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Abstract
Knowledge on hepatitis caused by hepatitis C virus (HCV)
has increased since 1989, when the virus was identified and
cloned from the complementary deoxyribonucleic acid
(DNA) extracted from cells of an experimentally infected
chimpanzee with the virus of hepatitis non-A, non-B.
Approximately 90% of cases of post-transfusion hepatitis
and 50% to 70% of sporadic cases of hepatitis non-A and
non-B were caused by HCV. Thus, the discovery of this virus
has enabled the development of serological diagnosis
techniques. In recent years, there have been major
advances in the characterization of the molecular structure
of HCV, the development of diagnostic tests with high
specificity and sensitivity, knowledge about the pathogenic
mechanisms and improved therapeutic options. The
continued study of this disease allowed the characterization
of its epidemiology and main routes of transmission.
Currently, HCV competes with alcoholic liver disease as the
leading cause of chronic liver disease. As shown
asymptomatic in most cases, this disease progresses silently
for chronicity with a consequent increase in cases of liver
cirrhosis and hepatocellular carcinoma (HCC). This study
reviews the main aspects of the hepatitis C. HCV infection is
progressive, silent and causes the patient serious
complications such as cirrhosis and HCC, and brings high
costs to the government. Therefore, given the diversity of
problems caused by epidemic HCV, this study is essential to
new discoveries about this health problem.
Keywords: Hepatitis C; Liver disease; Epidemiology;
Cytokines

Introduction
Infection with hepatitis C is a current and important global
public health problem, being the leading cause of chronic liver
disease and the most common indication for liver
transplantation in developed countries. According to the World
Health Organization (WHO), about 3% of the general population
is infected with HCV. A small fraction of the population reaches
viral clearance spontaneously, whereas around 85% of infected
individuals progress to chronic infection, which constitutes a risk
factor for the development of cirrhosis and HCC and cooperates
with the increasing number of liver transplants.

Prati points out that HCV infection represented a serious
problem for blood banks and receivers in the 1980s, for upto
10% of blood units transmitted the virus. It was only in mid-1993
that screening tests for HCV in blood donors were implemented,
reducing drastically the transmission of the virus through blood
transfusion, which has become more secure. However, there are
still some individuals who contracted HCV before 1993 through
transfusion of blood and/or blood products [1,2].
At present, the main goal of hepatitis C treatment is to control
the progression of liver disease by inhibiting viral replication and
achieving sustained virological response (SVR), determined as
viral particles undetectable in plasma six months after the end of
treatment. The therapeutic schemes available by the Ministry of
Health are dual therapy, involving the conventional interferon
(IFN) or pegylated interferon plus ribavirin (RBV), and triple
therapy, which adds to the dual therapy a protease inhibitor (PI),
boceprevir or telaprevir. Recently, the National Health
Surveillance Agency (ANVISA) has approved Daclatasvir as a pangenotypic inhibitor of the nonstructural protein 5A (NS5A),
which will soon be included in the protocol.
Cytokines have a fundamental role in regulating the immune
response. In infections caused by hepatitis C virus, cytokine
production levels appear to interfere with disease progression,
viral persistence and therapeutic response. Cytokine genes are
polymorphic in specific sites and specific polymorphisms located
in coding/regulatory regions alter the expression and secretion
of cytokines.
The single nucleotide polymorphism in interleukin 10 gene
(IL10) seems to be associated with the success of treatment, i.e.
when the patient reaches SVR. According to the proposed
therapeutically schemes, SVR rates can reach 50% to 90% of
treated people, thereby reducing the development of cirrhosis
and liver cancer. However, the access to the diagnosis and
treatment remains very low [2].
Thus, this paper reviews the main aspects of the C virus in an
attempt to understand this disease better.

Hepatitis C Virus
HCV is a virus of the Flaviviridae family, genus Hepacivirus,
with linear single-stranded ribonucleic acid (RNA) genome,
positive polarity and approximately 9.5 kilobases (kb). It is an
enveloped virus with a diameter ranging from 55 to 65
nanometers (nm) with icosahedral symmetry. The lipidic
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envelope originates from the membrane and the core composes
the capsid. The proteins envelope 1 (E1) and envelope 2 (E2)
stand out in the envelope, which form very important tetramers
recognizing receptors of the host cell [3,4].
The HCV genome has about 9,500 nucleotides arranged in a
single long open reading frame (ORF) that comprises the entire
genome and encodes a single polyprotein of about 3,000 amino
acids. As many other viruses with similar genomic constitution
virus, the RNA molecule acts as messenger RNA (mRNA) to
translate viral proteins [4]. The viral polyprotein newly translated
is cleaved by a protease combination of the host cell and viral
proteases to form the viral structural (Core, E1 and E2) and nonstructural (NS) proteins (NS2; NS3; NS4A; NS4B; NS5A; and
NS5B) [5,6].

Viral tropism, receptors and replicative cycle
The union of the virus to hepatocytes proteins triggers the
process of endocytosis, allowing the internalization of viral
particles in the host cell and release of viral RNA in the
cytoplasm [7,8].
The HCV replication cycle begins with its binding on the host
cell membrane, triggering the interaction of viral glycoproteins
and glycosaminoglycan’s (GAG) present on the cell surface [9].
This process takes place simultaneously to the interaction of low
density lipoproteins (LDL) with low density lipoprotein receptors
(LDL-R) present in the membranes of hepatocytes, as it is
assumed that LDL associates with viral particles [10].
Subsequently, the scavenger receptor class B type I (SR-BI)
interacts with the tetraspanin CD81, which binds to the viral
envelope proteins [11,12].
Whether SR-B1 interacts with the CD81, the association with
the viral envelope proteins is facilitated. CD81, together with a
tight junction (TJ) protein called claudin 1 (CLDN1), naturally
form a complex essential for HCV entry. After the complex CD81/
CLDN1 linkage, HCV interacts with the occludin (OCLN), another
tight junction protein, allowing the viral internalization [13].
Other molecules, such as the transferrin receptor (TfR) and the
tetraspanin CD63, appear to be involved in the HCV entry,
though their mechanisms are not well understood. The
internalization through endocytosis is probably favored by the
lipid properties of SR-BI. After merging with the membrane and
the low potential of hydrogen (pH) of the cytosol, the viral
genome is released for translation and processing of the
polyprotein. It is worth highlighting that studies demonstrated
activated macrophages producing tumor necrosis factor alpha
(TNF-α), increasing the diffusion coefficient of CD81 and
relocating the OCLN in the basolateral membrane, therefore
facilitating the entry of HCV [14].
The CD81 is a protein of the tetraspanin family, consisting of
four transmembrane sequences, a small extracellular loop and a
large extracellular loop, which is the portion that interacts with
the E2 protein [15]. CD81 is expressed in the majority of
mammalian cells with different functions: cell adhesion,
mobility, activation and signal transduction [16].
The SR-B1, highly expressed in the liver, is a multiple binding
agent functioning as a receptor for several classes of
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lipoproteins. Therefore, it has been proposed as a cellular
receptor due to its affinity with viral E2 protein fraction [17].
However, other molecules that also express CD81 and SR-B1
receptors are not susceptible to HCV infection, suggesting that
hepatic surface molecules are required for the entry of the virus
into the host cell [17].
The IRES promotes viral fitting with the ribosome to initiate
the translation of the coding region that will synthesize viral
polyproteins, which are processed to generate mature proteins.
NS5B protein has RNA polymerase activity, becoming the central
part of the replication machinery that uses the viral genome as a
template for transcription of a negative sense complementary
RNA molecule. This negative sense is a template for the
synthesis of new RNA molecules of positive polarity that form
the genome of new viral particles [18,19].

HCV genotypes
HCV is enormously heterogeneous in the sequence of
nucleotides in different regions of the viral genome.
Phylogenetic analysis of genomic sequences allowed the
characterization of seven main genotypes which are subdivided
into subtypes a, b and c, among others [20-22]. The genotyping
is essential as it presents different predictive values in the
response to antiviral therapy, with the best response associated
with genotypes 2 and 3 compared to genotype 1 [23].
Within the same genotype and subtype, variations termed
quasi species can be observed. This is possible due to the
imperfect replication of the virus, leading to small and constant
mutations. The quasi species are about 1% or 2% different in
their genomic composition and may be present in early infection
or arise during the infection as a mechanism of escape and
adaptation to the body's defences. This variation capability
facilitates the development from acute to chronic infection,
explains antiviral therapy resistance and hinders the
development of vaccines [24,25].
The clinical implications of high viral heterogeneity are related
to the adaptation, avoidance and control of the host immune
system response and differential sensitivity to antiviral therapy
by the virus [23,26].

Treatment of Hepatitis C
According to the proposed therapeutic schemes, the success
rate can reach 50% to 90% of people treated, thereby reducing
the development of cirrhosis and liver cancer. However, the
access to diagnosis and treatment remains very low [2].
The main goal of the treatment is to stop the progression of
liver disease by inhibiting viral replication. The treatment is only
considered successful when the patient reaches SVR and the
virus is eradicated from the blood and liver tissue, despite
remaining latent in some cells of the organism [22,24,27].
The main adversities in the treatment of hepatitis C are the
clinical and laboratory manifestations. Many side effects are
caused by the administration of IFN and RBV. Changes such as
pancytopenia, severe anaemia and digestive bleeding are
This article is available from: http://infectioncontrol.imedpub.com/
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common in these patients. In these situations, it is appropriate
to discontinue the treatment until the patient improves [28].
Thus, early detection has been considered an important factor
in clinical practice for the treatment of HCV. The earlier the
detection of viral infection, symptomatic or not, the greater the
association with SVR. On the other hand, the later the detection,
the smaller the association with SVR [29,30].
The spontaneous viral clearance occurs more frequently
during the first 12 weeks after the infection initiates. In acute
hepatitis C, particularly in icteric patients, spontaneous viral
clearance may occur in 15% to 45% of the symptomatic cases. In
infections caused by genotype 3, the probability of spontaneous
viral clearance is greater [31].
Although genotypes 2 and 3 are historically grouped in the
same consensus of treatment, clinical symptoms such as fatty
liver, rapid progression to fibrosis and an increased risk for HCC
are different, for genotype 3 presents greater incidence of such
symptoms [22,27,32].

Transmission
The main factor associated with HCV transmission is the
exposure to blood and blood products through transfusions [23].
Studies show that HCV was the causal agent of more than 80%
of post-transfusion hepatitis in the 1990s, thus highlighting the
requirement of serological tests in candidates to blood donors
from 1993 onwards, when the Health Ministry imposed their
implementation in blood banks [24]. The high percutaneous
exposure in medical and dental procedures, acupuncture,
tattoos and manicures, transfusion of blood and blood products
from untested donors for anti-HCV, organ transplants from
infected donors, intravenous drug use (IDU), hemodialysis and
occupational exposure to blood or blood products have been
listed as means of transmission [33].
Therefore, any possibly infected material such as cuticle
cutters, razor blades and syringes become possible transmitters
when shared. In the reported sporadic cases, after blood
transfusion and IDU were excluded, there was a significant
increase in patients contaminated in surgery and/or hospital
care, corroborating the hypothesis already confirmed of
transmission during surgical procedures. After the occupational
exposure, there is no measure to reduce the risk of infection.
The only way to reduce risk is to prevent the accident itself.
However, the vertical transmission of hepatitis C virus has much
lower rates compared to hepatitis B and occurs in approximately
5% of children born from infected mothers who have high VL.
However, in patients co-infected with human immunodeficiency
virus (HIV), the risk of transmission is about four times higher
[34].

Epidemiology
Infection with hepatitis C virus is considered a public health
problem with an estimated 3% of worldwide prevalence.
Between 5% and 20% of infected patients develop cirrhosis and
1 to 4% of them develop HCC [35]. The high prevalence occurs in
countries in Africa and Asia, whereas countries of North America
© Under License of Creative Commons Attribution 3.0 License

and northern and western Europe and Australia have low
prevalence. In Africa, the prevalence is higher than 2.9%, while
in northern Europe varies from 0.1% to 1%. Sweden is the
country with the lowest prevalence (0.003%), while Egypt has
the highest prevalence, from 18% to 23%, with genotype 4
responsible for 90% of infections [36-38].
In Latin America, it is estimated that the virus C infected 10
million people. The prevalence in blood donors is 0.69% in
Paraguay, 0.66% in Mexico, 0.65% in Argentina, 0.57% in Peru,
0.56% in Bolivia and 0.9% in Chile [39]. In Brazil, found
prevalence among blood donors from the Federal District of
0.2%. It is estimated that 2.5 to 4.9% of the population carry
HCV, meaning 3.9 to 7.6 millions of people at risk of developing
cirrhosis or HCC [40].
The distribution of HCV genotypes is uneven around the
world. Genotypes 1, 2 and 3 and their subtypes are widely
distributed, while others are restricted to certain areas
[21,38,41]. Genotype 4 is prevalent in North Africa, the Middle
East and Europe, whereas genotypes 5and 6 prevail in South
Africa and in Southeast Asia [42]. Genotype 7 was registered in
Canada in an immigrant from Central Africa. In Brazil, genotype 1
(65%) and 3 (30%) are the most prevalent, followed by 2 (5%)
[38,43]. In a recent study with blood donors from Thailand, the
prevalence and distribution of genotypes was 71.7% of genotype
3a, followed by 7.5% of genotypes 1a, 7.5% of 1b, 3.8% of 6i,
2.8% of 6f and 1.9% of 6n [44].
In northern Europe and North America, the subtype 1a is the
most found and subtype 1b is prevalent in Japan as well as in
Southern and Eastern Europe [45]. The subtypes 2a and 2b are
also widely distributed, representing 10% to 30% of HCV
genotypes [33].

Pathogenesis
Chronic infection caused by hepatitis C virus evolves slowly
and may have great clinical and laboratory range from
asymptomatic with normal liver enzymes to intensely active
forms, progressing to cirrhosis and HCC with elevated enzymes
[24].
The process of interaction between the hepatitis C virus and
the host results in elimination of the virus or establishment of
chronic infection. As previously mentioned, HCV has the
capacity to evade the immune response due to its high
variability, leading to viral persistence, extent and severity of
hepatic injury and possibly HCC, even in immunocompetent
patients [26].
Chronic HCV infection occurs in 50% to 80% of infected
individuals, and the inability of the immune system to eliminate
the virus is poorly elucidated. It is known that the host immune
system, which responds by activating cellular and humoral
mechanisms when interacting with the virus, may be insufficient
to eradicate the infection. Spontaneous viral clearance and the
development of persistent infection are not well defined, but
studies with genetic association revealed the importance of
genes related to immunity in the susceptibility and progression
of pathogenesis [46].
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Once chronic infection is established, the response of CD4+
and CD8+ specific T cells is quantitatively weak, providing low
selection pressure and causing more escape mutations.
However, they produce intrahepatic IFN-γ, which has antiviral
action and is essential in the action of T-cells [47-49].
The liver parenchyma is rich in NK, which, when activated, are
responsible for recruiting HCV-specific T cells and inducing
antiviral activity. This mechanism can eliminate infected
hepatocytes, thereby limiting viral replication and contributing
to liver tissue damage during the immune response. The
hepatitis C virus has the ability to infect not only hepatocytes
but also immune cells such as B and T lymphocytes [48].
The presence of C virus in lymphocytes and monocytes is
widely known, suggesting possible extra hepatic sites of viral
replication interfering in the pathogenesis [50]. Pileri et al.
affirm that the receptor protein CD81, which interacts with the
E2 fraction, is present both in hepatocytes and lymphocytes
[12].
According to Kato et al., the pathogenesis of hepatitis C is
related to the interaction of viral proteins with the host, since
they can initiate cellular processes such as proliferation,
differentiation and apoptosis [51].
Liver fibrosis is the result of repetitive injuries caused to
hepatocytes due to HCV infection and action of the immune
response. In cases of acute hepatic injury, necrotic tissue is
removed and replaced by new hepatocytes, which is a process
associated with proinflammatory response and limited
deposition of extracellular matrix. If the injury persists, the
regenerative process fails and an abundant amount of
extracellular matrix is deposited, forming the fibrosis. The
injuries induce different degrees of fibrosis, which are classified
into initial F0, F1 and F2 and advanced F3 and F4 [52]. TGF-β1
plays a key role among the cytokines in the fibrogenesis process,
stimulating the synthesis of extracellular matrix and inhibiting
fibrolysis, as well as inducing neutrophil infiltration in the liver
and promoting apoptosis through a mitochondrial stimulus.
TNF-α has also been observed participating in the fibrogenesis
process, and its intrahepatic levels are increased in individuals
affected by chronic hepatitis C [53].
The hepatocyte becomes injured through the recognition of
the immune system of the infected cell and subsequent
destruction. This process of cell destruction is highly variable,
resulting in necrosis and inflammation of liver cells with
different intensities. The unsuccessful attempt of viral
elimination causes a continuous and inefficient inflammatory
process, one of the main mechanisms responsible for
fibrogenesis [54].
Cytokines produced in the liver are closely related to antiviral
activity, but also to hepatocellular injury in most patients with
chronic infection. Another aggravating factor is the imbalance
between the immunostimulatory and inhibitory cytokines in the
persistent infection, resulting in fibrosis, necrosis and
consequently in chronic liver disease [55,56].
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Genetic susceptibility
The interaction complex of the injuring agent with the
immune system and environment are decisive factors for the
development of infectious disease. The severity and degree of
disease progression are genetically linked [57,58]. The immune
system's response to infectious diseases is part of a rigorous and
complex system genetically controlled and characterized by
being polygenic and multifactorial [58,59].
The first immunogenetic studies associated with hepatitis C
have been developed with the human leukocyte antigen (HLA),
which demonstrated the association of alleles with viral
clearance and susceptibility and progression of infection [60,61].
Consequently, other genes have been investigated, relating new
genetic factors to viral infection. However, greater interest is
being given to the study of genes related directly or indirectly
with the response to the treatment with IFN. Some
polymorphisms in the genes for interleukin (IL) 1, IL6, IL10, IL28
and TNF-α and β have been studied in various populations,
though they present conflicting results [62-65].
Regarding the host, many factors are involved in determining
the severity of the individual disease progression and
therapeutic response. There is ample evidence that genetic
factors are also associated with the development of infectious
disease [57,58]. Studies report that mechanisms related to
innate immunity have genetic variability in encoding genes,
demonstrating differences in susceptibility, severity and
response to therapy of infectious and autoimmune diseases
[66].
From the elucidation of the human genome sequence, there
was great progress in relation to the structural organization and
functioning of genes involved in the innate immune response.
These genes are highly conserved among species, and studies
show variability between individuals mainly in the form of single
nucleotide polymorphism (SNP) [66,67]. Other genetic
alterations such as sequence deletions and microsatellites are
also found in these genes in both regulatory and coding regions,
according to Hinds et al. and Lazarus et al. [66,67]. The cytokines
produced in the liver are essential in the immune response
against the virus C, but are also associated with liver cell injury.
During viral infection, changes in the balance of stimulatory
and inhibitory cytokines can enhance the inflammatory process,
favoring necrosis, fibrosis and HCC. Studies have associated
cytokine expression levels with the degree of liver damage and
the response to antiviral therapy [68].
The SNP study associated with increased plasma levels of
cytokines such as interleukin 6 (IL6), IL10, interleukin 28 (IL28),
tumor necrosis factor alpha (TNF-α), transformation and growth
factor and beta growth 1 (TGF-β1), among others, has been
linked to the SVR and viral clearance in hepatitis C [65,69]. Other
factors such as age, sex, degree of liver fibrosis, obesity, hepatic
steatosis and insulin resistance are also associated with SVR [64].
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Conclusion

19. Bartenschlager R, Lohmann V (2000) Replication of hepatitis C

Major advances occurred in recent years in the immune
knowledge, diagnostic and especially treatment of hepatitis C,
providing new therapeutic drugs with excellent results and few
side effects. However, the mobilization of health organizations is
required to develop strategies for preventing transmissions,
evaluating at-risk populations and contributing to the decline of
prevalence.

20. Bowen DG, Walker CM (2005) Adaptive immune responses in
acute and chronic hepatitis C virus infection. Nature 436: 946-952.
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