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Abstract
Hepatitis C virus (HCV)-specific cytotoxic T cell (CTL) 
response plays a major role in viral control during 
spontaneous infection resolution. These cells develop 
an exhausted and pro-apoptotic status during chronic 
onset, being unable to get rid of HCV. The role of this 
response in contributing to sustained viral response 
(SVR) after anti-HCV is controversial. Recent studies 
show that after successful interferon-based anti-HCV 
treatment, HCV traces are still detectable and this 
correlates with a peak of HCV-specific CTL response 
activation, probably responsible for maintaining SVR 
by subsequent complete HCV clearing. Moreover, SVR 
patients’ serum is still able to induce HCV infection in 
naïve chimpanzees, suggesting that the infection could 
be under the control of the immune system after a 
successful treatment, being transmissible in absence of 
this adaptive response. At least theoretically, treatment-
induced viral load decrease could allow an effective 
HCV-specific CTL response reestablishment. This effect 
has been recently described with anti-HCV interferon-
free regimes, based on direct-acting antivirals. 
Nevertheless, this is to some extent controversial with 
interferon-based therapies, due to the detrimental 
immunoregulatory α-interferon effect on T cells. 
Moreover, HCV-specific CTL response features during 
anti-HCV treatment could be a predictive factor of 
SVR that could have clinical implications in patient 
management. In this review, the recent knowledge 
about the role of HCV-specific CTL response in the 
development of SVR after anti-HCV treatment is 
discussed.
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Core tip: Hepatitis C virus (HCV)-specific cytotoxic T 
lymphocyte (CTL) response plays an essential role in 
controlling acute HCV infection but its implication in 
treatment-induced viral control is controversial. During 
interferon/ribavirin treatment, HCV traces persist after 
sustained viral response (SVR) and this correlates with 
an activated HCV-specific CTL response, suggesting the 
necessity of this response to obtain an indefinite viral 
control. Current data propose that viral suppression 
during interferon/ribavirin treatment and during direct-
acting anti-viral regimes could affect HCV-specific CTL 
restoration. Moreover, the features of this CTL response 
during treatment could have a predictive value on SVR 
outcome. 
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INTRODUCTION
Hepatitis C virus (HCV)-specific cytotoxic T lymphocytes 
(CTLs) play an essential role in the natural control of 
HCV during acute infection[1-4]. These cells are able 
to recognize HCV infected hepatocytes and destroy 
them, but they also secrete type Ⅰ cytokines able to 
kill the virus in a non-cytopathic manner[5-7] (Figure 
1). Nevertheless, in a great percentage of cases 
the adaptive immune system is unable to get rid of 
HCV infection, consequently developing in the host 
a chronic infection[8,9]. Chronic hepatitis C infection is 
featured by an impaired HCV-specific cytotoxic T cell 
response unable to control HCV replication[5,10]. This 
response becomes exhausted in a first step due to the 
long-lasting high antigenemic burden[11,12], featured by 
expression of negative co-stimulatory molecules and 
impaired proliferation and cytokine production[13,14]. 
Finally, the continuous T cell stimulation could 
lead to the deletion of these cells by apoptosis 
induction[15,16]. In these chronic cases, an anti-HCV 
treatment is compulsory to eliminate the infection, 
since the adaptive immune system is overwhelmed. 
Two main kinds of treatments can be currently 
offered to chronic hepatitis C patients; α-interferon-
containing treatments and interferon-free regimes[17]. 
In both cases, the treatment goal is to maintain an 
undetectable HCV-RNA by sensitive PCR six months 
after finishing treatment, which is considered a 
sustained viral response (SVR). α-Interferon combines 
an anti-viral effect plus immunomodulatory features[18], 
while direct-acting antivirals (DAA) have a direct 

action on HCV replication machinery[19]. In both cases, 
these treatments could harness the immune system 
by releasing it from chronic antigenemia. This issue 
looks clear with DAA but it is more controversial with 
interferon-containing regimes due to the interferon 
suppressive effect on T cells[20]. This point will be 
discussed in this review, along with whether it is 
necessary to restore an HCV-specific CTL response 
after anti-HCV treatment to obtain complete viral 
eradication from hidden sanctuaries in order to 
maintain an SVR, or on the other hand whether after 
successful treatment, these cells are not essential 
anymore because the infection is completed cleared.

RELATIONSHIP BETWEEN PERISTENT 
VIRAEMIA AND IMPAIRED SPECIFIC CTL 
RESPONSE
HCV-specific CTL response is essential to control HCV 
infection but this becomes dysfunctional (exhausted) 
and can be deleted during chronic infection due to 
persistent antigenic stimulus[11,12,15,16]. There are clear 
demonstrations of the inverse relationship between 
duration and level of viraemia and T cell responses 
in murine and human persistent viral infections[21-23]. 
For instance, in hepatitis B virus infection there is an 
indirect correlation between viral load and specific-
CTL response intensity[24] and interestingly, viral load 
decrease by nucleos(t)ide analogues is able to restore 
an HBV-specific CTL response capable of exerting 
certain effector capacities[25]. In chronic HCV infection, 
high viraemia leads to exhausted HCV-specific CTLs, 
featured by impaired proliferation, cytotoxicity and 
γ-interferon secretion[26]. These cells are characterized 
by expression of negative co-stimulatory molecules 
such as PD-1[11,13], down-regulation of the pro-survival 
IL-7 receptor[15,27] and up-regulation of pro-apoptotic 
proteins, while this phenotype is not observed in 
cases with either infection resolution[11,15], or those not 
targeting the infecting epitope owing to HCV escape 
mutations[28]. These data suggest that viral load level 
could modulate the exhausted and pro-apoptotic 
phenotype on HCV-specific CTLs. Consequently, 
HCV burden decrease could help in HCV-specific CTL 
response restoration.

IS IT NECESSARY TO RESTORE 
THE HCV-SPECIFIC CTL RESPONSE 
TO OBTAIN A SUSTAINED VIRAL 
RESPONSE?
Although some studies suggest that HCV is comple-
tely eradicated from serum and peripheral blood 
mononuclear cells of spontaneously recovered or 
successfully treated patients[29,30], this is a debated topic 
widely discussed in the literature. Reservoirs of HCV 
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infection could persist after a successful treatment, 
at least in interferon-containing regimes[31-34]. In fact, 
negative and positive HCV RNA strands have been 
demonstrated in liver biopsies from SVR patients, 
indicating that HCV persisted and replicated in the 
livers of some sustained responders after treatment 
with α-interferon plus ribavirin[34]. Other authors 
have also demonstrated in patients with SVR that 
small quantities of HCV RNA may persist in liver or 
macrophages and lymphocytes for up to 9 years after 
therapy. This continuous viral presence could result 
in persistence of humoral and cellular immunity for 
many years after therapy and could present a potential 
risk for infection reactivation[32]. Moreover, in non-
viraemic HCV antibody-positive patients, liver biopsies 
that are usually abnormal have been shown. Fibrosis 
was present in most cases with similar inflammatory 
infiltrate to viraemic cases. The presence of a CD8+ 
rich inflammatory infiltrate in those cases could 
suggest an ongoing immune response in the liver, 
supporting the view that HCV may persist in the liver 
in some of considered HCV-RNA-negative cases, 
analyzed with standard PCR techniques[35]. Thus, all 
these data suggest that at least some SVR patients 
would not experience a complete HCV infection 
clearance, despite apparent clinical disease resolution, 
and in these cases HCV-specific CTL restoration could 
play an essential role in avoiding infection relapse. 
In fact, a longitudinal analysis of HCV RNA and HCV-

specific CTL response in SVR patients after treatment 
disclosed that HCV traces persisted several years 
after end of treatment and interestingly, these HCV 
RNA peaks matched with a detectable HCV-specific 
CTL response, expressing activation markers and, 
suggesting that these cells could keep the virus 
under control after SVR[36]. Additionally, the sera 
of these SVR patients could also be infective, since 
chimpanzees have been infected, using the serum 
from resolver cases with detectable HCV traces after 
complete clinical infection resolution due to anti-
HCV treatment[37]. It is true that very few cases of 
HCV reactivation after infection resolution have been 
described[38,39], in contrast to what happens in HBV 
infection, mainly in immunosuppressed patients[40]. In 
fact, during clinical practice, most of the HCV patients 
who show sustained undetectable viraemia with usual 
PCR assay develop a permanent clinical control, while 
in HBV infection is more common the viral reactivation 
under immune-suppressive conditions. Nevertheless, 
this does not mandatory mean that after SVR, HCV is 
completely cleared by interferon/ribavirin treatment. 
In fact, the data previously summarized show that 
HCV replication a long period after SVR development 
can be demonstrated but probably, these viral traces 
are finally completely deleted by the HCV-specific-CTL 
response, avoiding thus far the possibility of a late HCV 
infection reactivation. Thus, checking the quality of the 
HCV-specific CTL-response would be useful for tracking 
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as γ-IFN[68]. Although NK cells have been classically 
viewed as innate immune cells, their effects could 
extend into periods of adaptive immunity, and hepatic 
NK cells also demonstrate adaptive immunity to 
structurally diverse antigens[69,70]. NK cell frequency 
increases as early as hours following the initiation of 
antiviral therapy and this is associated with early viral 
response[61,62], which could contribute to HCV-specific 
CTL restoration by decreasing initially the viral burden. 
Interestingly, absence of a strong HCV viral load 
decrease at week 12 of PEG-α-interferon/ribavirin 
treatment has 100% negative predictive value of SVR 
and it is used as a treatment stopping rule[71]. This 
effect could be related to the impairment of HCV-
specific immune response at that point. However, the 
role of PEG-α-interferon/ribavirin treatment on HCV-
specific T cell kinetics has not been completely 
addressed in-vivo and, it is a controversial issue. In 
the early phase of infection, α-interferon-based 
treatment can rescue a polyfunctional long lived HCV-
specific CTL response, while this issue is not clear in 
long-lasting infection[72,73]. A previous paper correlated 
the development of SVR after PEG-α-interferon/
ribavirin treatment with induction of a HCV-multispecific 
CD4+ Th-1 response[74]. Another study suggested that 
antiviral therapy-induced viral clearance may be 
associated with the induction, expansion, and/or 
recirculation of HCV antigen-specific cytolytic T cells, 
and it may play a role in the maintenance of a non-
viraemic state[75]. Moreover, a longitudinal improvement 
in NS3-specific CTL response during interferon-based 
treatment has also been described[76]. Furthermore, a 
core-specific and NS3-specific CTL response restoration 
in SVR patients featured by higher frequency and 
cytotoxicity after α-interferon-based treatment has 
also been reported[77]. In that work, a peak of specific-
CTL response in SVR patients between treatment week 
4 and week 12 was observed. A similar finding was 
stated by Tatsumi et al[78], describing an NS3-specific 
and core-specific CTL response increase in SVR patients 
after four weeks of treatment with α-interferon/ribavirin 
treatment. Nevertheless, another work focused on 
CD8 and CD4 specific responses did not show a clear 
association between T cell reactivity and treatment 
outcome although they found an enhancement of 
proliferative T-cell responses during therapy[79]. 
Additionally, a recent retrospective analysis of peripheral 
blood lymphocyte samples from DITTO study[80] 
likewise did not show a correlation between restoration 
of HCV-specific CTL response and SVR after PEG-α-
interferon/ribavirin treatment although patients 
presenting a better HCV-specific CD8 cell proliferative 
potential at baseline were more likely to present a 
rapid and sustained viral response[81]. Curiously, a work 
carried out by our group observed a similar treatment 
outcome independently of the frequency of peripheral 
cells at base line. Nevertheless, an improvement of 
peripheral HCV-specific CTL frequency after 12 wk of 
treatment correlated with SVR development[60] (Figure 

those patients who develop immunosuppression 
soon after developing SVR and consequently, could 
be at risk of recurrence until their immune system 
is restored[38,39]. On the other hand, in interferon-
free regimes, based on DAA combination, there is 
not yet any data about occult infection after SVR. 
These therapeutic combinations are highly effective 
in controlling the infection but what has not been 
addressed yet is whether adaptive immune response 
collaboration is necessary to obtain the desired goal. 
Before treatment, there are naturally occurring 
resistant variants to DAA combinations[41-43], because 
of the high mutation rate of HCV during replication, 
due to the lack of proofreading function in the HCV 
RNA polymerase[44]. It is true that viral resistance 
to DAA regimens will occur in a reduced number of 
virions, but at least statistically, this situation could 
happen and, in this setting it could be necessary to 
combine the effect of these powerful drugs with the 
immune system action to get rid of the minor resistant 
variants to DAA regimes. 

INTERFERON-BASED TREATMENTS
α-Interferon can have a direct antiviral activity by 
induction of interferon stimulated genes, such as 
protein kinase R (PKR)[45], oligoadenylate synthetase 
(OAS)[46], myxovirus resistance protein (Mx)[47], 
apolipoprotein B mRNAediting enzyme-catalytic 
polypeptide-like (APOBEC)[48,49] or tripartite motifs 
(TRIM), which directly inhibit viral replication[18]. 
Moreover, α-interferon develops an indirect anti-viral 
effect by affecting the innate and adaptive immune 
response through expansion of activated specific CD8+ 
T cells[50-52] and NK cells[52,53], up-regulation of proteins 
of the antigen presentation machinery[54], maturation 
of dendritic cells (DC)[55], and augmentation of B-cell 
responses[51,56]. With respect to adaptive cytotoxic 
response, α-interferon could boost specific-CTL 
response by expansion of activated cells[50,57] but also 
by blocking exhausted status by antigen burden 
decrease[58,59]. Nevertheless, α-interferon can also have 
a negative effect on T cell numbers due to regulation 
of T cell recirculation[20]. The dynamics of HCV viral 
load during PEG-α-interferon/ribavirin treatment has 
two phases. First decay is rapid and it is assumed to 
be owing to PEG-α-interferon direct effect, while 
second phase decay is slower and it is probably caused 
by either adaptive immune response[60] or NK cell 
activation[61,62]. However, NK cells very soon after 
starting treatment are already activated and, therefore 
they could act during the first phase decay. Actually, 
according to mathematical methods, the second decay 
of HCV viral kinetics during treatment is due to the 
effect of cellular immune response, mainly specific-
CTLs and NK cells[63-65]. NK cells constitute an early 
host defense against viral pathogens[66,67], eliminating 
virus-infected cells both directly through cytolytic 
mechanisms and indirectly by secreting cytokines such 
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2), in concordance with Tatsumi et al[78] and Caetano 
et al[77] data. Therefore, treatment could be able to 
restore HCV-specific CTL numbers, at least in one 
subpopulation of patients. This finding was not 
described in Pilli’s work[81] but was suggested in Barnes’
s study[79] and it could be due to the type of samples 
analyzed. In our research[60], directly ex-vivo cells were 
checked, while in Pilli’s paper[81] frozen cells were 
retrospectively tested and the thawing process could 
have affected the more exhausted cells, preventing 
their detection thus far. On the other hand, inves-
tigations analyzing HCV-specific T cell response by 
γ-interferon-ELISPOT do not support that treatment-
induced viral clearance is associated with an enhanced 
antiviral T cell response[82,83]. The apparent discrepancy 
between these observations could be explained by the 
manner in which specific T cells are quantified, since in 
former studies, cells were recognized by their ability to 

produce type-Ⅰ cytokines and, in Larrubia’s work, 
those cells were visualized directly by HLA-I/epitope 
multimeric complex labelling. Consequently, the HCV-
specific CTL number restoration observed in a 
subpopulation of infected cases in Larrubia’s study 
would not be able to secrete γ-interferon yet[15], as a 
result those cells would not be detected by Barnes et 
al[79]. Thus, the functionality of these cells should be 
further analyzed since they could be present but 
dysfunctional, although a specific proliferative potential 
improvement during treatment was observed, sugges-
ting a certain degree of functional restoration. Besides, 
a decrease of programmed cell death protein (PD-1) 
expression on HCV-specific CTLs after treatment in 
SVR patients was also described (Figure 3). PD-1 is an 
immunoreceptor tyrosine-based inhibition motif-
containing (ITIM-containing) expressed on activated T 
cells that mediates hyporesponsiveness[84]. PD-1 
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Figure 2  Theoretical hepatitis C virus viral load, hepatitis C virus-specific cytotoxic T lymphocyte frequency and activated natural Killer cell frequency 
kinetics during anti-hepatitis C virus treatment with interferon-free and interferon-containing regimes, according to the different types of response. 
PegIFN: Pegylated-a2-interferon; RBV: Ribavirin; DAA: Direct acting antiviral; NK: Natural Killer cell; CTL: Cytotoxic T lymphocyte; HCV: Hepatitis C virus; RVR: Rapid 
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expression on HCV-specific CTLs inversely correlates with 
early and sustained virologic response to IFN-based 
antiviral therapy[85] and, it is associated with impaired 
control of in-vitro replication[86]. Therefore, a certain 
degree of HCV-specific CTL function restoration after 
treatment in our work was also observed, since the 
negative co-stimulatory molecule PD-1 was down-

regulated in treatment responders[60]. In this work, 
only patients with a high viral load decrease during the 
first 12 wk of treatment had detectable HCV-specific 
CTL at week 12 and this was maintained throughout 
the treatment (Figure 3). A similar correlation between 
viral load and T cell response kinetics in other chronic 
hepatotropic non-cytopathic viral infections has already 
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been shown[24]. Taken together, these data suggest 
that in chronic hepatitis C cases with conserved HCV-
specific T cells, a rapid viral load decrease could 
suppress the exhausted status on those cells, allowing 
their peripheral detection. Nevertheless, in patients 
with either deleted HCV-specific CTLs or with low HCV 
viral load decrease due to interferon insensitivity it 
would be impossible to restore a detectable HCV-
specific CTL response. As a result, it could be possible 
to speculate that although type-Ⅰ interferon associates 
with lymphopenia induction that could impair specific-T 
cell number by affecting lymphocyte re-circulation[20], 
it also allows for an increase in frequency of those cells 
by favoring clonal expansion and memory formation[87] 
and by decreasing T cell exhaustion through viral load 
reduction[24]. The balance between those α-interferon 
effects would be responsible for the peripheral 
detection of these cells during treatment, although 
these cells will still show an exhausted status that will 
disappear after developing an SVR. Additionally, during 
interferon based treatment, NK cells have a major role 
in controlling infection[61,62] and this will help in HCV-
specific CTL response restoration after treatment[60,75-78], 
which will finally contribute to indefinite HCV control and 
eradication[36]. Consequently, the current information 
published suggests that in cases with SVR an HCV-
specific CTL response improvement during treatment 
can be observed, although it is still dysfunctional but 
acquires effector capacities after end of treatment and 
is probably responsible for destroying viral traces 
(Figure 3). Unfortunately, there are not data yet about 
HCV-specific CTL response during treatments 
combining α-interferon with the new DAA[88], but we 
already have some information about DAA combination 
regimes and this will be discussed in the following 
lines.

INTERFERON FREE REGIMES
Direct-acting antivirals are able to eliminate infection 
through affecting the function of different HCV 
proteins involved in HCV replication, such as NS3/NS4 
protease, NS5A complex and NS5B polymerase[17]. 
Interestingly, DAA combinations could get rid of HCV 
infection by preventing the effect of naturally occurring 
resistant variants against one or another single 
DAA[41-43]. However, it is still not clear whether this 
treatment is sufficient to eliminate HCV infection or if 
it is also necessary to restore an efficient HCV-specific 
CTL response to eradicate the viral traces from specific 
sanctuaries and to eliminate potential resistant variants 
to DAA combinations. Recent work has analyzed the 
role of HCV-specific CTL response in chronic HCV 
patients treated with interferon-free therapy[89]. In 
this paper is nicely shown that responder patients to 
DAA therapy recover a HCV-specific CTL response with 
the ability to proliferate after antigen encounter, while 
this is not observed in non-responder cases (Figure 
2). These findings are similar to the ones reported 

in some studies with IFN-based regimens[60,74-78], 
but more intense probably because in both cases a 
positive effect of viral load decrease on HCV-specific T 
cell is present but, in DAA regimens the predominantly 
negative IFN immune suppressive influence on T cells 
is avoided[90]. Moreover, this work not only shows an 
increase in the number of T cells but it also describes 
an improvement in the quality of the response by 
down-regulation of negative co-stimulatory molecules 
and by restoring its cytolytic activity. Thus, this finding 
supports a role for DAA viral clearance in driving 
recovery of HCV-specific CTLs but we do not still know 
if this restoration play a role in controlling HCV infection 
during treatment or it is only an epiphenomenon. The 
same consistent adaptive T cell response restoration 
has been described in chronic HBV infection during 
nucleos(t)ide analogue treatment, reinforcing these 
data the idea that, at least in cases without specific-T 
cell deletion, intense viral load decrease can restore a 
previously exhausted T cell response[25,91]. According 
to this observation, it is possible to speculate that 
specific-CTL restoration during DAA regimes could 
contribute to the high-sustained cure rates and the low 
relapse frequency described with this kind of therapies. 
In Table 1, the studies in favor or against HCV-specific 
CTL role in SVR after interferon-free and -containing 
regimes are summarized.

RESTORATION OF A HCV-SPECIFIC CTL 
RESPONSE AS PREDECTIVE FACTOR OF 
SVR
According to the previous data, the extent of T cell 
reconstitution might be able to be used as a guide to 
personalize anti-HCV therapy and as a predictive factor 
of response. A lack of induction of T cells could signal 
the need for therapy intensification and conversely, 
a good T cell recovery could allow shorter treatment 
duration in some patients, with the expectation that 
any residual virus would be cleared by T cells. These 
issues have not been completely addressed yet, but 
there are a few data that will be discussed in the next 
lines. To address whether restoration of peripheral 
HCV-specific CTL number could correlate with SVR 
rate and behave as a treatment response prognosis 
factor, a multivariate analysis was carried out by our 
group during interferon-based treatment[60]. In that 
analysis, the increase of detectable HCV-specific CTLs 
after 12 wk of treatment was an independent factor 
related with SVR. Moreover, the predictive value of this 
variable on early or delayed viral responder (EDVR)[71] 
genotype-1 cases was also analyzed to understand its 
role in a hypothetical guided-therapy decision process. 
Interestingly, all the EDVR genotype-1 samples with 
detectable HCV-specific CTLs at w12 developed SVR, 
which means a 100% positive predictive value (PPV). 
This data could be useful to encourage these patients 
to finish treatment, but it could also be a decision rule 
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to maintain double therapy in cases with positive cells 
or to add a DAA in patients without detectable HCV-
specific CTLs at w12, which could have interest from 
an economical point of view in countries restricting 
the free use of DAA[92,93]. Consequently, the excellent 
PPV treatment response of HCV-specific CTL detection 
at w12 could be complementary to the high negative 
predictive value of a viral load decrease lower than 
2log at w12 of PEG-α-interferon/ribavirin treatment, 
as a strategic tool in the clinical decision process 
during treatment. We should await similar studies on 
DAA-based regimes to verify whether HCV-specific 

CTL restoration during treatment could be used as 
a response predictive factor and as a tool to guide 
therapy. 

CONCLUSION
Treatment-induced viral load decrease can restore a 
reactive HCV-specific CTL response during treatment 
in DAA-based treatments and this can influence the 
high rate of sustained response observed with this 
regime. In IFN-based treatment, HCV-specific CTL 
restoration in some cases can be observed and this 
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Table 1  Summary of published works about hepatitis C virus-specific cytotoxic T lymphocyte during anti-hepatitis C virus treatment 
pointing-out the data in favor and against hepatitis C virus-specific cytotoxic T lymphocyte response restoration either during or 
after treatment

Ref. Year Treatment Samples CTL visualization In favor Against

Martin et al[89] 2014 DAA Frozen 
PBMC

Tetramer 
staining

Restoration of HCV-specific CTL response during 
treatment in SVR cases

 

Larrubia et al[60] 2013 PEG-IFN/
RBV

Fresh 
PBMC

Pentamer 
staining

HCV-CTLs detection at week 12 of treatment 
correlates with infection resolution 

Detection of PD-1low HCV-specific CTLs after 
treatment correlates with SVR

 

Humphreys et al[82] 2012 PEG-IFN/
RBV

Frozen 
PBMC

γ-IFN ELISPOT 
assay

 Treatment induced 
genotype-3a viral clearance 

is not associated with an 
enhancement of antiviral T 

cell response
Tatsumi et al[78] 2011 PEG-IFN/

RBV
Fresh 
PBMC

γ-IFN ELISPOT 
assay

HCV-specific CTL frequency increase between base-
line and treatment week 4 was observed in SVR but 

not in non SVR patients

 

Barnes et al[83] 2009 PEG-IFN/
RBV

Frozen 
PBMC

γ-IFN and IL-2 
ELISPOT assay

 Not enhanced specific T cell 
response during high dose 
IFNa therapy was reported

Caetano et al[77] 2008 PEG-IFN/
RBV

Fresh 
PBMC

Pentamer 
staining

Chronically infected patients who responded to 
treatment showed a higher HCV-specific CTL 

frequency than non-responders during and post-
treatment  

Terminally differentiated effector cells increased 
more rapidly in responders, and their frequency was 

always higher than in non-responder patients 

 

Golden-Mason et al[85] 2008 PEG-IFN/
RBV

PBMC Pentamer 
staining

Patients with sustained viral response showed a 
decrease in PD-1 expression on HCV-specific CTLs 

after therapy completion

 

Badr et al[73] 2008 PEG-IFN Frozen 
PBMC

Tetramer 
staining

Early therapeutic intervention during the acute 
phase of HCV infection reconstituted a long-lived 

polyfunctional memory T cell response

 

Pilli et al[81] 2007 PEG-IFN/
RBV

Frozen 
PBMC

γIFN ELISPOT 
assay and 

tetramer staining

 No significant correlation 
between HCV-specific CTL 

kinetics and viral decay 
during treatment

Morishima et al[75] 2003 IFN/RBV Fresh 
PBMC

Chromium-51 
release assay

Subjects who had completed the treatment and 
had undetectable HCV RNA levels after therapy 

had a detectable HCV-specific CTL response more 
frequently than those who were viraemic

 

Vertuani et al[76] 2002 IFN Fresh 
PBMC

Chromium-51 
release assay

Increase in the intensity of HCV epitope recognition 
by HCV-specific CTL after 1 to 5 m of treatment

 

Barnes et al[79] 2002 IFN/RBV Frozen 
PBMC

γIFN ELISPOT 
assay

 T cell responses induced 
during high dose of IFNa 
treatment appear not to 
influence the virological 

outcome

DAA: Direct acting anti-viral; IFN: Interferon-α2; RBV: Ribavirin; PBMC: Peripheral blood mononuclear cells; γ-IFN: Gamma-interferon; SVR: Sustained 
viral response.
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issue has an excellent positive predictive value in 
developing an SVR outcome. In this setting, NK cells 
develop a major role in viral load decrease that could 
impact on HCV-specific CTL restoration, although still 
displaying exhausted features. However, this response 
reaches a non-exhausted phenotype after treatment in 
SVR cases and it correlates thereafter with activation 
peaks coinciding with HCV detection after HCV clinical 
resolution, suggesting an important role in maintaining 
SVR and in the complete HCV eradication after 
treatment. Therefore, taking into account all these 
data, we can suggest that a potent anti-viral treatment 
could not be enough alone to obtain a high cure rate, 
but probably it is also necessary to restore a powerful 
HCV-CTL response to get that goal.
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