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Impact of Heroin and HIV on Gut Integrity and Immune
Activation
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Background: Altered gut integrity is central to HIV-related
immune activation. Opioids may promote similar changes in gut
permeability and/or increase systemic inflammation, potentially
augmenting processes already occurring in people with HIV (PWH).

Setting: Urban hospital systems in Cleveland, Ohio, and
surrounding communities.

Methods: This is a prospectively enrolled, cross-sectional study
including people with and without HIV using heroin and people with
and without HIV who have never used heroin, matched by age, sex,
and CD4" T-cell count (PWH only) to compare markers of gut
integrity, microbial translocation, systemic inflammation, and
immune activation.

Results: A total of 100 participants were enrolled. Active heroin
use was associated with higher concentrations of lipopolysaccharide-
binding protein (LBP), beta-D-glucan (BDG), high-sensitivity
C-reactive protein (hsCRP), soluble tumor necrosis factor-a-recep-
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tors I and 11, soluble CD163, inflammatory monocytes, and activated
CD4" lymphocytes in adjusted models. HIV status tended to modify
the effect between heroin use and LBP, BDG, hsCRP, patrolling
monocytes, and activated CD4" lymphocytes (P < 0.15 for
interactions); however, it was not as expected. The effect of heroin
on these markers (except patrolling monocytes) was greatest among
those without HIV rather than among those with HIV.

Conclusions: Heroin use is associated with heightened microbial
translocation, systemic inflammation, and immune activation. Con-
current HIV infection in virologically suppressed individuals does
not seem to substantially worsen the effects heroin has on
these markers.

Key Words: heroin, HIV, gut integrity, immune activation, systemic
inflammation
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INTRODUCTION

People with HIV (PWH) whose mode of HIV acquisition
was intravenous drug use are at higher risk of progression to
AIDS, death due to AIDS, and all-cause mortality even when
controlling for access to care and antiretroviral therapy (ART)
duration.'* Although high-risk lifestyle or death from comorbid
conditions, such as bacterial infection or hepatitis C, certainly
contribute, chronic immune activation may play an important
role. In an observational study of people with a history of
injecting drugs, an inflammatory index constructed from serum
interleukin (IL)-6 and soluble tumor necrosis factor-a-receptor I
(STNF-a-RI) was associated with frailty and increased mortality
in PWH and people without HIV who inject drugs.> Systemic
inflammation associated with intravenous drug use is particularly
relevant for PWH where chronic immune activation is already
apparent and the added contribution of drug use is unclear.

It is plausible that HIV and heroin use together result in
a synergistic effect on immune activation. Peripheral blood
mononuclear cells (PBMCs) from healthy donors cocultured
with PBMCs from PWH in the presence of morphine have
significantly greater p24 antigen release than PBMCs from
controls or PMBCs from PWH in the presence of interleukin-
2, which promotes HIV proliferation.® Heroin use is associ-
ated with lower gene expression and concentrations of
antiviral restriction factors and type 1 interferon, in effect,
limiting antiviral activity.” Morphine also downregulates
B-chemokine production and upregulates CCRS receptor
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expression, resulting in enhanced R5-tropic HIV infection of
macrophages, which is not seen with X4 strains.® Finally,
altered gut integrity and resultant microbial translocation to
the systemic circulation seem to be a central factor in HIV-
related immune activation®'9; heroin use may further exac-
erbate this pathology.!!

In this study, our aim was to evaluate associations
between heroin use and gut integrity, microbial translocation,
systemic and vascular inflammation, and immune activation and
to understand how HIV infection modifies the effects of heroin
on these factors. Our hypothesis was that heroin use would be
associated with worse markers of gut integrity, microbial
translocation, inflammation, and immune activation; and the
effects would be greatest in PWH.

METHODS

Study Participants

The Impact of Heroin on Immune Activation in HIV
study (or ACTIVATE study) is a prospective, observational
cohort study designed to understand the effect of heroin use on
innate and acquired immune activation and to assess the factors,
such as gut integrity, which may mediate these associations in
PWH who actively use heroin (HIV+ heroin+ individuals) and
age-matched, sex-matched, and CD4" T-cell count-matched
PWH who have never used heroin (HIV+ heroin— individuals)
in Cleveland, Ohio. People without HIV who actively use heroin
(HIV— heroin+ individuals) and those who have never used
heroin (HIV— heroin— individuals) were enrolled for a single
visit designed for cross-sectional analyses. Eligibility criteria
included age 18 years or older, self-report of current injecting or
snorting heroin for at least 1 month with cumulative use of at
least 12 months in the past for the active heroin use groups, or
no heroin use ever for groups that never use heroin. Participants
with HIV were required to have HIV-1 RNA = 400 copies/mL
if they were on ART. Presence of an inflammatory condition,
active malignancy, infection in the past 2 weeks, pregnancy,
uncontrolled diabetes, known cardiovascular disease, liver
function tests greater than 2.5 times the upper limit of normal,
hemoglobin <9 g/dL, and creatinine clearance by the
Cockeroft-Gault formula < 30 mL/min were exclusionary for
all groups. Potential participants were recruited from the
MetroHealth System (MHS), University Hospitals Cleveland
Medical Center (UHCMC), and drug treatment facilities across
Cleveland, Ohio, and surrounding communities. All participants
provided written informed consent. The study protocol and
informed consent were approved by the MHS and UHCMC
Institutional Review Boards. The analysis presented in this
article was performed after the first 100 participants
were enrolled.

Study Evaluations

Demographics, medical history, and substance use
history were obtained by self-report, and a targeted physical
examination, an 8-hour fasting blood draw, and urine
collection were performed. Plasma, urine, and PBMCs were
cryopreserved until thawed once and analyzed in batches.
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Soluble Markers of Gut Integrity, Microbial
Translocation, Inflammation, and
Monocyte Activation

Soluble markers of gut integrity (intestinal fatty acid—
binding protein or I-FABP), intestinal permeability (zonulin),
bacterial translocation (LPS-binding protein or LBP), fungal
translocation (beta-D-glucan or BDG), systemic inflammation
(high-sensitivity C-reactive protein or hsCRP, IL-6, sTNF-
a-RI and sTNF-a-RII, and D-dimer), vascular inflammation
(soluble vascular cell adhesion molecule-1 or sVCAM-1), and
monocyte activation (soluble CD14 or sCD14 and soluble
CD163 or sCD163) were quantified using ELISA as per
manufacturers’ instructions (R&D Systems, Minneapolis,
MN, for all; except PromoCell GmbH, Heidelberg, Germany,
for zonulin; Hycult Biotech Inc., Wayne, PA, for LBP;
MyBioSource, San Diego, CA, for BDG; and Diagnostic
Stago Inc., Parsippany, NJ, for D-dimer).

Cellular Markers of Monocyte and
T-cell Activation

Cellular markers of immune activation were pheno-
typed from PBMCs by flow cytometry, as previously
described, using a Miltenyi MACSQuant flow cytometer
(Miltenyi Biotec, Bergisch Gladbach, Germany).!?> Monocyte
subsets, including CD14* CD16" (inflammatory) and CD14
dim CD16" (patrolling), were quantified as a percentage of
the overall ~monocyte  population. CD4" and
CD8* lymphocytes expressing CD38 and HLA-DR (acti-
vated) were quantified as a percentage of the overall CD4"
and CD8" lymphocyte population, respectively.

Statistical Analysis

Demographics, clinical characteristics, and HIV-related
characteristics were compared among group using the
Kruskal-Wallis test for continuous variables and the X2,
Fisher exact, or Pearson exact x? test for categorical variables,
as appropriate. Outcomes including markers of gut integrity,
microbial translocation, systemic and vascular inflammation,
and monocyte and T-cell activation were compared between
groups in a pairwise fashion. Comparisons planned a priori
were between (1) HIV+, heroint+ and HIV+, heroin—; (2)
HIV—, heroint and HIV—, heroin—; and (3) HIV+,
heroint and HIV—, heroin+. Unadjusted followed by
adjusted pairwise comparisons of the least square means for
each outcome variable were made using ANOVA (GLM
procedure). Additional variables included were age, sex, race,
trunk fat, smoking, and hepatitis C status. To evaluate for
effect modification by HIV status, ANOVA models included
heroin use status, HIV status, and a heroin use-by-HIV status
interaction term. A conservative P value of <0.15 was
considered a potentially important interaction effect. Finally,
markers were compared between heroin users with and
without HIV after adjusting for route of heroin administration
and intensity of heroin use, that is, self-reported grams of
heroin used per week and the average number of days per
week heroin was used, separately. Outcome variables were

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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transformed before analyses by using the natural logarithm.
All analyses were performed using SAS software, version 9.4
(Carey, NC). Statistical significance was defined by P < 0.05
except where previously described.

RESULTS

Demographics and Clinical Characteristics

From July 2017 to August 2018, 100 participants were
enrolled (19 HIV+ heroin+, 19 HIV+ heroin—, 38
HIV — heroin+, and 24 HIV — heroin— participants). Overall,
the median (IQR) age was 42 years (33-51 years), and 75%
were men. There were differences in race/ethnicity distribu-
tion among the groups (Table 1), with most of the participants
in each group being non-Hispanic White, except in the
HIV+ heroin— group where most were non-Hispanic Black.
A high proportion of HIV+ heroint+ participants were
Hispanic (37%), reflecting the demographics of heroin use
among PWH in Cleveland, Ohio. The body mass index was
lowest in the HIV+ heroin+ participants (P = 0.02 among all
groups). Participants using heroin were more likely to
experience chronic hepatitis C (56% vs 0%; P < 0.0001),
to be current smokers (98% vs 42%; P < 0.0001), with a
greater number of pack-years (17 vs 6; P < 0.01), and to
currently use cocaine or amphetamines (49% vs 7%,
P < 0.0001; or 12% vs 0%, P = 0.03, respectively) when
compared with participants not using heroin. Current canna-
bis use among all participants was high and similar between
groups using heroin [53% vs 58% for HIV+ heroint vs
HIV— heroint+ groups (P = 0.71 between heroin+ groups),
73% for HIV+ heroin— group, and 25% for
HIV — heroin— group (P = 0.01 among all groups)]. Among
those who self-reported heroin use, 49% were positive for
fentanyl, 35% for morphine, 18% for methadone, 16% for
heroin metabolite, and 5% for oxycodone by urine toxicol-
ogy. Multiple opioids were present in 39% of the participants.
The distribution of opioids was similar between participants
with and without HIV. More participants in the
HIV+ heroin+ group reported using heroin exclusively
through the intranasal route than the HIV— heroin+ group
(26% vs 0%; P < 0.0001), but self-reported average grams of
heroin used per week and the number of days heroin used per
week were similar (P = 0.92 and 0.72, respectively).

In participants with HIV, the median (IQR) known
duration of HIV was 13 years (8-18 years). PWH using
heroin had a shorter ART duration [4 (2-9) vs 9 (7-14) years,
P = 0.02] and lower current but similar nadir CD4" T-cell
counts than those who did not use [562 (276-799) vs 767
(623-1035) cells/'mm?>; P = 0.02, and 201 (42-301) vs 212
(110-280) cells/mm3; P = 0.82, respectively]. All but 2
participants were on ART, and all participants on ART had
HIV-1 RNA < 400 copies/mL.

Gut Integrity and Microbial
Translocation Markers

Figure 1 shows the adjusted least square means for each
outcome by group. Concentrations of [-FABP were similar

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

among groups (P = 0.21), and neither heroin use nor HIV
were independently associated with I-FABP in unadjusted
analyses. However, with adjustment, there was some evi-
dence that among participants without HIV, I-FABP concen-
tration was higher in those who use heroin (HIV — heroin+ vs
HIV— heroin—; P = 0.06). HIV status, but not heroin use,
was independently associated with zonulin (P = 0.02), and
there was some evidence that among heroin users, those with
HIV had higher zonulin in adjusted models (HIV+ heroin+ vs
HIV— heroin+; P = 0.07). When adjusting for the route of
heroin use, among participants who use heroin, those with
HIV had higher zonulin concentrations than those without
HIV (P =10.04). HIV status did not modify the effect of heroin
on [-FABP or zonulin.

Heroin use was independently associated with higher
concentrations of LBP and BDG (P < 0.01 and P = 0.01 in
the fully adjusted models, respectively), and these effects
were modified by HIV status (P = 0.07 and P = 0.10 for
heroin use by HIV status interactions, respectively). Concen-
trations of LBP and BDG were higher in heroin users than
nonusers among those without HIV in adjusted models
(HIV—heroin+ vs HIV— heroin—; P < 0.01 for both),
although concentrations were more similar between heroin
users and nonusers among those with HIV (HIV+ heroin+ vs
HIV+ heroin—; P = 0.36 and P = 0.38, respectively). Of
interest, BDG was higher in heroin users without HIV than in
heroin users with HIV (HIV+ heroint vs HIV— heroint;
P = 0.02). The results described earlier were similar after
excluding 3 participants on antibiotics 2
HIV+ heroin+t participants on cephalexin and on doxycycline,
respectively, and 1 HIV— heroin— participant on penicillin);
there were no participants on antifungal medications. Fur-
thermore, adjusting for the route of heroin use and intensity of
use did not change the results.

Systemic and Vascular Inflammation Markers
Heroin use was independently associated with higher
hsCRP (P = 0.01), sSTNF-a-RI (P < 0.01), sTNF-a-RII
(P < 0.001), and D-dimer (P < 0.01) concentrations in
adjusted models. Associations between heroin use and IL-6
and sVCAM-1 attenuated with adjustment (P = 0.29 and 0.57,
respectively). HIV status was not independently associated
with inflammation marker concentrations. In fact, all inflam-
mation markers were similar among those using heroin,
regardless of HIV  status (HIV+  heroint vs
HIV— heroin—). HIV status did modify the effect between
heroin use and hsCRP (P = 0.09 for heroin use by HIV status
interaction). Concentrations of hsCRP were higher in heroin
users than in nonusers among those without HIV
(HIV— heroin+ vs HIV— heroin—; P < 0.01 in adjusted
model), whereas differences among participants with HIV
were smaller and did not meet statistical significance
(HIV+ heroin+ vs HIV+ heroin—; P = 0.34). See Figure 2.

Monocyte and T-lymphocyte Activation
Heroin use was independently associated with higher
sCD163 (P = 0.04 in adjusted model) concentrations, and
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TABLE 1. Baseline Demographics and HIV-Related Characteristics of Group

HIV+ HIV+ HIV—- HIV—- P,
Heroin+, Heroin—, Heroin+, Heroin—, P, P, Heroin+ vs
n=19 n=19 n =238 n=24 Overall* HIV+vs HIV—* Heroin—*

Age, yrs 47 (32.9,549) 46.5(32.4,53.8) 37.5(34.1,50.5) 443 (32.6,52.3) 0.61 0.28 0.56
Male 14 (74) 15 (79) 27 (71) 19 (79) 0.88 0.81 0.41
Race/ethnicity <0.0001 <0.001 <0.001

White, non-Hispanic 10 (53) 2(11) 26 (68) 17 (71)

Black, non-Hispanic 2 (11) 15 (79) 5(13) 521

Asian, non-Hispanic 0(0) 1(5) 2(5) 14

Hispanic 7 (37) 15 5(13) 1(4)
Current smoker 19 (100) 11 (58) 37 97) 7 (29) <0.0001 0.38 <0.0001
BMI, kg/m? 23.6 (21.6, 25.2) 26 (23.5, 29.8) 25.8(22.9,28.3)  26.6 (22.9, 29.7) 0.02 0.12 0.06
Trunk fat, g 6839 (5561,9452) 11,576 (8460, 9126 (6632, 14,819) 12,136 (7233, <0.01 0.17 <0.01

15,969) 14,623)

Hepatitis C 11 (58) 0 (0) 21 (55) 0 (0) <0.0001 0.61 <0.0001
HIV duration, yrs 11.8 (2.3, 18.9) 13.2 (8.1, 16.7) — — — — 0.82
ART duration, yrs 4.5(1.8,9.4) 8.7 (6.8, 13.8) — — — — 0.02
On ISTI 10 (53) 13 (68) — — — — 0.32
On PI 6 (32) 3 (16) — — — — 0.25
On NNRTI 1(5 7 (37) — — — — 0.02
CD4*, cells/mm? 562 (276, 799) 767 (623, 1035) — — — — 0.02
Nadir CD4", cells/mm? 201 (42, 301) 212 (110, 280) — — — — 0.83
HIV-1 RNA <200 copies/mL 16 (84) 19 (100) — — — — 0.07
Heroin route — <0.0001 —

Intravenous 14 (74) — 38 (100) —

Intranasal 5(26) — 0 (0) —
Amount of heroin per week, 72,7) 6 (3.5, 7) 0.92

in grams
Current substance use

Cannabis 10 (53) 14 (73) 22 (58) 6 (25) 0.01 0.08 0.34

Cocaine 9 (47) 1(5) 19 (50) 2 (8) <0.001 0.43 <0.0001

Methamphetamine 3 (16) 0 (0) 4 (11) 0 (0) 0.16 >0.99 0.04

Values shown are median (interquartile range) and frequency (column percentage).

*The Kruskal-Wallis or Pearson exact and x? tests for comparisons of more than 2 groups and the Wilcoxon rank sum or x? test for comparison between 2 groups.
BMI, body mass index; ISTI, integrase strand transfer inhibitor; PI, protease inhibitor; NNRTI, nonnucleoside reverse transcriptase inhibitor.

there was some evidence of association with higher sCD14
(P = 0.05) concentrations. In addition, heroin use was
independently associated with a higher proportion of inflam-
matory monocytes (CD14" CD16") (P < 0.05), and there was
some evidence of association with a lower proportion of
patrolling monocytes (CD14* CD16 dim) (P = 0.09). HIV
infection was associated only with higher sCD163 (P = 0.02).
HIV status modified the effect of heroin use on proportion of
patrolling monocytes (P = 0.13 for heroin use by HIV status
interaction). The proportion of patrolling monocytes were
lower in heroin users than in nonusers among those with HIV
(P < 0.05 in adjusted model), whereas proportions were more
similar among those without HIV (P = 0.32). See Figure 3.
Both heroin use and HIV infection were independently
associated with heightened CD4* (P < 0.001 for both) and
CD8" (P =0.09 and <0.0001, respectively) T-cell activation.
HIV status modified the effect of heroin use on CD4" T-cell
activation (P = (.12 for heroin use by HIV status interaction).
The difference in CD4* T-cell activation between heroin users
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and nonusers was significant and much greater among those
without HIV (HIV — heroin+ vs HIV — heroin—; P < 0.0001
in adjusted model) than among those with HIV
(HIV+ heroin+ vs HIV+ heroin—; P = 0.14). CD8" T-cell
activation was higher in participants with HIV than in those
without HIV among heroin users (HIV+ heroint+ vs
HIV— heroin+; P < 0.01). For CD4" and CD8" T-cell
activation, adjusting for current CD4* T-cell count did not
change the results among participants with HIV.

DISCUSSION

In this study of 100 participants with and without HIV
who use and do not use heroin, we have shown that heroin
use is independently associated with higher microbial trans-
location (LBP and BDG), systemic inflammation (hsCRP,
STNF-a-RI, sSTNF-a-RII, and D-dimer), monocyte activation
(sCD163 and a proportion of inflammatory monocytes), and
CD4" T-cell activation, HIV infection is independently

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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associated with higher gut permeability (zonulin), monocyte
activation (sCD163), and CD4* and CD8" T-cell activation;
and HIV status modifies the effect of heroin on concentrations
of microbial translocation markers (LBP and BDG), hsCRP,
proportion of patrolling monocytes, and CD4* T-cell activa-
tion. Counter to our hypothesis that heroin use would worsen
these markers to a greater degree in people with HIV,
differences in these markers between heroin and nonheroin
users were greatest in those without HIV for all markers
except in the proportion of patrolling monocytes (Fig. 4).
Of importance, heightened concentrations of both
bacterial and fungal translocation markers were associated
with heroin use in this study. In a cross-sectional study
(N = 119), circulating LPS was higher in PWH who use
intravenous drugs compared with people who do not use
intravenous drugs.!! In that study, despite lower HIV-1 RNA
levels and higher CD4* T-cell counts, those who used
intravenous heroin, but not intravenous cocaine, had higher
plasma LPS levels compared with those without substance
use. Our study extends these results because higher BDG was
also associated with heroin use, which has high significance,
given this fungal translocation marker has links to HIV-
associated immune activation and downstream metabolic
effects.!>-1® Of interest, in this study, although there was
some evidence that HIV infection was associated with higher
zonulin, presence of HIV did not seem to substantially worsen

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

either gut integrity or microbial translocation markers among
participants using heroin. It is possible that greater differences
were not apparent because most of the participants with HIV
in this study were on ART and virologically suppressed. The
chronic immune activation that characterizes HIV infection is
driven largely by the depletion of intestinal CD4" T cells,
leading to altered gut integrity and microbial translocation.
Although not to preinfection levels, ART initiation can
improve gastrointestinal-associated lymphoid tissue function,
especially if ART is initiated early.!®20 In addition, we are
unaware of the additives in the heroin preparations used by
participants. Additives, such as cellulose, may have resulted
in higher concentrations of BDG in plasma. Although we did
further adjust models for how heroin was used (injection vs
intranasal) and results were unchanged, we cannot exclude
this as a possible explanation for why BDG concentrations
were higher in heroin users without HIV compared with those
with HIV.

Often aligned with heightened microbial translocation,
markers of monocyte activation, sCD14 and sCD163, and the
proportion of inflammatory monocytes were also associated
with heroin use in adjusted analyses. In a matched, cross-
sectional study (N = 50) of viremic PWH and people without
HIV who inject drugs and viremic PWH and people without
HIV who never injected drugs, sCD14 concentrations were
highest in PWH regardless of injection drug use.?' In our
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FIGURE 2. Systemic and vascular inflammation markers by
group. Symbols represent adjusted least square means for
each marker by group. Means are adjusted for age, sex, race,
trunk fat, smoking, and hepatitis C status. Error bars show
95% confidence interval around the mean values. P < 0.05
indicates there are differences between the mean values
among groups. **P < 0.01 between groups; *P < 0.05
between groups. Black boxes surrounding a y axis variable
indicate that there is effect modification by HIV status for this
marker, that is, P < 0.15 for heroin use-by-HIV status inter-
action term. hsCRP, high-sensitivity C-reactive protein; IL-6,
interleukin-6; sTNF-a-Rl and sTNF-a-Rll, soluble tumor necro-
sis factor-o receptor | and receptor Il; sVCAM-1, soluble vas-
cular cell adhesion molecule-1.

study, differences in soluble measures of monocyte activation
were not significantly different among people who use heroin
with and without HIV possibly because most of the PWH
were virologically suppressed on ART. Our results extend the
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FIGURE 3. Soluble and cellular markers of monocyte and T-
cell activation by group. Symbols represent adjusted least
square means for each marker by group. The mean values are
adjusted for age, sex, race, trunk fat, smoking, and hepatitis C
status. Error bars show 95% confidence interval around the
mean values. P < 0.05 indicates there are differences between
the mean values among groups. **P < 0.01 between groups;
*P < 0.05 between groups. Black boxes surrounding a y axis
variable indicate that there is effect modification by HIV status
for this marker, that is, P < 0.15 for heroin use-by-HIV status
interaction term. sCD14, soluble CD14; sCD163, soluble
CD163.

literature by showing a heightened proportion of inflamma-
tory monocytes similar among people who use heroin
regardless of HIV status, but a lower proportion of patrolling
monocytes that were lowest in PWH who use heroin. This is
of particular relevance to PWH who are at heightened risk of
cardiovascular disease?? because patrolling monocytes func-
tion to remove damaged cells and debris from vasculature,

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 4.The mean difference between groups for soluble markers of gut integrity, microbial translocation, systemic and vas-
cular inflammation, and monocyte activation. Bars represent difference in adjusted least square means between groups. The mean
values are adjusted for age, sex, race, trunk fat, smoking, and hepatitis C status. Error bars show 95% confidence interval around
difference in the mean values. **P < 0.01; *P < 0.05. As an example, in the first graph, values to the right of zero indicate that
marker values are higher in the HIV+ heroin+ group compared with those in the HIV+ heroin-group.

promoting the resolution of inflammation.?? In the aforemen-
tioned study by Mehandru et al,>! CD4" T cells were depleted
in peripheral blood and colonic tissue and CD8* T cells
increased in peripheral blood and colonic tissue, without
regard for injection drug use in viremic PWH. Both CD4" and
CD8™" T-cell activation were significantly increased in people
who inject drugs regardless of HIV status, although the
magnitude of increase in T-cell activation was greater in
PWH who inject drugs. In our study, CD8" T-cell activation
was highest in the heroin users with HIV. However,
heightened CD4" T-cell activation in heroin users was
independent of HIV status.

Finally, heroin use was associated with heightened
systemic inflammation independent of HIV infection. It is clear
that injection drug use leads to an increase in systemic
inflammation,?*%> possibly through direct injection-related injury
or infection,>?7 type of heroin injected,?®?° filler agents,
injection practices such as reusing cotton filters, 33! other high-
risk behaviors,*>33 or environmental factors, such as low
individual and community socioeconomic status.>* From the
Study to Assess Hepatitis C Risk (N = 541), nearly half of the
people who inject drugs reported ever having an abscess.’> Of
importance, participants had a greater number of injection
partners were more likely to inject daily and to share cookers
and less likely to use new syringes with each injection. In another
survey of people who inject heroin (N = 145), two-thirds reported
having at least 1 abscess ever and 20% reported having >2
abscesses per year.3¢ In this study, 39% of participants waited at
least 2 weeks to seek care. It follows that injection drug use likely
contributes to at least intermittent increases in systemic inflam-
mation chronically. In our study, participants in the heroin use
groups did not have active abscesses despite having higher levels
of systemic inflammation, although we cannot rule out that
previous or intermittent skin and soft tissue infections could have
contributed to the heightened inflammatory response seen in
these groups.

As with any cross-sectional evaluation, causality cannot be
determined. A longitudinal follow-up for the ACTIVATE study is

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

currently underway. In addition, although LBP and BDG are
established markers of microbial translocation, it is possible that
concentrations of these markers were elevated in this study
population because of injection practices rather than altered gut
integrity. Future study using colonic tissue is needed. Further
limitations of this study include inadequate power to detect all
possible interactions or to dissect the effect of different opioids on
the markers assessed. Furthermore, it is possible that differences
among the groups with HIV (HIV+ heroin+ and HIV+ heroin—)
may not have met significance because of the small sample size.

CONCLUSIONS

Heroin use is associated with heightened microbial
translocation, systemic inflaimmation, and monocyte and
T-cell activation, and this is independent of HIV status.
Participants with HIV who did not use heroin demonstrated
heightened measures of nearly all markers tested when
compared with those without HIV, demonstrating that HIV
infection results in disruption of gut integrity, microbial
translocation, systemic inflammation, and immune activation.
This likely explains why differences in markers assessed
among heroin users and nonusers with HIV were smaller than
differences between heroin users and nonusers without HIV.
Indeed, HIV infection did not seem to substantially worsen
the multiple effects that heroin has on microbial translocation,
systemic inflammation, and immune activation. Future studies
should assess the effects of heroin in the context of HIV
infection over time and potential reversal of these effects with
cessation of heroin with and without medication-assisted
treatment for opioid use disorder.
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