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Abstract

Evidence from recent pre-exposure prophylaxis (PrEP) trials has demonstrated its safety and
efficacy in significantly reducing the risk of HIV acquisition for those who are at considerable risk
of acquiring HIV infection. With a rapid increase in the amount of research on the efficacy of
PreP for HIV prevention, complementary research on the willingness to use PrEP has grown,
especially among MSM, but limited research has been focused among people who use drugs
(PWUD). As part of the formative process, we utilized the Information-Motivation-Behavioral
Skills (IMB) model of health behavior change to characterize and guide intervention development
for promoting willingness to use PrEP among high-risk PWUD. The analysis included 400 HIV-
negative high-risk PWUD enrolled in a community-based methadone maintenance treatment who
reported drug- and/or sex-related HIV risk behaviors in the past 6-months. Analyses revealed
support for the IMB model as PrEP-related behavioral skills were found to mediate the influence
of PrEP-related information and motivation on willingness to use PrEP. The results provide
evidence as to the utility of the IMB model to increase willingness to use PrEP among high-risk
PWUD. It therefore makes an important contribution to our understanding of the applicability of
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theoretically-grounded models of willingness to use PrEP among high-risk PWUD, who are one of
the key risk populations who could benefit from the use of PrEP.
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Introduction

Despite a number of evidence-based interventions, HIV incidence in the US has been
unchanged for the past 15 years [1]. People who use drugs (PWUD) continue to account for
a substantial proportion of new HIV infections, which occurs through preventable injection-
drug use and sexual risk behaviors [2—7]. A recent advancement with enormous potential for
high-risk PWUD involves Pre-Exposure Prophylaxis (PrEP) — the routine self-administration
of the antiretroviral medication, Truvada™ (Tenofovir/emtricitabine) — as a means to foster
primary HIV prevention [8]. PrEP is an HIV prevention method that involves high risk HIV-
uninfected individuals taking antiretroviral therapy (ART) in anticipation of potential HIV
exposure in order to reduce the risk of HIV infection [9].

Evidence from recent PrEP trials has demonstrated its safety and efficacy in significantly
reducing the risk of HIV acquisition for those who are at considerable risk of acquiring HIV
infection, such as men who have sex with men (MSM), people who inject drugs (PWID),
sex workers, and transgender people [10-14]. For instance, Choopanya et al. (2013)
demonstrated a 48.9% decrease in the risk of acquiring HIV among PWID in Bangkok,
Thailand. In a separate analysis, the risk was reduced by approximately 74% reduction in
participants with detectable levels of tenofovir in their blood. Consistent with the results of
other PrEP trials [10-13], this trial did not identify any significant safety concerns associated
with daily PrEP use [14]. Thus, the Centers for Disease Control and Prevention (CDC) and
the World Health Organization (WHO) have recommended the use of PrEP as part of a
comprehensive set of HIV prevention services, identifying PWUD as one of the key
populations that could benefit from its use [8, 15]. This has provided unprecedented
opportunities in our public health response to curtail the HIV epidemic.

With a rapid increase in the amount of research on the efficacy of PrEP for HIV prevention,
complementary research on the willingness to use PrEP and its uptake has gained
prominence [16-19]. In the US, there has been considerable increase in studies assessing
willingness to use PrEP, especially among MSM, but limited research has been focused
among PWUD [20-27]. With regard to PWID, two studies have been published so far, which
showed that very few people (7% — 13%) were aware of PrEP and fairly low willingness to
use PrEP for HIV prevention (~ 50%), compared to MSM [23, 26]. This is alarming since
PWUD frequently report engaging in high-risk behaviors across both sexual and drug use
domains and could greatly benefit from the use of PrEP.

An application of a theory-based model to understand willingness to use PrEP can help
researchers to identify the critical dynamics of this underserved population, and to develop
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tailored interventions to promote PrEP uptake and adherence. As part of the formative
process, we utilized the Information-Motivation-Behavioral Skills (IMB) model of health
behavior change [28, 29] to characterize and guide intervention development for promoting
willingness to use PrEP among high-risk PWUD. In brief, the IMB model asserts that
information, motivation, and behavioral skills are important determinants of health behavior
change. Information and motivation work mainly through behavioral skills to influence
change in behavior. The model also specifies that information and motivation may have
direct effects on behavior change (Figure 1).

While the IMB model has been successfully utilized as a theoretical framework for the
design and evaluation of a wide range of intervention strategies across different behaviors,
populations, and contexts [30-37], it has not yet been applied to PrEP usage. In the present
study, we therefore tested a theory-based model using constructs from the IMB model [28,
29] and applied it to PrEP use as HIV prevention among opioid-dependent persons at risk
for HIV. Aligned with the IMB model, we hypothesized that information (e.g., knowledge of
PrEP effectiveness, side effects, monitoring) and motivation (e.g., personal and/or social
motivation toward PrEP use) would be significantly associated with behavioral skills (e.g.,
adherence self-efficacy, side effect management, PrEP negotiation, sustained PrEP
adherence). In turn, behavioral skills were hypothesized to mediate the influence of
information and motivation on willingness to use PrEP. Further, we expect that information
and motivation would be directly associated with willingness to use PrEP.

Participants and procedures

A cross-sectional study was conducted among high-risk PWUD enrolled in a community-
based methadone maintenance program (MMP) in New Haven, Connecticut that provides
drug treatment and clinical care to opioid-dependent PWUD [38]. Individuals in the MMP
were eligible to participate in the study, if they were: i) 18 years or older, ii) HIV-negative,
iii) reported drug- or sex-related HIV risk behaviors in the past 6 months, iv) and met DSM-
V criteria for opioid use disorders.

Between June and July 2016, a total of 400 participants were recruited using a convenience
sampling process. Potential participants were recruited via flyers, peers, word-of-mouth, and
direct referral from their counselors at the MMP. Potential participants were screened in-
person in a private room or by phone using a screening form. Individuals who met inclusion
criteria, and who were willing to participate, were provided a description of the study and
invited to provide informed consent, followed by the survey. Participants were assessed
using an audio computer assisted self-interview (ACASI) that has demonstrated sound
psychometric properties in prior studies [39]. All participants were reimbursed for the time
and effort needed to participate in the survey. The study protocol was approved by the
Investigational Review Board at the [BLINDED FOR REVIEW] and received board
approval from the MMP (APT Foundation Inc.).
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Socio-demographic variables included self-reported measures of age, gender, sexual
orientation, ethnicity, marital status, educational status, employment status, and income.
Participants’ self-report measure of drug use and sex-related HIV risk behaviors during the
past 30 days were assessed using an adapted version of the HIV risk-taking behavior scale
(HRBS) [40]. We utilized four out of the eleven items from the original scale to measure risk
behaviors among our sample (Table 1).

Awareness and acceptability of PrEP use—~Participants were asked about their
awareness about PrEP prior to participating in the survey using, “Before participating in this
survey, have you ever heard about PrEP?’ Additionally, their willingness to use PrEP was
assessed after providing a brief description of PrEP (Appendix). After reviewing this
description, participants were asked to respond to a statement, “/ would be interested in
taking PrEP to reduce my current risk of HIV infectior”’ on a five-point Likert scale of:
“strongly disagree’ to “strongly agree€”. For data analysis, willingness to use PrEP was
further dichotomized into “Yes” (strongly agree and agree) and “No” (strongly disagree,
disagree, neutral) [41].

IMB Measures: Consistent with the IMB model [28, 32], participants completed an
assessment that included following domains: information, motivation, and behavioral skills.
IMB measures related to PrEP was developed based on feedback from focus group sessions
with target population (high-risk PWUD) and treatment providers (e.g., physicians, nurses,
substance abuse counselors), existing literature on PrEP, and adaptation of HIV-related IMB
measures used in prior studies [29, 39]. We then performed an initial exploration of each
construct’s measurement model to further inform out item selection decisions. Responses
were analyzed as continuous measures, or dichotomized into an IMB strengths/deficits-
based approaches. All responses were recoded and summed up so that higher values
indicated higher levels of information, motivation, and behavioral skills. Each IMB construct
consisted of several associated observable variables that could be directly measured.
Structural equation modelling (SEM) was used to estimate the structural coefficients
between constructs or latent variables. A specific description of the measures included in the
IMB model constructs are described below:

Information: Participants’ PrEP related knowledge (e.g., knowledge of PrEP effectiveness,
side effects, monitoring) was measured with twelve items with *“yes”, “ng” or “do not know”
as answers (e.g., “When on PrER, I don’t need to use new or clean needles’; * PrEP provides
protection against other sexually transmitted infections”; “When on PrEF, | don’t need to use
condoms”; “While I’'m on PrER, I will need to go for regular doctor visits”; “The short-term
side-effects of PrEP may include nausea and dizziness™). Positive responses were scored as
one, and negative responses were assigned a score of zero. Higher scores indicated more
information about PrEP.

Motivation: Sixteen items were used to examine participants' motivation about PrEP use
(e.g., personal and/or social motivation toward PrEP use). Questions included, “/ think /
would be less worried about HIV infection if | were on PrEP”; “If | were on PreFR, | would
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not be concerned about the potential side-effects of PreEP’; “ If | disclose that 1’m on PrEP to
my sex partner, he/she will be comfortable with it””; “I have a responsibility to contribute to
HIV prevention efforts by using PrEP”; “l would take PrEP if | know someone (e.g., friend,
family member) who is currently taking it”; “I have family members or friends to encourage
me to take PrEP properly.” Answers for motivation items were measured on a five-point
Likert scale (0 “Strongly disagree’ and 4 *“ Strongly agree”).

HIV behavioral skills: Eleven items were used to assess participants' behavioral skills (e.g.,
adherence self-efficacy, side effect management, PrEP negotiation, sustained PrEP
adherence) about PrEP use (e.g., “How confident are you that you would stick to your PrEP
medication even if you have some side-effects (e.g., nausea)?’; “ How confident are you that
you could make PrEP part of your daily routine?’; “ How confident are you that you could
get PrEP refills before you run out?”; “How confident are you that you could continue with
Yyour PreP regimen even if getting to your clinic appointments is a major hassle?”; “How
confident are you that you would stop sharing needles or works while on PrEP?”; “How
confident are you that you would use condoms while on PrEP?”). Answers for these items
were constructed on a five-point Likert scale (0 “not at all confident” and 4 “completely
confident”).

Data analysis

All IMB items were evaluated for any missing data. All available data were included via
maximum likelihood estimation, a preferred method for handling missing data when
assumed missing-at-random [42]. Analyses were carried out in Mplus Version 7.31 [43],
which includes the capability to test models using a full information (direct) maximum
likelihood estimator to account for missing data [44]. Model fit was assessed with the chi-
square statistics (XZ) [45], the comparative fit index (CFI1) [46], the Tucker-Lewis index
(TLI) [47], Root Mean Square Error of Approximation (RMSEA) [48], and the Standardized
Root Mean Square Residual (SRMR) [49, 50]. Non-significant le values of 0.95 or greater
for the CFl and TLI, 0.08 or below for the RMSEA, and below 0.05 for the SRMR were
generally regarded as indicative of good fit.

Measurement Models—rFirst, we conducted confirmatory factor analysis (CFA) to test
the fit of each of the IMB constructs. For each measurement model, the best fitting model
was assessed by evaluating a single latent construct for each IMB construct. The full item set
for each construct was then loaded on to its respective latent variables. Individual items were
removed from the scale if they had a non-significant factor loading (v > 0.05) or if
unstandardized factor loading estimate was < 0.40. Individual error variances were
considered to be significantly correlated if they had a modification index > 10 and if they
were theoretically related items. This process of excluding items and correlating errors was
iteratively repeated until the best fitting measurement model was obtained (i.e., non-
significant XZ, CFI >0.95, TLI > 0.95, RMSEA < 0.08, SRMR < 0.05).

Path models—Once the factor structure was confirmed, we evaluated the full IMB model

of acceptability of PrEP use (Figure 2) in which four construct (information, motivation,
behavioral skills, and PrEP acceptability) were used in a structural equation model.
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Consistent with IMB model [28], information and motivation were related to behavioral
skills, and behavioral skills were related to acceptability of PrEP use (mediation effect).
Information and motivation were each also permitted to relate directly to acceptability of
PrEP use (direct effect). The parameter estimates, in terms of path loadings and significance
levels, and fit indices were used for evaluating the full IMB model.

Participant characteristics

A total of 400 participants completed the questionnaire. The average age of the participants
was 40.9 £ 11.1 years and 58.5% were male. The majority of participants identified as
heterosexual or straight (86.3%), White (63.2%), high school graduates (73.2%), not
employed (82.8%), and reported an income at or below $10,000 per year (78%). Self-
reported HIV risk behaviors were highly prevalent. Over half of the participants (57.5%)
reported injecting illicit drugs and two-third reported sharing needles/works in the past 30
days. Of those who were sexually active (82.0%), the majority reported having multiple
sexual partner (39.9%); however, only 14.9% reported having consistently used a condom
with casual sexual partners. Only 18% of participants had heard of PrEP as a method to
prevent HIV infection. When presented with information about PrEP, however, almost two-
thirds of participants (62.7%) reported that they would be interested in using PrEP to reduce
their risk of contracting HIV infection (Table 1).

Measurement model

Path model

Table 2 presents the tests of significance and estimated CFA with parameters of the IMB
constructs. The mean knowledge score of the information component for this sample was
3.61 (SD =.699) on a scale of 0 to 4. The mean motivation score was 10.12 (SD = 2.519) on
a scale of 0 — 16. The mean behavioral skills score was 10.88 (SD = 4.207) on a scale of 0 —
20. The reliability of the IMB constructs ranged from good to acceptable (o = 0.892; ap =
0.763; ags = 0.811), and all factor loadings were significant (o < 0.05).

In fitting the initial constructs of the IMB model [28], the a priori measurement models did
not have an acceptable fit to the data. The CFA vyielded a reduced number of items for each
of the measures, which resulted in an acceptable to good fit for all three domains of the IMB
model. The CFA model for the information construct resulted in retaining four items with a
good fitting model [x? (2, N'= 400) = 0.689, p = 0.708, CFI = 1.000, TLI = 1.000, RMSEA
=0.072, SRMR = 0.012]. The reduced four-factor model of motivation yielded a good fitting
model on a single latent construct [X2 (2, N=400) =4.114, p=0.127, CFI = 0.969, TLI =
0.907, RMSEA = 0.051, SRMR = 0.022]. Similarly, the CFA model for behavioral skills
yielded a good fitting model [X2 (5, N=400) = 16.109, p=0.006, CFI =0.971, TLI =
0.942, RMSEA = 0.975, SRMR = 0.032] with five items (Table 2).

As indicated in Figure 2, the path coefficients for the full (mediated) IMB model supported
our hypotheses. As expected, information and motivation were not significantly related to
one another. Paths from information to behavioral skills (B = 0.15, p=0.016) and from
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motivation to behavioral skills ( = 0.37, p< 0.001) were significant and in the predicted
direction. Also as predicted by the IMB model, the path from behavioral skills to willingness
to use PrEP was significant (8 = 0.58, p< 0.001) and in the anticipated direction. The
overall fit of the model was good according to standard model fit indices: XZ (72, N=400) =
113.08, p=0.024, CFI =0.95, TLI = 0.93, RMSEA = 0.09 (90% ClI: 0.05 - 0.14), SRMR =
0.045), with the model accounting for approximately 36.6% of the variability in willingness
to use PrEP.

Discussion

This is the first study to apply a theory-based framework using constructs adapted from the
IMB model [28] to conceptualize the determinants of willingness to use PrEP among high-
risk PWUD. Specifically, we evaluated the IMB model’s central propositions that PrEP-
related information and motivation were each significantly associated with behavioral skills
related to PrEP which, in turn, would be related to willingness to use PrEP. Using structural
measured and latent variable modeling techniques, we found support for each of the
propositions of the IMB model of willingness to use PrEP. This indicates that the
enhancement of PrEP-related information and motivation positively influences behavioral
skills related to PrEP use. A higher degree of HIV behavioral skills, in turn, was associated
with increased willingness to use PrEP. The results thus demonstrate the utility of the IMB
framework of willingness to use PrEP to inform future interventions to increase PrEP uptake
among high-risk PWUD.

The results obtained from the final IMB model showed that willingness to use PrEP was
mainly predicted by behavioral skills, and there was no significant direct pathway from
PrEP-related information and motivation to willingness to use PrEP. This finding was
inconsistent with the classic IMB model [28]. This result is, however, consistent with the
findings from prior studies of the adapted IMB model of ART adherence [51-53], diabetes
medication adherence [35, 54], intention to smoke [55], and medication prescribing
behaviors among the doctors [56]. It is suggested that information and motivation may have
no direct effect on change in behavior when the behavior itself is very complex or requires
multiple behavioral skills to accomplish. In the context of this study, the willingness to use
PrEP is multifaceted, which depends not only on individuals themselves (e.g., knowledge
about PrEP, social motivation for taking medications, barriers to personal motivation), health
care providers (e.g., health care providers’ attitude toward PrEP, risk assessment), and
national policies, but also requires multiple behavioral skills (e.g., sustained PrEP adherence,
side-effect management, PrEP negotiation) to initiate and maintain the uptake of PrEP.
Overall, the results suggest that willingness to use PrEP is associated with more accurate
information about PrEP, stronger personal and social motivation for taking PrEP, and
stronger behavioral skills to take PrEP on a regular basis.

Although there is a considerable increase in a number of PrEP demonstration projects
among MSM, to date, very little if any attention has been given to incorporate PrEP into
HIV prevention approaches targeting PWUD. Therefore, a key purpose of this study was to
characterize and to develop a theory-grounded PrEP intervention specifically tailored toward
high-risk PWUD. Our results lend support to the growing body of literature and
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recommendations of tailoring health promotion interventions to the knowledge, motivation,
and behavioral skills needs of specific high risk groups. Based on the findings of this study,
and consistent with the IMB model [28], intervention to enhance PrEP uptake may be most
effective if intervention components target: 1) PrEP-related information (e.g., knowledge
about PreP effectiveness, side effects, adherence, perceived affordability, risk compensation,
effect of continued drug use on PrEP efficacy), 2) personal motivation (e.g., sexual
expectancies, acceptability, anticipated HIV stigma, safe sex initiation, safe drug use
practices, perceived and controlled risk of HIV, benefit of substance abuse treatment
program) and social motivation (e.g., prevention altruism, peer values and medication use,
peer sex and drug use norms, dyadic decision making, role of substance abuse counselors
and the clinic), and 3) the development of practical behavioral skills in adhering to PrEP
medications (e.g., taking it with methadone), managing side effects, negotiating PrEP use,
sustaining motivation, and safer sex and drug use practices in the context of PrEP. Such
interventions are likely to be more effective in increasing individuals’ willingness to use
PrEP and also adhering to it.

This study has a number of potential limitations that should also be acknowledged. First,
issues surrounding cross-sectional nature of the data is noteworthy. As with all cross-
sectional study design, the modelling result from this study is only able to assess
associations, rather than causal relationships, between IMB constructs and acceptability of
PrEP use. Second, the use of self-report measures in the current study may be prone to
reporting bias and thus may have reduced our ability to precisely detect some variables (e.g.,
information, acceptability of PrEP use). Third, a brief description of PrEP was provided
prior to assessing IMB measures, which could have influenced participants’ responses to
subsequent questions. Fourth, although a brief explanation about PrEP was provided, we do
not know the extent to which participants understood every aspects of PrEP (e.g.,
effectiveness, cost, side-effects, dispensing venue, adherence, etc.) while providing
responses regarding willingness to use PrEP. Fourth, the participants in this study were high-
risk PWUD enrolled in MMP; thus, our findings may not be generalizable to all risk groups.
Fifth, the use of a convenience sampling strategy to recruit participants may limit the
potential external validity of the results. Sixth, the measure of behaviors skills used in the
study focused on the perceived self-efficacy in performing various skills (e.g., adherence,
side effect management, PrEP negotiation). The IMB theory specifies the use of enactment
of behaviors necessary to change health behavior, in addition to self-efficacy. Thus, it is not
clear how the omission of actual behavioral skills from our measures may have influenced
the results. Finally, it is possible that people who have injected within the past 6 months may
have different attitudes toward PrEP than their counterparts, however, exploring this
differential impact was beyond the scope of this study. Thus, future studies would benefit
from the comparative assessment of injection history on PrEP attitudes among this sample.

Conclusions

This study is the first to empirically test the IMB model of willingness to use PrEP and to
offer a more comprehensive understanding of the elements that should be incorporated in
future PrEP interventions. The results provide support for the IMB model as PrEP-related
behavioral skills were found to mediate the influence of PrEP-related information and
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motivation on willingness to use PrEP. This test of the IMB model, a prominent theoretical
model of health behavior change [28], provides evidence as to the utility of the IMB model
to increase willingness to use PrEP among high-risk PWUD. It therefore makes an important
contribution to our understanding of the applicability of theoretically-grounded models of
willingness to use PrEP among high-risk PWUD, who are one of the key risk populations
who could benefit from the use of PrEP.
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Brief description of pre-exposure prophylaxis (PrEP) provided to the participants

“There is a new way to prevent HIV infection for people who may be exposed to the virus. It
Is called Pre-Exposure Prophylaxis or PrEP. It involves an HIV-negative person taking a pill
aaily, on an ongoing basis (starting before an exposure and continuing after for as long as
the person is at risk) to reduce their risk of HIV infection. Research suggests that PreP is
generally safe and is highly effective (over 90%) in preventing HIV infection if taken every
aay. It is much less effective if not taken every day and does not protect against other
sexually transmitted infections. Taking PrEP would require a visit to a doctor every three
months in order to be tested for HIV, STIs and side effects.”
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Behavioral Skills

Figure 1.
IMB model of health behavior change [28]
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Behavioral

Skills

Figure 2.
An empirical test of the IMB model of willingness to use PrEP using SEM with standardized

path coefficients

Note. Coefficients are standardized path coefficients.

Overall model fit, x? (72, N=400) = 113.08, p = 0.024, CFI = 0.95, TLI = 0.93 RMSEA =
0.09 (90% CI: 0.05 - 0.14) SRMR = 0.045.

For tests of significance of individual paths, *p < 0.05, **p < 0.01 and ***p < 0.001.
Legend: PrEP: pre-exposure prophylaxis
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Table 1

Characteristics of the participants (A= 400)

Variable Frequency %
Age: Mean (+SD) 409 (11.1)
Gender

Male 234 585

Female 166 415
Sexual orientation

Heterosexual or straight 345 86.3

Homosexual, gay, or lesbian 16 4.0

Bisexual 39 97
Ethnicity

White 253 63.2

African American 70 175

Hispanic or Latino 61 15.3

Other 16 4.0
Marital status

Married 83 208

Divorced 111 278

Widowed 14 35

Single 192 48.0
High school graduate 293 733
Employed 69 17.3
Income

< $10,000 312 78.0

$10,000 — $19,999 57 14.2

> $20,000 31 7.8
Injected illicit drugs (past 30 aays) 230 575
Shared needles/works (past 30 days) n=230

No 80 34.8

Yes 150 65.2
Ever been sexually active (past 30 days) 328 82.0
Number of sexual partners (past 30 days) n=328

1 197  60.0

2-5 116 354

>6 15 4.6
Always used condom with casual partner n=328

No casual partner 64 195

No 215 65.6

Yes 49 149
Heard about PrEP 72 180
Willing to use PrEP 251 627
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SD: standard deviation; PrEP: pre-exposure prophylaxis
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