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Abstract
[bookmark: _GoBack]More than twenty years of study has provided a better understanding of hepatitis C virus (HCV) life cycle, including the general properties of viral RNA and proteins. This effort facilitates the development of sensitive diagnostic tools and effective antiviral treatments. At present, serologic screening test is recommended to perform on individuals in the high risk groups and nucleic acid tests are recommended to confirm the active HCV infections. Quantization and genotyping of HCV RNAs are important to determine the optimal duration of anti-viral therapy and predict the likelihood of response. In the early 2000s, pegylated interferon plus ribavirin became the standard anti-HCV treatment. However, this therapy is not ideal. To 2014, boceprevir, telaprevir, simeprevir, sofosbuvir and Harvoni are approved by FDA for the treat of HCV infections. It is likely that the new all-oral, interferon-free, pan-genotyping anti-HCV therapy will be available within the next few years. Majority of HCV infections will be cured by these anti-viral treatments. However, not all patients are expected to be cured due to viral resistance and the high cost of antiviral treatments. Thus, an efficient prophylactic vaccine will be the next challenge in the fight against HCV infection.
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INTRODUCTION
Hepatitis C virus (HCV) accounts for approximately 15%-20% cases of acute hepatitis. After acute infection, around 50% to 80% of HCV patients will develop chronic infection. Approximately, HCV infects 170 million individuals worldwide (http://www.who.int). Chronic hepatitis C (CHC) patients are at high risk to develop life-threatening complications, including cirrhosis in 20% of cases and hepatocellular carcinoma (HCC) at an incidence of 4%–5% per year in cirrhotic patients[1-3]. Epidemiological studies also indicate that HCV is associated with a number of extrahepatic manifestations including insulin resistance, type 2 diabetes mellitus, glomerulopathies, oral manifestations, etc.[4-7] 
Most HCV-infected patients would develop chronic hepatitis, but approximately 15%-40% of them could clear the virus spontaneously. What are the factors responsible for the different outcomes of HCV infection? The viral evolutionary dynamics and host genetic polymorphisms, e.g., the interleukin 28B gene, are important in determining the outcomes of HCV infection[8,9].
After the discovery of HCV, great nucleotide diversity among isolates was reported[10,11]. Due to the error-prone viral RNA-dependent RNA polymerase (HCV NS5B protein), a closely related but diverse population of viral variants known as quasispecies is produced within HCV-infected patients[12]. There is 1%-5% variation in HCV nucleotide sequence from a single infected patient. Accumulation of nucleotide substitutions in the virus has resulted in diversification into distinct subtypes and even genotypes. Therefore, the HCV RNA genome sequences are highly heterogeneous. At present, HCV is classified into eleven genotypes (designated as 1-11) differing in their nucleotide sequence by 30%-50%, six of them are the major ones (genotypes 1 to 6)[13,14]. Within HCV genotype, several subtypes (designated as a, b, c, etc.) can be defined that differ in their nucleotide sequence by 15%-30%[15,16]. The prevalence of HCV genotypes and subtypes is geographically different[17,18]. At present, genotype 1 is the most prevalent (46%) globally, followed by genotype 3, genotype 2 and genotype 4. Various genotypes have different infectivity and pathogenicity, thereby influencing the rate of progression to cirrhosis and the risk of HCC. HCV heterogeneity would also result in different responses to anti-viral treatments, e.g., genotypes 1 and 4 are more resistant to interferon (IFN) based therapies than genotypes 2 and 3[13,19,20]. Therefore, HCV heterogeneity poses a challenge to the development of pan-genotypic anti-viral treatments. In addition, HCV heterogeneity hinders the development of a successful vaccine to against all HCV genotypes.  Of course, HCV heterogeneity could also affect viral diagnosis.
Though heterogeneous, different HCV genotypes preserve the similarity of life cycle in cells. This review briefly describes the HCV life cycle and the general properties of viral RNA and proteins, which are related to the diagnosis of viral infection and the development of anti-viral therapy. This review also summarizes the current methods to detect and treat HCV infections. 

VIROLOGY
Hepatitis C virus life cycle[21-23]
HCV is a small enveloped RNA virus belonging to the family Flaviviridae and genus hepacivirus. HCVgenomic RNA was single-stranded with positive polarity, which was packaged by core protein and enveloped by a lipid bilayer containing two viral glycoproteins (E1 and E2) to form the virion[24]. Despite the nucleotide sequence divergence among genotypes, all currently recognized HCV genotypes are hepatotropic and pathogenic. 
The HCV lifecycle begins with the attachment of a virion to its specific receptors on hepatocytes[25]. Up to now, the high- density lipoprotein receptor scavenger receptor class B type I, tetraspanin CD81, tight junction protein claudin-1, and occludin are the known cellular receptors initiating the attachment step of HCV infection. It is proposed that the virus, after binding with its receptor complex, is internalized, and that the nucleocapsid is released into the cytoplasm. The virus is then uncoating to free its genomic RNA, and the HCV genomic RNA is used both for polyprotein translation and replication in the cytoplasm. HCV replication takes place within the “replication complex” containing the viral non-structural proteins and cellular proteins[26].
HCV replication is catalyzed by the NS5B protein. However, other viral nonstructural proteins are also important. The NTPase/helicase domain of the NS3 protein has several functions important for viral replication, including RNA stimulated NTPase activity, RNA binding, and unwinding of RNA regions of extensive secondary structure. NS4B initiates the formation of replication complex that supports HCV replication. The NS5A protein also plays an important regulatory role in virus replication. New direct acting antivirals (DAAs), specifically designed to inhibit the NS5B RNA dependent RNA polymerase are now becoming available. Several other newer DAAs (e.g., inhibitors to the NS5A protein) have also shown promise in clinical studies[27,28].
A number of cellular factors are involved in HCV replication, such as, cyclophilin A, required for HCV replication through its interacting with NS5A and the NS5B, and microRNA-122, which helps HCV replication through its binding with the 5’UTR (un-translated region) of the HCV genome. Therefore, host factors may also become the potential targets for anti-HCV therapies. At present, at least two host-targeted agents (HTAs) have reached clinical development, including specific inhibitors of cyclophilin A and antagonists of microRNA-122[21,28,29].
The very low-density lipoprotein synthesis/ secretion machinery is involved in the production of the infectious HCV particles. HCV uses this lipoprotein biosynthetic pathway to produce mature viral particles and to export them[30,31].

General properties of hepatitis C viral RNA and proteins

Viral genomic RNA[22,23,32]: The HCV genomic RNA contains three distinct regions[21,32]: (1) a 5′un-translated region (UTR) or non-coding region (NCR); (2) a long open reading frame (ORF) of more than 9000 nucleotides (nt); and (3) a short 3′un-translated region (UTR). 
The HCV 5' UTR contains 341 nt located upstream of the ORF translation initiation codon. The 5' UTR contains the internal ribosomal entry site which forms a stable pre-initiation complex by direct binding with the 40S ribosomal subunit for the HCV polyprotein translation. 
The long ORF encodes a polyprotein of approximately 3000 amino acids, which will be further processed by host and viral proteases. 
The 3’UTR is principally involved in minus-strand priming during HCV replication.
The nucleotide sequence variability is distributed throughout the entire viral genome. The 5' UTR is the most conserved region in the genome while the regions encoding envelope proteins (E1, E2) are the most variable ones. Thus, the highly conserved 5’UTR region is usually the target of choice for HCV genome detection across different genotypes (in “Diagnosis” section).

Viral proteins[21-23]: The long ORF encodes a polyprotein which is processed co- and posttranslationally by host and viral proteases into at least 10 different proteins, which are arranged in the order of NH2-C-E1-E2-p7-NS2-NS3-NS4A-NS4B-NS5A-NS5B-COOH. Host signal peptidase is required for the cleavages at C-E1, E1-E2, E2-p7, and p7-NS2 junctions. Host signal peptide peptidase is also needed for the further maturation of HCV core proteins. Two viral proteases are involved in the processing of HCV nonstructural proteins: NS2, a zinc-dependent metalloprotease that cleaves between NS2 and NS3; and NS3/4A, a serine protease that cleaves between the NS3-NS4A, NS4A-NS4B, NS4B-NS5A, and NS5A-NS5B junctions (Figure 1). These viral proteins remain associated with intracellular membranes after processing.
Core, a 191- amino acid polypeptide, is a highly conserved basic protein which packages its RNA genome to form the viral nucleocapsid. Core protein may be involved in hepatocarcinogenesis and steatosis[33]. The ARFP (alternate reading frame protein)/core+1/ F (frameshift) protein is generated as a result of a -2/+1 ribosomal frameshift in the core-encoding region. The role of ARFP/core+1/ F protein in the HCV lifecycle remains unknown[33]. Two envelope glycoproteins, E1 (33-35 kDa) and E2 (70-72 kDa), assemble as non-covalent heterodimers and are necessary for viral entry. Unlike HCV core protein, E2 contains hypervariable regions with amino acid sequences differing up to 80% between different HCV isolates. Therefore, enzyme immuno-assay (EIA) to detect the HCV core antigen rather than the envelope proteins is performed to represent the number of the virions (in “Diagnosis” section).
p7, a 63-amino acid polypeptide, forms ion channels with an essential role in virus infection. NS2, a 21-23 kDa transmembrane protein, is also essential for the completion of the viral replication cycle. The highly hydrophobic N-terminal residues of NS2 protein form three or four transmembrane helices inserting into the ER membrane while the C-terminal domain of NS2 protein plays an important role in NS2/3 auto protease activity together with the N-terminal domain of NS3. NS3, a 67 kDa polypeptide, possesses multifunctional activities. The N-terminus of NS3 has serine protease activity and its C-terminus has NTPase/helicase activity. The NS3 proteins are bound with ER membrane through interacting with NS4A proteins. The enzymatic activity of the NS3 NTPase/helicase activity is indispensable for viral RNA replication. NS4A, a 54-amino acid polypeptide, is a cofactor for NS3 protein. The interaction between NS4A and NS3 proteins stabilizes and facilitates its protease activity. The NS3/4A protease is essential for the cleavages of the viral nonstructural proteins. Thus, it is the target of choice for anti-HCV therapy. Several new DAAs specifically designed to inhibit the NS3/4A protease are now available[21,28,34] (Figure 1). NS4A is also required for the phosphorylation of NS5A and can directly interact with NS5A. NS4B, a small hydrophobic 27 kDa protein, recruits other viral non-structural proteins to form the replication complex. NS5A, a 56-58 kDa hydrophilic phosphoprotein, is also important in viral replication though its exact role is not clear. NS5B, a 65 kDa protein, is an RNA-dependent RNA polymerase (RdRP) responsible for the synthesis of new genomic RNAs. As a central component of the HCV replication complex[26], NS5B has become to be major target for antiviral therapy[21,28] (Figure 2).
More than twenty years of study has provided a better understanding of HCV life cycle, including the properties of viral RNA and proteins. This effort facilitates the development of sensitive diagnostic tools and effective antiviral treatments toward HCV infections.

DIAGNOSIS
The purpose of diagnosis of viral infection is to allow the infected persons to be identified and treated. Thus, diagnosis of viral infection is important to prevent disease progression and viral spread. Majority of primary HCV-infected patients are asymptomatic, thus, symptoms could not be used as specific indicators for HCV infection. HCV viremia could still exist despite a normal serum alanine aminotransferase (ALT) level. Therefore, virological methods rather than ALT levels are used to diagnose HCV infection[35].
In general, the virological methods for examining viral infections include indirect and direct tests. The indirect tests are to detect antibody induced by viral infection, including IgM for recent infection and IgG for recent or past infection. The direct tests include virus isolation, detection of viral antigens and viral nucleic acids.
 At present, it is difficult to isolate and culture HCV using clinical specimens. Furthermore, anti-HCV IgMs could be detected not only in 50%–93% of patients with acute hepatitis C but also in 50%–70% of CHC patients[36]. Therefore, anti-HCV IgM cannot be used as a reliable marker for the acute HCV infection, and IgM assays have not been used in clinical practice[37,38]. At present, diagnostic assays for anti-HCV total antibody, viral core antigen, and viral genomic RNA are used in clinical practice[19,35,39-44] (Figure 3). 

Detection of antibody production
In general, serological tests for detecting anti-HCV antibodies include tests for screening and confirmation. Screening tests are used first to screen the antibody positive specimens while confirmatory tests are then used to verify the positive screening specimens.

Screening test: enzyme immuno-assay: At present, the third generation test of enzyme immuno-assay (EIA) for the anti-HCV antibody detection is commonly used in the diagnostic laboratory[45]. Conserved antigens from the HCV core, NS3, NS4 and NS5 regions are used in these tests to detect anti-HCV antibodies. The sensitivity of third-generation EIAs was estimated at 98.9% and the specificity was found at 100% in patients with chronic liver disease[46]. EIAs are easy to use and inexpensive. Furthermore, this assay could be fully automated and adapted to large volume testing. Therefore, EIAs to detect anti-HCV antibody are generally recommended for screening the HCV infections[40]. However, this assay should not be used in infants younger than 18 months due to the possibility of reactivity with maternal antibody[47]. Several FDA-approved antibody-based assays are available[47]. However, the time between HCV infection and the appearance of detectable antibodies (serological window period) is generally more than 40 d using the third generation EIAs[48]. In 2008, the fourth generation EIA has become available which could detect the anti-HCV antibody significantly earlier than the other assays (www.microgenbioproducts.com). The antigens utilized in the fourth generation anti-HCV assay are derived from the core (two different epitope clusters), NS3, NS4A, NS4B, as well as the NS5A regions. NS3 and NS4 antigens are derived from genotypes 1a, 1b, 2 and 3. 

Screening test: the rapid, point-of-care test[23,49]: Point-of-care tests are used directly at the site of patient care, outside of the diagnostic laboratory. Several point-of-care tests (POCTs) have been developed to detect anti-HCV antibodies with a relatively high sensitivity and specificity[50,51]. The test currently approved by the FDA in 2010 is the OraQuick HCV Rapid Antibody Test (OraSure Technologies, Bethlehem, PA). It is approved for use in patients over 15 years old, for screening persons who are considered at risk for HCV infection. This test detects anti-HCV antibodies in different specimens, e.g., fingerstick and venipuncture whole blood, serum, plasma, or oral fluid. Recombinant proteins or synthetic peptides of core, NS3 and NS4 antigens are immobilized on a nitrocellulose membrane to perform an indirect lateral flow immunoassay, and the results are directly visualized using colloidal gold labeled protein A, which generates a reddish-purple line within 20 to 40 min in the presence of anti-HCV antibodies in the specimens. These rapid tests are suitable for resource-limited settings because they are cheap, simple to perform and fast[52]. 

Confirmatory tests: Recombinant immunoblot assays[49]: Recombinant immunoblot assays (RIBA) can be used to confirm the presence of anti-HCV antibodies for individuals who have showedpositive reactivity by EIAs. This assay is highly specific, as the presence of antibodies against each of the several HCV proteins is assessed as individual bands on a membrane strip[53]. The INNO-LIA™ HCV Score (Fujirebio Europe, previously Innogenetics) assay can be automated. This assay includes recombinant proteins and synthetic peptides from E2 hypervariable region, NS3 helicase, NS4A, NS4B and NS5A regions. 
Due to the high sensitivity and specificity of anti-HCV EIAs, RIBA is no longer needed in the diagnostic laboratories for verification[19,45]. Furthermore, nucleic acid tests for viral RNA rather than RIBA are used as a confirmatory test for HCV infection[19].
HCV infection can be detected easily using currently available third generation EIAs[45]. In addition, the use of POCTs can increase HCV screening opportunities. However, these indirect virological tests to detect anti-HCV antibody cannot distinguish current from past infection[37,38]. Active HCV infection must be confirmed by the direct diagnostic methods.

Detection of viral RNA
Based on the items used for amplification, nucleic acid amplification tests (NAT) are divided into target amplification, signal amplification and probe amplification methods[54]. Target amplification methods [e.g., reverse transcription-polymerase chain reaction (RT-PCR) and transcription-mediated amplification (TMA)] and signal amplification methods (e.g., branched DNA (bDNA)) were commonly used to detect the presence of HCV RNA[19,47,49,55]. The presence of HCV RNA in the serum is a reliable marker of viremia. Universal standardization for HCV RNA titer is important. The World Health Organization (WHO) has established an international standard for HCV RNA quantification units[56], i.e., an HCV RNA international unit (IU), which is currently used in all of the commercial HCV RNA quantitative assays no matter what the techniques used[35,57].

Qualitative HCV RNA detection[47]: Qualitative detection assays are based on the principle of target amplification using either RT-PCR or TMA. Several FDA-approved qualitative assays for HCV RNA are available[47]. HCV RNA is extracted and converted into complementary DNA (cDNA) using reverse transcriptase. The cDNA is subsequently processed via cyclic enzymatic reactions leading to the generation of a large number of double-stranded DNAs in PCR-based assays or single-stranded RNAs in TMA. Detection of these amplified products is achieved by hybridizing the produced amplicons onto specific probes. In general, the highly conserved 5’UTR region is the target of choice for HCV genomic RNA detection across different genotypes[49].

Quantitative HCV RNA detection[47]: HCV RNA can be quantified by means of target amplification techniques (real-time RT-PCR or TMA) or signal amplification techniques [branched DNA (bDNA) assay]. Several FDA-approved quantitative assays to detect HCV RNA are also available[23,39,47]. Real-time RT-PCR is the method of choice for the quantification of HCV RNA levels in clinical practice. This assay is highly sensitive with wide dynamic range of quantification and can prevent carryover contamination. 
Fully automated HCV NAT assays have been available in the USA since 2007, and guidelines regarding the requirements for HCV NAT assays were issued in 2010 (http://www.fda.govQBiologicsBloodVaccinesQGuidance- ComplianceRegulatoryInformation/Guidances/default.htm). However, it is necessary to remember that not all HCV genotypes are detected equally by NAT assays, most likely because of nucleotide mismatches which has occurred before[58,59]. 
HCV RNA in the serum is probably the earliest detectable marker of acute HCV infection, preceding the appearance of anti-HCV antibody by several weeks[35]. CHC infection is defined as the presence of HCV RNA more than 6 mo. HCV RNA levels remain relatively stable over time in CHC patients. Therefore, after a positive reaction screened by the anti-HCV antibody test, NATs to detect HCV RNA is often used as the confirmatory tool to diagnose CHC infection[60]. Detection of HCV RNA is also used to determine the viral load both prior to and during antiviral treatments (www.who.int). On the other hand, the HCV RNA level has no prognostic value[61]. The level of HCV genomic RNA, reflection of HCV replication, does not correlate with the severity of liver disease, not with the risk of liver disease progression to cirrhosis or HCC.

Detection of viral core antigen[44]: Compared to other diagnostic methods like EIA, the advantages of NATs are having higher specificity and sensitivity. However, the disadvantages of these assays are time-consuming and require sophisticated technical equipment, trained technicians, dedicated laboratory space and expensive reagents. In patients with HCV infection, it has been demonstrated that the HCV core antigen level strongly correlates with the HCV RNA level for various genotypes[62]. Thus, due to cheap and easy-to-perform, the HCV core antigen quantification assay can be used as an alternative method to NATs to detect HCV RNA[44]. Currently, core antigen detection by means of a chemiluminescent microparticle immunoassay can be fully automated in the Architect HCV Core antigen test (Abbott Laboratories)[63]. The Architect HCV Ag assay had a specificity of 100%, with a lower limit of detection of 3 fmol/L corresponds to approximately 1000 IU/mL of HCV RNA[62]. Whereas,current HCV RNA assays have a lower level of detection between 5-15 IU/mL[44]. In general, about 90% of HCV RNA positive samples are positive with a viral load above 10,000 IU/mL[64], well in the sensitivity range of the HCV core antigen assay [44]. Therefore, HCV antigen detection might be the next step following a positive antibody screening test. Several combination assays for detection of both anti-HCV antibodies and HCV core antigen have been developed[65]. 
At present, EIA to detect HCV core antigen is too insensitive to  replace the NATs to detect HCV RNA in the blood bank setting[66] and in the treatment monitoring according to the current clinical practice guidelines. However, it could be used as a supplemental test in resource-limited settings[67]. The Architect HCV Ag assay has been suggested as a better monitoring tool in the era of new all-oral, interferon-free antiviral treatments that do not require high analytical sensitivity[62]. 

Interpretations of diagnostic results[19,41,42,47]: The presence of HCV RNA in the absence of anti-HCV antibodies is strongly indicative of acute hepatitis C (AHC), which can be confirmed by seroconversion (i.e., the appearance of anti-HCV antibodies) a few days or weeks later (Figure 4). However, there are still other possibilities for the presence of HCV RNA in the absence of anti-HCV antibodies, e.g., CHC infection in the immunodepressed patients, hemodialysis patients or agammaglobulinemic subjects.
The presence of both anti-HCV and HCV RNA does not allow one to distinguish AHC from an acute exacerbation of CHC. However, the anti- HCVIgG avidity index within the first 8 days following the onset of clinical symptoms may be useful in identifying actual AHC[68].
If the antibody test is positive and the HCV RNA test is negative, this result indicates a resolution of HCV infection or AHC during a period of low-level viremia. If the HCV RNA assay is negative and remains negative for more than 6 mo, then the individuals are recovered from a past HCV infection. 
CHC is defined as the persistence of HCV RNA for more than 6 months. In patients with clinical signs of chronic liver disease, CHC is certain when both anti-HCV antibodies and HCV RNA are present. 

Genotyping
Different HCV genotypes would result in different responses to antiviral treatments[35]. Thus, genotyping is important to predict the likelihood of response and determine the optimal duration of therapy[47].

Serological method: The HCV genotype can be determined by detection of antibodies against HCV genotype-specific epitopes using a competitive EIA[69]. The currently available assay (Murex HCV serotyping 1-6 HC02, Abbott Laboratories, North Chicago, Illinois) could identify the six HCV genotypes (1-6) but not subtypes, and provide interpretable results in approximately 90% of chronically infected immunocompetent patients[7]. 

Molecular techniques: The reference method for HCV genotyping is genome sequencing of the core/E1 or the NS5B regions and subsequent phylogenetic analysis[70]. However, this in-house method is restricted to reference centers. HCV genotyping assays approved for in vitro diagnostic use are also commercially available[23,49]. The Linear Array Hepatitis C Virus Genotyping Test (Roche Molecular Systems) targets the 5’UTR[71]. This assay is based on conventional PCR amplification followed by reverse hybridization onto membrane strips containing specific probes. The obtained band pattern can be either visually interpreted or read by a scanner. Assays targeting other regions in addition to the 5′UTR have been recently developed to better discriminate between subtypes 1a and 1b. The Versant HCV genotype 2.0 assay (Siemens) is also based on reverse hybridization and targets the 5’UTR and core regions[72]. On the other hand, the Abbott RealTime HCV Genotype Ⅱ (Abbott Molecular) targets the 5’UTR and NS5B regions. This assay is based on a single-step real-time RT-PCR with labeled genotype-/subtype-specific probes that minimizes contamination with amplified products[73,74]. 

Subtyping
HCV subtyping is important for epidemiological studies, especially in the case of outbreaks, but it is not considered to be clinically relevant for the treatment of interferon-α and ribavirin. However, subtyping may be clinically relevant in the era of DAAs. For example, the phase 3 studies of telaprevir, boceprevir, faldaprevir and simeprevir showed lower SVR rates for HCV-genotype 1a than those for genotype 1b[75]. In addition, BILB 1941, a non-nucleoside inhibitor of HCV NS5B, has been shown to have better antiviral efficacy in patients with subtype 1b than in those with subtype 1a[76]. Therefore, methods to determine the HCV subtypes should be important in the era of DAAs. The second-generation line probe assay, a reverse hybridization assay that uses probes targeting both the 5’UTR and core-coding region, correctly identified HCV subtypes 1a and 1b in more than 99% of cases. Thus, this assay could be used to differentiate HCV subtypes 1a and 1b in clinical trials and practice[74].

Screening for HCV-infected patients
According to the World Health Organization (WHO) (www.who.int), up to 80 percents of HCV-positive patients do not show symptoms. Therefore, most cases of HCV infection are currently undiagnosed. The major way to diagnose HCV infection is to screen high risk groups for anti-HCV antibodies. Humans are the primary HCV reservoir[77]. HCV transmission occurs primarily through direct percutaneous exposure to blood. Therefore, the most common risk factors for HCV infection are persons with history of injection of illicit drugs and with blood transfusion prior to July 1992. The populations with less common risk factors for HCV infection are persons with organ transplant prior to July 1992, receiving clotting factor concentrate prior to 1987, being born to an HCV-infected mother, and with a history of chronic hemodialysis, intranasal use of illicit drugs, acquiring a tattoo, incarceration, having sex with an HCV-infected partner, needlestick or other mucosal exposure ,with persistently elevated levels of ALT[40]. Therefore, WHO recommends that anti-HCV EIA be performed on individuals who are part of a population with high HCV seroprevalence or who have a history of HCV risk exposure and/or behavior, rather than at the time of presentation with symptomatic diseases. In addition, it is suggested that NATs for the detection of HCV RNA be performed directly following a seropositive test result to establish a definitive diagnosis of HCV infection (www.who.int). The Center for Disease Control (CDC) has also recommended screening high-risk individuals for HCV since 1998. The CDC further modified the HCV screening guidelines in 2012 to include a one-time HCV test for all US residents born during 1945-1965, independent of risk factors[40].

TREATMENT
Around 50%-80% of persons with acute hepatitis C will develop chronic hepatitis C (CHC) infection, and 5%-25% of them reportedly progress to cirrhosis after 20-25 years[78]. Persons with cirrhosis are at risk for developing end-stage liver disease as well as HCC[79]. The goal of antiviral treatment for  CHC is to halt disease progression, prevent cirrhosis decompensation and reduce the risk of HCC[80]. However, it is really difficult to design and carry out clinical trials to provide direct evidence related to these outcomes (www.ahrq.gov). Sustained virologic response (SVR) is defined as undetectable levels of HCV RNA at least 24 wk after completion of therapy. At present, SVR is the primary endpoint of successful therapy and is associated with durable clearance of virus[81]. CHC patients with a SVR after antiviral therapy had a lower risk of all-cause mortality than patients with no SVR[82]. Therefore, SVR is the standard marker of the successful antiviral treatment in clinical trials.
In the early 2000s, the combination of pegylated interferon plus ribavirin (PR) became the standard ant-HCV treatment[19,28,83]. However, the anti-HCV interferon therapy is not ideal because it requires weekly injections and is associated with numerous systemic side effects (e.g., flu-like symptoms, fatigue, etc.). Therefore, other anti-HCV therapies are needed. In principle, every step of the HCV lifecycle, including receptor attachment, endocytosis, uncoating, translation, polyprotein processing, RNA replication, virion assembly, maturation and release, can be a target for new anti-HCV drugs[21]. Advances in understanding of the HCV lifecycle have led to the development of numerous highly effective, well-tolerated oral DAAs[84-86]. In 2011, the U.S. FDA approved the first DAAs, boceprevir (trade name Victrelis™) (www.fda.gov/ ForConsumers/ByAudience/ForPatientAdvocates/ucm255413.htm.) and telaprevir (trade name Incivek®)( www.fda.gov/ ForConsumers/ByAudience/ForPatientAdvocates/ucm256328.htm.), for the treatment of chronic HCV genotype 1 infection (Figure 1). Both drugs are classified as NS 3/4A protease inhibitors, with a potential advantage of shorter therapy duration (24 to 28 weeks) compared with standard PR treatment  for genotype 1 infection (48 wk)[87,88]. Either drug is administered in combination with PR[89]. In 2013, FDA approved another NS 3/4A protease inhibitor: simeprevir (http://www.olysio.com/). The HCV NS5B protein is an essential enzyme (RNA-dependent RNA polymerase) in HCV viral replication and has been a prime target in the search for antiviral therapies. In 2013, the FDA approved sofosbuvir (an inhibitor of NS5B) in combination with ribavirin for oral dual therapy of HCV genotypes 2 and 3, and for triple therapy with PR for treatment-naive patients with HCV genotypes 1 and 4 (Figure 2). Sofosbuvir treatment regimens last 12 weeks for genotypes 1, 2 and 4, and 24 weeks for treatment of genotype 3. This is typically half the time as with prior treatments. Thus, to December 2013, licensed treatments for HCV infection include pegylated and standard interferon alpha, ribavirin, the NS3/4A protease inhibitors boceprevir, telaprevir and simeprevir; and the NS5B nucleotide polymerase inhibitor sofosbuvir. Without taking resource used into consideration, WHO provides the following guidelines (http://www.who.int/hiv/pub/hepatitis/hepatitis-c-guides): (1) Pegylated interferon in combination with ribavirin is recommended for the treatment of CHC rather than standard non-pegylated interferon with ribavirin; (2) Treatment with the DAAs telaprevir or boceprevir, given in combination with PR, is suggested for genotype 1 chronic HCV infection rather than PR alone; (3) Sofosbuvir, given in combination with ribavirin with or without pegylated interferon (depending on the HCV genotype), is recommended in genotypes 1, 2, 3 and 4 HCV infection rather than PR  alone (or no treatment for persons who cannot tolerate interferon); and (4) Simeprevir, given in combination with PR, is recommended for persons with genotype 1b HCV infection and for persons with genotype 1a HCV infection without the Q80K polymorphism rather than PR alone.
Although interferon-free anti-HCV therapies will be availablein the near future, before then, peginterferon will be still required with either the protease inhibitor simeprevir, or the nucleotide analogue polymerase inhibitor, sofosbuvir, for the treatment of genotype 1 infection. Peginterferon also appears to be a useful adjunct to sofosbuvir and ribavirin for patients with genotype 3 infection, particularly those with cirrhosis. Therefore, pretreatment assessments are needed for the anti-HCV treatments containing interferon, including HCV genotype determination, liver disease staging (e.g., fibrosis), psychiatric assessment (e.g., depression and suicide risk), assessments for alcohol or substance use disorders; adherence, evaluation for HIV co-infection, pregnancy , testing for IL28B genotype, and concomitant medical conditions (e.g., autoimmune disorders). Adverse effects will be still checked for the anti-HCV treatments containing interferon, including anemia, neutropenia, rash and skin reactions, anorectal signs and symptoms, elevated uric acid , bilirubin levels, etc. (http://www.who.int).
HCV resistance is defined as the selection of viral variants, reducing the susceptability to the drugs inhibitory activity in the presence of anti-HCV drugs. Resistance-associated variants are naturally produced during the HCV replication. At present, there is no commercially available assay to detect the presence of resistant viruses before or during antiviral treatments[75]. The only way to check if a patient has developed a resistant virus is to monitor for HCV RNA rebound (more than 10 fold increase from the nadir HCV RNA) during anti-HCV treatment.
During treatment, NATs to quantitate HCV RNA should be performed at weeks 4, 8 (with boceprevir -containing regimens), 12, and 24 of treatment, at the end-of-treatment, and 24 wk after treatment to monitor the viral titers. The determination of the viral titers helps to detect drug-resistant viruses and to adjust the dose and duration of the anti-HCV treatment.
The factors influencing the efficacy of anti-HCV treatments based on interferon are divided into two categories: viral-related and host-related factors[90,91]. The viral-related factors include the HCV genotype, baseline viral load, and virological response during treatment. The host-related factors include age, gender, race-ethnicity, fibrosis stage, obesity, hepatic steatosis, low-density lipoprotein cholesterol, insulin resistance, and IL28B gene polymorphisms. In particular, IL28B gene polymorphisms are associated with the SVR. Thus, host genetic factors are important to determine the effect of anti-HCV therapy based on interferon. The anti-HCV treatment will change significantly over the next few years as therapeutic regimens based on interferon-free are rapidly evolving. Thus, it is necessary to determine the effects of these viral-related and host-related factors on the efficacy of anti-HCV therapy based on DAAs therapy without interferon. 
In early 2014, several reports regarding novel DAAs have been published: (1) Combined simeprevir and sofosbuvir was efficacious and well tolerated for patients with HCV genotype 1[92]; (2) Combined daclatasvir (NS5A replication complex inhibitor) and asunaprevir (NS3/4A protease inhibitor) could be used as an all-oral, PR-free treatment option for patients with HCV genotype 1b infection, including those with cirrhosis[93]; (3) In combinations with other oral DAAs, dasabuvir (a non-nucleoside inhibitor of NS5B) results in very high rates of SVR (about 95%) in patients with HCV genotype 1 infection with a good tolerability and safety[94]; (4) The sustained response rate of ABT-450, a potent inhibitor of NS3/4A protease, plus other direct antiviral drugs reaches 90%-95% in both naïve and treatment-experienced genotype 1 patients, and tolerability is good[95]; (5) Sofosbuvir was also effective in patients co-infected with HCV and HIV[96]; (6) Sofosbuvir plus PR achieved high SVR rates in patients with HCV genotype 1 infection, and also appeared effective in patients with HCV genotype 4, 5 or 6 infection. Oral sofosbuvir was generally well tolerated in CHC patients[97]; (7) In combinations with other oral DAAs, ombitasvir (an inhibitor of the HCVNS 5A) achieves very high rates of SVR (about 95%) in patients with HCV genotype 1 infection with a good tolerability[98]; and (8) Combination of daclatasvir and asunaprevir results in a very high rate of viral eradication in both treatment-naïve and treatment-experienced patients, with a SVR rate of 80%-90%[99]. In October of 2014, FDA approved Harvoni (ledipasvir and sofosbuvir) to treat chronic HCV genotype 1 infection (http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm418365.htm). Ledipasvir is an inhibitor of HCV NS5A protein (www.gilead.com). Harvoni is the first combination pill approved to treat chronic HCV genotype 1 infection.
Not only DAAs, HTAs as anti-HCV therapy are also developed. HTAs block HCV production by interacting with cellular factors. Because they target conserved host proteins, not variable viral proteins, HTAs have the potential for pangenotypic antiviral activity and a high barrier to resistance[29]. Until now, only two HTAs have reached clinical trial, including specific inhibitors to cyclophilin A peptidyl-prolyl cis/trans isomerase activity and antagonists of microRNA-122[21,28].
The pace of DAAs and/or HTAsentering clinical trials is breathtaking[84]. The optimal combination of DAAs (and/or HTAs) that maximizes potency, minimizes resistance, and limits toxicity will be available soon[100]. Once combination DAA therapies are available, peginterferon will serve a smaller and smaller role[101]. Indeed, DAAs trump interferon- in their capacity to rescue exhausted T cells upon HCV clearance[102]. From 2015, interferon-free anti-HCV regimens with short treatment duration and fewer side effects will be available[84,85,103]. However, peginterferon may still have a role in resource-limited regions due to high cost of DAAs[104]. 
CHC patients achieved a SVR after anti-HCV treatments exhibited a reduction in all-cause mortality > 50% compared with those who are non-responders[82]. However, in such a nonrandom clinical trial, an improved outcome could be biased by parameters, such as the good health conditions of the responders. Indeed, it has been reported that some patients who achieve SVRs still go on to develop end-stage liver disease[105]. Thus, the concept which cure rests solely on SVR may not be always correct. Actually, despite improving SVR, there is no evidence that PR beneficially affects patient-relevant outcomes such as mortality and liver morbidity[106,107]. Therefore, it is better to remember that SVR might not work as a surrogate for patient-relevant outcomes[108]. 
The cure rate for HCV infection is expected to be over 95% with the new all-oral, interferon-free regimens within the next few years. However, due to drug resistance[109,110], suboptimal activity against certain HCV genotypes and the extremely high cost[100,104], not all patients can be cured. Currently, no effective vaccine is available for HCV infection. Therefore, an efficient prophylactic vaccine will be the next challenge in the combat against HCV infection[111-113]. 
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Figure 1 The hepatitis C virus poly-protein is processed co- and posttranslationally by host and viral proteases into at least 10 different proteins, which are arranged in the order of NH2-C-E1-E2-p7-NS2-NS3-NS4A-NS4B-NS5A-NS5B-COOH. Host signal peptidase is required for the cleavages at C-E1, E1-E2, E2-p7, and p7-NS2 junctions. NS2 cleaves the site between NS2 and NS3; NS3/4A serine protease cleaves the sites at NS3-NS4A, NS4A-NS4B, NS4B-NS5A, and NS5A-NS5B junctions. Several new DAAs (e.g., boceprevir, simeprevir, and telaprevir) specifically designed to inhibit the NS3/4A protease are now becoming available. The wavy lines mark the un-translated regions of hepatitis C virus genomic RNA while the rectangle represents the poly-protein derived from the long open reading frame.
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Figure 2 Hepatitis C virus NS5B acts as RNA-dependent RNA polymerase and plays an important role in the synthesis of new RNA genomes. As the central component of the hepatitis C virus replication complex, NS5B has emerged as a major target for antiviral treatment. New direct acting antivirals, specifically designed to inhibit the NS5B are now becoming available (e.g., sofosbuvir).
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Figure 3 Assays to detect anti-hepatitis C virus antibody, viral core antigen, and viral genomic RNA are used to diagnose HCV infection in clinical practice. HCV: Hepatitis C virus; POCT: Point-of-care test; EIA: Enzyme immuno-assay; RIBA: Recombinant immunoblot assays; RT-PCR: Reverse transcription-polymerase chain reaction; TMA: Transcription-mediated amplification.
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Figure 4 Possible diagnostic results for HCV infection. Individuals are in high risk, e.g., persons who have been exposed to HCV; persons with elevated alanine aminotransferase; persons who are immunocompromised. HCV: Hepatitis C virus.
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