
Immunity and Hepatitis C: A Review

Rebecca R. Terilli1 and Andrea L. Cox, MD, PhD1,*

1Division of Infectious Diseases, Johns Hopkins University School of Medicine, Rangos Building,
Suite 536, 855 N Wolfe St, Baltimore, MD 21205

Abstract
Hepatitis C virus (HCV) is a major cause of chronic hepatitis and hepatocellular carcinoma
worldwide. Due to shared transmission routes, the prevalence of HCV is especially high among
individuals infected with HIV. HIV uninfected individuals spontaneously clear HCV
approximately 30% of the time, while the rate of control in HIV infected individuals who
subsequently acquire HCV is substantially lower. In addition, complications of HCV are more
frequent in those with HIV infection, making liver disease the leading cause of non-AIDS-related
death in HIV infected individuals. This review summarizes recent advances in understanding the
role of the innate and adaptive immune responses to HCV in those with and without HIV. Further
defining the interaction between hepatitis C and the host immune system will potentially reveal
insights into HCV pathogenesis and the host’s ability to prevent persistent infection, as well as
direct the development of vaccines.
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INTRODUCTION
Worldwide, it is estimated that more than 170 million individuals are infected with Hepatitis
C Virus (HCV) [1]. Following an acute infection period that is generally asymptomatic,
spontaneous clearance of HCV occurs in approximately 30% of HIV uninfected patients [2].
The remaining 70% progress to chronic infection, a subset of whom will develop cirrhosis
and hepatocellular carcinoma [3, 4]. Due to shared transmission routes, the prevalence of
HCV is especially high among individuals infected with HIV. In the United States and
Europe, approximately 16% of HIV-infected persons are co-infected with HCV [5].
Spontaneous clearance rates are lower and complications of HCV more frequent in those
with HIV infection, making liver disease the leading cause of non-AIDS-related death in
HIV infected individuals [6, 7]. HCV is known only to infect humans and chimpanzees. The
virus replicates continuously in hepatocytes, establishing an intrahepatic infection that
generally results in alanine aminotransferase (ALT) elevation within 8 weeks after initial
exposure. HCV-specific antibodies (Ab) and T cell responses become detectable in the same
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delayed time frame [2, 3]. Studies have demonstrated that robust innate and adaptive
immune responses are necessary for viral clearance [3, 4] (Figure 1).

INNATE IMMUNITY
A hallmark of the innate response to HCV in the liver is the immediate induction of
interferons (IFNs), and cytokines. The release of IFNs creates an antiviral state in uninfected
cells and inhibits the replication of HCV in infected cells. The release of IFNs and cytokines
both inhibits further cellular infection and activates effector cells of the immune system,
linking the innate and adaptive arms [3].

Actions of Interferons
The initial response to HCV infection includes the production of type I IFNs in the liver.
Activation of toll-like receptor 3 (TLR3) signaling and retinoic acid-inducible gene-I (RIG-
I) initiates release of IFN-β, followed later by α. The secreted IFN-β binds to the IFNα/β
receptor of neighboring cells, activating the Jak/Stat pathway and inducing an antiviral state.
Activation of the Jak/Stat pathway leads to the induction of interferon stimulated genes
(ISGs), which degrade viral RNA and amplify the overall IFN response. Specifically, the
induction of the ISG IRF7 stimulates IFN subtype diversification and permits the production
of type I IFN-α. The newly produced IFN is thought to induce an antiviral state within the
liver, potentially contributing to clearance of the virus [3, 4]. The antiviral effect of IFN-α
on HCV is borne out by the fact that pegylated interferon-alpha (PEG-IFN alpha) with
ribavirin (RBV) has been the mainstay of HCV therapy. However, HCV has evolved
mechanisms to prevent activation of both TLR signaling and RIG-I sensing [8]. The HCV
serine protease NS3/4A processes HCV nonstructural proteins from the precursor HCV
polyprotein, but its protease activity also cleaves interferon-beta promoter stimulator 1
(IPS-1), an adaptor involved in RIG-I-mediated antiviral activity. In addition, NS3/4A has
been shown to cleave the Toll/interleukin-1 receptor/resistance domain-containing adaptor-
inducing IFN (TRIF) protein, the signaling adaptor molecule for TLR3 [9]. Thus NS3/4A
prevents TLR3- and RIG-I-mediated antiviral signaling. The ability of HCV to impair type-I
IFN pathway signaling may mean that other innate pathways, such as the type III IFN
pathway, are important in effective HCV control.

The type I IFN responses have been more extensively studied, however recent studies
suggest that type III IFNs, consisting of IL28A/B and IL29 (lambda 2, 3 and 1, respectively)
are also important. Similar to type I IFNS, type III IFNs are upregulated in response to
activation of RIG-I and TLR3, and signal through the Jak/Stat pathway [10]. Although both
types of IFN induce ISGs and have similar antiviral effects, they bind to different receptors
with distinct cellular distribution patterns, indicating divergent biological roles [10]. Single
nucleotide polymorphisms (SNPs) rs12979860 C/T and rs8099917 T/G located on
chromosome 19 in the region of the IL-28B gene have been associated with both
spontaneous clearance and response to PEG-IFN alpha/RBV therapy in individuals infected
with HCV. Genotyping of rs12979860 C/T, which is located 3 kb upstream of the IL-28B
gene, in HCV cohorts comprised of individuals who spontaneously cleared the virus or had
persistent infection showed that the C/C genotype strongly enhanced resolution of HCV
infection [2]. In addition, the rs12979860 C/C was associated with a favorable response to
PEG-IFN alpha/RBV treatment in a genome-wide association study of 1,137 patients. The
study showed a two- to threefold greater rate of sustained viral response (SVR) in
association with the C/C genotype versus the C/T and T/T genotypes of the rs12979860 SNP
[11]. Three smaller studies subsequently reported similarly increased PEG-IFN alpha/RBV
response rates in patients with the T/T genotype (versus G/T or G/G) of another SNP,
rs8099917, which is located 8.9 kb downstream from IL-28B in the intergenic region
between the IL-28A and IL-28B genes [12–14].
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ISG expression pattern in the liver has also been shown to be a predictor of response to
therapy. In chimpanzees infected with HCV, highly elevated hepatic ISG expression was
associated with no further induction of ISGs and no antiviral efficacy following IFN-alpha
treatment [15]. Studies in humans have also reported that the ISG expression pattern within
liver infiltrating monocytes (LIM) and hepatocytes is key to predicting outcome. High ISG
expression in LIM predicted treatment response, whereas high ISG expression in
hepatocytes predicted treatment failure [16]. A later study demonstrated that IL28B
genotype and ISG expression independently predict IFN responsiveness and suggested that
subjects with the unfavorable IL28B genotype had aberrant baseline induction of innate
immune response pathways, resulting in impaired virologic response [17]. Understanding
the effect of type III IFNs on HCV infection is also of great interest. Recent research
suggests type III IFNs may be the predominant antiviral response to HCV infection in
primary human hepatocytes (PHH) and in chimpanzees [18, 19]. PHHs showed an enhanced
ability to produce type III IFNs and limited ability to produce type I IFN’s in response to
HCV infection. Type III IFN induction caused significant upregulation of ISGs and blocked
type I IFNs from acting upon the PHH. The significant induction of ISGs and desensitization
of PHH to type I IFNs may explain why high expression of ISGs in hepatocytes contribute
to nonresponse to IFN treatment [16, 18, 19]. Exactly how the favorable IL28B genotype
and induction of different IFNs contribute to innate immune responses is unknown, but the
association of the IL28B gene region and ISG induction with spontaneous and treatment-
associated control of HCV suggests an important role for innate immunity in general and
perhaps interferon lambda specifically in control of HCV infection.

Actions of Cellular Innate Immunity
In addition to the rapid induction of IFN, the cells of the innate immune system contribute to
control of HCV infection. Key immune cells populate the liver and circulate in the
periphery. During an acute infection, natural killer (NK) and NK T cell activation leads to
interferon-gamma (IFN-γ) production and cytotoxic killing of infected hepatocytes [20–22].
It has been hypothesized that this IFN-γ mediated viral clearance is more efficient than that
of T cell mediate clearance [21]. Interestingly, the killing ability of NK cells may be
controlled by host genetic factors. Patients with homozygosity of a particular KIR receptor
(KIR2DL3) on NK cells and matched HLA type (C1) ligand for that KIR are more likely to
spontaneously resolve infection or achieve SVR under treatment, suggesting genetic factors
affect NK-mediated control of HCV [21, 22].

The production of IFN-γ by NK and NK T cells leads to the activation of Kupffer cells and
the release of proinflammatory molecules. Important proinflammatory molecules include
TNF-α, galectin-9, a key regulator in inflammatory pathways within the liver, and
interleukin-18 (IL-18), which is primarily produced by macrophages and may be the earliest
observed immune response to the virus [23, 24]. The IL-18 response is characterized by a
four-fold rise of the cytokine in the plasma on average upon infection, coinciding with
detection of HCV RNA in the blood and prior to or at the time of ALT elevation in serum
[24]. The initial peak in IL-18 levels begins to decline within a couple months of infection
regardless of infection outcome. IL-18 levels return to baseline levels if the virus is cleared.
If the virus persists, IL-18 levels decline from the peak, but remain elevated at two- to three-
fold higher than levels observed prior to infection [24]. The role of IL-18 in HCV infection
is unclear. SNPs rs1946518 -607C/A and rs187238 -137G/C found in the IL-18 promoter
have been associated with spontaneous clearance in African-American injection drug users
(IDUs) [25]. An additional SNP (rs3750912) in the coding region of the IL-18 binding
protein (IL-18BP) gene was found to be associated with clearance of HCV in European
ancestry and African-Americans and may play a role in HCV clearance by effecting the
activity or production of IL-18 [26]. The role of these proinflammatory molecules in HCV
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clearance is unclear. However, these molecules are known to promote tissue inflammation,
to enhance control of viral replication, and to induce the maturation of monocyte-derived
dendritic cells (DCs) [23]. DCs help bridge the innate and adaptive arms of immunity.
Plasmacytoid DCs (pDCs) are thought to be the major source of IFN-α driving the innate
response, while myeloid DCs (mDCs) activate the adaptive immune response by migrating
to lymphoid tissue to prime naïve T cells [27, 28]. The role of DCs during infection is
incompletely understood. The frequency of DCs circulating in peripheral blood may be
predictive of infection outcome and their function may be impaired in HCV infection;
however, other studies show normal DC function in HCV infection and clinical
immunosuppression is not observed prior to developing advanced liver disease as might be
expected with global DC dysfunction. [29–33].

Continuous activation of the immune system has detrimental effects on the surrounding
tissues and the body’s ability to fight infection. In chronic HCV, the number of NK and NK
T cells present in the liver significantly declines and the remaining cells lose the ability to
properly kill and clear infected cells [20, 21]. The constant presence of proinflammatory
may lead to progressive liver injury, cirrhosis, and hepatocellular carinoma [23].
Dysregulation of innate immune system function by HCV is not entirely understood and
requires further research.

HIV-HCV Coinfection and Innate Immunity
The innate immune system is further challenged when an individual is coinfected with HCV
and HIV. The protective effects of the immune system present in monoinfection are lost or
altered with the immune dysregulation HIV brings in coinfection [34, 35]. In contrast to the
uniformly beneficial effects of IL28B CC genotype in HCV monoinfected individuals, the
IL28B protective genotype is associated with decreased survival in antiretroviral treated
HIV and HIV-HCV coninfected patients and the unfavorable genotypes (CT/TT) have been
associated with survival [36]. As with HCV monoinfected individuals, the impact of the
IL28B genotype on infection outcome is not fully understood. In addition, HIV infection
alters innate immune cell function. Macrophages are susceptible to HIV infection in the
absence of HCV infection. It was recently reported that type III IFNs induced by HCV can
prevent HIV infection of macrophages, potentially altering macrophage responses to HIV
[37, 38]. HIV has also been reported to infect DCs and reduce their numbers, which may
contribute to poor immune responses in coinfected patients [39]. Chronic HIV-1 infection
also results in disruption of NK cell function with altered NK receptor expression and
aberrant or decreased cytokine secretion [40]. In general, the presence of both infections
limits the ability of the innate immune system to fight infection.

ADAPTIVE IMMUNITY
A unique characteristic of the adaptive immune response to HCV infection is the delayed
onset of specific antibody (Ab) and T cell responses [41–43]. Because general
immunosuppression is not observed in HCV infected patients before the development of end
stage liver disease, an HCV-specific deficiency in priming naïve B and T cells has been
suggested as a potential mechanism to explain this delay [4].

Actions of Humoral Immunity
The antibody response to acute HCV infection is primarily restricted to IgG1, of low titer,
and delayed in appearance [41, 42]. A specific neutralizing Ab (nAb) response to HCV can
take eight to twenty weeks to develop [4, 42]. The ability of agammglobulinemic patients to
control infection [44] and the documented cases of HCV clearance prior to the development
of nAbs have lead investigators to question if the humoral immune response is required for
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clearance. Early research indicated that high-titer and crossreactive nAbs are rarely
detectable in acute infection and develop late into chronic infection [43, 45]. However,
another study using individualized pseudoparticles expressing sequential envelope
sequences to measure neutralization by autologous sera demonstrated that Abs neutralizing
earlier sequence variants were detected at earlier time points than Abs neutralizing later
variants, indicating clearance and evolution of viral variants in response to pressure from
nAbs. [46]. This study also showed that high-titer nAbs peaked at the time of viral clearance
in all spontaneous resolvers, whereas chronically evolving subjects displayed low-titer or
absent nAbs throughout early acute infection. A more recent study provided support for
potential clinical relevance of nAbs by demonstrating that a subject who had been
chronically infected for two years spontaneously cleared infection after the development of a
strong nAb response and reversal of the T cell exhaustion phenotype [47]. Both studies offer
evidence that the humoral immune response is involved, and may be necessary, in the
resolution of HCV infection.

Studies investigating B cell responses in HCV infected individuals have yet to provide a
clear understanding of the impact of HCV infection on B cell development. Initial research
suggested that there were no observable difference in numbers or function between B cells
from HCV infected individuals and healthy controls [48]. However, more recent studies
have demonstrated that the majority of patients with chronic HCV infections carry a
substantial proportion of activated B cells [49–51]. The importance of this difference is not
yet known and these studies do not agree on other aspects of B cell function and phenotype
in HCV such as the distribution of B cells in naïve and memory subsets. Nevertheless,
altered B cell function and development have been implicated clearly in extrahepatic
disorders associated with HCV infection. The most common disorder is mixed
cryoglobulimia (MC) [52]. Recent studies have indicated that MC is triggered by clonal
expansion of B cells, apoptosis of naïve B cells, and an increase in size of the immature B
cell subset in order to maintain homeostasis [52]. This shift in B cell homeostasis has also
been shown to disrupt tolerance, posing a potential risk for the development of autoimmune
disease [53]. Epidemiological studies have clearly demonstrated a correlation between
chronic HCV infection and occurrence of B-cell non-Hodgkin's lymphomas. Although the
mechanisms through which HCV infection induces B-cell lymphoproliferation have not
been completely elucidated, possibilities include indirect activation, chronic stimulation,
direct infection and mutation of important genes within HCV-specific B cells [54]. Studying
these disorders in the setting of HCV infection might provide insight into B cell
development as well as HCV pathogenesis.

Actions of T cell Immunity
T cell responses to HCV develop five to twelve weeks after infection [4, 43, 55–57]. This
delay is observed regardless of outcome and has been attributed to impaired T cell priming
[55, 58]. Though the delayed response of T cells is thought to have little effect on outcome,
the quality of CD4+ and CD8+ T cell response generated has been shown to significantly
influence resolution of infection [55–57]. The detection of fully functional HCV-specific
CD4+ T cells during acute infection is associated with subsequent clearance, suggesting that
CD4+ help is necessary for maintaining viral control [56, 57]. Development of a robust
CD8+ T cell response is also important in the outcome of infection. There is a temporal
association between the detection of HCV-specific CD8+ T cell responses and viral
clearance, indicating that virus-specific CD8+ T cells are important in controlling viremia
[56, 59]. The CD8+ T cell repertoire is developed early in acute infection and requires
simultaneous CD4+ T cell help to maintain responses [43, 57–60]. Without this help, the
majority of individuals will progress to a chronic infection, where CD8+ responses decline
and are not replaced [43, 61]. Incomplete control of HCV replication by CD8+ T cells is
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associated in chimpanzees and humans with emergence of viral escape mutations in class I
major histocompatibility complex-restricted epitopes and persistence of HCV [60, 62].
Recent studies have reported strong associations linking protective HLA alleles (Class I
B27, B57, A3, and Class II DQB1*0301) with spontaneous clearance of infection, further
supporting a role of T cells in control since HLA molecules present antigen to T cells [63–
65].

Even with the development of CD4+ and CD8+ T cell responses, a subject may still
progress to chronic infection. A recent report suggested that transition to chronic infection is
not the result of a failure to mount a broad CD4+ T cell response, but is caused by a
secondary mechanism that leads to the collapse of the HCV-specific CD4+ T cell response
[66]. These results suggest that HCV persistence is not the result of a failure to prime HCV-
specific CD4+ T cells, but instead that CD4+ T cell responses undergo rapid exhaustion and
deletion in the majority of patients. When CD8+ T cells are still detectable, they exhibit an
exhausted phenotype characterized in part by high PD-1+ on T cells specific for intact HCV
epitopes, low CD127, and high Tim-3+ surface expression [67, 68]. While T cell exhaustion
has been considered to be irreversible without therapeutic manipulation, a recent study
reported reversal of T cell exhaustion in conjunction with development of nAbs in a patient
after two years of infection [47]. In sum, CD4+ T cell help is lost and CD8+ T cells decline
with progression to chronic infection remaining cells either recognizing epitopes no longer
present due to viral mutation or expressing high levels of molecules like PD-1 that inhibit T
cell function when specific for epitopes that remain intact..

HIV-HCV Coinfection and Adaptive Immunity
As with innate immunity, HIV coinfection alters the adaptive immune system response to
HCV. A hallmark of HIV monoinfection is the depletion of CD4+ T cells and generation of
immunosupression [34, 35]. It has been demonstrated that this depletion of CD4+ T cells has
a detrimental effect on the generation of HCV-specific Abs and leads to a loss of previously
generated immunity against HCV [70]. This impairment of antibody generation may be due
to the fact that HIV infection induces increased turnover of B cells leading to an increased
frequency of short-lived plasmablasts, activated and exhausted B cells, immature transitional
B cells and fewer memory B cells [34]. The immune dysregulation associated with HIV
infection results in the lower rates of spontaneous control of HCV infection as well as more
liver disease progression.

PROPHYLACTIC VACCINATION AND COINFECTION
Continuing advances in chemotherapeutic regimens are promising for effecting cures of
HCV and may reduce transmission. However, they are unlikely to control HCV given that
therapy for HCV does not provide immunity against subsequent infection and access t o
therapy is limited for many of those infected. IDUs and high-risk groups such as health-care
providers and men who have sex with men are at risk for new infections and will continue to
be at increased risk of infection despite better regimens for HCV treatment. HCV
transmission is likely to persist in areas with limited access to antiviral drugs and poor
needle injection and blood product hygiene. It has been estimated that fewer than 50% of
HCV-infected persons are diagnosed in most developed countries [72] and he proportion of
patients who access and complete treatment remains low. The numbers of patients aware of
and accessing care are substantially lower in less developed countries. For these reasons as
well as the cost of therapy, HCV therapy may not have a significant impact on the disease in
many parts of the world and may have minimal impact in blocking the spread of infection
within the human population. Therefore, development of a vaccine to prevent chronic HCV
infection, if not to prevent infection altogether, is essential for control of HCV disease.
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Development of a HCV vaccine will have to overcome many challenges seen in
development of an HIV vaccine, including the inability to safely use live-attenuated or killed
virus vaccines, heterogeneity of the virus, and the capacity to evade the host immune
response. However, multiple studies have demonstrated that previously infected individuals
who control their initial infections and become reinfected are substantially less likely than
people infected for the first time to develop persistent infection [73–75]. The duration and
maximum level of viremia during subsequent episodes of reinfection were significantly
decreased compared with those of the primary infection in the same subjects [73–74]. In
contrast to the decline in HCV-specific T cells seen in chronic infection, one study showed
that reinfection was associated with a significant increase in the breadth of T cell responses.
This study also showed more frequent detection of cross-reactive nAbs in reinfected subjects
who control infection than is typically seen in those who progress to chronic infection. A
study in chimpanzees also showed that rapid resolution of viremia after HCV rechallenge
temporally coincided with massive expansion of the dominant memory T cells [76]. HCV
reinfection is associated with a reduction in the magnitude and duration of viremia versus
initial infection, broadening of cellular immune responses, and generation of cross-reactive
humoral responses, all of which are consistent with development of adaptive immunity that
is not sterilizing but protects against chronic disease.

Current prophylactic strategies include vaccines that develop HCV-specific CD4+ and/or
CD8+ T cell response, HCV nAbs, or a combination of T cell response and nAb response
[77–82]. There has been a movement toward preventing chronic infection rather than aiming
for sterilizing immunity with a vaccine. The design of prophylactic and therapeutic vaccines
has proven challenging, but the first clinical trial of a prophylactic vaccine in individuals at
risk for HCV infection began in 2012 with the aim of preventing chronic infection. Lessons
from HCV and HIV vaccine attempts as well as the current vaccine trial regardless of
outcome could be useful in the development of vaccines against both diseases.

CONCLUSION
Deciphering the immune response to HCV remains a challenging task. Knowledge of how to
combat the virus will improve as research unravels the actions of the immune system
required for resolution of infection (Figure 1). Previous research has revealed multiple
factors that determine the immune response to HCV infection and that co-infection with
HIV alters the immune response, leading to more frequent progression to chronic infection
and development of liver disease. The transition from an initial innate to a specific adaptive
response is a key point of immune regulation in infection and the intersection of those two
systems may control progression to chronic infection instead of resolution. Chronic HCV
mono-infection and co-infection with HIV have become a public health epidemic. Though
the spread of disease may be controlled through treatment, until the underlying immunology
behind chronic infection is understood, the generation of an effective HCV vaccine based on
correlates of protective immunity may remain a challenge.
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Figure 1.
Immune Response to Hepatitis C Infection
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