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Abstract
Background  Rapid decreases in activated CD4+ and CD8+ (HLA-DR + and CD38+ co-expressed) T-lymphocytes have been 
described within 1–2 weeks of initiating direct-acting antiviral (DAA) therapy among chronic Hepatitis C (CHC) patients. 
However, it is not known whether these changes are maintained past sustained virologic response (SVR), particularly in 
those who are HIV/HCV-coinfected.
Methods  We investigated the changes in immune parameters of T-lymphocytes from pre-DAA therapy to post-SVR among 
HIV negative and HIV positive patients with CHC. Repeated measurements of activated CD4+ and CD8+ T cells were 
analyzed by flow cytometry at pre-DAA therapy, DAA therapy, end of treatment, SVR, and post-SVR. A general linear 
model for repeated measurements was used to estimate the mean outcome at each timepoint and change between timepoints.
Results  HCV-monoinfected (n = 161) and HIV/HCV-coinfected (n = 59) patients who achieved SVR with DAA therapy were 
predominately middle aged, male, black, and non-cirrhotic. At pre-DAA therapy, HCV-monoinfected patients had signifi-
cantly higher CD4+ T cells and CD4+:CD8+ T-cell ratio, while significantly lower CD8+ and activated CD4+ and CD8+ T 
cells compared to HIV/HCV-coinfected patients (p < 0.0001). HCV-monoinfected and HIV/HCV-coinfected patients had a 
significant mean decrease from pre-DAA therapy to post-SVR year 1 for activated CD4+ (HCV-monoinfected: 4.8–3.9%, 
p < 0.0001; HIV/HCV-coinfected: 6.6–4.5%, p < 0.0001) and activated CD8+ T cells (HCV-monoinfected V: 13.8–11.8%, 
p = 0.0002; HIV/HCV-coinfected: 18.0–12.4%, p < 0.0001).
Conclusion  This longitudinal study showed CHC patients treated with DAA therapy had continued decrease of T-lym-
phocytes from start of DAA therapy to after achievement of SVR suggesting improvement as HCV clearance normalizes 
activated T-cell phenotype.
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Introduction

Hepatitis C virus (HCV) coinfection with HIV is common 
due to shared transmission routes, with an estimated 25% 
of HIV-infected patients being HIV/HCV-coinfected in the Electronic supplementary material  The online version of this 
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United States (US) [1, 2]. HIV infection is known to accel-
erate the natural history of HCV among HIV/HCV-coin-
fected patients resulting in faster rates of fibrosis progres-
sion, development of cirrhosis, hepatocellular carcinoma, 
decompensated liver disease, and death compared to HCV-
monoinfected patients [3–6]. Loss of CD4+ T cells likely 
results in impaired HCV-specific immune response, which 
is blunted in HCV-monoinfected patients and exhausted in 
HIV/HCV-coinfected patients [7–10]. Numerous studies 
have shown that HIV/HCV-coinfected patients have higher 
levels of activated CD4+ and CD8+ T cells (HLA-DR+ and 
CD38+ co-expression on CD4+ and CD8+ T cells, respec-
tively) as compared to patients with HCV-monoinfected, 
HIV-monoinfected, and healthy controls [7, 11–15].

HCV treatment has progressed from interferon (IFN)-
based regimens with low HCV clearance to IFN-free regi-
mens of direct-acting antiviral (DAA) drugs with high rates 
of successful HCV clearance known as sustained virologic 
response (SVR) [16]. Changes in immune parameters remain 
important to understand how the host resets the immune 
homeostasis after HCV clearance with DAA therapy follow-
ing decades of chronicity. The state of T-cell activation has 
not been well understood in both IFN-based and IFN-free 
therapy. Najafi Fard et al. found patients with HCV clear-
ance after IFN therapy had a decrease in immune activation 
as determined by CD38+ expression in CD4+ and CD8+ T 
cells. Among HCV-monoinfected (n = 18) and HIV/HCV-
coinfected (n = 17) patients treated with DAA therapy, there 
was no significant change from pre-DAA therapy to SVR for 
activated CD4+ and CD8+ T cells and no difference between 
HCV-monoinfected and HIV/HCV-coinfected patients for 
all levels of activation markers (CD38+ and/or HLA-DR on 
CD4+ and CD8+ T cell) [15]. In a larger sample of HCV-
monoinfected patients (n = 95) treated with DAA therapy 
with follow-up until SVR, Meissner et al. [17] showed that 
activated CD4+ and CD8+ T-lymphocytes decreased rapidly 
within 1–2 weeks of initiating DAA therapy. A decrease in 
activated T-cell post-DAA therapy would highlight positive 
outcome of DAA therapy in the recovery and normalization 
of the immune system without HCV infection. Few stud-
ies have analyzed HCV-specific T-cell function [18, 19]. 
These studies have shown an enhancement of both CD4+ 
and CD8+ T-cell responses with DAA therapy; however, no 
such studies have analyzed in HIV-coinfected patients nor 
timepoints beyond SVR. To date, the evaluation of these 
measures has not been possible for longer term immune 
status post-SVR, which is important with HCV clearance 
in the DAA therapy era. Today, with the availability of 
long-term follow-up in HCV-monoinfected and HIV/HCV-
coinfected patients treated with DAA therapy in the US that 
achieved SVR, this study investigated the distribution of 
change, pre-DAA therapy to post-SVR, in T-lymphocyte 
immunophenotype.

Materials and methods

Study design

This is a retrospective, observational cohort constructed by 
combining HCV-monoinfected and HIV/HCV-coinfected 
patients from four clinical trials of DAA therapy conducted 
at the National Institutes of Health/National Institute of 
Allergy and Infectious Diseases (NIH/NIAID) known as 
SPARE (www.clini​caltr​ials.gov #NCT01441180), SYN-
ERGY (NCT01805882), ERADICATE (NCT01878799), 
and CONQUER (NCT02124044) [20–27]. Patient recruit-
ment and enrollment for all four clinical trials was from the 
same HCV clinics in Washington DC (District of Columbia) 
[20–27]. Baseline demographics and clinical characteris-
tics were previously collected in these clinical trials with 
repeated laboratory measurement for immune parameters 
from pre-DAA therapy to post-SVR. Additional post-SVR 
laboratory data were collected from patients enrolled after 
the clinical trials into NIH longitudinal study known as 
HEPPRO (NCT01350648). The clinical trial’s inclusion and 
exclusion criteria and the DAA regimen and duration have 
been previously described [20–27]. Briefly, the inclusion 
criteria were: male or female, at least 18 years of age, docu-
mented HCV genotype 1 (1a or 1b) and fibrosis staging, and 
confirmed CHC prior to enrollment. Plasma HCV RNA lev-
els were measured using the real-time HCV assay [Abbott], 
with a lower limit of quantification LLOQ of 12 IU/mL. This 
assay was used to measure HCV RNA levels in all partici-
pants at all-timepoints [20–27]. The exclusion criteria were: 
pregnancy or breastfeeding, abnormal hematological and 
biochemical parameters at screening, and clinically signifi-
cant illness other than HCV or a major medical disorder that 
may interfere with treatment and compliance, including any 
chronic liver disease or hepatocellular carcinoma [20–27]. 
For this study, CHC patients without HIV coinfection are 
referred to as HCV-coinfected, while CHC patients with 
HIV coinfection are referred to as HIV/HCV-coinfected.

Study population

The study population consisted of HCV-monoinfected and 
HCV/HIV-coinfected patients previously treated in one of 
the four DAA clinical trials and eligible if: they had achieved 
SVR, if HIV-coinfected on antiretroviral therapy (ART) 
prior to starting DAA therapy (stable, protocol-approved, 
ART for at least 8 weeks prior to starting DAA therapy 
with HIV RNA values of 50 copies/mL or fewer with a 
CD4 T-lymphocyte count of 100 cells/μL or greater), and at 
least one pre-DAA therapy and one post-SVR measurement 
(through May 5, 2017) for each immune outcome.

http://www.clinicaltrials.gov
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Immune measurements

Flow cytometry was conducted in the NIH Clinical Center 
laboratory on the day of collection and has been previously 
described [17]. Briefly, cells were stained with combinations 
of monoclonal antibodies and then lysed after staining with 
Optilyse C (Beckman Coulter, Hialeah, FL), washed twice, 
and resuspended in 500 μL of phosphate-buffered saline 
(Cambrex, Walkersville,MD). The samples were then ana-
lyzed immediately on a Becton–Dickinson FacsCanto flow 
cytometer (BD Biosciences, San Jose, CA). The four-color 
antibody panels used for cellular identification and enumera-
tion are shown in Supplemental Table 1.

The primary immune outcomes were activated CD4+ and 
activated CD8+ T cells defined as a percentage of HLA-
DR+ and CD38+ co-expression on CD4+ and CD8+ , 
respectively. The secondary immune outcomes were CD4+ , 
CD8+ , and CD4+:CD8+ ratio. Both CD4+ and CD8+ T 
cells were reported as absolute cell count (cells/μL) and 
percentage, while CD4+:CD8+ ratio is the ratio between 
CD4+ and CD8+ (cells/μL) T cells. Exploratory immune 
parameters included: CD3+, CD3+CD25+, CD3+HLA-
DR+, CD3+CD38+, activated CD3+, CD4+CD25+, 
CD4+HLA-DR+, CD4+CD38+, CD8+CD25+, 
CD8+HLA-DR+, CD8+CD38+, CD3+:CD8+ ratio, and 
CD3+:CD4+ ratio T cells.

Statistical analysis

Repeated measurements of immune outcomes were sepa-
rated into five clinical timepoints: pre-DAA therapy, DAA 
therapy, end of treatment (EOT), SVR, and post-SVR. Pre-
DAA was the single, closest measurement prior to start 
of any DAA therapy, yet no longer than 6 months prior to 
the start of any DAA therapy. Repeated measurements for 
each patient during DAA therapy (4–24 week time period 
depending on DAA duration which leads to SVR) and EOT 
(12 week time period before SVR). The SVR timepoint was 
the single measurement at SVR or the first available meas-
urement within 6 months of SVR. The post-SVR timepoint 
was repeated measurements after SVR for each patient as 
available and categorized into year 1 (SVR until 1.5 years) 
and year 2 (1.5–2.5  years). A general linear model for 
repeated measurements was used for the clinical timepoints 
(pre-DAA therapy, DAA therapy, EOT, SVR, and post-SVR 
[year 1–2]) with unstructured variance/covariance matrices 
to generate restricted maximum likelihood estimates. The 
unadjusted and adjusted immune outcome mean estimates 
(95% confidence interval [CI]) for each timepoint were 
reported for HCV-monoinfected and HIV/HCV-coinfected 
patients (adjusted for age, sex, race, ART, and fibrosis). The 
mean change of outcomes was assessed between pre-DAA 

therapy and post-SVR year 1. All analyses were conducted 
in SAS version 9.4 (Gary, NC).

Results

HCV-monoinfected (n = 161) and HIV/HCV-coinfected 
(n = 59) patients who achieved SVR with DAA therapy 
were predominately middle aged (median 56 years), male 
(66%), black (79%), and non-cirrhotic (92%). The baseline 
demographics and clinical characteristics of patients were 
similar among HCV-monoinfected and HIV/HCV-coinfected 
patients (Table 1). Among HIV/HCV-coinfected patients, 
19% (n = 11) had ART duration of 1–4  years and 81% 
(n = 48) had > 4 years of ART duration prior to starting DAA 
therapy. There was no significant difference in the immune 
parameters between the two ART duration categories for 
HIV/HCV-coinfected patients.

At baseline, pre-DAA therapy, HCV-monoinfected 
patients had a significantly higher CD4+ T cells (cells/
μL and %) and CD4+:CD8+ ratio, while significantly 
lower CD8+ T cells (cells/μL and %), activated CD4+ , 
and activated CD8+ T cells compared to HIV/HCV-coin-
fected patients (Table 2). Among the exploratory immune 
parameters, HIV/HCV-coinfected patients had signifi-
cantly higher CD3+HLA-DR+, CD3+CD38+, activated 
CD3+, CD3:CD4+ ratio, CD4+HLA-DR+, CD4+CD38+, 
and CD8+HLA-DR+T cells and lower CD3+CD25+ and 
CD3+:CD8+ ratio T cells compared to HCV-monoinfected 
patients (Supplemental Table 2).

T‑cell activation

The mean activated CD4+ and activated CD8+ T cells, 
from pre-DAA therapy to post-SVR among HCV-monoin-
fected and HIV/HCV-coinfected patients is shown in Fig. 1. 
The analysis was reported until post-SVR year 1 (since all 
patients had measurement at the post-SVR year 1 timepoint 
compared to only 29% in post-SVR year 2 timepoint) with 
the crude outcome as the adjusted analysis was no different.

The mean activated CD4+ T cells decreased from pre-
DAA therapy to post-SVR year 1 in HCV-monoinfected 
(4.8–3.9%, p < 0.0001) and HIV/HCV-monoinfected 
(6.6–4.5%, p < 0.0001) patients (Fig. 1). There was a signifi-
cant difference by HIV-coinfection status at each timepoint, 
which disappears at post-SVR year 1 (Table 3). The mean 
change in activated CD4+ T cells (pre-DAA therapy to post-
SVR year 1) between HCV-monoinfected and HIV/HCV-
coinfected patients was significantly different (p < 0.0001).

The mean activated CD8+ T cells decreased from pre-
DAA therapy to post-SVR year 1 in HCV-monoinfected 
(13.8–11.8%, p = 0.0002) and HIV/HCV-coinfected 
(18.0–12.4%, p < 0.0001) patients (Fig. 2). Mean activated 
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CD8+ was different by HIV-coinfection status at pre-DAA 
therapy (p ≤ 0.0001) and DAA therapy (p = 0.01), but 
disappears at EOT, SVR, and post-SVR year 1 (Table 3).  
The mean change in activated CD8+ T cells (pre-DAA 
therapy to post-SVR year 1) between HCV-monoinfected 
and HIV/HCV-coinfected patients was significantly dif
ferent (p = 0.0002).

Secondary outcomes

The mean CD4+, CD8+, and CD4+:CD8+ T cells among 
HCV-monoinfected and HIV/HCV-coinfected patients are 
shown in Supplemental Fig. 1 and Table 3 from pre-DAA 
therapy to post-SVR.

Table 1   Baseline characteristics of HCV-monoinfected and HIV/
HCV-coinfected, treated with DAAs and who achieved SVR

DAA direct-acting antiviral, ASV asunaprevir, DCV daclatasvir, BCV 
beclabuvir, LDV ledipasvir, SOF sofosbuvir, RBV ribavirin, ART​ 
antiretroviral therapy, ABC abacavir, 3TC lamivudine, RAL raltegra-
vir, TDF tenofovir, FTC emtricitabine, EFV efavirenz, RPV rilpivirine
a Missing for 38 HCV and 35 HIV/HCV patients
b Missing for 1 HIV/HCV patient

Characteristic HCV HIV/HCV
(n = 161) (n = 59)

Median age (IQR) (years) 56 (52–60) 57 (50–62)
Male [n (%)] 103 (69) 43 (73)
Race [n (%)]
 White 31 (19) 13 (22)
 Black 128 (80) 46 (78)
 Other 2 (1) 0 (0)

Hispanic [n (%)]a 3 (2) 5 (21)
Median body mass index (IQR) (kg/m2) 28 (25–32) 27 (23–30)
Fibrosis stage [n (%)]b

 0 20 (12) 13 (22)
 1 64 (40) 27 (47)
 2 11 (7) 3 (5)
 3 51 (32) 12 (21)
 4 15 (9) 3 (5)

Cirrhosis [n (%)]b 15 (9) 3 (5)
Median HCV RNA log10 IU/mL (IQR) 6.2 (5.7–6.5) 5.9 (5.4–6.5)
HCV treatment naïve [n (%)] 174 (90) 51 (82)
HCV genotype 1a [n (%)] 112 (70) 40 (68)
Retreated with DAA therapy [n (%)] 15 (9) 0 (0)
DAA regimen for SVR [n (%)]
 ASV/DCV 0 (0) 7 (12)
 ASV/DCV/BCV 0 (0) 17 (29)
 LDV/SOF 35 (22) 35 (59)
 LDV/SOF/GS-9451 65 (40) 0 (0)
 LDV/SOF/GS-9669 19 (12) 0 (0)
 LDV/SOF/GS-9669/GS-9451 4 (2) 0 (0)
 SOF/RBV 38 (24) 0 (0)

DAA duration for SVR [n (%)]
 4 weeks 12 (7) 0 (0)
 6 weeks 76 (47) 0 (0)
 12 weeks 35 (22) 52 (88)
 24 weeks 38 (24) 7 (12)

ART [n (%)] N/A 59 (100)
ART regimen [n (%)]
 ABC/3TC + RAL 10 (17)
 TDF/FTC + RAL 24 (41)
 TDF/FTC/EFV 14 (24)
 TDF/FTC/EFV + RAL 1 (2)
 TDF/FTC/RPV 7 (12)
 TDF/FTC/RPV + RAL 3 (5)

Table 2   Pre-DAA therapy immune outcome (median [interquartile 
range]) among HCV-monoinfected and HIV/HCV-coinfected treated 
with DAAs and who achieved SVR

*p value from non-parametric, two-tailed Wilcoxon rank sum test

HCV HIV/HCV

(n = 161) (n = 59) p value*

CD4+ (cells/μL) 951 (754–1203) 629 (453–835) < 0.0001
CD4+ (%) 49 (44–53) 34 (25–42) < 0.0001
CD8+ (cells/μL) 425 (314–616) 731 (465–1010) < 0.0001
CD8+ (%) 23 (19–28) 39 (32–46) < 0.0001
CD4+:CD8 ratio 2.1 (1.6–2.8) 0.9 (0.6–1.3) < 0.0001
Activated CD4+ (%) 4.0 (3.0–5.0) 6.0 (4.0–8.0) < 0.0001
Activated CD8+ (%) 11.0 (9.0–17.0) 18.0 (12.0–23.0) < 0.0001

Fig. 1   Mean ± 95% confidence interval (CI) for percentage of 
CD4+ T cells with an activated HLA-DR+ and CD38+ phenotype 
at pre-DAA therapy (PRE), DAA therapy (DAA), end of treatment 
(EOT), sustained virologic response (SVR), and post-SVR year 1–2 
(YR 1–2) among HCV-monoinfected (n = 161) and HIV/HCV-coin-
fected (n = 59) patients treated with DAA therapy and achieved SVR
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Discussion

Chronic Hepatitis C patients in this study had improved 
immune activation in T cells with SVR following DAA 
therapy, which persisted up to after SVR. CD4+ and 
CD8+ T cells with activated phenotype (HLA-DR+ and 
CD38+) decreased from pre-DAA therapy to post-SVR 
in HIV/HCV-coinfected and HCV-monoinfected patients, 
suggesting that HCV clearance normalizes activated 
T-cell phenotype. With DAA therapy, this study illus-
trated continued improvements in immune activation in 
T cells after SVR, likely due to a combination of three 
factors: first, recovery of the immune system after HCV 

elimination leads to normalization of T-cell phenotypes, 
second, improved liver function aiding immune recovery 
and redistribution of T cells, and third, these effects are 
blunted in the presence of HIV coinfection, which is most 
likely the result of persistent immune activation despite 
ongoing ART. Elimination of HCV results in recovery of 
immune function in many components of immune system 
[18]. Elimination of HCV with a non-immune based ther-
apy removes the chronic antigenic stimulation of immune 
cells. In addition, alanine transaminase (ALT) and aspar-
tate aminotransferase (AST) demonstrated immediate 
improvement during DAA therapy in this study cohort of 
HCV-monoinfected and HIV/HCV-coinfected patients and 
is consistent with a quiescent immune system post-SVR 
regardless of HIV-coinfection status. Immune recovery 
could result in liver improvements as measured by fibro-
sis stage. Patients with greater liver improvement could 
have different immune recovery compared to patients with 
minimal liver improvements, as demonstrated by fibrosis 
stage at start of DAA therapy. If accurate, this would indi-
cate immune recovery is likely due to reduced migration 
of lymphocytes to the inflamed liver resulting in regres-
sion of fibrosis over time and not SVR, a surrogate marker 
for the elimination of HCV. In this study, the distribu-
tion of fibrosis staging between HCV-monoinfected and 
HIV/HCV-coinfected patients was similar before the start 
of DAA therapy; however, staging after achievement of 
SVR was not available at the time of analysis. The current 
literature on DAA therapy has not explored the impact 
of liver improvements with immune parameters. Poten-
tial challenges include long-term post-SVR liver fibrosis 
data and that fibrosis staging (F0–F4) is not linear. Future 
studies focusing on organ systems outside the liver should 

Table 3   Mean ± 95% confidence 
interval (CI) for percentage of 
CD4+ and CD8+ T cells with 
an activated HLA-DR+ and 
CD38+ phenotype at pre-DAA 
therapy (PRE), DAA therapy 
(DAA), end of treatment (EOT), 
sustained virologic response 
(SVR), and post-SVR year 
1–2 (YR 1–2) among HCV-
monoinfected (n = 160) and 
HIV/HCV-coinfected (n = 58) 
patients treated with DAA 
therapy and achieved SVR

*p value for the mean difference between HCV-monoinfected and HIV/HCV-coinfected patients

HCV (n = 161) HIV/HCV (n = 59) p value*

Mean 95% CI Mean 95% CI

Activated CD4+ (%)
 Pre-DAA therapy 4.8 5.3 4.4 6.6 7.3 5.9 < 0.0001
 DAA therapy 4.0 4.4 3.6 5.5 6.2 4.9 < 0.0001
 End of treatment 4.2 4.6 3.9 5.3 6.2 4.3 0.05
 SVR 4.2 4.5 3.8 4.9 5.5 4.4 0.02
 Post-SVR Year 1 4.0 4.3 3.7 4.5 5.0 4.0 0.11
 Post-SVR year 2 3.8 4.4 3.3 4.1 4.7 3.6 0.50

Activated CD8+ (%)
 Pre-DAA therapy 13.8 15.1 12.4 18.0 20.2 15.8 0.001
 DAA therapy 12.1 13.3 10.8 15.3 17.3 13.4 0.01
 End of treatment 12.7 13.9 11.4 14.0 17.0 11.0 0.42
 SVR 12.3 13.6 11.1 13.3 15.3 11.4 0.38
 Post-SVR year 1 11.8 13.0 10.7 12.4 14.2 10.6 0.61
 Post-SVR year 2 10.9 12.7 9.1 13.3 15.2 11.3 0.08

Fig. 2   Mean activated ± 95% confidence interval (CI) for percentage 
of CD8+ T cells with an activated HLA-DR+ and CD38+ phenotype 
at pre-DAA therapy (PRE), DAA therapy (DAA), end of treatment 
(EOT), sustained virologic response (SVR), and post-SVR year 1–2 
(YR 1–2) among HCV (n = 161) and HIV/HCV (n = 69) patients 
treated with DAA therapy and achieved SVR
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address how regression of liver fibrosis may impact their 
study outcomes beyond achievement of SVR.

With DAA therapy, both Najafi Fard et al. and Meiss-
ner et al. showed different results for change in activated 
CD4+ and CD8+ T cell [15, 17]. The difference could be due 
to the study population (Rome, Italy vs. District of Colum-
bia, USA), small sample size (18 HCV-monoinfected and 
17 HIV/HCV-coinfected vs. 95 HCV-coinfected), and dif-
ferent follow-up timepoints [15, 17]. Najafi Fard et al. also 
reported no difference in the level of activation of different 
T-cell subsets between HCV-monoinfected and HIV/HCV-
coinfected patients, which is surprising since this study 
and others have shown HIV/HCV-coinfected patients have 
higher levels of activated CD4+ and CD8+ T cells compared 
to patients with HCV-monoinfected, HIV-monoinfected, and 
healthy controls [7, 11–15]. While both the previous stud-
ies did not have post-SVR follow-up, our study had a larger 
sample size with post-SVR follow-up analysis including the 
same patients used by Meissner et al. [17] yet with longer 
follow-up after SVR.

The study had limitations as a result of using secondary 
data from clinical trials. The clinical trial inclusion crite-
ria could have led to potential selection bias in an obser-
vational cohort. There was no difference in demographic 
and clinical characteristics among patients who had longer 
follow-up data in HEPPRO than those who did not, except 
more HIV-coinfected patients likely as a result of staying in 
follow-up because many of them were already connected to 
the research clinic for their HIV. However, since our infer-
ences are related to an underlying biological mechanism, it 
is unlikely that the response observed in our study would 
differ among HCV- and HIV-infected patients of similar 
disease progression who did not enroll in the trials from 
which our study population arose. Second, while there were 
different DAA drugs and duration, patients were selected 
on SVR achievement and there is no evidence in the lit-
erature of a direct biological effect of DAA drugs or dura-
tion of treatments with immune parameters. Finally, fibrosis 
staging after achievement of SVR was not available at the 
time of analysis. Repeated laboratory measurements were 
at non-uniform time periods; however, the use of general 
linear model for repeated measurements with Proc MIXED 
allowed for analyzing unbalanced repeated measurements.

The study has strengths and innovations including the 
enrollment of an at risk urban study population; the use of 
a longitudinal study design; and the evaluation of immune 
outcomes. The study population included a large African-
American cohort with both HCV-monoinfected and HIV/
HCV-coinfected patients treated with DAA therapy in the 
US. The homogenous population in the community-based 
clinics of Washington DC strengthens our external valid-
ity to similar urban cohorts in the US. This study used an 
established infrastructure of four clinical trials to construct 

an observational, retrospective cohort with repeated immune 
data among HCV-monoinfected and HIV/HCV-coinfected 
patients who achieved SVR with DAA therapy and with 
longer post-SVR follow-up visits than prior studies.

For the first time, we have a disease model in which 
chronic HCV viral infection that persisted for over 30 years 
is suddenly eliminated in 12 weeks with DAA therapy. Prior 
to this, recovery of an immune system under continuous 
assault with HCV chronic replication has not been studied 
and was poorly understood. The results from this study pro-
vide a preliminary step in our understanding of viral–host 
interactions immediately after HCV elimination, but more 
importantly providing long-term, post-SVR follow-up, 
which has not been assessed in the current literature. This 
longitudinal study showed HCV-monoinfected and HIV/
HCV-coinfected patients treated with DAA therapy had con-
tinued improvements in immunological recovery in T-cell 
activation during DAA therapy and after achievement of 
SVR, highlighting a novel long-term clinical benefit of HCV 
clearance on morbidity.
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