicago also contains the third largest Black
community in the US and is highly segregated.15 Sexual
networks among Black men who have sex with men in
Chicago also tend to be geographically bounded, leading
to dense sexual networks that have impacted HIV
transmission in this community.16 We focused exclu-
sively 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. In contrast to
prisons where individuals are typically incarcerated for
long durations, jail stays are typically much shorter.
3
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High rates of recidivism result in frequent cycling in
and out of jail, with high risk for transmission during
the vulnerable period after release from jail. The model,
which has been previously described,9 incorporates de-
mographic, biological and behavioral processes govern-
ing HIV transmission. Transmission is dependent on
condom use, and viral load and stage of infection among
agents with HIV and PrEP use among agents without
HIV. Exponential random graph models (ERGMs) were
used to model network formation and dissolution dy-
namics using the statnet suite of packages in R.17 Other
ABNM components, including incarceration in-
terventions, 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

The study was approved by the Institutional Review
Board at the University of Chicago.

Incarceration related processes & impact on sexual
networks and HIV prevention and care continuums
Using our existing model as a starting point, we incor-
porated rules for sexual network and HIV prevention
and treatment disruption due to incarceration. Values
for incarceration-related parameters were computed
using data from a local cohort study of young Black
MSM conducted between 2013 and 2015.16 Approxi-
mately 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 his-
tory respectively. These estimates were converted to
daily probabilities in the model. The mean duration of
incarceration among those who experienced incarcera-
tion 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 engage-
ment 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 disrup-
tion in HIV care associated with release from incarcer-
ation.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 men who have sex with
men in cities across the US who were transitioning
from jail to community settings found that only 41%
(95% CI 20–89%) of young Black men who have sex
with men 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 reentry
populations with HIV.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 Supplementary
Material, section A.9).

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 developed, 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 sex-
ual network stability by varying probabilities of partner
retention (i.e., the probability that a partnership in ex-
istence 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, operation-
alized as multipliers ranging from 0.1 to 1, that were
applied to the baseline main and casual partner reten-
tion probabilities, where multiplier values less than 1
result in lower partner retention probability, indicating a
greater probability of partnership dissolution.

There is limited empirical data on the impact of
incarceration on partnership retention among Black
men who have sex with men who experience incarcer-
ation. Analysis of data from a longitudinal cohort study
conducted by our team16 found that among people with
no history of incarceration, 25% of sex partners reported
at the baseline visit were retained at the 9-month follow-
up visit, compared to 20% among those who had expe-
rienced incarceration. A study of partnership dissolution
among predominantly heterosexual partnerships of
www.thelancet.com Vol 28 December, 2023

www.thelancet.com/digital-health


Articles
people in prison 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 heterosexual relation-
ships dissolved after incarceration.23 Because these data
were from different populations, time-periods, and
partnership types, and sample sizes were small, we
selected a range of retention probabilities, operational-
ized as multiplier values for sensitivity analysis.

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 men
who have sex with men in Chicago (see Supplementary
Table S5).16 We compared estimates of incarceration
with published local data on the characteristics of the
Cook County Jail11 and a multisite study of incarceration
among Black men who have sex with men 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 pub-
lished literature (see Supplementary Material, sections
4.4 and 4.5).

Model calibration
The model was calibrated to HIV incidence and preva-
lence estimates from local HIV surveillance data,26 and
incarceration outcomes (proportion of persons experi-
encing first-time incarceration and recidivism, and
duration of stay in jail) derived from longitudinal
population-based cohort-based data.16 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
that produced outputs most consistent with empirical
calibration targets (Supplementary Material, section
A.6). The baseline model was simulated 30 times to
assess the inherent variability in model outputs for each
parameter set (Supplementary Material, 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 inci-
dence 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 computa-
tional experiments described below.

Computational experiments
We conducted experiments to quantify network and care
continuum disruption associated with incarceration.
www.thelancet.com Vol 28 December, 2023
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 agents with HIV
(e.g., interventions to facilitate care engagement by
reducing barriers to insurance, housing, and employ-
ment following reentry). For the intervention experi-
ments, 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 agents with HIV, including those
not on ART prior to incarceration, were placed on ART
and assigned to the highest adherence category which
assumed a 95% probability of being fully adherent over
the course of the model) 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
The funder had no role in data collection, analysis,
interpretation, writing of the manuscript, or decision to
submit the manuscript for publication.

Subgroups
After calibrating the model with the incarceration-
dependent processes incorporated, we examined HIV
incidence in relevant subpopulations. Detailed defini-
tions 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 within 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 there-
after to capture the potentially increased transmission
associated with any new partnerships formed by the un-
incarcerated partner (see Supplementary Material, sec-
tion 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
5
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Label Definition Time at which label is applied Time period length Measurement

Pre-incarceration
partner (exclusively)

Agents 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
(exclusively)

Agents who partner with an incarcerated agent
within 720 days of their release, but not partnered
with these agents prior to their incarceration

At initiation of partnership, if
this occurs within 720 days (∼2
years) 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-
incarceration + post-
release partner.

Agents who partner with incarcerated agents 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 Agents who are incarcerated at least once while in
the model

Time of incarceration Following
incarceration,
remainder of agent’s
time in the model

HIV incidence is calculated as newly incarcerated
agents become infected.

Never- incarcerated Agents who are never incarcerated during the
simulation.

Time of agent entry into the
model

Agents’ time in the
model

HIV incidence for remaining population is updated
as agents are incarcerated and leave this group.

Active partnerships in
which neither agent
experiences
incarceration

Agents 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

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

aDefined at a given point in time, classification can vary over time.

Table 1: Definitions for agent classifications.
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neither the index agent nor any of their partners was
incarcerated.

Outcome
The primary outcome for analysis was mean year 10
HIV incidence, set in accordance with Getting to Zero
(GTZ) timelines for HIV elimination which aim to end
the epidemic in Illinois by 2030, computed across the 30
simulation runs per scenario in units of 100 person-
years. Uncertainty around these estimates was quanti-
fied using bootstrap estimates derived via simulation.
Since these are stochastic models with inherent uncer-
tainty, we took the 30 simulation runs for each experi-
mental scenario at each time point and sampled them
1000 times with replacement. We chose n = 30 because
previous analysis suggested that this number provided
sufficient characterization of overall sampling uncer-
tainty, 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 simula-
tion 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.
Simulation 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 10th-year
HIV incidence rate was 5.58 [95% SI 5.38, 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 agents who were incarcerated, HIV inci-
dence 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 these part-
nerships post-release (4.52; 95% SI: 4.01, 5.03).
Tenth-year HIV incidence among those with at least one
active partnership in which neither partner had a history
of incarceration was 7.95 (95% SI 7.75, 8.13) per 100
person-years.

Impact of network disruption
Higher levels of network disruption reduce the likeli-
hood 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% proba-
bility of reconnection following release (Table 3, Fig. 1).

Impact of ART care disruption
HIV incidence increased with increasing duration of
post-release HIV care disruption among agents who
experienced incarceration, and particularly among the
partners of agents with HIV 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% SI 10.09, 11.24) per 100 person-years. In contrast,
the mean HIV incidence rate under a mean 90-day
www.thelancet.com Vol 28 December, 2023
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Population HIV Incidence
(95% SI)

Partners

All pre-incarceration partnersb 7.17 (6.69, 7.66)

All post-release partnersc 12.61 (11.98, 13.21)

Exclusively pre-incarceration partnersd 4.52 (4.01, 5.03)

Exclusively post-release partnerse 12.86 (11.89, 13.73)

Pre-incarceration and post-release partnersf 12.31 (11.40, 13.31)

Active partnerships among partners who are not
incarceratedg

7.95 (7.75, 8.13)

Individuals

Overallh 4.98 (4.87, 5.09)

Ever-incarceratedi 5.58 (5.38, 5.76)

Never-incarceratedj 4.72 (4.61, 4.85)

SI: bootstrap simulation interval. aIncarceration status and partnership type can
vary over time and individuals can occupy different subpopulations over the
course of the simulation. bAgents 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.
cAgents partnered with an agent 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. dAgents 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. eAgents who
partnered with an individual released from jail during the past 2 years who were
not partnered with the incarcerated agent prior to incarceration. HIV incidence
is measured from the date of partnership formation to the first of: dissolution
of the partnership or 720 days. fAgents 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. gActive partnerships in which neither agent were not pre-
incarceration or post-release partners (i.e., neither partner experienced recent
incarceration). hHIV incidence averaged across the entire agent population. iAny
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. jNo history of incarceration at any point in the
model.

Table 2: Year 10 HIV incidence by subpopulationa.

Articles
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.
Retention Probability Multiplier Pre-Incarceration Partners

HIV incidence (95% SI) Inci

0.1 4.71 (4.29, 5.16) 0.6

0.25 4.89 (4.45, 5.32) 0.6

0.5 6.12 (5.70, 6.58) 0.8

0.75b 7.13 (6.71, 7.61) 1.

1 8.00 (7.43, 8.59) 1.1

SI: bootstrap simulation interval. aOverall population refers to the agent population of y
for these scenarios differ slightly from those reported in Table 2 due to slight differences
experiments and do not affect the results substantively.

Table 3: Year 10 HIV incidence by post-release reconnection probability.

www.thelancet.com Vol 28 December, 2023
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,
Fig. 2).
Discussion
An agent-based modeling approach helped identify the
sexual partners of recently incarcerated persons as a
subgroup with particularly high HIV incidence resulting
from interruptions in HIV care. Our findings are
similar to those of a recent modeling study of HIV
transmission risk among the female partners of incar-
cerated 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.27

This finding suggests that interventions to improve
HIV care engagement after release from jail among
people who experience incarceration could have a sub-
stantial impact on the HIV epidemic among young
Black men who have sex with men by reducing trans-
mission 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 im-
pacts on people experiencing incarceration themselves.
Furthermore, current HIV incidence rates would
require recruitment into intervention studies of large
Overall populationa

dence ratio HIV incidence (95% SI) Incidence ratio

6 (0.59, 0.74) 4.66 (4.58, 4.74) 0.95 (0.92, 0.97)

8 (0.61, 0.77) 4.58 (4.48, 4.69) 0.93 (0.90, 0.96)

6 (0.79, 0.94) 4.78 (4.67, 4.88) 0.97 (0.94, 1.00)

0 (Ref) 4.92 (4.81, 5.02) 1.0 (Ref)

2 (1.02, 1.62) 5.14 (5.01, 5.28) 1.05 (1.01, 1.08)

oung Black men who have sex with men in Chicago. bDifferences in the estimates
in the random number generation at the initial parameterization when running the
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Fig. 1: HIV incidence by partner reconnection probability after release from jail. 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 overall population of young Black men who have
sex with men in Chicago; teal bars represent pre-incarceration partners.
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samples from 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 agents experiencing
incarceration 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 ap-
proaches.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
people with HIV upon release from jail, HIV incidence
in their partners was 5.72 (95% SI 5.19, 6.27) per 100
person-years. Although all agents with HIV were
assigned to the highest adherence category in the
intervention scenario, there is some built-in variation in
the probability that they will be fully adherent, so there
is still potential for transmission to sexual partners.
Post-Release Partners

HIV incidence (95% SIb) Incidence ra

Targeted and sustained care 5.72 (5.19, 6.27) 0.54 (0.48,

No change in care 10.61 (10.09, 11.24) 1.0 (Ref)

Care Disruption: 90 Daysb 12.61 (12.02, 13.24) 1.18 (1.10,

Care Disruption: 720 Days 16.01 (14.93, 16.99) 1.51 (1.38,

SI: bootstrap simulation interval. aOverall population refers to the agent population of y
for these scenarios differ slightly from those reported in Table 2 due to slight differences
experiments and do not affect the results substantively.

Table 4: Year 10 incidence under different HIV prevention and care disruptio
PrEP disruption among agents without HIV also likely
contributed to the observed incidence among post-
incarceration partners since we did not implement any
PrEP interventions, and agents infected during the post-
incarceration chaos period30 may have transmitted HIV
to their HIV-negative post-release sexual partners dur-
ing the acute stage of infection. These findings may also
suggest that some HIV transmission among the post-
incarceration partners is driven by partners who are
not recently incarcerated due to increased turnover in
sexual partnerships.

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 exchanging
sex or of condomless sex with new partners among the
non-incarcerated partner), disruption of sexual
Overall populationa

tio (95% SI) HIV incidence (95% SI) Incidence ratio (95% SI)

0.60) 3.89 (3.81, 3.99) 0.81 (0.78, 0.83)

4.83 (4.73, 4.92) 1.0 (Ref)

1.27) 4.98 (4.87, 5.09) 1.03 (1.00,1.06)

1.63) 5.58 (5.49, 5.67) 1.15 (1.13, 1.19)

oung Black men who have sex with men in Chicago. bDifferences in the estimates
in the random number generation at the initial parameterization when running the

n scenarios.
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Fig. 2: HIV incidence under care disruption counterfactuals. 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 overall population of young Black men who have sex with men in Chicago;
teal bars represent post-incarceration partners.
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partnerships may have had a greater impact on HIV
incidence among pre-incarceration partners. Adams
et al. also 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.27 Some might find surprising
the relatively low HIV incidence among those who had
ever experienced incarceration. This may also be
partially explained by the fact that incarceration was not
associated with post-release changes in sexual behavior
in the model. Additionally, this is a population with high
rates of recidivism, and the risk of HIV infection while
in custody is significantly lower compared to that prior
to or following incarceration.31 Because HIV incidence
is calculated at the population level and averaged over
time, history of incarceration is calculated cumulatively
throughout the simulation, and HIV acquisition risk is
lower while in jail, longer duration of incarceration may
have offset the increased acquisition risk associated with
the post-incarceration period. Furthermore, if the
duration of incarceration is short relative to the total
time an agent exists in the model (i.e., for agents with
short jail stays who remained in the model for a long
time after release without being reincarcerated), HIV
incidence among those with vs. without a history of
incarceration would be expected to converge over time.

Due to the high HIV incidence among the partners
of people who go to jail, focusing PrEP and ART in-
terventions on individuals experiencing incarceration
and their networks could be an efficient way to
distribute limited public health resources to reduce HIV
transmission. Future modeling studies 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
www.thelancet.com Vol 28 December, 2023
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 Interventions
designed to reduce post-release disruptions in HIV care
among reentry populations. Will need to address the
short-term chaotic circumstances surrounding incar-
ceration and release, as well as the longer-term impact
of incarceration on care engagement. For example, in-
terventions to facilitate care engagement by reducing
insurance, employment, or housing barriers and sup-
porting care coordination may be useful for reducing
disruptions in HIV care after jail release.

Limitations
There are several limitations worth noting. Empirical
data for some parameters was limited or measured with
a high degree of uncertainty. The model assumes
complete homophily among the sexual networks of
young Black men who have sex with men (i.e., that
young Black men who have sex with men partner
exclusively with other young Black men who have sex
with men). This was largely the case in the Chicago-area
network studies with Black men who have sex with men
on which the parameters were based but may vary
substantially by location. Sex with female partners, as
well as men who have sex with men of other races and
ethnicities and age groups may be relatively common in
some settings. Because of the high HIV prevalence and
systematic barriers to engagement in HIV treatment
and biomedical prevention among young Black men
who have sex with men, this assumption could have
overestimated HIV incidence, as well as the potential
impact of the interventions we evaluated. Several dy-
namics and potential incarceration-related changes were
9
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not incorporated into our model and may have led to
bias in either direction. We did not vary sexual risk
behaviors among people who experienced incarceration
or their sexual partners before or after incarceration,
though there may be changes at and around the time of
incarceration.33,34 Additionally, we did not incorporate
changes in care engagement during incarceration in the
experimental or base model scenarios. Whether adher-
ence changes during incarceration is likely 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. We also did not incorporate sub-
stance use and other socio-structural barriers to HIV
prevention and care engagement. Substance use has an
important impact on HIV prevention and care engage-
ment35; opportunities for facilitating linkage to sub-
stance use treatment among people who experience
incarceration could also have an important impact on
the HIV epidemic and warrant further study. We plan to
incorporate these factors in future modeling work.

Our results may not be generalizable to other pop-
ulations experiencing incarceration or geographic con-
texts, as the population-level impact on HIV incidence
depends on prevalence of incarceration, HIV, and the
degree of HIV care disruption associated with incar-
ceration, as well as partnership characteristics and be-
haviors. 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 science
approaches are needed and can be tested using ABMs in
future work.

Conclusions
Our findings demonstrate the potential impact of
improving engagement in HIV care among people
experiencing incarceration on HIV transmission among
young Black men who have sex with men overall, and
particularly among the sexual partners of people
recently released from jail. 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 people experiencing
incarceration.
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