
Page 1/17

T cell maturation and senescence after HCV cure in HIV-HCV
coinfected patients: a prospective study
Paula Martínez-Román 

Instituto de Salud Carlos III
Isabel Cortegano  (  icortegano@isciii.es )

Instituto de Salud Carlos III
Daniel Valle Millares 

Instituto de Salud Carlos III
Celia Crespo-Bermejo 

Instituto de Salud Carlos III
Norma Rallón 

Autonomous University of Madrid
José Miguel Benito 

Autonomous University of Madrid
Violeta Lara-Aguilar 

Instituto de Salud Carlos III
Sonia Arca-Lafuente 

Instituto de Salud Carlos III
Luz Martín-Carbonero 

Instituto de Investigación Sanitaria Hospital de la Paz
Lourdes Domínguez-Domínguez 

Hospital Universitario 12 de Octubre
Pablo Ryan 

Hospital Universitario Infanta Leonor
Ignacio de los Santos 

Hospital Universitario de la Princesa
Mayte Coiras 

Instituto de Salud Carlos III
Claudia Palladino 

University of Lisbon
María Luisa Gaspar 

Instituto de Salud Carlos III
Amanda Fernández-Rodríguez 

Instituto de Salud Carlos III
Verónica Briz 

Instituto de Salud Carlos III (ISCIII)

Article

Keywords: HIV, HCV, coinfection, DAAs, ART, CD4+ T cell, CD8+ T cell, senescence, maturation, HIV reservoir, HIV splicing

Posted Date: April 20th, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1546494/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full License

https://doi.org/10.21203/rs.3.rs-1546494/v1
mailto:icortegano@isciii.es
https://doi.org/10.21203/rs.3.rs-1546494/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/17



Page 3/17

Abstract
Previously, we identi�ed a stabilization of the HIV reservoir size in HIV + monoinfected and HIV+/HCV + coinfected patients who
eliminated HCV with DAAs as well as a decrease in HIV reservoir size in HIV+/HCV- spontaneously clearers. However, variations in the
distribution of memory CD4 + T cell subpopulations in coinfected patients after HCV clearance remains unclear. To analyze the
expression pattern of T cell maturation (CD45RA and CD27) and senescence (CD28 and CD57) markers by �ow cytometry in those
patients. Longitudinal study (52 weeks follow-up) of 49 HIV+/HCV+, 38 HIV+/HCV- and 59 HIV + subjects, all of them aviremic. A
generalized increase in expression of CD28 was observed for CD8 + and in CD4 + CD27 + cells. The proportion of both CD4 + TEM TH1
and TH2 cells decreased signi�cantly in HIV+/HCV- while remained stable in HIV + and HIV+/HCV + individuals. The general decline in
cell senescence of cytotoxic lymphocytes may be due to reduced antigenic stimulation of HIV-speci�c and HCV-speci�c lymphocytes.
The dynamic of HIV viral reservoir in HIV+/HCV- patients matches the dynamic of CD4 + cells with a TH1 phenotype, which could
mean a decrease in the number of circulating TFH1 lymphocytes after an improvement in generalized in�ammation state.

Introduction
Human immunode�ciency virus (HIV) infection affects 38 million people worldwide and currently infects 1.7 million people yearly 1.
Of these, an estimated 2.75 million people are also living with hepatitis C virus (HCV) because of shared routes of transmission 2.
HIV/HCV coinfection alters the natural course of both diseases affecting the rates of HCV spontaneous clearance, promoting the
development of liver �brosis, worsening the state of generalized in�ammation and accelerating immune senescence 3, 4, 5.

The administration of the new direct-acting antivirals (DAAs), IFN-free treatments, has made possible to eliminate HCV infection with
great e�ciency (> 90%) 6. However, in HIV infected individuals, although antiretroviral therapy (ART) has shown excellent results in the
control of viremia and viral replication, �nding a cure for this infection is still a challenge due to the ability of the virus to establish
latency in viral reservoirs that remain inaccessible to treatments 7, 8, 9.

Most of HIV reservoir is comprised of latently infected memory resting (r)CD4 + T cells including central memory (TCM), transitional
memory (TTM), effector memory (TEM), terminally-differentiated effector memory (TEMRA), and others more recently described such
as stem central memory (TSCM) and T follicular helper (TFH) cells 10, 11, 12. Our group has demonstrated that HIV-1/HCV coinfection
increases HIV reservoir size in rCD4 + T cells in HCV spontaneous clari�ers (HIV+/HCV-) and HCV chronically infected subjects
(HIV+/HCV+) in comparison with HIV + monoinfected controls 13. Moreover we noted increased levels of multiple spliced mRNAs in
rCD4 + T cells from coinfected patients which could indicate a higher Tat activity in these cells despite their resting state 14.

After a follow-up time of 52 weeks, we observed that HIV reservoir remained invariable in HIV+/HCV + patients even after HCV
elimination with DAA treatment, in contrast to a decrease in the reservoir size of HIV+/HCV- individuals 15 coupled with a controlled
production of multiple spliced viral mRNA in transcriptionally active cells (unpublished data).

The objective of this study was to analyze the expression pattern of T cell maturation (CD45RA and CD27) and senescence (CD28
and CD57) markers in chronically coinfected HIV+/HCV + individuals, HIV+/HCV- spontaneous clari�ers and HIV + monoinfected
patients, as well as the dynamic of this expression after a follow-up time of 52 weeks, and after the administration of DAAs to
HIV+/HCV + patients. Moreover, the dynamic of the different CD4 + T cell subsets was correlated to the previously observed change of
HIV reservoir size in the same patient cohort 15.

Materials And Methods

Patients
Prospective longitudinal study including samples from HIV infected adults under suppressive ART. A total of 146 study participants
were classi�ed as: 1) HIV + group: 59 infected with HIV without previous contact with HCV (negative HCV PCR and antibodies); 2)
HIV+/HCV- group: 38 HIV patients who spontaneously cleared the HCV (negative HCV PCR but positive HCV antibodies); and 3)
HIV+/HCV + group: 49 HIV patients coinfected with HCV (positive HCV PCR and antibodies) who had never been treated for HCV
before baseline, but had achieved SVR with DAAs at endpoint. Some participants were lost to follow-up, resulting in 79 endpoint
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patients: 31 HIV+, 22 HIV+/HCV- and 26 HIV+/HCV+. The STROME-ID checklist was used to strength the design and conduct the study
16.

All patients were selected from �ve tertiary hospitals in the Community of Madrid (Spain) belonging to COVIHEP group (Supplemental
Acknowledgments). Baseline blood samples were collected between November 2016 and June 2017 and endpoint samples from
January 2018 to March 2019, coinciding with a spacing time of 52 weeks for paired samples. Patient selection criteria were described
in previous works 13, 14. At baseline, none of the patients had previous treatment to HCV infection; however, all HIV+/HCV + individuals
successfully eliminated HCV infection with DAAs and achieved sustained virological response (SVR) at endpoint.

Epidemiological and clinical variables of study patients were collected from medical records. Plasma HIV RNA viral load, plasma HCV
RNA viral load, liver �brosis and IFNL3 (IL-28B) rs12979860 single nucleotide polymorphism were evaluated as previously described
13, 14.

Cell phenotyping and �ow cytometry
T cell phenotyping was performed on fresh peripheral blood mononuclear cells (PBMCs) that were isolated by density gradient. Cells
were resuspended in Brilliant Staining Buffer (BD Biosciences, 563794) and then stained with Fixable Viability Stain-PE (BD
Biosciences, New Jersey, US, 564996) to exclude non-viable cells, and the following �uorescently-conjugated monoclonal antibodies:
CD3-FITC (BD Biosciences, 555332), CD4-BUV395 (BD Biosciences, 564724), CD8-BV510 (BD Biosciences, 563256), CD45RA-APC-
CyTM 7 (BD Biosciences, 560674), CD27-BV421 (BD Biosciences, 562513), CD28-PE-CyTM 7 (BD Biosciences, 560684) and CD57-
APC (BD Biosciences 560845). After incubation and washing, cells were analyzed by �ow cytometry using BD LSR FortessaTM X-20
�ow cytometer and BD FACSDivaTM software (BD Biosciences). Data were analyzed with FlowJoTM v10 software (TreeStar).

After analysis (Supplemental �le 1) CD4 + and CD8 + T cell populations were identi�ed as part of different phenotypes: CD8 + and
CD4 + naïve T cells (TN) (CD45RA + CD27 + CD28 + CD57-), CD8 + and CD4 + TCM (CD45RA-CD27 + CD28 + CD57-); CD8 + and CD4 + 
TTM (CD45RA-CD27 + CD28-CD57-); CD8 + TEM (CD45RA-CD27-CD28+/-CD57-), CD4 + TEM TH1 (CD45RA-CD27-CD28-CD57-), CD4 + 
TEM TH2 (CD45RA-CD27-CD28 + CD57-), and CD8 + and CD4 + TEMRA (CD45RA + CD27-CD28-CD57+), as previously described 17, 18,

19, 20, 21, 22, 23, 24, 25 (Supplemental �le 2).

Statistical analysis
Epidemiological and clinical variables were presented as a percentage for categorical variables and as median and interquartile range
(IQR) for continuous variables. Differences between groups for categorical variables were analyzed using χ2 test and the 2-sided
Fisher exact test (non-parametric). For continuous variables, after studying normalization with Kolmogorov-Smirnov test, groups were
compared using ANOVA test (parametric) or Kruskal-Wallis H test (non-parametric). Student’s T test (parametric) was used to
determine differences in clinical characteristics between baseline and endpoint of the study.

The proportion of the different T cell populations was expressed as median and IQR of their percentage expression over total CD8 + 
and CD4 + T cells. Kruskal-Wallis H test was also used to compare the three study groups. Moreover, we aimed to assess signi�cant
relationships between cell prevalence and the measured time points (baseline or endpoint) by using mixed effect regression models
for paired samples. We �t our �ow cytometry data matrix to a beta in�ated mixed effect regression model with the R package gamlss
v5.2-0 26 where:

(1)Y ijk = Xjk + Zijk + eijk

In Eq. (1) Y is the raw cell prevalence data (model’s response variable) of the ith cell type, X is the measurement time point with levels j 
= baseline or j = endpoint of the kth patient, Z is the model’s random effect accounting for the dependency between paired
measurements of patients in Xj=baseline and Xj=endpoint, and e is the random residual term.

All statistical analyses were executed using SPSS v22.0 (SPSS Inc.) and R statistical software (v4.0.2). Statistical signi�cance was
de�ned as P < 0.05 (2-tailed).
Ethics approval and consent to participate

Each individual signed an informed consent in order to assure privacy and con�dentiality. The study was performed in accordance
with the Declaration of Helsinki. The protocol study was revised and approved by ethic review broads from each institution involved
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[Comité de Ética de la Investigación (CEI) of Institute of Health Carlos III (Ref: CEI PI81_2017-v3), CEI Hospital La Paz (Ref: PI-3005),
CEI Hospital La Princesa (Ref: PI15CIII/00031), CEI Hospital Infanta Leonor (Ref: 09/2016).

Results
Study patients

Table 1 displays baseline epidemiological and clinical characteristics of the study population. All patients were Caucasian and 63.7%
(n= 93) were men. They had a median age of 49.0 years (IQR: 42.8-54.0), median height of 169.0 cm (IQR: 162.0-174.0) and median
weight of 70.0 Kg (IQR: 61.1-79.0), this being signi�cantly lower in HIV+/HCV+ individuals [64.4 Kg (IQR: 55.0-74.0)] (p=0.004).
Differences between study groups were also found in time of HIV infection, this being higher in HIV+/HCV+ patients with a median
time of 23.5 years (10.2-28.7) (p<0.001); in HIV transmission route, with sexual transmission being predominant in HIV+ patients
(n=42, 71.2%) and parenteral route in HCV exposed subjects (n=52, 59.8%) (p=0.002); and in IFNL3 (IL-28B) genotype (p<0.001), with
CC being the predominant genotype in HIV+/HCV- patients (n=30, 78.9%), which would support spontaneous clearance of HCV
infection. On the other hand, no differences were found between study groups regarding Centers for Disease Control and Prevention
(CDC) classi�cation system for HIV infection (p=0.165), ART regimen (p=0.348) and prevalence of CMV coinfection (p=0.174).

Table 2 shows CD4 and CD8 counts of the study patients. For all study participants, immune status showed no differences between
baseline and endpoint in relation to the number of total CD4+ T cells [(763.0 cells/µL; IQR: 607.7-1009.5) vs. (835.0 cells/µL; IQR:
652.0-1108.0)] (p=0.945) and total CD8+ T cells [(889.0 cells/µL; IQR: 647.0-1230.3) vs. (941.0 cells/µL; IQR: 701.0-1479.0)]
(p=0.406). All patients showed CD4+ values over 500 cells/µL demonstrating a good state of their immune system. CD8+ T-cell
percentage was signi�cantly higher at endpoint than at baseline [(39.0%; IQR: 33.0-44.8) vs. (39.5%; IQR: 35.5-45.2)] CD8+ T-cell
percentage appeared to be statistically signi�cant at endpoint than at baseline [(39.0%; IQR: 33.0-44.8) vs. (39.5%; IQR: 35.5-45.2)]
(p=0.029). There were no differences when comparing CD4+/CD8+ ratios between baseline (0.92; IQR: 0.69-1.18) and endpoint (0.88;
IQR: 0.71-1.10) (p=0.562).

Table 3 describes the clinical characteristics of HCV infection. HCV genotypes 1 (n=28, 57.1%) and 4 (n=12, 24.5%) were the most
prevalent amongst patients. In relation to �brosis stage, no differences were found as most HCV exposed individuals (n=61, 49.6%)
were diagnosed with F0-F1 �brosis stadium (p=0.090). Majority of HIV+/HCV+ individuals were given Ledipasvir plus Sofosbuvir
(n=16, 61.5%) during follow-up to eliminate HCV infection.

Dynamic of cd8+T cell maturation and senescence 

Figure 1 and Table 4 show the dynamic of the de�ned CD8+ T cell populations for paired samples. Analysis by beta in�ated mixed
effect regression model showed a general signi�cant increase over time in the proportion of CD8+ TN, CD8+ TCM, CD8+ TEM (CD28+)
and CD8+ TEMRA, except for HIV+/HCV- patients. Moreover, a general signi�cant decrease in the proportion of CD8+ TEM (CD28-)
was observed as well as in CD8+ TTM in HIV- and HIV+/HCV- groups but not in HIV+HCV+ group.

Supplemental �le 3 shows cross-sectional studies of CD8+ populations at baseline and endpoint, and the resulting statistical
signi�cance from the comparison of the three study groups.

Dynamic of cd4+ T cell maturation and senescence 

Figure 2 and Table 5show the dynamic of CD4+ T cells for paired samples. Analysis disclosed a general increase although mostly not
statistically signi�cant for CD4+ TN and CD4+ TCM. A general decrease was observed in the proportion of CD4+ TTM, CD4+ TEM TH1
and CD4+ TEM. However, the dynamic in CD4+ TEMRA proportions was heterogeneous between study groups. Supplemental �le 4
shows cross-sectional studies of CD4+ T cell populations and differences between patient groups both at baseline and endpoint of
the study

Discussion
Understanding over time changes in T cell populations in HIV infected and HCV exposed patients help to get a better knowledge about
the impact of prolonged ART and HCV elimination with DAAs on HIV reservoir size dynamic and immune senescence 15.
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Overall, we observed a general decline in cell senescence since the proportion of CD8+ TN, CD8+ TCM, CD8+ TEM (CD28+) increased
over time and the proportion of CD8+ TTM, CD8+ TEM (CD28-) decreased. The effect of ART regulation on early immune senescence
has already been described in patients with chronic HIV infection and correlates with cessation of antigenic stimulation of HIV-
speci�c CD8+ lymphocytes 27, 28, 29. However, to our knowledge, this is the �rst study that identi�es the same phenomenon in HIV
infected patients previously exposed to HCV (both chronically coinfected and spontaneous clearers), which could possibly be
explained by the end of the antigenic stimulation and sustained HCV-speci�c CD8+ cell death.

On the other hand, the most senescent population considered in this study, CD8+ TEMRA (CD28-CD57+), increased its proportion at
the end of the study for HIV+ and HIV+/HCV+ patients, and it was only reduced for HIV+/HCV- individuals. During natural HIV
infection, immune senescence increases with the accumulation of highly differentiated CD4+ and CD8+ cells that have lost the
expression of CD28 and gained that of CD57 (CD8+ TEMRA). This may cause premature immune aging and contributes to the onset
of acquired immune de�ciency syndrome (AIDS) or serious non-AIDS-related pathologies 30, in the absence of ART.

Despite successful ART, HIV infected individuals fail to normalize CD8+ T cell activation (HLADR+CD38+), which leads to a chronic
in�ammatory state and the appearance of comorbidities 31, 32, 33. This could be re�ected in the failure to normalize the proportion of
late-senescent cells despite the control of viral replication as was observed in both HIV+ and HIV+/HCV+ patients, who still show
altered levels of pro-in�ammatory cytokines even after the elimination of HCV with DAAs 34, 35, 36, 37. However, the signi�cant increase
observed in CD28+ TEM in all the studied groups, and more importantly in senescent CD57+ TEMRA, may re�ect an antigenic
stimulation of the cytotoxic T cells, in both HIV+ and HIV+/HCV+ patients differing of the spontaneous clearers group that showed a
mild decrease in TEMRA. HIV+/HCV- individuals could managed to control immune aging as the potent immune response that
allowed them to spontaneously clarify HCV infection.

The presence of HCV-speci�c CD8+ T cells, previously identi�ed, with phenotypic features of T-cell exhaustion and memory, both
before and after treatment with direct acting antiviral (DAA) agents may contribute to the differences observed in the spontaneous
clearers group 38.

Regarding CD4+ T cells, a similar dynamic of CD28 expressing cells was observed but only in non-effector CD27+ cells (CD4+ TN,
CD4+TCM, CD4+ TTM). An increased number of CD28 expressing cells in HIV-infected CD4+ cells has been related to a high
intracellular concentration of viral accessory proteins Nef and Vpu 39. In fact, our group previously observed a generalized increase
over time of single and multiple spliced viral RNA transcripts in the same cohort of patients (unpublished data). However, this would
not explain why the dynamic of CD28 seemed to be CD27-dependent on CD4+ cells. This result may be explained by the fact that
CD27 promotes T cell survival 40, 41, 42. This could in turn promote resistance to apoptosis of infected CD4+ cells, viral transcription
and the effect of Nef and Vpu on CD28.

As discussed above, effector CD4+ cells (CD27-) do not show the same dynamic as that observed in CD8+ cells. CD4+ TEM TH1 cells
are especially noteworthy, as they show an identical dynamic to that of the HIV reservoir size in resting (r)CD4+ T cells (CD4+CD25-
CD69-HLA-DR-) in the same patient cohort 15. Both viral reservoir size and proportion of CD4+ TEM TH1 signi�cantly decreased in
HIV+/HCV- patients and seemed to remain stable in HIV+ and HIV+/HCV+ individuals. Previously, it has been described that CD4+
TCM and TTM are major viral compartments 43 and that under ART, long-lived CD4+ TEM cells replenish the majority of the stable HIV
reservoir 44. Moreover, there is now increasing evidence that another cellular subtype, TFH cells both lymph node resident and
circulating, would also comprise a large part of the viral reservoir 45, 46. We can relate TEM TH1 and TFH cells since most TFH present
a TH1 phenotype (TFH1) with an enhanced production of IFN-γ 47. Thus, we cannot rule out the possibility that the signi�cant
decrease in CD4+ cells with TH1 phenotype in HIV+/HCV- individuals could be related to a decrease in TEM TH1 and/or TFH1 cells.
Since only TFH1 cells can express the CD4+CD25-CD69-HLA-DR- phenotype 19, 48, 49, 50, 51, these cells correlate to the reduced viral
reservoir size in rCD4+ T cell of spontaneous clari�ers 15. 

During HIV infection, immune activation and the production of proin�ammatory cytokines such as IFN-γ, IL-21, IL-6 and IP-10 increase.
IFN-γ is the main stimulator of differentiation from TN to TH1 cells and from TFH0 to TFH1 cells 47. Moreover, HIV+/HCV- patients
may initially have a strong CD4+ TH1 response, as it has been related to spontaneous clearance of HCV 52, 53. This could explain, in
the context of simultaneous coinfection, the large size of the HIV reservoir observed in these patients prior to follow-up 13. However,
over time, we observed that this response stabilized and reservoir diminished. We hypothesized that the decrease of the HIV reservoir
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size in HIV+/HCV- individuals was related to the decrease in CD4+ latently infected cells with TH1 phenotype since the apparent
control of infection by these individuals would reduce immune activation and the production of proin�ammatory cytokines. With the
reduction of IFN-γ in particular, the proportion of TFH1 cells would decline and with them the amount of proviral DNA copies
integrated by 106 CD4+CD25-CD69-HLA-DR- cells. 

A decrease in the proportion of TH1 cells and consequently in IFN-γ production would be expected to increase the proportion of
TH2 46. However, our results showed a decrease in the proportion of these cells for both HIV+ and HIV+/HCV- patients. Other authors
have previously described that the dramatically increased humoral TH2 response during HIV infection stabilizes under
ART 54. Therefore, we hypothesized that the generalized decrease in TH2 cell prevalence may be due to a normalization of the TH2
response, and that changes in the HIV viral reservoir are better explained by the dynamic of cellular populations of TH1 phenotype.
Further research should be undertaken to investigate TH1 and TH2 cytokine production in these patients. 

A decrease in antigen presentation of HIV-speci�c CD8+ lymphocytes occurs not only in HIV-infected patients under ART but also in
patients chronically infected or that had been infected and recovered with HCV. 

However, despite successful ART, only HCV spontaneous clari�ers seem to normalize late senescent cells. Furthermore, these patients
seem to better control proin�ammatory responses and the production of cytokines such as IFN-γ, which in turn would be related with a
decrease in the number of TH1 cells, which harbor proviral DNA.
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Table 1: Epidemiological and clinical characteristics of the study population.
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  TOTAL n=146 HIV+ n=59 HIV+/HCV- n=38 HIV+/HCV+ n=49 p

Male, n (%) 93 (63.7%) 38 (64.4%) 26 (68.4%) 29 (59.2%) 0.691

Age, years * 49.0

(42.8-54.0)

45.0 

(63.0-54.0)

51

(47.8-53.5)

50

(44.5-53.5)

0.113

Weight, Kg * 70.0 

(61.1-79.0)

72.0

(63.0-80.5)

75.8

(64.3-82.9)

64.4

(55.0-74.0)

0.004

Height, cm * 169.0 

(162.0-174.0)

168.0

(160.5-174.5)

169.0

(165.0-174.0)

168.0

(160.0-174.5)

0.405

Time of HIV infection, years * 17.4

(7.5-25.3)

10.2

(5.6-21.4)

21.3

(10.9-26.8)

23.5

(10.2-28.7)

<0.001

Transmission route, n (%) - - - - 0.002

IDUs 52 (35.6%) 0 (0.0%) 23 (60.5%) 29 (59.2%) -

MSM 40 (27.4%) 22 (37.3%) 8 (21.1%) 10 (20.4%) -

MSW 27 (18.5%) 20 (33.9%) 4 (10.5%) 3 (6.1%) -

Others 12 (8.3%) 5 (8.5%) 1 (2.6%) 6 (12.2%) -

Unknown 15 (10.3%) 12 (20.3%) 2 (5.3%) 1 (2.0%)  

CDC category, n (%) - - - - 0.165

A 84 (57.5%) 42 (71.3%) 18 (47.4%) 24 (49.0%) -

B 26 (17.8%) 9 (15.3%) 8 (21.1%) 9 (18.3%) -

C 32 (21.9%) 5 (8.5%) 11 (28.9%) 16 (32.7%) -

Unknown 4 (2.7%) 3 (5.1%) 1 (2.6%) 0 (0.0%) -

cART regimen, n (%) - - - - 0.348

NNRTIs 49 (33.6%) 18 (30.5%) 17 (44.7%) 14 (28.6%) -

NRTIs 3 (2.1%) 2 (3.4%) 0 (0.0%) 1 (2.0%) -

PIs 13 (8.9%) 3 (5.1%) 5 (13.2%) 5 (10.2%) -

INIs 52 (35.6%) 23 (39.0%) 12 (31.6%) 17 (34.7%) -

Dual therapy 22 (15.1%) 12 (20.3%) 3 (7.9%) 7 (14.3%) -

Monotherapy 4 (2.7%) 0 (0.0%) 1 (2.6%) 3 (6.1%) -

Unknown 3 (2.1%) 1 (1.7%) 0 (0.0%) 2 (4.1%) -

CMV coinfection, n (%) - - - - 0.174

Yes 58 (39.7%) 17 (28.8%) 19 (50.0%) 22 (44.9%) -

No 14 (9.6%) 5 (8.5%) 4 (10.5%) 5 (10.2%) -

Unknown 74 (50.7) 37 (62.7%) 15 (39.5%) 22 (44.9%) -

IFNL3 (IL-28B) genotype, n (%) - - - - <0.001

CC 68 (46.6%) 23 (39.0%) 30 (78.9%) 15 (30.6%) -

Non-CC 59 (40.4%) 22 (37.3%) 8 (21.1%) 29 (59.2%) -

Unknown 19 (13.0%) 14 (23.7%) 0 (0.0%) 5 (10.2%) -
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Legend: HIV = Human Immunode�ciency Virus; HCV = Hepatitis C Virus. n (%) = number (percentage); * = median (interquartile range);
BMI = body mass index; IDUs = intravenous drug users; MSM = men who have sex with men; MSW = men who have sex with
women/women who have sex with men; CDC = centers for disease control and prevention classi�cation system for HIV infection;
cART = combined antiretroviral therapy; NNRTIs = non-nucleoside reverse transcriptase inhibitors; NRTIs = nucleoside analogue
reverse transcriptase inhibitors; PIs = protease inhibitors; INIs = integrase inhibitors; CMV = cytomegalovirus. For categorical variables,
differences between study groups were analyzed via c2 test and the 2-sided Fisher exact test (non-parametric). For continuous
variables, normalization was studied with Kolmogorov-Smirnov test and differences between groups with ANOVA test (parametric)
and Kruskal-Wallis H test (non-parametric). Statistical signi�cance was de�ned as P < 0.05 (2-tailed). 

Table 2: Lymphocytic subpopulations of the study patients.

   TOTAL  HIV+  HIV+/HCV-  HIV+/HCV+  p

  BASELINE
n= 146

ENDPOINT
n= 79

BASELINE
n= 59

ENDPOINT
n= 31

BASELINE
n= 38

ENDPOINT
n= 22

BASELINE
n= 49

ENDPOINT
n= 26

-

CD4+ T-
cell
count,
cells/𝝁L
*

763.0 

(607.7-
1009.5)

835.0

(652.0-
1108.0)

804.0

(647.0-
1034.0)

788

(683.0-
1065.0)

762.2

(569.4-
992.8)

819.5

(516.3-
1042.5)

712.8

(565.8-
1039.0)

893.0

(707.0-
1254.0)

0.945

CD4+, %
*

35.0

(31.0-
41.0)

36.0

(31.95

37.0

(32.0-
42.4)

37.0

(33.0-44.0)

35.0

(31.0-
38.0)

31.8

(27.1-36.4)

33.8

(29.3-
43.0)

37.0

(32.9-43.8)

0.930

Nadir
CD4+,
cells/𝝁L
*

242.0

(165.5-340.5)

273.0

(199.8-425.3)

210.0

(80.0-249.0)

246.0

(121.0-320.3)

-

Nadir
CD4+, %
*

18.9

(11.9-26.5)

22.5

(17.0-28.0)

14.0

(7.0-20.0)

20.0

(13.5-30.7)

-

CD8+ T-
cell
count,
cells/𝝁L
*

889.0

(647.0-
1230.3)

941.0

(701.0-
1479.0)

880.0

(613.5-
1434.5)

815.5

(667.0-
1341.5)

922.5

(592.3-
1277.5)

941.0

(894.0-
1148.0)

858.0

(663.0-
1077.0)

1175.5

(965.6-
1712.5)

0.406

CD8+, %
*

39.0

(33.0-
44.8)

39.5

(35.5-45.2)

38.3

(33.0-
46.4)

38.6

(33.9-42.2)

38.2

(31.6-
43.1)

39.2

(31.6-50.7)

42.0

(36.0-
45.2)

44.4

(40.1-50.6)

0.029

CD4:CD8
Ratio, *

0.92

(0.69-
1.18)

0.88

(0.71-1.10)

0.99

(0.71-
1.26)

0.98

(0.74-1.18)

0.92

(0.74-
1.13)

0.78

(0.65-1.10)

0.86

(0.61-
1.00)

0.865

(0.55-0.93)

0.562

Legend: HIV = Human Immunode�ciency Virus; HCV = Hepatitis C Virus; * = median (interquartile range); % = percentage.
Normalization was studied with Kolmogorov-Smirnov test and differences between baseline and endpoint with Student’s T test
(parametric). Statistical signi�cance was de�ned as P < 0.05 (2-tailed).  

Table 3: Clinical characteristics of the study population related to HCV-infection.
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  TOTAL n=87 HIV+/HCV- n=38 HIV+/HCV+ n=49 p

HCV genotype - - - n.a.

GT1 - - 28 (57.1) -

GT2 - - 1 (2.0%) -

GT3 - - 3 (6.1%) -

GT4 - - 12 (24.5%) -

Unknown  - - 5 (10.2%) -

Fibrosis stage - - - 0.090

F0-F1 (<6 kPa) 61 (49.6%) 24 (63.2%) 37 (75.5%) -

F2 (6-9 kPa) 8 (6.5%) 0 (0.0%) 8 (16.3%) -

F3 (>9-12kPa) 2 (1.6%) 0 (0.0%) 2 (4.1%) -

F4 (>12kPa) 1 (0.8%) 0 (0.0%) 1 (2.0%) -

Unknown  15 (17.2%) 14 (36.8%) 1 (2.0%) -

HCV treatment n= 26 - -   n.a.

Ledipasvir + Sofosbuvir - - 16 (61.5%) -

Elbasvir + Grazoprevir  - - 3 (11.5%) -

Sofosbuvir + Daclatasvir  - - 2 (7.7%) -

 Sofosbuvir + Velpatasvir - - 1 (3.8%) -

Sofosbuvir + Simeprevir  - - 1 (3.8%) -

Sofosbuvir + Ledipasvir     1 (3.8%)  

Viekirax + Exviera - - 1 (3.8%) -

Unknown  - - 1 (3.8%) -

Legend: HIV = Human Immunode�ciency Virus; HCV = Hepatitis C Virus; n (%) = number (percentage); kPa = kilopascals. 𝞆2 test and
the 2-sided Fisher exact test (non-parametric) were used to analyze differences between study groups. Statistical signi�cance was
de�ned as P < 0.05 (2-tailed).

Table 4: Dynamic of maturation and senescence in CD8+ T cells.
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HIV+ HIV+/HCV- HIV+/HCV+

  BASELINE
n= 59

ENDPOINT
n= 31

p BASELINE
n= 38

ENDPOINT
n= 22

p BASELINE
n= 49

ENDPOINT
n= 26

p

CD8+ TN, %* 13.44

(2.25-
23.84)

23.63

(13.94-
31.27)

0.007 16.67

(13.28-
21.14)

23.59

(16.65-
24.78)

0.002 26.09

(10.27-
38.14)

26.33

(14.76-
37.42)

0.021

CD8+ TCM,
%*

16.54

(12.61-
36.91)

19.86

(13.29-
27.85)

0.031 26.12

(19.59-
36.26)

31.36

(21.04-
36.13)

0.018 18.84

(14.19-
28.33)

20.09

(15.12-
26.10)

0.636

CD8+ TTM,
%*

3.42

(2.37-6.31)

0.77

(0.58-1.74)

<0.001 6.06

(2.51-
7.87)

0.90

(0.29-1.90)

<0.001 3.72

(2.74-
4.78)

1.01

(0.35-2.30)

0.100

CD8+ TEM
(CD28-), %*

3.76

(2.17-5.88)

1.21

(0.76-1.96)

<0.001 3.65

(1.94-
5.44)

0.91

(0.52-1.57)

<0.001 3.24

(1.18-
5.64)

1.06

(0.52-2.11)

0.003

CD8+ TEM
(CD28+), %*

4.11

(2.81-5.23)

4.57

(3.05-6.48)

<0.001 4.25

(2.80-
6.84)

5.79

(4.28-6.87)

<0.001 2.76

(1.61-
3.95)

3.72

(2.68-5.47)

<0.001

CD8+
TEMRA, %*

10.74

(6.38-
25.92)

15.55

(7.15-22.15

<0.001 6.11

(4.21-
8.62)

4.68

(2.19-
10.56)

0.017 8.83

(3.66-
19.20)

12.15

(6.46-
15.92)

<0.001

Legend: HIV = Human Immunode�ciency Virus; HCV = Hepatitis C Virus; * = median (interquartile range); % = percentage; TN = naïve T
cells; TCM = central memory T cells, TTM = transitional memory T cells; TEM= effector memory; TEMRA = terminally-differentiated
effector memory T cells; baseline = time of the study when HIV+/HCV+ patients had never been treated for hepatitis; endpoint = time
of the study when HIV+/HCV+ patients had cleared HCV by treatment with direct-acting antivirals. Differences between baseline and
endpoint for the different study groups were calculated using a beta in�ated mixed effect regression model. Statistical signi�cance
was de�ned as p<0.05 (2-tailed).

Table 5: Dynamic of maturation and senescence in CD4+ T cells
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  HIV+ HIV+/HCV- HIV+/HCV+

  BASELINE
n= 59

ENDPOINT
n= 31

p BASELINE
n= 38

ENDPOINT
n= 22

p BASELINE
n= 49

ENDPOINT
n= 26

p

CD4+ TN,
%*

22.94 

(12.76-
33.21)

26.72 

(20.36-
35.08)

0.005 27.06 

(15.38-
36.60)

29.01 

(20.38-
32.15)

0.105 40.44 

(25.76-
47.09)

32.30 

(22.52-
37.51)

0.067

CD4+ TCM,
%*

52.74 

(43.14-
70.46)

53.48 

(47.21-
60.36)

0.051 53.74

(46.74-
60.06)

61.63

(54.12-
70.89)

0.092 40.43

(32.97-
48.11)

53.13

(44.86-
58.13)

0.604

CD4+ TTM,
%*

1.69

(0.80-2.50)

0.02

(0.01-0.35)

0.008 2.94

(0.52-5.77)

0.02

(0.01-0.8)

0.015 0.79

(0.18-
1.95)

0.06

(0.01-0.55)

0.246

CD4+ TEM
TH1, %*

0.77

(0.37-1.52)

0.58

(0.35-1.48)

0.797 0.41

(0.22-1.27)

0.20

(0.14-0.37)

0.037 0.46

(0.20-
1.29)

0.31

(0.19-0.60)

0.736

CD4+ TEM
TH2, %*

8.05

(6.44-
10.60)

6.32

(4.50-9.32)

0.034 9.07

(5.22-
13.65)

5.32

(3.81-6.71)

0.049 6.33

(3.72-
9.41)

5.45

(3.07-7.19)

0.959

CD4+
TEMRA, %*

0.66

(0.11-2.40)

1.11

(0.30-2.71)

0.989 0.17

(0.04-1.59)

0.15

(0.02-0.65)

0.595 0.66

(0.09-
1.33)

0.52

(0.21-0.86)

0.024

Legend: HIV = Human Immunode�ciency Virus; HCV = Hepatitis C Virus; * = median (interquartile range); % = percentage; TN = naïve T-
cells; TCM = central memory T-cells, TTM = transitional memory T-cells; TEM= effector memory; TEMRA = terminally-differentiated
effector memory T cells; baseline = time of the study when HIV+/HCV+ patients had never been treated for hepatitis; endpoint = time
of the study when HIV+/HCV+ patients had cleared HCV by treatment with direct-acting antivirals. Differences between baseline and
endpoint for the different study groups were calculated using a beta in�ated mixed effect regression model. Statistical signi�cance
was de�ned as p<0.05 (2-tailed).

Figures
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Figure 1

Dynamic of maturation and senescence in CD8+ T cells.

Differences between baseline and endpoint for the different study groups were calculated using a beta in�ated mixed effect
regression model. Statistical signi�cance was de�ned as p<0.05 (2-tailed). HIV = Human Immunode�ciency Virus; HCV = Hepatitis C
Virus; TN = naïve T-cells; TCM = central memory T-cells, TTM = transitional memory T-cells; TEM= effector memory; TEMRA =
terminally-differentiated effector memory T cells; baseline = time of the study when HIV+/HCV+ patients had never been treated for
hepatitis; endpoint = time of the study when HIV+/HCV+ patients had cleared HCV by treatment with direct-acting antivirals.
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Figure 2

Dynamic of maturation and senescence in CD4+ T cells.

Differences between baseline and endpoint for the different study groups were calculated using a beta in�ated mixed effect
regression model. Statistical signi�cance was de�ned as p<0.05 (2-tailed). HIV = Human Immunode�ciency Virus; HCV = Hepatitis C
Virus; TN = naïve T cells; TCM = central memory T cells, TTM = transitional memory T cells; TEM TH1= effector memory TH1 cells;
TEM TH2= effector memory TH2 cells; TEMRA = terminally-differentiated effector memory T cells; baseline = time of the study when
HIV+/HCV+ patients had never been treated for hepatitis; endpoint = time of the study when HIV+/HCV+ patients had cleared HCV by
treatment with direct-acting antivirals. 
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