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Abstract

Intravenous drug use (IDU) is one of the most important transmission routes for blood borne viruses, including
human immunodeficiency virus (HIV), hepatitis B virus (HBV), and hepatitis C virus (HCV). These infections
alter the subset distributions of T cells; however, knowledge of such effects during HIV, HBV, and or HCV
coinfection is limited. Therefore, we aimed to evaluate any associations between T cell distribution and the
presence of HIV, HBV, and HCV coinfections among persons who inject drugs (PWID). Blood samples from
88 Caucasian PWID (mean age 30; 82% male) and 47 age-matched subjects negative for all three infections
(mean age of 29; 83% male) were analyzed. The T cell markers CD3, CD4, CD8, CD45RA, CCR7, HLA-DR,
and CCR5 were assessed using flow cytometry. Of the PWID, 40% were HIV+HBV+HCV+, 20%
HBV+HCV+, 19% HCV+, and 13% negative for all three infections. The HIV+HBV+HCV+ PWID had lower
percentages of CD4" and higher percentages of CD8" cells compared to triple negative PWID (p<0.001 in all
cases). The only difference between HBV+HCV+ with triple negative PWID was the lower CD4" cell per-
centages among the former (52.1% and 58.6%, p=0.021). Triple negative PWID had higher immune activation
and number of CCR5" cells compared to the controls. We suggest that the altered T cell subset distribution
among PWID is mainly triggered by HIV infection and or IDU, while HBV and or HCV seropositivity has

minimal additional effects on CD4" cell distribution.

Introduction

HUMAN IMMUNODEFICIENCY VIRUS (HIV), hepatitis B
virus (HBV), and hepatitis C virus (HCV) are causing
health problems around the world. Owing to these viruses
sharing similar transmission routes, coinfections are com-
mon, especially among persons who inject drugs (PWID)
(7,30,34). These viruses affect the immune system by in-
creasing immune activation and causing changes to T cell
subset distribution (7,8,12,14,27). Our previous research (14)
and that of others (5,7,9,11,27) have shown the importance
of CD4" and CD8" T cell responses in the susceptibility to
HIV and in the progression of HIV, HBV, and HCV mono-
infections. Furthermore, compared to mono-infections, HIV/
HCV coinfection is characterized by relatively higher im-
mune activation, acceleration of liver diseases, and higher
HIV viral loads, while HIV/HBV coinfected individuals have
a higher risk of developing chronic HBV (10,12,20,23).

To describe the effect of changes to T cell distribution,
multiple classifications based on the cell surface marker
expressions have been used. One of the most common
classifications uses the expression of CD45RA and CCR7, to
divide both CD4* and CD8" T cells into four groups of naive
and memory cells: naive (Tyn; CD45RA* CCR7"); central
memory (Tey; CD45RATCCR7Y); effector memory (Tgy;
CD45RA™CCR7"); and terminally differentiated (Ttemgra;
CD45RA" CCR77) (16). Each of these cell types has distinct
immunological functions and a progenitor—product relation-
ship, whereby they evolve from one cell type to another. Ty
cells progress into lymph-node homing Ty, cells without
cytotoxic functions and then into anti-inflammatory Tgpy
cells (6). Ttgmra cells are terminally differentiated having
low functional and proliferative capacities (22). In addition,
both CD4* and CD8" T cells are able to express markers of
immune activation, as defined by the presence of CD38"
and/or HLA-DR, and the HIV main coreceptor CCRS.

'Department of Microbiology, Institute of Biomedicine and Translational Medicine, Faculty of Medicine, University of Tartu, Tartu,

Estonia.

Department of Immunology, Institute of Biomedicine and Translational Medicine, Faculty of Medicine, University of Tartu, Tartu,

Estonia.

*Icahn School of Medicine at Mount Sinai, New York, New York.

“Institute of Family Medicine and Public Health, Faculty of Medicine, University of Tartu, Tartu, Estonia.

464



T CELLS AND COINFECTIONS AMONG PWID

Despite the large number of studies that have investigated
T cell distribution among HIV-positive individuals or those
with chronic HBV or HCV, little is known about cellular
immune responses among PWID, who are often seropositive
for multiple viruses. Similar to other Eastern European
PWID groups, the intravenous drug user (IDU) population
in Estonia has high rate of HIV, HBV, and or HCV coin-
fections and a high percentage of opioid users (14,15,29,31).
We have shown that HIV exposure increases CD45RA™
RO" T cell percentages and immune activation among an
Estonian PWID population (14); however, how the sero-
positivity of individuals with all three infections (HIV,
HBYV, and HCV) affects T cell distribution has thus far been
seldom studied. Therefore, we aimed to investigate the ef-
fects of HIV, HBV, and HCV seropositivity and IDU itself
upon T cell subset distribution, immune activation, and
CCRS5 expression among Caucasian PWID.

Materials and Methods
Study population

We recruited 88 PWID and 47 healthy volunteers (con-
trols) of Caucasian origin. The PWID were recruited using a
respondent driven sampling method (17), from individuals
who were using the syringe exchange program in Tallinn
(Estonia) during 2011 (13,14). The control group was re-
cruited during 2012-2013 in Tartu (Estonia) and matched
for age and gender to the HIV-negative PWID participants.

From each subject, 16 mL of venous blood was collected
through venipuncture into EDTA tubes (VACUETTE®; Grei-
ner Bio-One GmbH, Frickenhausen, Germany) and transported
to the laboratory of the University of Tartu’s Department of
Microbiology. After 24 h, peripheral blood mononuclear cells
(PBMCs) were separated using a Ficoll gradient. The samples
were then stored in a medium consisting of 90% FBS and 10%
DMSO at —80°C.

HIV-1 (genus Lentivirus, family Retroviridae) serostatus was
assessed at the Estonian Central HIV Reference Laboratory of
Western-Tallinn Central Hospital using a fourth generation
enzyme-linked immunoassay (Vironostika HIV Uniform IT Ag/
Ab; BioMerieux, Marcy 1’Etoile, France) and immunoblotting
(INNO LIA HIV I/l Score Western blot; Microgen Biopro-
ducts Ltd., Surrey, United Kingdom). HCV (anti HCV Ab) and
HBV (HBsAg, anti-HBc) testing were performed at the In-
stitute for Health Development using ETI-MAK-4 HBsAg,
ETI-AB-COREK, and ETI-AB-HCVK-3 Kits (DiaSorin, Ver-
celli, Italy).

T cell immunophenotype analysis

T cell subpopulations were determined using multicolor
flow cytometry, as described by Kallas et al. (14). Thawed
PBMCs were diluted using 1x DPBS (Sigma Life Science,
St. Louis, MO), stained with fluorochrome-conjugated mono-
clonal antibodies to CD3, CD4, CD8, CD45RA, CCR7,
HLA-DR (BioLegend, San Diego, CA), and CCRS5 (Becton
Dickinson, Franklin Lakes, NJ), washed twice with 1X
DPBS, and then fixed with a 1% paraformaldehyde solution.
The flow cytometry was conducted within 2h of fixation
using a LSRFortessa cytometer and FACSDiva version 6.2
software (Becton Dickinson). All flow cytometry results
were analyzed in a blinded manner and fluorescence minus
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one controls were used for the analyses of CCRS and HLA-
DR. From each participant, ~ 10,000 CD3* cells were an-
alyzed. The results are presented as the percentage of cells
from the parent cell population.

Statistical analysis

Any statistical differences in T cell subset percentages
between groups were determined using Mann—Whitney-
Wilcoxon’s test with Holm—Bonferroni correction with R
version 2.13 software. Corrected p <0.05 was considered
statistically significant.

Ethical considerations

This study was approved by the Ethics Committee of the
University of Tartu. All study participants signed an in-
formed consent form.

Results
Characteristics of the study population

The median age of the 88 PWID was 30 years old (IQR 25—
33) and for controls 29 years old (IQR 25-33). Of the PWID
and controls, 72 (82%) and 39 (83%), respectively, were male.
The median duration of IDU was 11 years (IQR 7-14) among
all PWID. In total, 41 (47%) of the PWID were HIV, 75
(85%) HCV, and 55 (63%) HBV seropositive. Three study
subjects were HBsAg seropositive (two HIV+tHBV+HCV+
and one HIV-HBV+HCV+). Of the PWID, 35 (40%) had
triple infection (HIVAHBV+HCV+), and 11 PWID (8%) were
seronegative for all three virus antibodies (Table 1). All triple
negative subjects reported receptive syringe sharing during the
last 6 months. Of the PWID and controls, 11 (13%) and 23
(49%), respectively, were immunized against HBV.

T cell subsets and HIV, HCV, and HBYV infection

Lymphocyte subsets of triple-seropositive, HBV/HCV
dual-seropositive, HCV mono-seropositive, and triple nega-
tive PWID are presented in Figure 1, Table 2, and Supple-
mentary Table S1 (Supplementary Data are available online at
www.liebertpub.com/vim). Multiple statistically significant
differences were found when comparing triple positive PWID
with individuals without HIV infection (HBV/HCV dual in-
fection, HCV mono-infection, or triple negative PWID). Tri-
ple positive individuals had lower percentages of CD4" and
higher percentages of CD8" cells than subjects with HBV/
HCV dual- or HCV mono-infections (p<0.001 in all cases,
Fig. la, d). Triple positives had lower percentages of CD4"

TaBLE 1. HIV, HCV, aAND HBV SEROSTATUS

AMONG PWID
HIV+ (n=41), HIV- (n=47),
n (%) n (%)
HBV- HCV- 0 (0) 11 (13)
HBV- HCV+ 5 (6) 17 (19)
HBV+ HCV- 1(1) 1(1)
HBV+ HCV+ 35 (40) 18 (20)

HBYV, hepatitis B virus; HCV, hepatitis C virus; HIV, human
immunodeficiency virus; PWID, persons who inject drugs.
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FIG. 1. The ratio (median%) of CD4" lymphocyte subsets from the parent cell population among HIVAHBV+HCV+

PWID (dark gray), HIV-HBV+HCV+ PWID (medium gray), HIV-HBV-HCV+ PWID (light gray), and triple negative
PWID (white). Panel (a) indicates CD4", (b) CD4" Tcm, (¢) CD4™ Trpmga, (d) CD8™, (e) CDS™ Ty, (f) CD8* Tew, and (g)
CD8" Tcwm cells. Holm—Bonferroni corrected p<0.05 was considered statistically significant and is presented on the figure.
HBYV, hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus; PWID, persons who inject drugs.
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TABLE 2. THE RaTIO (MEDIAN %) OF HLA-DR" AND CCR5" LYMPHOCYTE SUBSETS
TO THE PARENT CELL PoPULATION AMONG PWID
HIV+HBV+HCV+ HIV-HBV+HCV+ HIV-HBV-HCV+ Triple negative
Cell populations (n=35) (n=18) (n=17) (n=11) p* p° p°
HLA-DR* lymphocyte subsets
CD4" HLA-DR 12.0 (6.6-19.2) 4.9 (3.6-5.6) 5.5 (4.2-6.5) 54 4.1-8.7) <0.001 <0.001 0.011
Tem HLA-DRY 13.0 (8.9-19.5) 4.0 (3.5-4.7) 5.2 (3.8-5.5) 49 (3.7-6.0) <0.001 <0.001 <0.001
Tem HLA-DR' 38.6 (30.2-50.5) 18.0 (13.2-20.6) 17.5 (14.9-23.5) 23.2 (21.0-25.9) <0.001 <0.001 0.050
CD8" HLA-DR* 45.8 (37.4-53.1) 13.6 (8.5-18.5) 15.6 (13.0-22.0) 23.9 (15.2-27.9) <0.001 <0.001 <0.001
Tx HLA-DR" 4.0 (2.9-7.6) 2.3 (1.8-3.7) 2.3 (1.7-3.9) 2.8 (1.1-3.8) 0.017 0.017 0.076
Tem HLA-DRY 33.9(19.747.2) 7.6 (6.4-8.9) 10.3 (6.9-13.6) 9.5 (5.3-12.9) <0.001 <0.001 <0.001
Tem HLA-DR" 54.1 (47.6-62.2) 23.0 (12.6-31.1) 29.1 (20.3-36.2) 31.3 (23.5-38.6) <0.001 <0.001 <0.001
Tremra HLA-DR' 372 (27.2-46.0) 21.2 (9.2-26.1)  20.9 (14.7-26.1) 30.8 (18.9-42.3) <0.001 <0.001 0.718
CCR5* lymphocyte subsets
CD4" Tgm CCRS 7.0 (2.3-9.3) 7.6 (4.1-10.0) 9.6 (6.0-12.0) 10.9 (8.2-12.6) 0.987 0.239 0.026
CDS8* Ty CCR5" 1.5 (0.5-3.2) 0.5 (0.3-1.4) 0.3 (0.1-0.4) 0.7 (0.1-1.0) 0.055 <0.001 0.162
CD8" Tey CCRS* 12.8 (5.4-25.8) 2.8 (1.9-7.2) 6.3 (3.9-8.7) 3.2 (2.3-8.7) 0.002 0.049 0.037

Only values with significant differences between cell populations are presented.
No differences were found between HIV-HBV+HCV+ and HIV-HBV-HCV+ subjects or HIV-HBV-HCV+ and triple negative
subjects. Holm—Bonferroni corrected p <0.05 is considered statistically significant and is marked in bold.

“HIV+ HBV+ HCV+ compared to HIV-HBV+ HCV+.
"HIV+ HBV+ HCV+ compared to HIV-HBV-HCV+.
“HIV+ HBV+ HCV+ compared to triple negative.

Ty, naive; Tcyy, central memory; Ty, effector memory; Tremra, terminally differentiated cells.

Tevm and higher percentages of CD4™ Trgvra cells than
HCV+ HBV+ individuals (36.1% and 50.9%, p=0.001 and
0.6% and 0.2%, p=0.002, respectively, Fig. 1b, c). Regarding
CDS8" cells, triple infected PWID had lower percentages of Ty
and Tcy cells and higher percentages of Tgy; cells than all
other PWID groups (p<0.001 in all cases, Fig. le-g). In
terms of immune activation and the presence of the HIV
coreceptor CCRS, triple infected PWID had significantly
higher percentages of HLA-DR", CD8" Ty CCR5™, and CD8"
Teym CCR5*cells than PWID with HBV/HCV dual- or HCV
mono-infection (Table 2).

No differences in T cell subset distribution were found
when HBV+ HCV+ coinfected PWID were compared to
HCV mono-infected PWID or triple negative PWID to HCV
mono-infected PWID. HBV+ HCV+ coinfected PWID had
significantly lower percentages of CD4" cells compared to
triple negative PWID (52.1% and 58.6%, respectively,
p=0.021, Fig. 1a).

T cell subset distribution among noninfected
PWID compared to controls

To analyze the effects of IDU, triple negative PWID were
compared to controls. The results are presented in Supple-
mentary Table S2 and in Figure 2. Triple negative PWID had
lower percentages of CD4" Tgy; cells and higher immune
activation (based on HLA-DR™ cells) on multiple CD4" cell
types than controls (Fig. 2a—d). In addition, triple negative
PWID had higher percentages of CD4* CCR5"* T¢y; and Tiy
cells (Fig. 2e, ) compared to controls. In terms of CD8"
cells, triple negative PWID had higher percentages of Tcm
cells and immune activated cells (Fig. 2g—j) than controls. In
addition, triple negative PWID had higher numbers of CD8"
Tem CCRS™ cells compared to controls (Fig. 2k).

Discussion

Numerous studies have investigated potential correlations
between T cell distribution and HIV, HBV, and HCV mono-
infection, mostly among sexually infected individuals
(2,9,21,25). The present study investigated PWID, a popu-
lation characterized by high occurrences of blood-borne
infections, exposure to multiple immunomodulatory sub-
stances, including opioids, and altered T cell distribution,
and increased immune activation even when HIV seroneg-
ative (14,26). By analyzing the effects of coinfections and
IDU on T cell distribution, we demonstrated in the present
study that: (a) HIV/VHBV/HCV triple infected individuals
had lower percentages of CD4" T cells and higher percent-
ages of CD8" Tgy cells and immune activation compared to
HIV negative PWID (HBV+HCV+, HCV+, and triple neg-
ative PWID) and controls; (b) HBV+HCV+ but HIV nega-
tive PWID had lower percentages of CD4" cells than triple
negative PWID and controls; and (c) triple negative PWID
had higher percentages of CD8" Tcy cells, lower per-
centages of CD4" Tgy, cells, increased immune activation
markers, and higher percentages of CCRS5-positive cells,
than controls.

The first main finding was the significantly different
T cell subset distribution between HIV+HBV+HCV+ triple
infected PWID and the three HIV-negative PWID groups
(HBV+ HCV+, HCV+, and triple negative PWID). More
specifically, triple infected PWID had lower percentages of
CD4" cells and higher percentages of CD8" cells and immune
activation markers than HIV negative PWID groups, which
was a finding similar to that for hetero- and homosexually
infected HIV-positive individuals without known coinfections
(21,25,35). Although we were unable to assess the distinct
effects of HIV due to a lack of mono-infected subjects among
the PWID, the changes in the T cell distribution among the
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FIG. 2. The ratio (median%) of lymphocyte subsets from the parent cell population among HIV, HCV, and HBV
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HIV-positive PWID coinfected with HBV and or HCV seemed
to be driven by the HIV infection, as HCV and HBV sero-
positivity did not seem to have any additional effects on the
immunological characteristics evaluated.

The second main finding was the lower percentage of
overall CD4" T cells among the HIV negative but HBV+
HCV+ PWID compared to the triple negative PWID. In
previous studies of hepatitis mono-infected populations, an
increase in the CD8" Ty and Tgy CD8* cell populations
through the acute to chronic phase of the illness has mainly
been noted (1,5,28). In addition, an overall decrease in the
number of CD4" T cells has been found among HBV and
HCV mono-infected chimpanzees, together with inade-
quate CD8" T cell responses and subsequent persistent viral
infections (2,9). One should also bear in mind that with
hepatitis, the majority of T cell changes are localized in the
liver, and thus, even if they exist, may not be detectable in
peripheral blood (1,11,27). The interpretation of our results
is even more complex, as PWID are more likely than sex-
ually infected individuals to have been exposed to HIV
without being infected. HIV exposure itself may lead to a
lower percentage of CD4" T cells, as shown in sexually HIV
exposed but seronegative individuals (35), as well as in the
triple negative PWID individuals in the present study. It
seems likely that the studied PWID population is enriched
by syringe sharing risk behavior and had increased viral
exposure. Therefore, we propose that the mild decrease in
the total CD4" T cell population among HIV-negative HBV/
HCV seropositive PWID subjects may have been caused
either by HBV/HCYV seropositivity and or exposure to HIV
through syringe sharing.

The third main finding demonstrated the impact of IDU on
T cell distribution and immune activation among triple neg-
ative PWID. To the best of our knowledge, this is the first
study to demonstrate altered T cell subset distribution (higher
percentages of CD8" Tcy cells, lower percentages of CD4*
Tgwm cells) and higher percentages of CD4" and CD8" CCR5"
and HLA-DR" cells among triple negative PWID compared to
controls. Of note such population is difficult to find due to a
small number of HIV/HBV/HCV triple negatives among
PWID with long histories of IDU. Studies of rhesus macaques
have demonstrated CD4" T cell and macrophage shifts in
response to opioid exposure (3,33) and in vitro studies have
found opioids to have additional effects that lead to an in-
crease in the expression of the HIV coreceptor CCRS
(19,24,32,33). The increased CD38 and or HLA-DR, together
with the differences in the multiple cell populations of the
PWID found in the present study, could be explained by
various factors, such as the abiotic substances injected, to an
individual’s systemic circulation, an unproductive infection
with HIV, or the two hepatitis viruses (4,21,25,26). Overall,
the changes seen in the triple negative PWID may have been
caused by opioids or viral exposure; nevertheless, the immune
system is already altered as a consequence of IDU, even when
individuals remain seronegative to HIV, HBV, and HCV.

Some limitations to the present study should be noted.
Investigating several infections simultaneously creates a
significant amount of data, which increases the risk of
misinterpretation. To account for the effects of multiple
testing, we used Holm—Bonferroni correction. The lack of
clinical and laboratory data did not allow us to distinguish
between acute, chronic, and self-limiting hepatitis and,
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therefore, assess the relative effects of disease stage on
T cell subset distribution and immune activation. In addi-
tion, as the study population consisted of PWID, HCV acute
reinfections may be common and have influenced the
studied T cell characteristics (9,18). The low statistical
power (owing to the small sample size) of the analysis
means that the results should be viewed with caution. Re-
gardless of these limitations, we believe that our results
showed clear patterns of T cell changes among PWID.

In conclusion, the T cell subset differences among triple
infected individuals were probably triggered by the HIV
infection, whereas the HBV and or HCV coinfections played
a minimal (if any) role in these changes. In HIV-negative
subjects, HBV/HCV coinfection and IDU appeared to in-
fluence T cell distribution in a way that could potentially
increase the risk of HIV infection. This might help explain
the extremely rapid spread of HIV among PWID popula-
tions, as has occurred in Estonia and many other locations.
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