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[ ., — 1] Despite these predictions, few locations in tlewmmunity-basedcohort in Baltimore, Maryland, United
United States have reported substantial increases in HC\States that beginning in 1988-1989, has had 5 additional re-
HIV prevalence since the COVID-19 pandemic, creating disiitment waves (1994-1995,1998, 2000, 2005-2008,and
crepancies between observed data and modeling results. 20d5-2018). To date, the cohort has recruited over 5700 adults
discrepancy may be explained in part by the underascertai8 years of age who reported a history of injection drug use.
ment of HCV and HIV diagnoses during the pandemic: while Participants are followed every 6 months with routine question-
HIV surveillance data from the Centers for Disease Contr@ires to assess sociodemographic characteristics, substance use
and Prevention (CDC) showed an 18% increase in HIV diagndghaviors, and health status, and to collect biospecimens. Here,
es in the United States from 2020 to 2021, it was likely due towe focused on participants with routine ALIVE visits between
HIV diagnoses missed in 2020 [ 1. It is also likely that modeldanuary 2014 and August 2023 and were alive by March 2020
examining impacts of the pandemic on HCV and HIV underestn = 1439). Variables used included sociodemographic charac-
timated the impact of behavioral changes that occurred duringeristics, recent injection drug use behaviors including injection
this time. In a multilevel framework, changes to the mezzoenvirequency in the prior 6 months, access to harm-reduction ser-
onment (service delivery landscape), as well as the micre@es-(eg, methadone, buprenorphine, and SSP), and ART use,
ronment (individual behaviors and drug injection networks@s well as HCV and HIV viral loads from biospecimens. Wg
could both impact the health outcomes of PWID [ ]. also included data from social network surveys from 2 periods
Consistently, models assumed that risky behaviors of PWIL{November 2018-November 2019, n =238 and June 2022-
remained static during the pandemic, with only a few modelind\ugust 2023, n = 592) assessing participants’ drug-use net-
projections exploring how hypothetical changes in social and works as well as characteristics of their drug-use partners.:In
injecting behaviors could impact HIV incidence amongst this egocentric network survey, respondents represented egos
PWID in addition to service closures [ , ]. However, &md nominated drug-use partners were alters. Questions used
date, there have been few analyses focused on the complex beeluded the ages of ego and alters, number of drug-use partne::
havioral dynamics driving transmission amongst PWID duringships, frequency of injecting with drug-use partners, frequency
the COVID-19 pandemic. Some evidence showed a decreasedhsyringe sharing, and duration of partnerships [ 1.
injection drug use along with increases in injection frequency The Johns Hopkins University Institutional Review Board has
and the likelihood of using drugs alone [ , , ], which couldcontinuously approved the ALIVE study. All study procedures
be the compound effect of voluntary social distancing, social/ were conducted in accordance with Johns Hopkins Universzy
economic instability, and disruptions to the drug market. Institutional Review Board’s standards and the Declaration &f
However, less was known about to what extent this could im- Helsinki. All participants provided written informed consent.
pact diseasetransmission. Understanding how changesin
drug-use networks and individual injecting behaviors may in- Individual-Based Network Model Structure
fluence HCV and HIV transmission dynamics can help under-We adapted and extended the R package EpiModel modeling
stand observed trends. Our study aimed to incorporate factordramework [ ] to build a dynamic network-based model of
in both mezzoenvironment and microenvironment impacts to HCV and HIV transmission within a hypothetical population
estimate changes to the HCV/HIV burden amongst PWID.  of approximately 10 000 PWID with similar characteristics t&

Here, we developed an empirically grounded model of HC\the ALIVE cohort ( and ).
and HIV transmission among a population of PWID like fRecode for the model can be found at
AIDS Linked to the Intravenous Experience (ALIVE) study co- Parameterswere informed

hort in Baltimore. We constructed a stochastic individual-baselly cross-sectional analyses of the ALIVE survey data, when pog-
network of simulated HCV and HIV transmission considering sible, as well as estimates from existing literature (details about
pandemic-induced service disruptions. Using drug-use networdata source, uncertainty, and calibration of parameter values
data and behavioral surveys of ALIVE participants pre- and pasin be found in ). A temporal ex-
pandemic, we tested the hypothesis that changes in drug-usepeetential random graph model was used to simulate the dynam=
works and injecting behavior can mitigate or even offset ith@nd heterogeneous nature of injecting partnerships, where
impact of service disruptions on HCV and HIV transmissioodes were individuals and edges represented injecting partner:
compared with models that did not incorporate these changesships (see “Methods” in )- Baseline char-
acteristics of individuals were assigned either with fixed values
or from probability distributions to account for heterogeneity
within the population ( ). At each time
ALIVE Study Data Overview point, the probability an individual was actively injecting was
Our study used empirical data from a subset of participants efvased on 4 injection risk trajectories previously identified [ 1.
rolled in the ALIVE study [ ]. ALIVE is an ongoing Individuals could enter the population through the initiation

METHODS
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Network simulation sociodemographic = population-level simulation
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ISSP Complete closure 3 mo + 50% [32]
partial capacity 9 mo

HIV testing 32%—-86% partial capacity 3 mo [12, 33, 34]

HCV treatment 50% partial capacity 3 mo+ 70% [35]
(DAA) partial capacity 9 mo
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postpandemic period despite the temporarily reduced SSP cafrequency, and limited access to harm-reduction services, could
pacity that could have led to increasedsyringe sharing. lead to high overdose rate and overdose mortality [ ]. In pre-
However, these data were collected in 2022-2023, which couldous work, while the probability of reporting an overdose by an
have missed any temporary and immediate changes in syringaverage ALIVE participant has increased since the COVID-19
sharing at the start of the COVID-19 pandemic. Simulation repandemic, decreases in both injection and noninjection drug
sults suggested that considering pandemic-induced behavioralse were also observed [ ], hence the impact of overdose on
changes in addition to service disruptions could lead to signifiour model results is likely limited. Additional research to under-
cantly lower prevalence estimates by the end of 2023 (HCV bgtand the impact of overdose on this population is necessary giv-
0.9% to 8.8%; HIV by 0.1% to 4.4%). en the increases in mortality observed nationally that persisted
To our knowledge, this study was the first model to include through the pandemic [ .
empirically informed social and injecting behavioral changesin conclusion, our study highlighted the importance of
into a model of HCV and HIV transmission amongst PWID. considering behavioral data when modeling transmission dy-
Several studies have investigated the combined effect of serviwmics in populations such as PWID. While our study pro-
disruptions and pandemic-induced behavioral changes on sexdded a potential explanation for the gap between previous
ually transmitted infections, including HIV, within the popula- concerns about service disruptions and the lack of reports
tion of men who have sex withmen|[ , 1, with one based ion observed HCV/HIV outbreaks in the United States, the
Baltimore [ ]. In agreement with our results, decreases in segessibility of future resurgence of HCV/HIV transmission re-
ual partnerships due to COVID-19-related sexual distancinggins, particularly if behavior changes were not sustained.
could potentially offset the impact of HIV clinical service clo- Disease burdens in locations that are high-risk or had recent
sure. Although the magnitudes of behavioral changes in thebreaks [ ] should still be closely monitored in case of
above studies were hypothetical, they emphasized the substabehavioral rebounds or long-term impacts of other socioeco-
tial impact of social distancing amongst high-risk populations nomic factors such as homelessnessand unemployment
during the pandemic and validated our model estimates. Inad- , .
dition, our estimated range of HIV incidence from 2018 to
2022, after incorporating behavioral changes, was similar §8
the observed nonincreasing trend of HIV incidence from the
CDC 2018-2022 HIV survegillance report [ ], further empha- 5 ] gioiavalbic IR ot Haie]
. D ; ! e ! Infectious Diseases online ( ).
sizing the significance of incorporating realistic behavioral fac- ! !
tors into a model. consist of data provided by the author
! . ! ! _ that are published to benefit the reader. The posted materials
While we quantified behavior changes using detailed survey !
data from the ALIVE cohort, this only represented a single ur_are - copyedlted.. T.he . :
: ! . __are the sole responsibility of the authors. Questions or messages
ban, high-burden population. Moreover, the ALIVE study is an :
: : ! regarding errors should be addressed to the author.
aging cohort, despite ongoing enrollment, and may not be re-
flective of newly initiating PWID. Furthermore, egocentric in-
jecting partnership data were limited, thus any sociometric or Notes
geographic clusters that could potentially alter disease transmisAcknowledgmenthe authors thank the participants in the
sion dynamics were not considered here. Although selectiddVE study.
bias may be present in those participants who were includdd/ithor contributiong. \_ B. L. G., and A. W. conceived
in postpandemic surveys, with potentially differential demdhe project and wrote the manuscript. J. W. and
graphic, social, and behavioral characteristics, compared #. W. performed the quantitative analysis. B. L. G., S. H. M.,
those lost to follow-up, we leveraged prepandemic data to preand G. D. K. designed and carried out the cohort
dict the pandemic-induced changes in risky behaviors amongstudy. J. W., B. L. G., K. G., and A. W. interpreted the
those lost to postpandemic follow-ups, while also creating dif-findings. J. W., B. L. G., K. F., G. D. K., S. H. M., K. G., and
ferent scenarios to account for possible behavioral patterns ofA. W. interpreted the findings as well as reviewed and revised
this untracked population. In addition, there were tempordhe manuscript.
gaps in the postpandemic survey data (started in June 20Fipancial supporthis work was supported by the National
that may have missed any immediate changes at the stdristifites on Drug Abuse (grant number RO1DA053136 to
the pandemic. Lastly, while predicting a low likelihood ofJadVN., B. L. G., S. H. M., and A. W.; U01DA036297 to B. L.
HCV/HIV outbreak, our model did not explicitly estimate risks G. and S. H. M.); the National Science Foundation (grant num-
of other important outcomes such as fatal and nonfatal ovmer NSF-23-546to J. W.,B.L. G., S. H. M., K. G., and A. W.);
dose, and is likely to overestimate disease burdens. Risk factarsd the Burroughs Wellcome Fund (Career Award at the
observed in our study, including injecting alone, high injectingScientific Interface to A. W.).
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