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Background. Illicitly manufactured fentanyl (IMF) increases overdose mortality, but its role in infectious disease transmission
is unknown. We examined whether IMF use predicts hepatitis C virus (HCV) and human immunodeficiency virus (HIV) incidence
among a cohort of people who inject drugs (PWID) in San Diego, California and Tijuana, Mexico.

Methods. PWID were recruited during 2020-2022, undergoing semi-annual interviewer-administered surveys and HIV and
HCV serological rapid tests through 2024. Cox regression was conducted to examine predictors of seroconversion considering
self-reported IMF use as a 6-month lagged, time-dependent covariate.

Results. Of 398 PWID at baseline, 67% resided in San Diego, 70% were male, median age was 43 years, 42% reported receptive
needle sharing, and 25% reported using IMF. HCV incidence was 14.26 per 100 person-years (95% confidence interval [CI]: 11.49—
17.02), and HIV incidence was 1.29 (95% CI: .49-2.10). IMF was associated with HCV seroconversion, with a univariable hazard
ratio (HR) of 1.64 (95% CI: 1.09-2.40), and multivariable HR of 1.57 (95% CI: 1.03-2.40). The direction of the relationship with HIV
was similar, albeit not significant (HR 2.39; 95% CI: .66-8.64).

Conclusions. We document a novel association between IMF and HCV seroconversion among PWID in Tijuana-San Diego.
Few HIV seroconversions (n = 10) precluded our ability to assess if a similar relationship held for HIV. IMF’s short half-life may
destabilize PWID—increasing the need for repeat dosing and sharing smoking materials and syringes. New preventive care
approaches may reduce HCV transmission in the fentanyl era.
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Mlicitly manufactured fentanyl (IMF) has transformed the risk
environment for people who use drugs (PWUD) in North
America [1]. Having outcompeted heroin for dominance in
the illicit opioid market, IMF has caused dramatic increases
in overdose mortality over the past decade [2]. Given its high
potency, seemingly small fluctuations in product quality can
amplify overdose risk [1].

IMF has additional properties that may elevate infectious
disease transmission risk, including shorter half-lives and
more powerful euphoric effects relative to heroin and other
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opioids [3]. This has been associated with increased injection
frequency to prevent withdrawal symptoms and achieve sus-
tained effects [4, 5]. IMF use has consequently been associated
with higher-risk injection practices compared to heroin use,
such as sharing syringes [5-9]. Literature describing implica-
tions of IMF use, including drug preparation and adminis-
tration practices [10], behavioral aspects (including the
pursuit of euphoria) [11], and in vitro effects of fentanyl
[12], suggest that there may be an important—albeit not cur-
rently described—link between IMF use and acquisition of
human immunodeficiency virus (HIV) and hepatitis C virus
(HCV). Sharply rising HCV incidence among young people
over the past 2 decades has been linked to increasing rates of
injection drug use nationally, although the particular role of
fentanyl has not been determined [13-15].

We examined whether IMF use predicts HIV and HCV inci-
dence among a longitudinal cohort of people who inject drugs
(PWID) in the United States (US)-Mexico border region of
Tijuana, Mexico and San Diego, California, a region with a large
population of vulnerable PWID who experience a high burden of
HCV, and where IMF has broadly overtaken the drug supply.
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METHODS

Study Design and Participants

Participants were drawn from La Frontera, a prospective cohort
of PWID in Tijuana, Mexico and San Diego, California, focused
on HIV, HCV, and overdose [16]. Eligible participants were
aged >18 years, reporting past-month injection drug use
(confirmed by injection marks), speaking English or Spanish,
and residing in San Diego or Tijuana.

Data were collected by trained bilingual interviewers, using a
mobile outreach van targeting areas with concentrated drug
use. Recruitment occurred in 2 waves from October 2020
to October 2021 and February 2022 to June 2022 (see
Supplementary Material). The parent study aimed to examine
the role of cross-border mobility on infectious disease trans-
mission and specifically recruited half of the San Diego resi-
dents as those reporting crossing the border to use drugs in
Tijuana in recruitment wave 1. All wave 2 participants were
San Diego residents. Participants underwent semi-annual
interviewer-administered surveys, as well as HIV and HCV se-
rology, through February 2024 and received US$20 for each
study visit. Protocols were approved by institutional review
boards at the University of California, San Diego and
Universidad Xochicalco in Tijuana. All participants provided
written informed consent.

Seven hundred twenty participants (612 wave 1, 108 wave 2)
were initially assessed. To assess HCV incidence, 280 individu-
als testing HCV seropositive at baseline and 2 individuals with
missing HCV serology were excluded. Of 438 who tested
HCV-seronegative at baseline, 398 (90.9%) completed at least
1 follow-up visit and comprised the analytic sample. Of 40 in-
dividuals lost to follow-up, 10 (25%) were reported deceased, of
which 8 were confirmed. Of the 398 HCV-negative individuals
at baseline who completed at least 1 follow-up visit, 363 tested
HIV negative at baseline and comprise the analytic sample for
HIV incidence calculations.

HCV and HIV Serology

At each semi-annual study visit, HCV and HIV serostatus
were assessed by rapid immunoassays based on blood samples
[17, 18] that were approved for use in the US or Mexico.
Participants in San Diego were first administered a Medmira
Miriad combined HIV/HCV immunoassay (sensitivity, 79%—
88%; specificity, 100%). For any participants testing seroposi-
tive, a second line of rapid tests was conducted with Orasure
HIV (sensitivity, 99.3%-100%; specificity, 100%) and HCV
(sensitivity, 97%-98%; specificity, 100%). In Tijuana, Accutrak
HIV (sensitivity, 100%; specificity, 100%) and HCV (sensitivity,
100%; specificity, 97%-99%) tests were used for all participants.
Participants with a reactive first rapid test underwent a second
line of rapid testing with Intec for HIV and Quality for HCV,
respectively.

Survey Measures

Sociodemographic and behavioral characteristics assessed at
baseline and 6-month intervals included age, sex assigned at
birth, ethnicity, city of residence, housing status, substance
use behaviors, and others. For each 6-month period, we as-
sessed if participants had knowingly used fentanyl, heroin,
methamphetamine, or cocaine via self-report, including meth-
od of consumption (ie, injecting, smoking, inhaling, snorting,
or vaped).

Statistical Analysis

We summarized baseline characteristics by HCV incidence sta-
tus and calculated overall HIV and HCV incidence density
rates per 100 person-years (PY), as well as rates stratified by
key variables chosen a priori, including 95% confidence inter-
vals (Cls) assuming a Poisson distribution.

Limited statistical power precluded multivariable analyses
where HIV seroconversion was the outcome. For HCV sero-
conversion, univariable and multivariable fixed and time-
dependent Cox regression models were employed to assess
relationships between fentanyl use and HCV seroconversion,
as well as other potential confounders and predictors based
on subject-matter knowledge and previous literature—
including substances used, injection behaviors known to in-
crease HCV transmission risk, and key sociodemographic
factors [6, 7] (Supplementary Figure 1). We employed a
shared frailty (random effect) based on recruitment wave to
control for potential intragroup correlations induced by
group-specific recruitment criteria (ie, residency and
cross-border drug use) as well as differences in recruitment
time between the 2 waves, which caused time at risk to be de-
pendent on recruitment wave [19]. All predictors of interest
were assessed first using univariate models (Supplementary
Table 5). All variables associated with time to HCV serocon-
version in univariable analyses at P <.10 were considered
candidates for inclusion in multivariable models, controlling
for age, sex, and heroin use (which were chosen as a priori
control variables). Other drug use variables were excluded
to prevent multicollinearity (Supplementary Table 10). Only
variables yielding P <.05 in an initial multivariable model
were retained in the final multivariable model (except for
those chosen a priori). We followed the approach suggested
by VanderWeele to include the key exposure (fentanyl use)
lagged from the outcome, and also include potential con-
founders lagged with respect to the key exposure [20]. We
therefore included fentanyl use with a 6-month (1 study visit)
lag, and heroin use and receptive needle sharing on a
12-month (2 study visits) lag. Sensitivity analyses included
models using fentanyl use as a covariate fixed at baseline,
and models excluding receptive syringe sharing (see
Supplementary Tables 6-9). No adjustment for multiple
testing was performed. The final model was checked for

1110 « CID 2024:79 (15 October) « Friedman et al


http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciae372#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciae372#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciae372#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciae372#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciae372#supplementary-data

multicollinearity, interactions between covariates, propor-
tionality of hazards, and linear relationships.

To assess the potential for retention bias, participants who
were included were compared to those lost to follow-up with
respect to key baseline characteristics (Supplementary
Table 2). All statistical analyses were performed using SAS soft-
ware version 9.4 (SAS, Cary, North Carolina). Graphics were

made using R version 4.3.1.

RESULTS

Participant characteristics, stratified by HCV seroconversion sta-
tus, are shown in Table 1 for the 398 participants in the analytic
sample. Observations by visit are shown in Supplementary

Table 1. Baseline characteristics by fentanyl use are shown in
Supplementary Table 3. At baseline, 67.3% resided in San
Diego; 69.8% were male; median age was 42.5 years; 66.8%
identified as Hispanic, Latinx, or Mexican; and median years
of schooling was 10.5 (ie, some secondary school/high school)
(interquartile range [IQR], 7.0-12.0 years). Baseline character-
istics revealed a highly vulnerable population, with 41.5% expe-
riencing homelessness in the past 6 months.

Polysubstance use was common; the most commonly used
substances were methamphetamine (83.7%), heroin (80.2%),
cannabis (53.8%), and fentanyl (25.4%). Forty-two percent
reported receptive needle sharing at baseline. The median
number of average injections per day was 2.5 (IQR, 0.3-4.0).
Addiction-related healthcare engagement was poor, with

Table 1. Sample Characteristics at Baseline for Hepatitis C Virus Incident Cases Versus Non-Incident Cases

Incident Case Non-Incident Case

Baseline Characteristic? (n=102) (n=296) Total (n=398)
Sex assigned at birth (male) 79 (77.5) 199 (67.2) 278 (69.8)
Age, y, median (IQR) 42.5 (34.0-51.0) 43.0 (36.0-51.0) 43.0 (35.0-51.0)
Hispanic/Latino/Mexican 68 (66.7) 198 (66.9) 266 (66.8)
Speaks English 73 (71.6) 219 (74.0) 292 (73.4)
Born in the US 59 (57.8) 145 (49.0) 204 (51.3)
San Diego resident 68 (66.7) 200 (67.6) 268 (67.3)
Years of education completed, median (IQR) 11.0 (7.0-12.0) 10.0 (7.5-12.0) 10.5 (7.0-12.0)
Married or common law 15 (14.7) 61 (20.6) 76 (19.1)
Monthly income <US$500 59 (57.8) 158 (563.4) 217 (64.5)
Homeless™® 49 (48.0) 116 (39.2) 165 (41.5)
Incarcerated® 10 (9.8) 24 (8.2) 34 (8.6)
Smokes cigarettes 75 (73.5) 222 (75.0) 297 (74.6)
Higher-risk drinking 17 (16.7) 52 (17.6) 69 (17.3)
Smoked or vaped marijuana® 55 (63.9) 159 (53.7) 214 (53.8)
Used heroin® 85 (83.3) 234 (79.1) 319 (80.2)
Used methamphetamine® 88 (86.3) 245 (82.8) 333 (83.7)
Used fentanyl® 35 (34.3) 66 (22.3) 101 (25.4)
Used cocaine® 13(12.7) 38(12.8) 51(12.8)
Years of injection drug use, median (IQR) 20.0 (10.0-32.0) 18.0 (9.0-28.0) 18.5 (9.0-29.0)
No. of injections per day, median (IQR) 2.5(0.3-4.0) 2.5(0.3-4.0) 2.5(0.3-4.0)
Receptive needle sharing® 49 (48.0) 118 (39.9) 167 (42.0)
Distributive needle sharing® 52 (561.0) 131 (44.3) 183 (46.0)
Visited shooting galleries® 8(7.8) 19 (6.4) 27 (6.8)
Uses hit doctor® 20 (19.6) 53 (17.9) 73 (18.3)
Experienced overdose® 13(12.7) 31(10.5) 44 (11.1)
Enrolled either in a methadone or buprenorphine program or in a rehab/drug treatment center® 9(8.8) 16 (5.4) 25 (6.3)
Male having sex with male (ever)® 17 (16.7) 47 (16.0) 64 (16.2)
Tested HIV-seropositive 12 (11.8) 23 (7.8) 35 (8.8)
Recruitment group
Wave 1: SD resident drug tourist 26 (25.5) 106 (35.8) 132 (33.2)
Wave 1: SD resident non-drug tourist 24 (23.5) 57 (19.3) 81 (20.4)
Wave 1: Tijuana resident non—drug tourist 34 (33.3) 96 (32.4) 130 (32.7)
Wave 2: SD resident non-drug tourist 18(17.6) 37 (12.5) 55 (13.8)

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: HIV, human immunodeficiency virus; IQR, interquartile range; SD, San Diego; US, United States.

aFor the binary variables, the affirmative category is presented.
°Past 6 months.
°Defined based on the most common place where participants slept.

9Missing values: n=2.
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only 6.3% reporting current enrollment in a methadone,
buprenorphine, or other addiction treatment program.
Participants contributed a median of 6 semi-annual study vis-
its (IQR, 4-6).

We observed 10 HIV seroconversions during the study peri-
od (Table 2), resulting in an incidence rate of 1.29 per 100 PY
(95% CI: .49-2.10). Among people reporting fentanyl use, HIV
incidence was 2.28 per 100 PY (95% confidence interval [CI]:
.05-4.50) compared to 1.00 (95% CI: .20-1.80) among those
not reporting fentanyl use. The univariable HR for the associ-
ation between fentanyl use as a time-varying predictor and
HIV seroconversion was 2.39 (95% CI: .66-8.64).

We observed 102 HCV seroconversions during the study pe-
riod, resulting in an incidence density over the 36-month study
period of 14.26 per 100 PY (95% CI: 11.49-17.02). Among in-
dividuals who reported using fentanyl at baseline, HCV inci-
dence was 23.7 per 100 PY (95% CI: 15.9-31.6) compared to
11.8 per 100 PY (95% CI: 8.97-14.63) among those not report-
ing fentanyl use (Figure 1). Fentanyl use was significantly asso-
ciated with HCV seroconversion. As a time-varying predictor,
fentanyl use had a univariable HR of 1.64 (95% CI: 1.09-2.46)
(Figure 2), which remained independently associated with

HCV seroconversion after controlling for receptive needle
sharing, sex, heroin use, and age (adjusted HR, 1.57 [95%
CIL: 1.03-2.40]). Fentanyl use at baseline was also signifi-
cantly associated with HCV seroconversion, with a similar
effect size (see Supplementary Material). Models excluding
receptive needle sharing showed similar HRs for fentanyl
use (see Supplementary Material).

Individuals who practiced receptive needle sharing at base-
line had an HCV incidence rate of 15.9 per 100 PY (95% CI:
11.5-20.4) compared to 13.0 per 100 PY among individuals
who did not practice receptive needle sharing (95% CI: 9.5-
16.5). In univariable models, as a time-varying predictor, recep-
tive needle sharing was associated with an HR of 1.80 (95% CI:
1.19-2.73), which remained significant in the multivariable
model (adjusted HR, 1.82 [95% CI: 1.20-2.77]).

Among individuals experiencing homelessness at baseline,
HCV incidence was 18.5 per 100 PY (95% CI: 13.3-23.7) com-
pared to 11.76 per 100 PY among those not experiencing home-
lessness (95% CI: 8.6-14.93). Unhoused status was associated
with a univariable HR of 1.4 (95% CI: .91-1.99).

Males consistently showed a higher risk of HCV seroconver-
sion than females, with an incidence rate of 16.47 per 100 PY

Table 2. Human Immunodeficiency Virus Incidence Density by Past 6-Month Fentanyl Use Reported at Baseline

Used Fentanyl in

Past 6 Months No. of Incident Cases

No. of People at Risk

36-Month Incidence Density

No. of PY Spent at Risk (95% ClI) per 100 PY

Total 10 363
No 6 268
Yes 4 95

773.36 1.29 (.49-2.10)
597.60 1.00 (.20-1.80)
175.76 2.28 (.05-4.50)

Abbreviations: Cl, confidence interval; PY, person-years.

. No . Yes

Male Homeless* Used Fentanyl*

Receptive Needle Sharing* San Diego Resident Age (= Median [43 y])
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Figure 1.

Hepatitis C virus (HCV) incidence rates, stratified by key characteristics of interest. HCV incidence density shown for a 36-month period per 100 person-years (PY)

by key selected characteristics. “Yes” and “No” indicate that the risk factor was, or was not, present for the group shown. See Supplementary Table 4 for exact values.

*Confidence intervals (Cls) constructed based on Poisson distribution.
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Model Type . adjusted ’ unadjusted

Receptive needle sharing (time varying)* -

Sex assigned at birth: male q

Used fentanyl (time varying)*

Homeless (time varying)*

Engaged in MOUD program -

HIV+

Used methamphetamine®q

Incarcerated” -

Variable

Experienced overdose™

2 4K X

San Diego resident (at baseline) q

Number of injections per day (on average)®

Used cocaine*q

e e e e

Age (per every 5 years)

Used heroin* (time varying) -

i

B

Years of education completed -

I

T
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I
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0.9 10 15 20 25 30
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Figure 2. Hazard ratios from time-dependent Cox models for hepatitis C virus seroconversion. Adjusted and unadjusted (univariable) model results are shown using a log
scale on the x-axis. Adjusted values are from the final multivariable model. See Supplementary Material for exact values. *Predictor measured using past 6-month recall
window. Fentanyl use is lagged 6 months as described in the Methods. Abbreviations: Cl, confidence interval; HIV, human immunodeficiency virus; HR, hazard ratio; MOUD,

medication for opioid use disorder.

(95% CI: 12.8-20.1) compared to 9.75 for females (95% CI:
5.77-13.74). Male sex had an unadjusted HR of 1.68 (95% CI:
1.05-2.68) and an adjusted HR of 1.66 (95% CI: 1.04-2.66)
for HCV seroconversion. No significant differences were found
for age, city of residence, or sexual behaviors.

DISCUSSION

We document a novel association between IMF use and
HCV seroconversion among PWID in Tijuana-San Diego.
Although IMF has drastically transformed health risks for
PWID, most research has focused on increases in fatal overdos-
es [1]. Less is known about the effects of the broad transition to
IMF on HIV and HCV transmission. Leveraging a prospective
cohort design and employing street outreach techniques to
reach clandestine populations, we found a robust association
between IMF use and HCV seroconversion. These findings
suggest that dramatic increases in IMF use in North America
since 2013 may represent a key, albeit understudied driver of
contemporaneous increases in HCV incidence [13]. Given
the recent White House HCV elimination plan [21], our find-
ings suggest that IMF-specific risk patterns may warrant fur-
ther study to guide the implementation of the nation’s

renewed efforts to reduce the burden of HCV. Although the di-
rection and magnitude of the association between IMF use and
HIV seroconversion was similar to that of HCV, the small
number of HIV seroconversions precluded our ability to exam-
ine this relationship controlling for confounders.

More research is needed to understand the mechanisms that
may be underpinning the relationship between IMF use and in-
fectious disease transmission. The shorter half-life of most IMF
analogues is likely playing a key role. Qualitative and ethno-
graphic data suggest that compared to the longer half-life of
heroin, IMF requires much more frequent dosing to prevent
withdrawal symptoms, which decreases individuals’ ability to
work, sleep, or conduct other aspects of life without continuous
interruptions to quell IMF-related withdrawal symptoms [4].
This is also a frequently stated reason why PWUD seek to aug-
ment IMF with other substances such as methamphetamine,
benzodiazepines, non-IMF opioids such as nitazenes, cannabi-
noids, and xylazine to extend the subjective duration of effect
[4, 22]. These properties may account for the strong association
between IMF and increased injection frequency, as well as sy-
ringe sharing, that has been reported previously [6-8].
However, IMF use remained significantly associated with
HCV seroconversion even after accounting for receptive
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syringe sharing, suggesting that there may be additional effects
underlying the causal mechanism. It is possible that IMF’s
overall destabilizing effect on the lives of PWID and associated
polysubstance use may induce turbulent life circumstances, de-
creasing their engagement in health and preventive services
and predisposing them to behaviors that increase their vulner-
ability to HCV infection (see directed acyclic graph in the
Supplementary Material for additional discussion).

An important contextual factor is the extreme vulnerability
of PWID in the study region, especially in Tijuana where
HCV prevalence among PWID has historically been higher
than in San Diego [23]. Social vulnerabilities represent critical
drivers of HCV and HIV risk [24]. Previous studies have shown
that a critical factor driving PWID to share syringes and prep-
aration materials is a limited ability to carry paraphernalia
without risking police surveillance, violence, and incarceration
[25]. Municipal police have historically created challenging cir-
cumstances in Tijuana that limit PWID in their ability to carry
sterile syringes [25, 26]. Similar problems have also been noted
in parts of California [27]. There is also a dearth of harm reduc-
tion and other services for PWID available in Tijuana, especial-
ly given recent withdrawals of governmental funding for the
civil sector [26]. Harm reduction services in San Diego were
also relatively limited earlier in the study period due to the co-
ronavirus disease 2019 (COVID-19) pandemic [28]; however,
we found no difference in the weekly rates of interviews con-
ducted inside versus outside COVID-19 restrictive periods.

The relationship between IMF and HCV raises important
implications for treatment and prevention among PWID to
prevent further infectious disease transmission. For instance,
tailoring dosing of medication for opioid use disorder
(MOUD) to respond to the unique pressures of IMF is warrant-
ed, as MOUD is known to reduce transmission risk [28]. The
lipophilic nature of IMF has complicated buprenorphine in-
duction, making precipitated withdrawal much more likely.
However, novel approaches including microinduction (small
buprenorphine doses scaled up as IMF are tapered), macroin-
duction (large starting doses of buprenorphine), and bridging
to buprenorphine with short-acting opioids all offer promising
avenues to stabilize patients withdrawing from IMF [29-31].

Treatment modalities for people using IMF require flexibility
to promote MOUD uptake and adherence. For instance, mobile
treatment units may connect PWID to healthcare and facilitate
MOUD initiation and HCV and HIV testing [32]. Telehealth
approaches may also be helpful for PWID who own electronic
devices but find traveling for care difficult [33]. Long-acting
MOUD also represents a powerful option to increase retention
and decrease the negative health effects of return to IMF use
[34]. In the inpatient setting, adequate pain control (using
short-acting opioids) is increasingly required to manage pain
and withdrawal symptoms related to IMF use and prevent early
patient-directed discharges, which are on the rise [29, 35].

Other kinds of infections affecting PWUD—such as skin and
soft tissue infections—have also increased in recent years, which
requires further study for treatment optimization in the fentanyl
era [36, 37]. Finally, the rise in IMF adds further evidence of the
need to increase point-of-care testing and HCV treatment
among PWUD. The recent approval of point-of-care RNA test-
ing for HCV is a promising development allowing for quicker
treatment onset following diagnosis. Despite ongoing substance
use, HCV reinfection rates among PWID have been shown to be
uncommon [38], and HCV treatment is cost-effective [39].

The IMF-HCV relationship also reinforces the need for in-
creasing preventive and primary care services among PWUD.
Research comparing the transmission of HCV and HIV suggests
that HCV is the first infection to be acquired once young people
start injecting, with a brief window of opportunity to prevent sub-
sequent HIV infection [40]. Reaching individuals in this window
can be accomplished via increasing access to low-barrier services
that PWID need to remain safe (such as sterile syringes) alongside
point-of-care HIV and HCV testing [41]. On the West Coast of
the US, there are also early signs of a broad transition from inject-
ing to smoking IMF, which raises important considerations for
blood-borne disease prevention [42, 43]. This shift may be helpful
for reducing HCV transmission if smoking supplies are less likely
than syringes to transfer HCV, although evidence on this topic is
mixed [44]. Regardless, investing in safe smoking supplies is war-
ranted to reduce the need for sharing equipment among the
growing segment of PWUD smoking IMF.

This study has several limitations. Although the HCV and
HIV assays employed here were highly sensitive and specific
[17, 18], the reliance on self-reported fentanyl use represents
a limitation. Some PWUD may not know they were using
IMF, given limited availability of drug-checking services during
the study period [45]. This could have caused misclassification,
with a tendency to attenuate associations between IMF and
HIV/HCYV seroconversion toward the null. Follow-up studies
using biological markers of fentanyl use should be conducted
for confirmation. The low percentage of participants identify-
ing as men who have sex with men may have limited our detec-
tion of the importance of sexual behaviors. Additionally, given
the known shift from injecting to smoking fentanyl occurring
during the follow-up period [43], statistical power to detect
an association between injection of IMF and HCV seroconver-
sion may have been more limited. Additionally, we did not have
a sufficient sample size of HIV seroconverters to assess the link
between IMF and HIV, although this remains an important
area for investigation. Although retention was 90%, compared
to the analytic sample, those lost to follow-up were more likely
to be from San Diego, and unhoused, which may have biased
the sample or affected generalizability. The results of this study
apply to a highly vulnerable population of PWID on the US-
Mexico border, and further study is needed to assess the gener-
alizability to the wider North American context.
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CONCLUSIONS

The broad shift among PWUD to using synthetic opioids such
as IMF represents a profound change for the health risks of a
broad swath of vulnerable individuals in North America.
Although most research has focused on the implications for fa-
tal overdose, we provide novel evidence that IMF use is associ-
ated with increased HCV incidence. This raises important
considerations for treatment and prevention efforts, including
access to point-of-care HCV testing and treatment, MOUD
modalities and dosing, provision of harm reduction supplies,
and interventions to prevent subsequent HIV acquisition.
More research is needed to understand potential mechanisms
underpinning this association, as well as the role of IMF use
on other infectious diseases, such as HIV and soft tissue

infections.
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