Medical Microbiology and Immunology (2019) 208:747-756
https://doi.org/10.1007/500430-019-00619-4

ORIGINAL INVESTIGATION q

Check for
updates

Influence of Hepatitis C virus coinfection on immune reconstitution
in HIV subjects

Maria Noel Badano'® - Cecilia Parodi’ - Natalia Aloisi' - Marcelo Corti? - Maria Marta Elizalde de Bracco’ -

Patricia Baré'

Received: 13 September 2018 / Accepted: 13 May 2019 / Published online: 30 May 2019
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract

Despite successful HIV suppression by antiretroviral treatment (ART), immune activation may persist in HIV patients,
contributing to an impaired immunological reconstitution and disease progression. Information regarding Hepatitis C virus
(HCV) coinfection as a factor that accounts for immune activation in HIV subjects remains unclear. Furthermore, most studies
have been carried out considering HIV/HCV patients as a whole, without taking into account the presence or absence of liver
damage. Therefore, it is unknown if HCV and/or its liver-related disease could act as two independent factors contributing to
the immune activation. In this study, we investigated the presence of immune activation in a cohort of 50 HIV/HCV patients
by measuring cytokine levels, CD4* T-cell counts and CD4/CDS ratios. Six patient groups were defined according to HIV
viral load, HCV status, and liver disease to assess the impact of each of these factors on immune activation and reconstitution
in HIV/HCV patients. Only subjects with controlled HIV infection and cleared HCV displayed immunological parameters
within normal ranges. The mere presence of HCV contributes to immune activation leading to an inappropriate immuno-
logical reconstitution. This state exacerbates in the presence of HCV-associated liver disease. Our results suggest that ART
is not enough to suppress immune activation in the context of HIV/HCV coinfection, since both HCV and its liver-related
disease would contribute to the immune activation. Given that immune activation worsens immunological reconstitution
and clinical status, these results support the priority of HCV treatment in HIV/HCV patients and suggest the monitoring of
their liver status.

Keywords HIV/HCV coinfection - Antiretroviral treatment - Immune activation - Liver disease - Immunological
reconstitution

Introduction

Generalized immune activation is one of the hallmarks of
HIV infection. Basically, every component of the immune
system is in a hyperactive state during chronic untreated HIV
infection. Non-specific T-cell activation and proliferation,
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increased T-cell turnover, polyclonal B-cell activation, and
elevated plasma levels of proinflammatory cytokines are
characteristics of this phase. Most important, T-cell acti-
vation is associated with CD4* T-cell depletion, sustained
viral replication, and HIV disease progression. Different
mechanisms are thought to contribute to the generalized
immune system activation including persistent HIV repli-
cation, bacterial translocation associated with the loss of
gut barrier integrity, and the presence of other coinfections
[1-4]. Antiretroviral treatment (ART) hits directly on HIV
replication, thus removing one of the main sources of stimuli
for immune activation. In general, suppression of plasma
HIV viral load by ART is followed by immunological recon-
stitution usually noted as an increase in the circulating CD4*
T-cell counts [5]. However, even after several years of sus-
tained plasma HIV viral load suppression, some patients
show an insufficient CD4*% T-cell count recovery, reaching
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sometimes a plateau. The persistence of immune activation
despite suppressive ART would seem to be involved in the
failure of immune reconstitution [3]. The CD4/CDS8 ratio
is a well-established predictor of progression to AIDS in
untreated HIV infection [6]. Besides, in treated HIV patients,
the CD4/CDS ratio often fails to normalize and it has also
been linked to immune activation [7].

Given shared modes of transmission, coinfection with
Hepatitis C virus (HCV) and HIV is relatively common
[8]. As HIV disease, HCV infection generally courses as
asymptomatic disease for several years, but also could lead
to the establishment of chronic liver disease which can range
from mild to severe, including cirrhosis and liver cancer
[9]. HIV/HCV-coinfected individuals have increased mor-
bidity and mortality, even in the ART era [10]. Many studies
suggest that HIV infection accelerates HCV-mediated liver
pathology; however, it is less clear the information about
the impact of HCV infection on HIV disease progression
[8, 10-13]. There are also conflicting data regarding the role
of HCV coinfection as a pathogenic factor related to the
inappropriate immune reconstitution in HIV viral suppressed
subjects [14—18]. Moreover, most of these studies have been
carried out considering HIV/HCV coinfected subjects as a
whole, without taking into account the presence or not of
liver-related disease. Therefore, the information about the
presence of HCV and its associated liver disease as two
independent factors that may contribute to immune activa-
tion in HIV subjects is limited.

In this study, we evaluated the presence of immune acti-
vation in a cohort of patients with hemophilia and HIV/HCV
coinfection, who have acquired both infections more than
20 years ago and developed different disease outcomes. For
this purpose, we analyzed cytokine plasma levels, CD4*
T-cell counts, and CD4/CDS ratios in six different defined
patient groups, to investigate the individual contribution of
HIV viral load, HCV status, and liver disease on immune
activation and reconstitution in HIV/HCYV patients.

Materials and methods
Patients and study design

Fifty subjects from a cohort of patients with hemophilia
who have acquired HCV and HIV viruses through contami-
nated clotting-factor concentrates and who were followed
longitudinally for many years were included in the present
study. All patients were males with inherited hemophilia
and received medical care at the Fundacién de la Hemo-
filia. To investigate the levels of immune activation and
reconstitution in the study cohort, a cross-sectional analysis
was conducted by selecting from each patient plasma sam-
ples with retrospective clinical data available. In addition,
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a second plasma sample belonging to stages before ART
and with available retrospective clinical data was chosen
from each patient to compare the state of immune activation
before (pre) and after (post) the implementation of ART.
According to HIV viral load, HCV status, and liver damage,
patients were grouped as G1: virologically suppressed HIV
subjects with cleared HCV (n=7), G2: virologically sup-
pressed HIV subjects with chronic HCV infection without
hepatic damage (n=11), G3: virologically suppressed HIV
subjects with chronic HCV infection and hepatic damage
(n=10), G4: subjects with detectable HIV viral load and
cleared HCV (n=4), G5: subjects with detectable HIV viral
load and chronic HCV infection without hepatic damage
(n=11), and G6: subjects with detectable HIV viral load
and chronic HCV infection with hepatic damage (n=7). A
control group comprised by healthy blood donors and non-
infected patients with hemophilia, all males and with age
comparable to infected patients was included (C, n=20).
Written informed consent was obtained from each partici-
pant. The study was approved by the local Ethics Committee
of the Academia Nacional de Medicina and was conducted
in accordance with the ethical principles of the 1975 Dec-
laration of Helsinki.

Definitions and considerations

Virologically suppressed HIV subjects were defined as those
on stable ART for at least 1 year, reaching and maintaining
undetectable HIV viral load (<50 copies/ml). Individuals
with detectable HIV viral load included those untreated and
those who showed poor adherence to ART, interrupting it.
Chronic HCV infection was defined by the presence of anti-
bodies against HCV and persistent HCV viremia (more than
6 months of detectable HCV-RNA). HIV/HCV seropositive
individuals with cleared HCV included spontaneous resolv-
ers and those who achieved a sustained virologic response
after interferon-based treatment, as indicated by HCV anti-
body positivity and RNA negativity. Time points studied
were > 12 months after spontaneous HCV clearance or the
end of antiviral therapy.

The current recommendations propose to combine two
non-invasive methods (e.g., transient elastography plus a
biochemical index) to assess liver disease progression with
the aim of increase diagnostic efficacy and avoid liver biopsy
in as many cases as possible. However, in resource-limited
countries (such as Argentina), the World Health Organi-
zation (WHO), the European (EASL), and the American
(AASLD and AAEEH) guidelines recommend to evaluate
the degree of liver fibrosis through the use of APRI (AST-
to-Platelet Ratio Index) or FIB-4 indexes [19].

Therefore, as patients with hemophilia have not under-
gone liver biopsy routinely in Argentina and no transient
elastography data were available by the study date, we
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used the biochemical indexes APRI, FORNS, and FIB-4
to assess liver disease progression. We also considered the
presence of clinical signs/symptoms characteristic of cir-
rhosis (hepatomegaly, splenomegaly, hepatosplenomegaly,
esophageal varices, hepatorenal syndrome, liver failure,
and portal hypertension) along with an AST/ALT ratio> 1,
which has been reported to have a good predictive value
for advanced fibrosis or cirrhosis [20]. APRI, FORNS,
and FIB-4 scores were calculated according to published
formulas and used with the cut-offs recommended in bibli-
ography (APRI<0.5: absence of fibrosis, > 1.5: significant
fibrosis, > 2: cirrhosis; FORNS < 4.2: absence of fibro-
sis, > 6.9: significant fibrosis; FIB-4 < 1.45: exclude severe
fibrosis, > 3.25: confirm significant fibrosis) [21-23].
Patients showing two or more liver fibrosis indexes with
values above the higher cut-off levels or 1 altered fibrosis
index together with clinical signs of cirrhosis for at least
1 year of evolution were considered to present liver dam-
age. Likewise, individuals with normal fibrosis indexes
who maintained fibrosis indexes values below the higher
cut-off levels since the acquisition of both infections were
considered not to present hepatic damage.

Seroconversion dates for HCV and HIV infections are not
exactly known, but are estimated to have occurred between
1975 and 1985 as commercial factor concentrates were not
accessible in Argentina until 1975 and heat-inactivated con-
centrates were not available until late 1985. As it is pre-
sumed that HCV infection in individuals with hemophilia
was acquired with the first clotting-factor exposure [24],
we considered that patients born before 1975 became HCV
infected in 1975. For those born after 1975, we estimated
that HCV seroconversion took place within the first year
of life. Dates of HIV seroconversion were based on previ-
ously published studies establishing 1982 as median year of
seroconversion for hemophilia A and 1983 for hemophilia
B [25].

Laboratory data

Data regarding the hepatic enzymes [serum aspartate ami-
notransferase (AST), alanine aminotransferase (ALT),
gamma glutamyltransferase (y-GT)], cholesterol, platelet
counts, type and severity of hemophilia, and death cause
were obtained from medical records. HCV genotype, HIV
and HCV viral loads, and serological data were performed
and/or also collected from medical files. Determination of
CD4* and CD8" T-cell counts (cells/mm?) was performed
by flow cytometry using the CellQuest software (BD Immu-
nocytometry Systems, San Diego, CA, USA). A CD4/CD8
ratio > 1.0 was considered normal. We recorded those labo-
ratory measurements whose dates were closest to those of
the plasma samples tested for immune activation.

Cytokine assays

Plasma isolated from EDTA anticoagulated blood was stored
in aliquots at — 80 °C until used. Concentrations of IL-10,
TGF-p, IFN-y, and IL-2 were measured by ELISA using
commercially Kits according to the manufacturer’s instruc-
tions (eBioscience, San Diego, CA, USA). Each plate
included a standard curve of the corresponding recombinant
human cytokine. Samples were assayed in duplicate and the
results were expressed in pg/ml. Detection limits of the kits
were 2 pg/ml for IL-10, 62 pg/ml for TGF-f and 4 pg/ml
for IL-2 and IFN-y. Values below the detection limit were
recorded as the detection limit of the respective cytokine kit.

Statistical analysis

One-way analysis of variance (ANOVA) followed by Tuk-
ey’s multiple comparison test were performed to assess dif-
ferences among groups. Unpaired ¢ test or Mann—Whitney
test was used to compare immunological variables between
two groups or between the pre- and post-ART stages. Quali-
tative variables were compared by the Chi-square test or
Fisher’s exact test. In all cases, a value of p <0.05 was
considered indicative of a significant difference. Data were
analyzed using the GraphPad Prism 6 software (GraphPad
Software, San Diego, CA, USA).

Results
Characteristics of HIV/HCV-coinfected patients

Six patient groups defined by HIV viral load, HCV status,
and liver disease were studied with the aim to evaluate the
impact of each of these factors on immune activation and
reconstitution in HIV/HCV subjects. The clinical features
of the studied groups are shown in Table 1.

Cytokine plasma levels

We analyzed the levels of the immunoregulatory cytokines
IL-10 and TGF-f, and the levels of the proinflammatory
cytokines IFN-y and IL-2 in all groups. Immunoregula-
tory cytokine levels were similar among G1, G2, and C,
but were significantly higher within G3-G6 (Fig. 1a, b).
No significant differences were observed in the proinflam-
matory cytokine levels between G1 and C. An increase in
the proinflammatory cytokine levels was seen within G2,
but it was not statistically significant by ANOVA analysis.
However, when these values were compared by a ¢ test,
significant differences in the proinflammatory cytokine
levels were found between C and G2 (IL-2: p=0.01;
IFN-y: p=0.02) or between G1 and G2 (IL-2: p=0.05;
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Table 1 General characteristics of the HIV/HCV-coinfected patients

Variable Gl (n=17) G2 (n=11) G3 (n=10) G4 (n=4) G5(m=11) G6((n="7) p
General characteristics
Age (years) 37 (26-52) 35 (22-57) 41 (18-50) 26 (24-34) 27 (21-66) 46 (37-52) 0.1
Hemophilia A Se/Mo/Mi (n) 2/2/2 5/2/1 3/5/1 2/1/0 3/3/2 2/3/1 0.94
Hemophilia B Se/Mo/Mi (n) 0/1/0 2/1/0 1/0/0 0/1/0 0/1/2 0/0/1
HIV-related characteristics
HIV viral load (log copies/ml) <1.69(<1.69) <1.69(<1.69) <169 (<1.69) 544.8-59) 42(3.1-5.2) 4.7 (2.5-6.2) <0.0001
Duration of viral suppression 9 (2-15) 7 (1-15) 5 (1-14) NA NA NA 0.50
(years)
Estimated duration of HIV (yrs) 27 (20-30) 23 (17-32) 22 (18-29) 20 (18-26) 22 (18-28) 21 (16-29) 0.21
HCV-related characteristics
HCYV viral load (log IU/ml) <l 5.9 (5.1-7.2) 5.7 (4.0-6.9) <l 5.9 (5.2-6.5) 5.7(5.0-6.4) <0.0001
Estimated duration of HCV 26 (20-33) 30 (22-39) 30 (18-36) 19 (18-22) 27 (20-32) 28 (23-36) 0.03
(years)
HCYV genotype 1/others (1) NA 9/2 6/3* NA 6/5 6/1 0.41
ALT (IU/L) 34 (20-38) 49 (25-88) 88 (16-155) 38 (18-39) 41 (30-68) 51 (42-113) 0.0007
AST (IU/L) 26 (15-34) 35 (24-57) 111 (56-291)  37(25-38) 34 (26-54) 102 (43-205) < 0.0001
Liver status
APRI score 0.3 (0.1-0.4) 0.4 (0.2-0.5) 2.5(1.0-104) 0.4(0.3-04) 0.5(0.2-0.5) 1.5(1.0-5.0) 0.0002
FORNS score 3.1(1.7-4.6) 3.8 (0.2-5.3) 8.0(5.0-104) 3.0(2.2-34) 39(24-5.8) 7.9(7.5-8.7) <0.0001
FIB-4 score 0.5 (0.3-1.3) 0.9 (0.3-1.6) 4.5(1.0-16.0) 0.6 (0.5-0.8) 0.7 (0.4-2.0) 4.4(3.2-8.6) < 0.0001
Time with scores altered (years) NA NA 6 (1-11) NA NA 5 (1-6) NA
AST/ALT ratio 0.8 (0.5-1.0) 0.8 (0.6-1.3) 1.3 (0.7-5.1) 0.8 (0.6-2.0) 0.8 (0.5-1.2) 1.6(1.0-2.0) <0.01
+ Clinical signs of cirrhosis (n) NA NA 8/2 NA NA 4/3 0.60

Values are expressed as median (range) unless otherwise noted. The p values from ANOVA, Chi-square, or Fisher’s exact tests are indicated

G1: virologically suppressed HIV subjects with cleared HCV, G2: virologically suppressed HIV subjects with chronic HCV infection without
liver damage, G3: virologically suppressed HIV subjects with chronic HCV infection and hepatic damage, G4: subjects with detectable HIV
viral load and cleared HCV, GS5: subjects with detectable HIV viral load and chronic HCV infection without hepatic damage, and G6: subjects
with detectable HIV viral load and chronic HCV infection with liver damage

Se severe, Mo moderate, Mi mild, NA not applicable, ALT alanine aminotransferase, AST aspartate aminotransferase, APRI AST-to-Platelet Ratio

Index

2Genotype from one patient could not be obtained

IFN-y: p=0.008), indicating that G2 displayed increased
proinflammatory cytokine levels. Instead, no significant
differences in the proinflammatory cytokines values were
observed between C and G1 when they were compared
by a ¢t test (IL-2: p=0.6; IFN-y: p=0.7), confirming that
proinflammatory cytokine levels were similar between
these groups. Otherwise, G3—-G6 displayed significantly
higher values of proinflammatory cytokines than C and G1
(Fig. lc, d). These results indicated that only patients with
controlled HIV infection and cleared HCV (G1) showed
cytokine levels within the normal ranges. A switch towards
a proinflammatory cytokine profile was preferentially seen
in the presence of HCV (G2). However, liver pathology
associated with HCV infection (G3) seems also to increase
the amounts of immunoregulatory cytokines. On the other
hand, subjects with uncontrolled HIV replication (G4-G6)
displayed increased levels of both proinflammatory and
regulatory cytokines.
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CD4"* T-cell counts and CD4/CD8 ratios

We next measured the levels of peripheral CD4™ T cells
among the groups. No significantly differences were
observed in CD4" T-cell counts between C, G1, and G2.
However, G3-G6 showed significantly decreased CD4*
T-cell levels compared to C and G1. CD4* T-cell counts
within G4—G6 were also significantly lower compared to G2
(Fig. 2a). CD4/CD8 ratios were comparable among G1 and
C. G1 displayed significantly higher CD4/CDS ratios than
G2-G6. No significant differences were observed between
G2 and G3, but a significantly higher CD4/CDS ratio was
observed within G2 as compared to G4-G6 (Fig. 2b).
These data suggest that ART is necessary but not enough
to increase CD4*% T-cell counts to normal levels when
HCV-associated liver disease is present (G3). Besides, the
mere presence of HCV seems to be enough to contribute
to immune activation, since patients on stable ART with
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Fig.1 Comparison of cytokine levels between the study groups.
Plasma concentrations of the immunoregulatory cytokines IL-10 (a)
and TGF- (b) and the proinflammatory cytokines IL-2 (¢) and IFN-y
(d) were detected by ELISA. p values were determined by one-way
ANOVA followed by Tukey’s multiple comparison test. Means =+
SEM are indicated. C: control group, G1: HIV suppressed subjects

chronic HCV infection without hepatic damage (G2) failed
to normalize CD4/CDS8 ratios. As expected, subjects with
no control of HIV replication (G4-G6) showed the lowest
CD4" T-cell counts and CD4/CDS8 ratios, independently of
the HCV presence or its liver-related disease (Fig. 2a, b).

Comparison between pre- and post-ART stages

To evaluate the influence of ART on immune activation
and reconstitution, we compared the levels of cytokines,
CD4™ cells, CD8" cells, and CD4/CDS8 ratios before and
after the implementation of ART. At pre-ART stages, all
groups displayed liver fibrosis indexes with values below
the higher cut-off levels, suggesting that, at that time,
no liver damage was present (data not shown). Before
ART, all groups displayed high cytokine levels. After
ART, only G1 significantly decreased the levels of IL-10,
IL-2, TGF-pB, and IFN-y at levels similar to those of the
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with cleared HCV, G2: HIV suppressed subjects with chronic HCV
infection, G3: HIV suppressed subjects with chronic HCV infection
and hepatic damage, G4: HIV subjects with cleared HCV, G5: HIV
subjects with chronic HCV infection, and G6: HIV subjects with
chronic HCV infection and liver damage

control group. G2 also showed a reduction in IL-10 and
TGF-p levels. Cytokine values in G3—-G6 were basically
unchanged between pre- and post-ART stages (Fig. 3a—d).
Since G4-G6 included individuals untreated as well as
those who stopped ART, these results depict the impor-
tance of ART to achieve normal cytokine levels. How-
ever, the fact that G2 (subjects on stable ART) failed to
normalize IL-2 and IFN-y levels suggests that continuous
HCYV presence could be affecting cytokine reversion to
normal levels. This state would seem to be exacerbated
when HCV-mediated liver pathology is present, as HIV/
HCYV subjects on stable ART with hepatic damage (G3)
also displayed increased immunoregulatory cytokine lev-
els. A significant increase in CD4" T-cell counts at post-
ART stages was observed in G2 and G3 when they were
compared to pre-ART stages (Fig. 3e). No significant
changes were observed within G4-G6. Interestingly, G1
displayed normal CD4* T-cell counts before ART, which
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Fig.2 CD4+T-cell counts and CD4/CD8 ratios among the studied
groups. CD4 + T-cell levels (a) and CD4/CD8 ratios (b) were deter-
mined by flow cytometry. p values were determined by one-way
ANOVA followed by Tukey’s multiple comparison test. Means +
SEM are indicated. C: Control group, G1: HIV suppressed subjects

were maintained at post-ART stages (Fig. 3¢). CD8% T-cell
counts were high in all groups before ART. Only G1 sig-
nificantly diminished CD8" cell levels at post-ART stages
(Fig. 3f). Regarding CD4/CD8 ratios, a significant increase
was observed in G1-G3 after the implementation of ART.
However, a normal CD4/CD8 ratio was only reached by
G1 (Fig. 3g). The gain in CD4" cell levels in G2 and G3
seems to be responsible for the increase in the CD4/CD§
ratios within these groups. Instead, the reduction of CD8%
T-cell counts within G1 appears to be accountable for the
normalization of CD4/CD8 ratios, which is consistent with
the decrease of immune activation seen in this group. On
the other hand, low CD4/CD8 ratios were maintained
within G4-G6 (Fig. 3g), indicating that the immune acti-
vation present since early stages of HIV infection persisted
among these groups.

Disease progression and clinical outcomes

Finally, we analyzed the clinical outcomes of the HIV/
HCV coinfected patients by studying the percentages
of death and its causes among each group. To date, all
patients within G1 and G2 are alive. 60% of patients
within G3 subsequently died, of them 50% was due to
liver disease progression. Within G4, 75% of patients died,
with AIDS-related complications being the cause. Of the
55% of patients within G5 who afterward died, 83% was
due to AIDS-related complications. Finally, all patients
belonging to G6 successively died. Of them, 43% of deaths
were related to chronic liver disease and 29% to HIV/AIDS
complications (Fig. 3h).
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with cleared HCV, G2: HIV suppressed subjects with chronic HCV
infection, G3: HIV suppressed subjects with chronic HCV infection
and hepatic damage, G4: HIV subjects with cleared HCV, G5: HIV
subjects with chronic HCV infection, and G6: HIV subjects with
chronic HCV infection and liver damage

Discussion

Before ART, AIDS was the primary cause of death in HIV-
infected patients. Nowadays, ART has been proven to suc-
cessfully control HIV replication decreasing the incidence
of AIDS and increasing the average life expectancy [26, 27].
However, in the ART era, life expectancy in HIV-infected
patients is still lower than in uninfected persons, and mortal-
ity is related to a series of conditions generally associated
with aging [26-31]. Ongoing immune activation and inflam-
mation in treated HIV infection are proposed as the major
driving forces of the accelerated immunological and sys-
temic aging in HIV infection [31, 32]. Different conditions
are thought to contribute to immune activation including
increased microbial translocation due to impaired mucosal
barrier integrity, the presence of coinfecting pathogens and
HIV persistence in reservoirs [1-3, 31, 32].

In the current work, we evaluated the presence of
immune activation in six different defined groups of HIV/
HCYV patients with more than 20 years of disease evolu-
tion, by analyzing cytokine levels, CD4* T-cell counts, and
CD4/CDS ratios. We observed that the group of HIVVHCV
patients with controlled HIV infection and cleared HCV
(G1) displayed normal cytokine levels along with the high-
est CD4" T-cell counts and CD4/CDS8 ratios. Despite normal
CD4 counts, a preferential proinflammatory cytokine profile
together with an altered CD4/CD8 relation was seen in the
group of HIV/HCV subjects on stable ART without liver
disease (G2), while increased proinflammatory and immu-
noregulatory cytokine levels together with low CD4" T-cell
counts and CD4/CD8 ratios were seen in the groups com-
prised by HIV/HCV subjects on stable ART with hepatic
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damage (G3) and by HIV/HCV patients with uncontrolled
HIV replication (G4-G6). These results indicate that only
HIV subjects on stable ART and cleared HCV (G1) could
achieve a proper immunological reconstitution. Instead, the
presence of HCV by itself seems to be enough to contribute
to immune activation, since HIV/HCV subjects on stable
ART without liver disease (G2) failed to normalize proin-
flammatory cytokine levels and CD4/CD8 ratios. Further-
more, HCV-mediated liver pathology appears to exacerbate
this state of immune activation by also increasing immu-
noregulatory cytokine levels and decreasing CD4" T-cell
counts and CD4/CDS8 ratios in HIV virologically suppressed
and HCV-coinfected patients with liver disease (G3). As
expected, uncontrolled HIV replication (G4-G6) led to a
decline in CD4" T-cell counts. The fact that HIV patients
who have cleared HCV (G4) showed increased cytokine
plasma values together with an inverted CD4/CDS ratio
confirms the direct effect of HIV on immune activation.
However, in HIV/HCV subjects with lack of HIV control
and liver damage (G6), it is difficult to attribute immune
activation to the presence of HIV or to the liver disease
progression related to HCV infection. It seems likely that
the combination of both factors results in the high levels of
chronic immune activation observed in these individuals.

We observed that both proinflammatory and immunoreg-
ulatory cytokine levels were increased in uncontrolled HIV
replication. It was suggested that an increased IL-10 produc-
tion may have a protective role against HIV disease progres-
sion by diminishing the chronic immune activation, a major
factor in HIV pathogenesis [33]. With this is mind, it could
be possible that the increased immunoregulatory cytokine
levels act as a compensatory mechanism to counteract the
increased production of proinflammatory cytokines seen in
untreated HIV infection, as an attempt to reduce the immune
activation.

While, in HCV infection, there is controversial informa-
tion regarding increased Thl or Th2 cytokine levels, our
results showed a preferential proinflammatory cytokine
profile related to HCV presence. However, an increase of
immunoregulatory cytokine levels was also observed in
the presence of HCV-mediated liver pathology. TGF-f is
a known fibrogenic cytokine that through the activation of
hepatic stellate cells increase extracellular matrix production
leading to hepatic fibrosis [34]. In contrast, IL-10 appears to
act as an antifibrotic cytokine [35]. Therefore, in the context
of HCV-associated liver disease, it could be possible that the
increased IL-10 levels arise to suppress the fibrogenic effects
caused by both proinflammatory and TGF-f cytokines. Nev-
ertheless, this strategy would not seem sufficient to prevent
hepatic damage.

To investigate the importance of ART on immunologi-
cal reconstitution, we compared the levels of the different
immune parameters measured before and after ART onset.

We observed that only subjects with controlled HIV infec-
tion and cleared HCV showed a significant reduction of
immune activation levels, achieving immunological param-
eters values comparable to those of the control group.

Finally, we investigated disease evolution among HIV/
HCYV individuals by analyzing the percentages and causes
of mortality in each group. Most of the patients who died
were untreated HIV subjects (G4-G6), being AIDS-related
complications the most frequent cause of decease. However,
among patients with liver disease, 50% of deaths within the
group on stable ART (G3) and 43% of deaths within the
group without ART (G6) were related to liver disease pro-
gression. We also noted that individuals within G1, which
presented normal CD4" T-cell counts at pre-ART stages,
developed a better clinical outcome. This is in agreement
with previously published data that indicates a significantly
enhanced clinical outcome for individuals starting ART
at CD4 counts > 500 cells/mm? [36]. This highlights the
importance of the implementation of both HIV and HCV
therapies, not only to reduce immune activation but also the
mortality rates.

One of the limitations of our study is the small number
of patients within each study group. The need of available
information in clinical records for a long-term follow-up
together with the requirement of fulfilling the eligibility
criteria for each group limited the number of patients that
could be involved in the study. Therefore, only 50 patients
who fulfilled these requirements and allowed us to study
the individual contribution of HIV viral load, HCV status,
and liver disease on immune activation and reconstitution in
HIV/HCYV patients could be included in the current work.
Besides, subjects without control of HIV replication are less
likely to achieve HCV clearance. This explains the small
number of patients included in the group 4 (G4, n=4) as
compared with the other groups.

In summary, in the present study, we analyzed the pres-
ence of underlying immune activation in a cohort of HIV/
HCYV subjects with different disease outcomes. Since uncon-
trolled HIV replication has been proved to be a potent stimu-
lus to drive chronic immune activation, we particularly focus
on the presence of HCV and its liver-related disease as puta-
tive driving forces that may account for immune activation.
Our results depict that, despite successful HIV suppression
by ART, ongoing immune activation remains in HIV/HCV-
coinfected patients. Both HCV presence and its associated
liver pathology act as pathogenic factors that contribute
to immune activation leading to an inappropriate immune
reconstitution.

As the current HCV treatments with direct-acting anti-
viral (DAA) drugs are expensive, most countries (includ-
ing Argentina) have been established a list of patients
with priority to be treat with DAA that includes those
with cirrhosis or advanced fibrosis, coinfected with HIV
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«Fig. 3 State of immune activation before (pre) and after (post) the
implementation of antiretroviral treatment (ART). Levels of: a IL-10,
b TGF-B, ¢ IL-2, d IFN-y, e CD4* T cells, f CD8* T cells, and g
CD4/CD8 were measured at pre- and post-ART stages in each patient
group. h Rates and causes of death among the groups of HIVVHCV
coinfected patients. p values were calculated with unpaired ¢ test or
Mann—Whitney test. Means + SEM are indicated. G1: HIV sup-

pressed subjects with cleared HCV, G2: HIV suppressed subjects
with chronic HCV infection, G3: HIV suppressed subjects with
chronic HCV infection and hepatic damage, G4: HIV subjects with
cleared HCV, G5: HIV subjects with chronic HCV infection, and G6:
HIV subjects with chronic HCV infection and liver damage

among others. The decision to include HIV/HCV coin-
fected patients in the priority list of treatment was made
considering the impact of HIV on liver disease progres-
sion. In the present work, we observed that HCV pres-
ence and its associated liver pathology lead to an impaired
immune reconstitution and clinical status in HIV-coin-
fected patients. Our results and the fact that, in the ART
era, liver-related death has emerged as the main cause of
mortality in HIV/HCV patients [37] support the prior-
ity of HCV treatment with DAA in HIV/HCV patients,
not only because of the effect of HIV presence on liver
damage, but also because of the impact of HCV coinfec-
tion upon the immune system reconstitution and disease
progression. It would be interesting to investigate if the
alterations of the immune system detected in the cohort of
HIV/HCYV patients studied could also be observed in HCV
monoinfected patients with and without liver damage. If
so, this may help to extend the list of patients who should
receive treatment with DAA, including HCV patients with-
out advanced liver disease, to achieve, besides the HCV
elimination and prevention of liver disease progression, a
reversion of the immune system alterations.
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