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Background. Immune activation markers associate with morbidity and mortality in HIV and hepatitis C virus (HCV) infection.
We investigated how T-cell and monocyte activation are related over the course of HCV direct-acting antiviral (DAA) therapy during
HCV/HIV coinfection.

Methods. Peripheral blood mononuclear cells from AIDS Clinical Trials Group (ACTG) A5329 participants and a single-site
separate cohort treated with DA As were analyzed for central memory (CM)/effector memory (EM) T-cell subsets, monocyte subsets,
and cell activation (CD38 and HLA-DR expression) before, during, and after therapy.

Results.  Before therapy, classical and inflammatory monocyte subset HLA-DR expression positively correlated with absolute
counts and frequencies of CD38"HLA-DR"-expressing CD4" and CD8 T cells and corresponding CM and EM subsets. After therapy
initiation, CD38"HLA-DR" co-expression on CD4" and CD8" memory T cells decreased by 12 weeks and 36 weeks, and plasma
sCD14 positively correlated with CD38"HLA-DR" CD4" and CD4'CM T-cell frequencies. Monocyte subset activation remained
similar over time.

Conclusions.
with related underlying mechanisms. Following therapy initiation, memory T-cell, but not monocyte, activation decreased. Residual
CDA4" T-cell activation after therapy completion is associated with sCD14, potentially linking the remaining CD4" T-cell activation

During HCV/HIV coinfection, memory T-cell activation is associated with monocyte subset activation, consistent

to residual factors driving activation in antiretroviral therapy-controlled HIV.
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In the United States, ~25% of HIV-infected individuals have
chronic hepatitis C virus (HCV) coinfection [1]. Currently,
53% of the 1.1 million HIV-infected individuals in the
United States are treated with antiretroviral therapy (ART)
and are virally suppressed [2]. Notably, 75% of chronic HCV-
infected individuals in the United States were born between
1945 and 1965 [1] and encountered infection in an era when
HCV and HIV infection were not routinely treated. Thus, the
long-term consequences of chronic active infection are yet to
be realized. HCV infection is a primary cause of chronic liver
disease in the United States [3], and HIV coinfection can
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accelerate progression of HCV-related liver disease [4-6].
ART may not remove these risks [7].

Chronic immune activation is associated with morbidity in
HIV and HCV infections and may be a key contributor to im-
mune dysfunction [8], yet the impact of HCV DAA treatment
on cellular immune activation in HCV/HIV coinfection has not
been clearly determined. Previous studies have focused on total
CD4" and CD8" T-cell activation and provided varied evidence
on whether T-cell activation is reduced following DAA treat-
ment completion [9-11]. Whether this change is sustained and/
or is extended to the memory T-cell subsets or innate cell com-
partment is unclear.

METHODS

Study Participants

A5329 (NCT02194998) was a nonrandomized, open-label,
phase 2 trial of interferon (IFN)-free HCV therapy for 12
or 24 weeks in 45 sequentially enrolled participants with
HIV-1 coinfection taking protocol-defined ART. Trial parti-
cipants were HCV treatment naive or experienced (previous
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unsuccessful IFN-based treatment), with genotype 1a or 1b in-
fection, and were taking ART based on integrase strand transfer
inhibitors (INSTTs; raltegravir [RAL] or dolutegravir [DTG])
or HIV-1 protease inhibitors (darunavir [DRV] or atazanavir
[ATV]). Inclusion criteria included age 18-70 years, CD4 >200
cells/mm’, and HIV-1 RNA <50 copies/mL for >6 months be-
fore study entry. Exclusion criteria included active hepatitis B
virus infection and decompensated liver disease. Persons with
compensated cirrhosis were eligible. Longitudinal samples of
cryopreserved peripheral blood mononuclear cells (PBMCs) at
therapy start, week 12 (during therapy), and week 36 (12 weeks
post—therapy completion) from 40 participants (where via-
bility permitted) were analyzed here (24-week therapy n = 34
and 12-week therapy n =6). The sample size for each flow
cytometric analysis is included in the respective figure legend.

To evaluate longer-term effects (up to 1.5 years), an addi-
tional local single-site cohort of HCV/HIV-coinfected persons
(n = 15) with controlled (PCR-negative) HIV infection sched-
uled for initiation of standard-of-care HCV DAA therapy (12
week therapy separate from ACTG trial) were recruited (2015-
2018). The follow-up time points included weeks 0, 4, and 24
and 1-1.5 years after HCV DAA therapy start.

Patient Consent Statement

Study participants were enrolled under institutional review
board committee-approved protocols for the ACTG and
MetroHealth study sites, and written informed consent was
obtained from each participant. The design of this work con-
forms to the standards currently applied in the United States.

Flow Cytometry

PBMCs were thawed and stained, and viable cells were enu-
merated using a 5-laser BD LSRFortessa Flow Cytometer and
a panel of fluorochrome conjugated antibodies (Supplementary
Table 1) using the gating scheme outlined in Supplementary
Figure 1. Absolute CD4 T-cell counts obtained through Clinical
Laboratory Improvement Amendments (CLIA)-certified clin-
ical laboratories were utilized to calculate CD4" T-cell subset
absolute counts. T-cell and monocyte analysis was performed
on ACTG cohort samples, while only T-cell analysis was per-
formed on single-site cohort samples.

Soluble Markers of Inmune Activation

As part of a recently published analysis [12], plasma was as-
sessed by enzyme-linked immunosorbent assay at therapy start,
week 12, and week 36 for the following inflammatory markers:
soluble CD14 (sCD14), interferon-inducible protein-10 (IP10),
autotaxin (ATX), sCD163, and interleukin 6 (IL6).

Clinical Laboratory Investigations
CLIA-certified clinical laboratories performed investigations to
determine the extent of liver damage index or fibrosis; FibroScan

and Fibrosis-4 (Fib-4) index scores and liver function; aspar-
tate transaminase (AST), alanine transaminase (ALT), and al-
bumin levels. Participants were considered cirrhotic if 1 of the
following criteria was documented: liver biopsy demonstrating
cirrhosis within 24 months of study entry, HCV FibroSURE
score of >0.72 and AST to Platelet Ratio Index (APRI) >2 within
6 months of study entry, or FibroScan result of >12.5 kPa within
6 months of study entry.

Statistical Analysis

Associations between continuous variables were evaluated
using Spearman’s rank correlation coefficient (GraphPad Prism,
version 8). All statistical tests were 2-sided and used a nominal
P value threshold of .05, without adjustments for multiplicity.
Wilcoxon signed rank tests were used to assess intraparticipant
changes between time points using SPSS for Windows (version
24).

RESULTS

Study Participant Characteristics

Participant characteristics from the ACTG A5329 trial (n = 40)
are described in Table 1. Key characteristics included plasma
HIV-1 RNA <40 copies/mL in 39 of 40 and median CD4" T-cell
count of 622 cells/mm®. ART included INSTI-based ART (RAL
[22/40] and DTG [4/40]) and PI-based ART (DRV/r [12/40]
and ATV/r [2/40]). The number of cirrhotic participants was
6. Participant characteristics from the single-site cohort are
summarized in Supplementary Table 2.

T-cell CD38*HLA-DR* Co-expression Positively Correlates With Monocyte
Subset HLA-DR Expression, and Both Parameters Are Associated With
Abnormal Clinical Liver Parameters Before DAA Therapy

Monocytes can sense HCV via Toll-like receptors (TLRs) such
as TLR2 (sensing HCV core protein) and become activated
[13]. Chronic HCV and HIV infection are associated with
monocyte activation, as evidenced by elevated HLA-DR ex-
pression [14, 15]. CD4" and CD8" T-cell activation, reflected
by CD38 and/or HLA-DR expression, is elevated during HCV/
HIV coinfection compared with HIV and HCV monoinfections
[16, 17]. Here we first determined the frequencies of peripheral
blood monocyte subsets as defined by CD14 and CD16 expres-
sion: classical (CD14""CD16), inflammatory (CD14""CD16")
and nonclassical (CD14"CD16") monocytes (Supplementary
Figure 1) [18]. We also determined the frequency and absolute
counts (CD4" only) of CD38"HLA-DR"-co-expressing (n = 31)
and CD38"-mono-expressing (n = 40) CD4" and CD8" T cells
and corresponding subsets: CM (CD27"CD45RA’) and EM
(CD27'CD45RA") (Supplementary Figure 1) [19]. Proportions
of CD4" T cells expressing CD38 (median, 20%) (not shown)
at baseline (before therapy) were similar to those in the pub-
lished literature [17], while proportions of CD38"HLA-DR"-co-
expressing CD4" and CD8" T cells (median, 10%) (not shown)
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Table 1. Characteristics of Primary Cohort Participants

Sample Size n =40

DAA therapy regimen: paritaprevir/ritonavir/ombitasvir + dasabuvir +/-
ribavirin

DAA therapy duration, No. (%)
12-week 6 (15)
24-week 34 (85)

ART regimen, No. (%)

Integrase inhibitor based (RAL or DTG) 22 (55)

Protease inhibitor (DRV or ATV) 18 (45)
HCV genotype, No. (%)

1a 6 (40)

1b 4(27)

2 2 (13)

3 2 (13)

4 1(7)
Plasma HCV RNA level, IU/L 2790000 (1020000-6 065 000)
Serum albumin level, g/dL 4.3 (4.1-4.6)
Serum ALT level, IU/L 48 (28-73)
Serum AST level, IU/L 42 (31-58)
Platelets, K/uL 217 (172-238)
APRI, AST/PLT index, No. (%)

<0.4 31 (84)

0.4-1.5 6 (16)

>15 0(0)

FIB-4 index score 1.4 (0.9-2.2)
FibroScan score 6.4 (5.1-13.6)
Cirrhosis state, No. (%)

Cirrhotics 6 (15)

Noncirrhotics 34 (85)

CD4, cells/mm® 622 (456-827)
Age, y 53 (45-58)
Gender, No. (%)

Male 29 (73)

Female 11 (27)
Race/ethnicity, No. (%)

Black 16 (40)

White 8 (40)

Hispanic 16 (20)

Data are presented as median (interquartile range), unless otherwise indicated.
Abbreviations: APRI, AST to Platelet Ratio Index; ART, antiretroviral therapy; AST, aspar
tate transaminase; ATV, atazanavir; DAA, direct-acting antiviral; DRV, darunavir; DTG,
dolutegravir; HCV, hepatitis C virus; PLT, platelet; RAL, raltegravir.

were somewhat higher than in the published literature [10].
Monocyte subset distribution (CD14"7"CD16 median, 67%;
CD14"*CD16" median, 6%; CD14"CD16* median, 2%) at base-
line (week 0) was comparable to previously published data in
ART-controlled HIV infection [20].

To better understand the interrelationships between path-
ways of cellular immune activation, we next investigated pos-
sible relationships between activated monocyte and T-cell
subsets before DAA therapy in HCV/HIV coinfection. Indeed,
positive correlations were observed between HLA-DR expres-
sion on monocytes (classical and inflammatory subsets) and
the frequencies of CD38"HLA-DR'-co-expressing CD4" T
cells (r=0.39, P=.03, and r=0.32, P =.08, respectively, for

classical and inflammatory), as well as CM (r = 0.37, P = .04,
and r = 0.39, P =.03, respectively) and EM (r = 0.35, P = .05,
and r=0.36, P =.05, respectively) T-cell subsets at baseline
(Figure 1). Positive correlations were also observed between
HLA-DR expression on classical and inflammatory monocytes
and the frequencies of CD38"HLA-DR"-co-expressing CD8" T
cells (r = 0.46, P =.009, and r = 0.58, P = .0006, respectively)
and their corresponding CM (r = 0.43, P =.02, and r = 0.50,
P =.004, respectively) and EM (r = 0.31, P = .09, and r = 0.38,
P = .04, respectively) subsets (Supplementary Figure 2), as well
as the absolute counts of CD4" CD38"HLA-DR" T cells and
corresponding subsets (not shown). Together, these data indi-
cate direct or indirect links between T-cell and monocyte acti-
vation during chronic active HCV infection and controlled HIV
infection.

The liver is the primary target of HCV infection, and path-
ogenesis of infection involves local inflammation and fibrosis
[21-23]. Hepatic inflammation may partly contribute to sys-
temic inflammation due to release of resident soluble mediators
that enter the circulation [24, 25]. We therefore investigated if
there was a relationship between monocyte and T-cell activa-
tion and the clinical parameters of HCV infection, including
plasma HCV level, liver inflammation (ALT level and AST
level), synthetic function (albumin [Alb]), and a combination
of liver inflammation and fibrosis (FibroScan score and Fib-4
score) before HCV treatment. We observed positive correl-
ations between AST level and the proportions of CD38 " HLA-
DR"-co-expressing CD4" (r=0.4, P=.02) and CD4" CM
(r=0.5, P=.01) T cells and the counts of CD38"HLA-DR"-
co-expressing CD4" T cells (r=0.5, P=.005) and corre-
sponding CM (r=0.6, P=.02) and EM (r=0.4, P=.04)
subsets (not shown). Similar positive correlations were ob-
served between ALT levels and the proportions of CD38 "HLA-
DR"-co-expressing CD4" (r = 0.5, P =.02), CD4"CM (r = 0.5,
P =.009), CD4"EM (r = 0.4, P=.03), CD8" (r=0.4, P =.03),
and CD8" EM (r = 0.4, P =.03) T cells and CD38"HLA-DR*-
co-expressing T-cell counts (CD4" (r = 0.5, P = .01), CD4" CM
(r=0.5,P =.003),and CD4" EM (r = 0.5, P = .02) (not shown).
We further observed a positive correlation between counts of
CD38"HLA-DR"-co-expressing CD4" T cells and FibroScan
score (r = 0.58, P = .01) (not shown). FibroScan score is a reflec-
tion of both inflammation and fibrosis [26, 27], and consistent
with this, we observed that AST levels positively correlated
with FibroScan scores as well (r = 0.7, P =.003) (not shown).
We also observed a negative correlation between HCV plasma
levels and the proportions of CD38"HLA-DR"-co-expressing
CD4" T cells (r=-0.47, P=.02) (not shown), CD4" CM T
cells (r = -0.4, P=.03),and CD4" EM T cells (r = —0.4, P = .04)
(data not shown). Finally, HLA-DR mean fluorescent intensity
(MFI) on inflammatory monocytes negatively correlated with
albumin levels (not shown). No significant correlations were
observed for other monocyte subsets. These data are consistent
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Figure 1.

Inflammatory monocytes

Frequencies of CD38 and HLA-DR co-expression on CD4* T-cell positively correlate with HLA-DR MFI on monocyte subsets during untreated chronic HCV and

ART-controlled HIV coinfection. HCV/HIV-coinfected study participants (A5329 cohort) on ART were evaluated before DAA therapy initiation (n = 31). The frequencies of
CD4*, CD4'CD27*CD45RA" (CM), and CD4*CD27-CD45RA” (EM) T cells were determined. The HLA-DR MFI was determined on the classical (CD14**CD16) and inflammatory
(CD14**CD16") monocyte subsets. Correlations were then performed between the total CD4* (A), CD4 CM (B), CD4 EM (C) T cells co-expressing CD38 and HLA-DR and the
HLA-DR MFI on both the classical and inflammatory monocytes. Linear regression line shown. Spearman’s correlation test was used to evaluate correlations; P< .05 con-
sidered significant. Abbreviations: ART, antiretroviral therapy; CM, central memory; EM, effector memory; HCV, hepatitis C virus; MFI, mean fluorescence intensity.

with an association between active liver inflammation and both
CD4 and CD8 T-cell activation, while CD4 T-cell activation is
negatively associated with HCV level.

CD38"HLA-DR* Co-expression on CD4* and CD8* T-Cell Subsets Declines 12
Weeks After DAA Initiation

To understand whether T-cell, monocyte, and/or coordi-
nated T-cell/monocyte activation depends on continued
presence of HCV, we next examined the change and timing of
change in the frequency of CD38"HLA-DR"-co-expressing
CD4" and CD8" T cells and corresponding subsets at base-
line (week 0), week 12, and week 36 after DAA therapy ini-
tiation (24-week therapy; n = 28). Compared with baseline,
we observed decreased frequency of the CD38"HLA-DR"-
co-expressing CD4" (P =.004), CD4" CM (P =.03), CD4"

EM (P = .002) (Figure 2A, C and E), CD8" (P =.001), CD8"
CM (P =.001), and CD8" EM (P = .002) T cells (Figure 2B,
D and F) 12 weeks after DAA therapy initiation. Similar
results were observed when the 12-week therapy parti-
cipants (n = 3) were added to the analysis (not shown).
Decreased CD38"HLA-DR" co-expression appeared to be
sustained in the CD4" EM (P = .02) and CD8" CM T-cell
subsets (P =.02) 36 weeks after DAA initiation compared
with baseline, also indicating that this phenotype is pre-
served at least 12 weeks after therapy discontinuation.
Furthermore, we observed a reduction in absolute counts of
CD38"HLA-DR"-co-expressing CD4" (P = .003) and CD4"
EM (P =.001) T cells within 12 weeks of DAA initiation
compared with baseline (not shown). We further evaluated
the differences in T-cell activation by cirrhosis state and
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Figure 2.  CD38 and HLA-DR co-expression on CD4* and CD8" T cells and their corresponding subsets declines over the course of DAA HCV therapy during ART-controlled
HCV/HIV coinfection. HCV/HIV-coinfected study participants (A5329 cohort) on ART were treated with a 24-week course of DAA therapy and longitudinally followed before
(week 0; n = 28), during (week 12; n = 27), and after (week 36; n = 21) therapy. The proportion of CD38 and HLA-DR co-expression on total CD4" and CD8" (A and B) and the
corresponding CD27°CD45RA” (CM) (C and D) and CD27-CD45RA- (EM) (E and F) T-cell subsets were evaluated at all time points. The Wilcoxon signed rank test was used for
paired comparisons between 2 time points; P< .05 considered significant. Abbreviations: ART, antiretroviral therapy; CM, central memory; DAA, direct-acting antiviral; EM,

effector memory; HCV, hepatitis C virus.

observed greater CD38"HLA-DR" co-expression on T cells
in cirrhotic participants before (week 0) and 12 weeks after
DAA initiation compared with noncirrhotic participants:
CD4" (P =.02and P = .03), CD4" EM (P = .26 and P = .03),
and CD8" (P = .04 and P = .02) at weeks 0 and 12, respec-
tively (Figure 3A-C).

In an additional cohort (n=15) where HCV/HIV-
coinfected participants were followed for a longer duration,
we observed a progressive decline in CD38 expression that
was sustained up to 1.5 years after DAA initiation on the
CD4" CM (P =.02) and EM T cells (P = .02) and the CD8"
CM (P=.02) and EM T cells (P=.03) (Supplementary
Figure 3). CD38 expression also declined within 12 weeks of
DAA initiation in the ACTG cohort: CD8* CM (P =.0001),
CD4" EM (P =.02), and CD8" EM T cells (P =.001) (not
shown). Together, these data indicate sustained reduction in
CD4" and CD8" T-cell activation as soon as 12 weeks after the
start of DAA therapy, and this effect is likely sustained at least
1 year after therapy initiation.

Inflammatory Monocyte Subset Frequency Positively Correlates With CD38
and HLA-DR Co-expression on CD8* Central Memory T Cells 12 Weeks
After DAA Initiation

We next evaluated changes in the frequency and activation phe-
notype of monocyte subsets following DAA initiation. There
was a trend for decreased frequency of inflammatory mono-
cytes (P =.05) within 12 weeks of DAA therapy start, while
the total monocyte and other monocyte subset frequencies
remained unchanged (not shown). Further, there was a trend
toward decreased HLA-DR expression on monocyte subsets
12 weeks after DAA initiation when compared with baseline
(P = .06) (Supplementary Figure 4).

To understand if the presence of HCV was related to coor-
dinated monocyte and T-cell activation, we evaluated relation-
ships between monocyte and T-cell activation after the start of
DAA therapy. After 12 weeks of therapy, we observed no signif-
icant correlations between monocyte and T-cell activation (not
shown). However, there was a positive correlation between the
frequencies of inflammatory monocytes and CD38"HLA-DR"-
co-expressing CD8" CM T cells 12 weeks after the start of DAA
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Figure 3. T-cell activation is greater in cirrhotics before and after DAA therapy initiation when compared with noncirrhotics during ART-controlled HCV/HIV coinfection.
HCV/HIV-coinfected study participants (A5329 cohort) on ART were stratified according to cirrhosis status before (week 0; cirrhotics n = 6 and noncirrhotics n = 23) and after
(week 12; cirrhotics n =7 and noncirrhotics n = 23) DAA therapy. The absolute counts of CD38 and HLA-DR-co-expressing CD4" T cells were calculated using the CD4™ T
cells (A). The proportions of CD38 and HLA-DR co-expression on total CD8" T cells and CD4* CD27-CD45RA- (EM) subsets (B and C) were evaluated at both time points. The
Mann-Whitney Utest was used for unpaired comparisons between 2 time points; P< .05 considered significant. Abbreviations: ART, antiretroviral therapy; DAA, direct-acting

antiviral; EM, effector memory; HCV, hepatitis C virus.

therapy (r = 0.4, P = .03), an association that was not present
before DAA initiation (not shown).

Classical Monocyte Frequency Negatively Correlates With Plasma IL6
Levels Before DAA Therapy, and CD4" CD38+HLA-DR* T-cell Frequency
Positively Correlates With Plasma sCD14 After DAA Therapy

In addition to cellular markers of immune activation, chronic
HCV infection is also characterized by systemic elevation of
soluble markers of inflammation, including sCD14, sCD163,
autotaxin, IP10, and IL6 [28]. Some of these markers may di-
rectly reflect monocyte or Kupffer cell activation (sCD14 and
sCD163), while others may reflect activation of other cellular
compartments. Autotaxin, sCD163, and IP10 levels diminished

within 12 weeks of DAA treatment, changes were sustained up
to 36 weeks [12]. IL6 and sCD14 levels remained unchanged
[12]. To better understand pathways related to monocyte and
T-cell activation, we evaluated how peripheral levels of soluble
inflammatory biomarkers related to absolute numbers and fre-
quencies of CD38 and/or HLA-DR-expressing monocytes and
T cells in HCV/HIV-coinfected participants. Before DAA,
IP-10 levels positively correlated with nonclassical monocyte
frequency (r = 0.4, P =.04) (not shown), and IL6 levels nega-
tively correlated with classical monocyte frequency (r = -0.43,
P =.02) (Figure 4A).

Twelve weeks after DAA initiation, IL6 levels positively cor-
related with classical monocyte frequency (r = 0.4 P = .04) and
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Figure 4.

IL6 and soluble CD14 levels correlate with the frequency of classical monocytes and CD38 and HLA-DR co-expression on CD4* and CD8" T cells over the course of

DAA therapy during ART-controlled HCV/HIV coinfection. HCV/HIV-coinfected study participants (A5329 cohort) on ART were treated with a 24-week course of DAA therapy
(n = 28) and longitudinally followed up to 36 weeks. The plasma levels of IL6 and soluble CD14 were determined by ELISA at baseline (week 0), week 12, and 36 weeks after
DAA initiation. Thereafter, correlations were determined between the IL6 levels and classical monocyte frequency at week 0 (A), IL6 levels and frequencies of classical mono-
cytes and CD38 and HLA-DR-co-expressing CD8* CM T cells at 12 weeks (B), and soluble CD14 levels and frequencies of CD38 and HLA-DR-co-expressing CD4" and CD4*
CM T cells at 36 weeks (C). Linear regression line shown. Spearman’s correlation test was used to evaluate correlations; P< .05 considered significant. Abbreviations: ART,
antiretroviral therapy; CM, central memory; DAA, direct-acting antiviral; ELISA, enzyme-linked immunosorbent assay; HCV, hepatitis C virus; IL6, interleukin 6.

negatively correlated with CD38"HLA-DR"-co-expressing CD8
CM T-cell frequency (r = -0.57, P = .002) (Figure 4B) and CD4
EM T-cell (r=-0.39, P=.04) counts (not shown). Notably,
we observed a positive correlation between sCD14 levels and
CD38"HLA-DR"-co-expressing CD4" (r = 0.56, P =.009) and
CD4" CM (r = 0.72, P = .0003) T cells 36 weeks after the start of
DAA therapy (Figure 4C), relationships that were absent before
DAA therapy.

DISCUSSION

We investigated the impact of HCV DAA therapy on the dif-
ferentiation and activation phenotype of peripheral monocytes

and T cells and how this related to clinical laboratory param-
eters and soluble inflammatory markers in chronic ART-
controlled HCV/HIV coinfection. Before DAA initiation,
monocyte subset HLA-DR expression positively correlated
with CD38 "HLA-DR"-co-expressing CD4" and CD8" T cells
(absolute counts and proportions) and corresponding subsets.
Additionally, CD38"HLA-DR" co-expression on CD4" T cells
positively correlated with liver inflammation (AST and ALT
levels) and liver stiffness (FibroScan score). Following DAA in-
itiation, CD38"HLA-DR" co-expression on CD4" and CD8" T
cells declined within 12 weeks, and this change was sustained
up to 36 weeks. The correlations between T-cell and monocyte
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activation did not remain after DAA initiation. Furthermore,
CD38"HLA-DR" co-expression on CD4" T cells positively
correlated with sCD14 levels 36 weeks after the start of DAA
therapy. Collectively, these data support the concept of coor-
dinated monocyte and T-cell immune activation before DAA
therapy and reduction in T-cell activation following DAA HCV
treatment, resulting in loss of coordinated monocyte and T-cell
activation. Following the DA A-mediated clearance of HCV, the
state of residual immune activation appears to be associated
with factors yet to normalize in controlled HIV infection.

T-cell activation persists during ART-controlled HIV
monoinfection [29-31]. T-cell activation also exists during
untreated HCV monoinfection and in HCV/HIV coinfection
[32]. Monocyte activation is also elevated in HIV and HCV
monoinfections despite effective ART [28, 33, 34]. Proportions
of CD38"HLA-DR"-co-expressing CD4" and CD8" T cells
were modestly higher here than in the published literature in
HIV/HCV coinfection, while monocyte subset distribution
was comparable to prior literature [10, 20]. We found a posi-
tive correlation between T-cell and monocyte subset activation,
suggesting a potential causal relationship (direct or indirect
mechanism). This relationship was observed before but not
after DAA, inferring that active HCV viremia was a key driver
of the relationship. Notably, correlations with monocyte acti-
vation slightly differed between CD4" T-cell activation pro-
portions and counts, as these reflect different aspects of T-cell
homeostasis, with the former in part representing different
T-cell subsets and the latter derived from calculations of CD4"
T cells. Mechanisms underlying HCV-mediated monocyte ac-
tivation may include detection of HCV proteins by TLRs [13,
35, 36]. Alternatively, monocyte activation may be mediated by
inflammatory cytokines including IL6 [37]. Certainly, T-cell ac-
tivation can potentially occur as a byproduct of monocyte acti-
vation due to direct APC-T-cell interactions.

Previous studies have reported accelerated liver fibrosis in
HCV/HIV coinfection compared with HCV monoinfection
[4, 6]. Immune activation is one of the mechanisms postulated
to drive liver damage and vice versa. Here, we found a positive
association between CD4" T-cell activation and liver inflam-
mation (AST, ALT) and liver stiffness (FibroScan score likely
reflective of liver fibrosis and inflammation) and a negative as-
sociation between inflammatory monocyte activation and liver
synthetic function (albumin level). Our findings are consistent
with previous reports of positive correlations between FIB-4
and T-cell or monocyte immune activation in HIV infection
[38], here extending to HCV/HIV coinfection.

Prior reports of diminished T-cell activation in the setting of
HCV IFN-based and DAA treatment in HCV/HIV-coinfected
individuals are contradictory and limited to total CD4" and
CD8" T cells [9-11, 39]. Here we longitudinally followed
HCV/HIV-coinfected participants on DAA over a 36-week to

1.5-year time window. We demonstrated that CD38"HLA-DR"
co-expression on CD4" and CD8" T cells and corresponding
memory subsets diminished within 12 weeks after DAA therapy
start, consistent with previous findings [10] and extending here
to T-cell memory subsets. The diminished T-cell activation state
was sustained at 36 weeks (12 weeks post-DAA completion),
indicating that this effect appears to be durable, a finding further
supported here with an additional cohort analysis of CD38" T
cells over a longer time window (1.5 years). Interestingly, we ob-
served that before DAA therapy, higher CD4" T-cell activation
was associated with lower HCV levels. This may be attributable
to a role for activated CD4" T cells in control of HCV viremia.
However, our observation that T-cell activation (proportions
and counts) diminished once DAA-mediated HCV clearance
was initiated would be most consistent with a role for HCV
level in determining levels of activated CD4" T-cell presence
(antigen-specific and/or bystander) in the peripheral blood. We
did not observe significant changes in the monocyte subsets
(HLA-DR expression or proportions) after DAA therapy start.
Notably, frequencies of inflammatory monocytes positively cor-
related with CD38"HLA-DR"-co-expressing CD8" CM but not
CD4" T cells 12 weeks after DAA therapy, an observation not
present before DAA initiation. While this does not necessarily
reflect antigen specificity of the activated T-cell subset, it may
reflect a residual link between monocyte and T-cell activation
after removal of HCV. Overall, our data suggest diminution in
T-cell immune activation after DAA therapy initiation during
chronic HCV/HIV infection. Whether activated T cells partici-
pate in the control of HCV or are reflective of the inflammatory
liver environment is yet to be determined.

Although we report less T-cell activation after DAA therapy,
we also see evidence of new relationships between T-cell and
monocyte activation that did not exist before therapy, perhaps re-
flecting either restored liver function or residual immune activa-
tion. At 12 weeks, inflammatory monocyte frequency positively
correlated with CD8" CM T-cell activation. After therapy, CD4"
CM T-cell activation positively correlated with monocyte activa-
tion (as reflected by sCD14 levels). We have previously reported
that sCD14 levels do not normalize over a period of weeks despite
effective DAA therapy in chronic HCV infection [28].

Potentially, clearance of HCV from the liver may result in
restoration of some immune homeostatic function. Despite
effective DAA, complete resolution of immune activation is
unlikely in cases of cirrhosis where liver damage is less re-
versible. Here cirrhotic participants exhibited significantly
higher T-cell activation before and after DAA. At 12 weeks,
HCV viremia is undetectable in DAA-treated individuals
[40-42], consistent with our cohort [12, 43]. It remains to be
determined whether other coinfections including cytomeg-
alovirus or Epstein-Barr virus may contribute to this per-
sistent activated state.
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The current study has a number of limitations. Intended im-
munologic analysis was limited by sample viability. Investigation
of sustainability of changes could have been boosted by longer
follow-up periods. However, this was mitigated by our additional
local cohort with longer follow-up longer duration. Analysis of
HLA-DR expression on T cells in our local cohort and additional
monocyte activation markers would have enhanced characteri-
zation of the T-cell and monocyte activation data, respectively.
Peripheral blood-based measurements may not completely re-
flect events within the liver. Clinical liver parameters were only
available at baseline, thereby limiting investigation of correlations
after DAA therapy initiation. Finally, this is an exploratory data
set that is limited by multiple comparisons.

In summary, we have described an association between
CD4" and CD8" T-cell and monocyte activation before HCV
DAA therapy that abates over the course of therapy, where only
memory T-cell activation is diminished, a change that was sus-
tained through 12 weeks following therapy in the ACTG cohort
and to over a year in a local cohort. Residual low-level cellular
activation persisted after SVR, consistent with the low-level
persistent immune activation during ART-controlled HIV in-
fection that was previously reported [17].
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