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Abstract
Hepatitis C virus (HCV) genotype (GT) 4 represents 12%-15% (15-18 million) of total global HCV infection. It is prevalent in Northern and Equatorial Africa and the Middle East, and is also present in some countries in Europe. GT-4 (and subtype 4a in particular) dominates the HCV epidemic in Egypt. In underdeveloped countries, risk factors associated with HCV infection may be due to unsafe medical practices or other factors such as familial transmission, mother’s HCV status, or illiteracy. HCV prevention and control programs should include health education, increased community awareness towards the disease, controlling infection distribution in health-care centers, proper sterilization of medical and dental instruments, and ensuring safe supply of blood and blood-products. Response rates to a 48-wk combined pegylated-Interferon (PEG-IFN) and Ribavirin (RBV) treatment range from 40%-69%, and HCV-GT-4 has been considered better than GT-1 but worse than GT-2 and GT-3 in treatment with PEG-IFN/RBV. However, with the introduction of the HCV-GT-1 effective protease inhibitors Boceprevir and Telaprevir in 2011, HCV-GT-4 became the “most difficult (GT) to treat”. Recently, the direct-acting antivirals (DAAs) with pan- genotypic activities Simeprevir, Sofosbuvir, and Daclatasvir have been recommended in triple regimens with PEG-IFN/RBV for the treatment of HCV-GT-4. An IFN-free regimen will be available for treatment of all genotypes of HCV in the near future. To date, several DAAs have been developed and are currently being evaluated in various combinations in clinical trials. As new regimens and new agents are being approved by the Food and Drug Administration, we can expect the guidelines for HCV treatment to be changed. The availability of shorter, simpler, and more tolerable treatment regimens can reduce the morbidity and mortality associated with HCV infection. With such a large number of therapeutic agents available, we can end up with a range of choices that we can select from to treat patients.
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Core tip: Hepatitis C virus (HCV) genotype (GT) 4 represents 12%-15% of total global HCV infection. It is higher in limited resource countries. Response rates to a 48-wk Peginterferon/Ribavirin combination ranges from 40%-69% for HCV-GT-4. Direct-acting antivirals may significantly improve treatment outcomes in HCV- GT-4, but use of these agents in countries endemic for HCV-GT-4 is currently precluded by the very high costs. A new hepatitis C vaccine from GlaxoSmithKline has shown promise in early clinical tests, prompting strong and broad immune responses. Another Egyptian clinical trial in the field of HCV vaccination: Clinical Trials Phases I and II, started on March 2011. ClinicalTrials.gov Identifier NCT01718834.
Abdel-Ghaffar TY, Sira MM, El Naghi S. Hepatitis C genotype 4: The past, present, and future. World J Hepatol 2015; In press
INTRODUCTION
Harvey J Alter is an American Virologist, Medical Researcher, and Physician. In mid-1970s, he was the first person to prove a new type of hepatitis virus, initially called non-A, non-B hepatitis (NANBH). During the following years, medical researchers Michael Houghton, George Kuo, and Qui-Lim Choo from Chiron Corporation (an American multinational biotechnology firm) and Dr. Daniel W Bradley from the Centers for Disease Control and Prevention of America (CDC) collaborated in identifying the virus: using the molecular cloning process to identify an unknown organism, and confirming that the organism is a virus after finding an NANBH specimen in the organism in 1988. Two articles were published on it, and the name was changed from NANBH to hepatitis C virus (HCV) in April 1989. Later on, HCV was shown to be the principal cause of parenterally transmitted NANBH worldwide1[]
. After the discovery of this virus, a flurry of international studies was conducted to document its distribution and prevalence in humans
 ADDIN EN.CITE 

[2]
. It is now well established that HCV is a global health challenge, with an estimated 2%-3% of the global population having chronic HCV infection3[]
. Estimates over the last 15 years show HCV affection to have increased to 2.8%, which means > 185 million infections worldwide
 ADDIN EN.CITE 

[4]
.

EPIDEMIOLOGY
HCV is a small single-stranded ribonucleic acid (RNA) of positive polarity, and is an enveloped virus belonging to the Hepacivirus genus within the Flaviviridae family[5]. It consists of approximately 9600 nucleotides in length, which encode three structural proteins (core, E1, and E2), the ion channel protein p7, and six nonstructural (NS) proteins (NS2, NS3, NS4A, NS4B, NS5A, and NS5B)6[]
. Because each protein is involved in HCV entry, infection, replication, or maturation, they are potential antiviral targets. Hepatitis C virus replication takes place entirely within the cytoplasm, therefore it does not establish latency making it easier to cure
 ADDIN EN.CITE 

[7]
.
All RNA viruses show a high degree of genome-sequence heterogeneity. HCV RNA is characterized by three tiers of variability: Genotype (GT), subtype, and quasispecies, i.e., the sequence variation within a single patient. The most recent classification includes seven GTs (numbered 1-7), 67 confirmed and 20 provisional subtypes, which differ in sequence by approximately 30% to 35%, and approximately 20% to 25%, respectively. All GTs except 5 and 7 are subdivided into numerous subtypes (1a, 1b, 1c, 2a, 2b, etc.)8[]
. There is a clear geographic pattern in the distribution of HCV genetic diversity (Figure 1). Highly divergent “endemic” strains that belong to the same GT are typically found in a restricted geographic area, indicating the presence of the GT in that location for hundreds or even thousands of years9[]
. GT-1 dominates worldwide (83.4 million cases, 46.2% of all HCV cases), approximately one-third of which are in East Asia. GT-3 comes second (54.3 million, 30.1%). GT-2, GT-4, and GT-6 compromise a total 22.8% of all cases, and GT-5 comprises the remaining < 1%. Subtypes, specifically 1a, 1b, 2a, and 3a, are distributed worldwide, and are especially dominant in high income countries10[]
. Within the United States, 75% of isolates are HCV GT-1a or GT-1b and the remainder are generally GT-2 or GT-3
 ADDIN EN.CITE 

[11]
. In Europe, HCV-GT-1a and GT-1b are the commonest subtypes. GT-2 dominates in West Africa, and GT-3 dominates in South Asia and parts of Scandinavia. While GT-1 and GT-3 dominate in most countries, GT-4 and GT-5 are mostly found in lower-income countries10[]
.

HCV GT-4 is prevalent in Northern and Equatorial Africa and the Middle East, while GT-5 and GT-6 have been identified in South Africa and Hong Kong, respectively
 ADDIN EN.CITE 

[12]
. GT-4 represents 12%-15% (15-18 million) of total global HCV infection (Table 1)13[]
, and its distribution is restricted to Egypt, Central Africa, and the Middle East regions10[]
, although it has recently been reported in the Caribbean region and in India
 ADDIN EN.CITE 

[14-16]
. GT-4 (and subtype 4a in particular) dominates the HCV epidemic in Egypt
 ADDIN EN.CITE 

[10, 17]
.

EPIDEMIOLOGY OF HCV INFECTION IN EGYPT
Prevalence

An anomaly in the distribution of HCV infection, however, was discovered in Egypt, where the prevalence was approximately 10-fold higher than in other countries18[]
. The prevalence is higher in Egypt than in industrialized countries (ranging from 0.5% to 2.3%)
 ADDIN EN.CITE 

[2]
, as well as in limited-resource countries, even Pakistan (high prevalence rate of 6.5)
 ADDIN EN.CITE 

[19]
.
In 2008, an Egyptian Demographic Health Survey (EDHS) was carried out in Egypt on 11126 women and men aged 15-59 years, and interviews were obtained for each individual. It was the first nationwide representative sample for HCV antibody testing done in Egypt. The blood samples were tested by a third generation enzyme-linked immunosorbent assay (ELISA) to detect the HCV antibody (Adaltis EIAgen HCV Ab, Adaltis Italia, Casalecchio di Reno, Italy) at the Central Laboratory in Cairo. HCV antibodies that were Sera positive were tested for HCV RNA
 ADDIN EN.CITE 

[20]
. Results showed HCV antibody prevalence was 14.7% [95% confidence interval (CI): 13.9%-15.5%]. Most (> 90%) HCV isolates were found to belong to GT-4 with the remaining belonging to GT-1
 ADDIN EN.CITE 

[21]
.

Prevalence was highest in Lower Egypt (Nile Delta), followed by Upper Egypt, then by Urban governorates (Cairo, Alexandria, Port-Said, and Suez), and then by frontier governorates (17.5%, 14.7%, 9.5%, and 3.8% respectively). Increased HCV antibody prevalence was shown with increasing age, in males (P < 0.001), and in rural areas (P < 0.001). Two thirds of the participants positive for HCV antibody were viremic, and viremia was more prevalent in males, but there was no difference in prevalence according to age or type of exposure. Decreased HCV antibody prevalence was shown with increasing educational level and wealth, but the prevalence was increased with increasing number of people in the same household. Previous history of blood transfusion, parenteral anti-schistosomiasis treatment (PAT), contaminated syringes, and female circumcision were all associated with HCV infection in univariate analysis
 ADDIN EN.CITE 

[20]
.
The prevalence of HCV antibody positivity in 2008 (after adjusting for the younger than 15 years and the older than 59 years individuals) was estimated at 12%. However, only two thirds of the infected population were viremic in the EDHS, resulting in an all age group viremic prevalence of 8.5% in 2008
 ADDIN EN.CITE 

[22]
. Mass campaigns of PAT were blamed for the HCV epidemic in Egypt
 ADDIN EN.CITE 

[23,24]
. Between 1964 and 1982, 2 million Egyptians, most of whom were children above five years of age and young adults who lived in areas where schistosomiasis was prevalent, received intravenous weekly injections of antimony salts for 12-16 wk. Insufficient sterilization of the syringes was considered the cause of the HCV transmission at that time
 ADDIN EN.CITE 

[23]
. EDHS, performed 30 years after the treatment campaigns, showed PAT to be related to 7.8% and 11.0% of infected people in rural and urban areas, respectively, whereas other means of transmission attributed to the rest of the patients. The introduction of Praziquantel in 1982, an oral drug to treat schistosomiasis24[]
, did not stop the transmission of HCV due to multifactorial mechanisms including blood transfusion
 ADDIN EN.CITE 

[25-27]
, contaminated syringes
 ADDIN EN.CITE 

[26,28]
, dental intervention
 ADDIN EN.CITE 

[26-28]
, surgical and invasive medical procedures
 ADDIN EN.CITE 

[26-30]
.
An attempt to determine HCV prevalence in special populations estimated a vertical transmission rate among 1224 pregnant women. Presence of maternal positive HCV antibodies was in 105 of the women [8.6%, 95%CI: 7.05-10.17] with only 83 (6.8%) positive for HCV-RNA. Tests on infants during their first month showed that 43 out of 53 infants (81%) were positive for HCV antibodies and 7 of them (13%) were HCV-RNA positive. Six months later, only two infants (3.8%) remained HCV-RNA positive
 ADDIN EN.CITE 

[31]
.
In another cohort study
 ADDIN EN.CITE 

[32]
 to detect mother-to-infant infection, 1,863 pregnant women were included and tested for HCV infection. Among those pregnant women, 15.7% and 10.9% tested positive for HCV antibodies and HCV-RNA, respectively. Out of 33 (10%) infants positive for both antibodies and RNA, 29 had RNA-positive mothers and four had only antibody positive mothers who underwent clearing of infection. Fifteen (4.6%) had detectable HCV-RNA at 12 mo and 14 had cleared infection early. At 2-3 years of age, only eight (2.4%) had persistent HCV-RNA while seven had late clearance of infection. The rate of HCV vertical transmission can be increased in the presence of human immunodeficiency virus (HIV) coinfection or elevated maternal HCV viral load, but it is not affected by breastfeeding or HCV GTs33[]
.

Prevalence ranged among blood donors between 5%-25%, among blood-transfusion dependent patients between 10%-55%, and among dialyzed patients between 50%-90%
 ADDIN EN.CITE 

[34]
. Many studies were conducted in the pediatric population. Among hemophilic children, HCV- antibodies were positive in 40% of patients35[]
, 47.5% of them were positive for HCV- RNA. In 2011, Barakat and El-Bashir36[]
 screened 500 school children from 10 schools and found 5.8% HCV seroprevalence with viremia in 75% of them. In 2010, El-Karaksy et al
 ADDIN EN.CITE 

[37]
 reported that the prevalence of HCV in diabetic and non-diabetic children aged below nine years was 2.5% vs 1.4% (P = 0.25).

Incidence
In the last estimate of HCV incidence in Egypt it was found that the number of new infections annually is < 150000
 ADDIN EN.CITE 

[38]
. In 2008, the EDHS estimated the incidence in Egypt at a rate of 6.9/1000 (95%CI: 5.5-7.4 per person per year), indicative of possibly ongoing hyper epidemic transmission18[]
.

Another study was conducted on 2852 uninfected infants who were followed from birth up to 5.5 years, to detect incidence and risk factors for acquired HCV in rural Egyptian children. Fifteen infants (0.53%) seroconverted to either HCV antibodies and/or HCV-RNA: 10 of them had both antibody and HCV-RNA positive, 4 of them had only antibody positive, whereas the last one had only HCV-RNA positive. The incidence rate at all ages was 2.7/1000 person-years (PY): higher during infancy than between 1-5-years of age (3.8/1000 PY and 2.0/1000 PY respectively). It was shown that prolonged hospitalization and low birth weight increased the risk of infection, whereas maternal HCV was the source of infection in only two older children. By the end of the follow-up period, six children (40%) had natural clearance
 ADDIN EN.CITE 

[39]
. A four-year population-based cohort study was conducted on seronegative villagers to calculate the incidence of new HCV cases. Out of 10578 participants, 25 (11 females and 14 males) caught the infection (incidence rate of 2.4/1000 PY; 95%CI: 1.6–3.5)
 ADDIN EN.CITE 

[40]
.

Risk factors associated with HCV infection in Egypt
Using systematic literature review methods, Reker and Islam
 ADDIN EN.CITE 

[41]
 selected 11 articles published between 2008 and 2013 which met the study selection criteria aiming to determine risk factors responsible for the high incidence and prevalence of HCV in Egypt. They categorized the risk factors into two major groups: “Unsafe medical practices and other risk factors”. Unsafe medical practices included surgery, intravenous injections, PAT, dental intervention, stitches, and catheterization. The other risk factors included illiteracy, maternal HCV, and familial transmission
 ADDIN EN.CITE 

[41]
.

PREVENTION
Primary prevention is the best strategy. Health education and increased community awareness towards the disease is needed. Development of new approaches to learn more about HCV transmission is required. Effort should be invested towards making HCV vaccine and direct-acting antivirals (DAAs) accessible for patients during infancy and early childhood33[]
.

Prevention inside Egypt
The Egyptian Ministry of Health and Population (MOHP) implemented a program in 2001 to decrease HCV transmission through medical practices, and launched a comprehensive national viral hepatitis control program in 2008 for treatment. This led to a decrease in the incidence of infection among dialyzed patients from 28% to 6%42[]
. But Egypt still continues to suffer from an ongoing HCV epidemic. Therefore, a comprehensive plan is required to control the infection, which includes increase in community awareness and health education, proper sterilization of medical and dental instruments, a safe blood supply, monitoring the effect of programs, and providing proper treatment
 ADDIN EN.CITE 

[41-48]
.

CLINICAL PRESENTATIONS
Acute HCV
Primary infection is mostly asymptomatic which makes early detection of the disease difficult, and this leads to underestimation of its true incidence rate. Its diagnosis may be confirmed via a documented seroconversion to anti-HCV in a person who was previously negative. Primary HCV infection has no specific markers, and it may be diagnosed with or without an increase in alanine aminotransferase (ALT) levels
 ADDIN EN.CITE 

[49,50]
.
In primary exposure, serum HCV RNA cannot be detected before a window of 1-3 wk. Symptoms are mild and non-specific, so patients often do not seek medical assistance. Elevated ALT levels indicating the first signs of liver injury can be detected 4-12 wk after infection, and wide fluctuations are common. Severe liver inflammation is uncommon, and fulminant hepatitis is rare. Seroconversion may occur between 4 and 10 wk after exposure51[]
.

When HCV viremia persists more than 6 mo, it is defined as chronic. The risk of chronic HCV developing from acute infection is high, ranging between 55% and 85%
 ADDIN EN.CITE 

[52,53]
. Natural clearance is more likely to occur in symptomatic cases
 ADDIN EN.CITE 

[54]
. On the other hand, asymptomatic cases are more likely to progress to chronicity. Spontaneous clearance in adults with chronic HCV is rarely seen55[]
, but is more observed in children (8% to 45%). Spontaneous viral clearance is unlikely beyond four years of age, and viral infection that does not get cleared in the first years will progress to chronicity
 ADDIN EN.CITE 

[56-59]
. We can expect natural clearance mostly to occur within the first three months after exposure
 ADDIN EN.CITE 

[60]
. Other factors may also increase the chance of viral clearance include Interferon L3 gene, formerly known as interleukin 28B (IFNL3/IL28B polymorphisms)
 ADDIN EN.CITE 

[61]
 and the intensity of the cellular immune response51[]
. El-Awady et al62[]
 conducted a study in 2012 on a total of 404 subjects divided into patients infected with HCV-GT-4a (n = 304) and a healthy group (n = 100). They found a significant increase (P < 0.0005) in frequencies of IL-28B rs 12979860 C/C GTs in the healthy population than in the other group. On the other hand, the C/C GT was significantly higher (P < 0.0005) in spontaneous resolvers cases (n = 84) than in healthy subjects, so they reported that GT C/C was associated with viral clearance during acute infection and suggested a central role of this GT against HCV disease progression62[]
.

Higher rates of spontaneous resolution have been found in infants with the rs12979860 CC GT for the IL28B polymorphism. Infants, in particular, may have defense mechanisms that explain the inefficiency of HCV perinatal transmission, including the placenta, which has an immunoprotective role, and human leukocyte antigen DR13, where they are less likely to experience chronic HCV from vertical transmission
 ADDIN EN.CITE 

[63]
. Co-infection with HIV seems to hinder resolution. The role of type of exposure, viral load, age, sex, and previous recovery following HCV exposure is debatable. Patients, especially those with higher risk of transmission, should be educated that HCV re-infection is possible even after viral eradication
 ADDIN EN.CITE 

[64,65]
.
Chronic HCV – disease progression 
HCV can progress to cirrhosis after decades. It can also lead to liver cell failure or hepatocellular carcinoma (HCC) (approximately 2% to 4% yearly). Several factors influence the progression of the disease, the most important of which is the extent of intrahepatic inflammation elicited by HCV
 ADDIN EN.CITE 

[66]
. Persistent normal ALT level indicates slow progression of the disease
 ADDIN EN.CITE 

[67]
. Unlike the case with other viral infections, serum HCV RNA is not an indicator for disease progression
 ADDIN EN.CITE 

[68]
. GT-3 HCV is associated with accelerated fibrogenesis and an increased risk of developing HCC relative to other GTs
 ADDIN EN.CITE 

[69-71]
. Host factors are important in influencing disease progression, and those include gender, race and age. Liver fibrogenesis and HCC incidence are more seen in males
 ADDIN EN.CITE 

[68,72]
, whereas mild liver fibrosis and normal liver enzymes are more observed in females. Spontaneous eradication of the virus is also more seen in females73[]
. A study on black and white Americans comparing disease progression showed no significant difference, making the impact of race unclear
 ADDIN EN.CITE 

[74]
. Egyptians infected with HCV GT-4 have high rates of advanced fibrosis. An Egyptian study reported strong correlation between subtypes 4a and 4o with HCC
 ADDIN EN.CITE 

[75]
.
Age at infection affects prognosis
 ADDIN EN.CITE 

[76,77]
. Slower progression of the disease, at least during the first 1-2 decades, is observed in children
 ADDIN EN.CITE 

[78]
 and females when infected at a young age
 ADDIN EN.CITE 

[79]
. A study by Yosry et al
 ADDIN EN.CITE 

[80]
 was conducted on Egyptian children aged 3-17 years with chronic HCV on the relationship between HLA class II with clinical chemical and histopathological state in that special population. The most frequent alleles were DRB1*03, DRB1*04, and DRB1*13 (45.6%, 39.1%, and 26.1%), respectively. Nearly half of the patients had DRB1*03, and it was associated with a minimal amount of liver affection. Low serum albumin (P = 0.04) was shown in patients with DRB1*04, while high aspartate aminotransferase (AST) level (P = 0.05) was shown in patients with DRB1*13. In comparison to controls, DRB1*15 was significantly reduced among cases.
Environmental factors are important in influencing disease progression, and those include alcohol consumption, tobacco inhalation and coffee consumption. Excessive alcohol intake affects disease progression and HCC risk
 ADDIN EN.CITE 

[77,81]
. Tobacco inhalation is associated with liver affection, and consequently with increased fibrosis score82[]
, whereas coffee has a protective role against fibrosis
 ADDIN EN.CITE 

[83]
 and HCC
 ADDIN EN.CITE 

[84]
. Steatosis
 ADDIN EN.CITE 

[66,85]
, insulin resistance
 ADDIN EN.CITE 

[86,87]
, and type 2 diabetes
 ADDIN EN.CITE 

[88,89]
 are associated with disease progression and the possibility of HCC. Iron overload is related to severe fibrosis90[]
. HCV and HBV coinfection increases the incidence of HCC
 ADDIN EN.CITE 

[81]
. Large meta-analyses on patients co-infected with HIV have also shown accelerated disease progression
 ADDIN EN.CITE 

[91,92]
. Liver transplantation almost always leads to HCV re-infection, as well as accelerated disease progression (compared to non-transplant patients) which may be related to a variety of factors: chronic HCV infection is observed in liver biopsy after 1 year post-transplantation in 50%-90% of patients, whereas cirrhosis is seen in around 20% within 5 years
 ADDIN EN.CITE 

[93,94]
.

Extrahepatic manifestations 
Several extrahepatic manifestations have been associated with HCV infection that may significantly affect its morbidity and mortality. Between 38% and 76% of chronic HCV patients develop at least one extrahepatic manifestation, the presence of which when clinically significant may sometimes represent a sufficient indication for treatment, even in the presence of mild liver disease95[]
. HCV infection can lead to various extrahepatic manifestations, including diseases that affect the small vessels, skin, kidneys, salivary gland, eyes, thyroid, and immune system. The majority of these manifestations are immune mediated
 ADDIN EN.CITE 

[96]
. 

The most common extrahepatic manifestation associated with HCV infection is mixed cryoglobulinemia, or type II or III cryoglobulinemia, a lymphoproliferative disorder characterized by the production and tissue deposition of immune complexes formed by monoclonal and polyclonal immunoglobulins
 ADDIN EN.CITE 

[97,98]
. Anti-HCV antibodies and HCV RNA tend to concentrate in the cryoprecipitate
 ADDIN EN.CITE 

[97]
. The vast majority (up to approximately 95% in some studies) of patients with essential mixed cryoglobulinemia have HCV infection98[]
. Approximately one half of HCV-infected patients have circulating cryoglobulins. Complexes tend to accumulate in small- to medium-sized blood vessels: leukocytoclastic vasculitis is the typical histopathologic finding and can be found in the skin as well as in various organs and tissues, including the brain, gut, and peripheral nerves99[]
. Deposition of immune complexes may affect the kidneys, resulting in glomerulonephritis, mostly of the membranoproliferative type, that may lead to renal insufficiency. A long-term consequence of the syndrome is the establishment of B-cell non-Hodgkin’s lymphoma100[]
. Successful treatment of HCV infection with antivirals leads to a decrease of cryoglobulin levels in serum and to the remission of cryoglobulin- related symptoms and pathologic lesions
 ADDIN EN.CITE 

[101]
.

Type 2 diabetes is more frequent in HCV infection than in HBV
 ADDIN EN.CITE 

[102]
, affecting patients who are already at risk for glucose metabolism disturbances. In such patients, overt diabetes may develop earlier than in HCV-negative persons
 ADDIN EN.CITE 

[103]
. Glucose metabolism is altered by HCV at early stages of the infection, leading to insulin resistance
 ADDIN EN.CITE 

[86]
 which, when combined with type 2 diabetes, accelerates liver disease progression
 ADDIN EN.CITE 

[86,88]
 and reduces the response to combined pegylated Interferon (PEG-IFN) with Ribavirin (RBV)
 ADDIN EN.CITE 

[104,105]
, although the response to regimens containing DAA does not seem to be affected by glucose metabolism alterations
 ADDIN EN.CITE 

[106]
. Other extrahepatic-associated diseases include porphyria cutanea tarda, lichen planus, necrolytic acral erythema, sialadenitis, sicca syndrome, and autoimmune thyroiditis
 ADDIN EN.CITE 

[96]
.

SCREENING - DIAGNOSIS
HCV screening is necessary for all individuals at high risk of HCV infection due to a history of illicit injection drug use, history of hemodialysis, history of tattooing, healthcare workers upon accidental exposure, infants born to HCV-positive mothers, history of transfusion with blood or organ transplantation, HIV infection, or chronic liver disease/hepatitis with unknown cause including elevated liver enzymes
 ADDIN EN.CITE 

[107,108]
.

Serologic assays
Two types of assays for detecting the presence of HCV infection include serologic assays to test for antibody to HCV and molecular assays to test for HCV RNA. Identifying patient GT is important to establish prognostic risk and to guide management. HCV GT helps predict the degree of response to treatment: patients with GT-1 or GT-4 are less likely to be cured than those with GT-2 or GT-3 with combined therapy
 ADDIN EN.CITE 

[109]
.

The American Association for the Study of Liver Diseases (AASLD) and the Infectious Diseases Society of America (IDSA) recommend that persons for whom HCV testing is advised should initially be tested for HCV antibodies (Management Guidelines)108[]
. HCV antibody testing is sensitive and inexpensive, and it detects antibodies against the core and the NS3, NS4, and NS5 proteins. Current serologic assays are highly specific (> 99%). In children born to HCV-positive mothers, testing for anti-HCV antibodies is unreliable before 18 mo of age because their detection may be related to the passive transfer of maternal antibodies and not active infection110[]
.

In 2011, the FDA granted approval to the OraQuick HCV Rapid Antibody test (OraSure Technologies, Bethlehem, PA), for detection of HCV antibody in finger stick capillary blood and venipuncture whole blood. Its sensitivity and specificity are similar to those of FDA-approved, laboratory-conducted HCV antibody assays111[]
. Because the test is rapid, it can be performed for a larger population at risk110[]
.
Molecular tests (HCV- RNA and genotyping)

The CDC has recommended that positive HCV antibody results can be confirmed with a HCV RNA test that detects HCV viremia112[]
. It is recommended to perform quantitative HCV RNA testing on all patients candidate for HCV treatment. HCV RNA testing is also recommended for patients with negative HCV antibody test results if they are immunocompromised. In special situations in which acute HCV infection is suspected, it is important to remember that HCV antibodies may not be present. Although the seronegative window of acute infection has diminished with improved sensitivity of HCV antibody testing, HCV RNA testing is recommended as early as 1-2 wk after the initial exposure in individuals in whom early detection is desired
 ADDIN EN.CITE 

[108,112,113]
.

Liver histology
The AASLD, IDSA, and European Association for the Study of the Liver (EASL) guidelines recommend that the fibrosis stage be initially determined either by liver biopsy (LB) or validated noninvasive techniques in all patients with HCV infection108[,113]
. A LB provides the grade and stage of liver disease and may reveal unsuspected cirrhosis, necessitating surveillance for HCC. In children with HCV infection there is great variability in the degree of inflammation and fibrosis reported. Badizadegan et al114[]
 found periportal fibrosis in 78% and cirrhosis in 8% of 40 children younger than 18 years of age treated at Boston Children’s Hospital. A study in Cairo, Egypt, found fibrosis in 72.1% of children with HCV GT-4 (46.5% with mild and 25.6% with moderate to severe fibrosis stages), with a median age for progression of fibrosis at 5.5 years
 ADDIN EN.CITE 

[115]
.

A major effort has been devoted to identifying alternative noninvasive or minimally invasive procedures for assessing liver disease by detecting the liver fibrosis stage and establishing antiviral therapy. Several algorithms have been created using clinical information or serologic markers commonly gathered at the time of a routine diagnostic workup, such as AST, ALT, and platelet count116[]
 or more specific substances, such as α-2-macroglobulin or hyaluronate. Combining more than one noninvasive assay appears to increase the diagnostic accuracy and may eliminate the need for LB. Transient elastography is another noninvasive approach that defines liver fibrosis using ultrasound and low-frequency elastic waves
 ADDIN EN.CITE 

[117]
. A study was conducted on chronic HCV Egyptian patients to evaluate different new noninvasive methods for assessment of liver fibrosis. The aim of that study was to evaluate whether GT-4, increased body mass index, and co-infection with schistosomiasis can interfere with liver fibrosis assessment. Egyptian HCV chronic patients (n = 312) with GT-4 underwent a LB, an elastometry measurement (Fibroscan©), and serum markers: AST-to-platelet ratio index (APRI), fibrosis-4 score (Fib4), and Fibrotest©. The researchers found that the algorithm using the Fib4 for identifying patients with F2 stage or more reduced by nearly 90% the number of LBs, and reported that noninvasive techniques were feasible in Egypt for HCV GT-4-infected patients and that Fib4 may be used to assess the F2 threshold, which decides whether treatment should be proposed or delayed118[]
.

BACKGROUND IN HCV TREATMENT
At the start of the millennium, two major advances in the management of HCV took place: one, the approval by the FDA of PEG-IFN for the treatment of HCV infection, which allowed weekly subcutaneous injections instead of the previous daily or thrice weekly injections with standard IFN; and the use of weight-based RBV. By the mid-2000s, it was established that PEG-IFN-α2a or PEG-IFN-α2b could be combined with weight-based RBV for GT-1 infected patients, or with flat-dosed RBV for GT-2 or GT-3 infected patients, and that combination was better than treatment with standard IFN and RBV119[]
. HCV-GT-4 response to treatment with PEG-IFN/RBV has been considered better than GT-1, and worse than GT-2 and GT-3
 ADDIN EN.CITE 

[120,121]
.

With the introduction of the HCV-GT-1 effective protease inhibitors Boceprevir (BOC)
 ADDIN EN.CITE 

[122,123]
 and Telaprevir (TVR)
 ADDIN EN.CITE 

[122,124-126]
 in 2011, HCV-GT-4 became the “most difficult (GT) to treat”, as both protease inhibitors are not indicated for treatment of GT- 4
 ADDIN EN.CITE 

[127]
. Many studies used 48 wk duration of combined therapy to treat HCV- GT-4, and a few of them compared responses between 24-wk treatment and 48-wk treatment response rates. Figures 2 and 3 summarize the results of those studies after using standard-dose PEG- IFN and RBV. The results show sustained virologic response (SVR) rates with 24 wk of therapy to be far less than rates with 48-wk, making the longer duration the standard of care13[]
.

Drawbacks for the IFN/RBV treatment include its long course duration, severe side effects, and cost, as it is not as affordable for patients in limited-resource countries
 ADDIN EN.CITE 

[135-137]
.

A major indicator of good response to PEG-IFN/RBV therapy in patients with HCV GT-4 is the IL-28B GT
 ADDIN EN.CITE 

[138-140]
. The favorable CC phenotype is found in 20%-30% of Egyptian patients with chronic HCV
 ADDIN EN.CITE 

[141,142]
. In Europe, SVR rates for HCV GT-4 infected patients who are IL-28B CC is > 80%
 ADDIN EN.CITE 

[139,140,143]
. In Egypt, CC patients had response rates between 67% and 87%
 ADDIN EN.CITE 

[141,142]
. Mutations in the NS5A region, particularly in patients with more than 6 aa mutations in the IRRDR (Interferon Ribavirin resistance - determining region) are highly associated with good response to PEG-IFN and Ribavirin combination therapy, while a less diverse (≤ 5) IRRDR sequence is associated with non-response144-146
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. Another predictor of response to PEG-IFN/RBV therapy was found to be insulin resistance, which impairs response rates to PEG-IFN/RBV therapy in HCV GT-4 patients, and patients with Homeostasis Model Assessment for Insulin Resistance (HOMA-IR) scores > 2 had lower SVR rates than those with scores < 2 (36% vs 72%)
 ADDIN EN.CITE 
[147]
.

Abu-Mouch et al
 ADDIN EN.CITE 
[148]
 found that adding vitamin-D to the standard of care with PEG-IFN/RBV therapy for HCV-GT-1 infected patients increases SVR rates from 42% to 82%. Esmat et al149


[ ADDIN EN.CITE ]
 reported that vitamin D supplementation, despite its role in other GTs, has no positive impact on treatment outcome in HCV-GT-4 patients where SVR was achieved in 51.2% in group 2, (who received the standard of care therapy (SOC therapy) plus vitamin D3 (Cholecalciferol) in a dose of 15000 IU/wk during the treatment course) and 71.4% in group 1 (who received the SOC therapy consisting of PEG-IFN alfa-2b plus RBV) by per-protocol analysis and in 44% in group 2 and in 68.6% in group 1 by intention to treat analysis (P value 0.22 and 0.220, respectively)
 ADDIN EN.CITE 
[149]
.

The Ministry of Health in Egypt has embarked on a national treatment program since 2006, where all eligible patients are treated with PEG-IFN/RBV for 48 wk. Annually, 40000-50000 patients have been treated, and 350000 patients had received therapy in this program by 2013150[]
. SVR rates for patients treated with the original PEG-IFN alfa-2a and alfa-2b were 54%-59%
 ADDIN EN.CITE 
[151,152]
 and response rates to a locally produced biosimilar PEG-IFN were reported at 52%
 ADDIN EN.CITE 
[153]
.

TREATMENT CONSIDERATIONS IN CHILDREN
Infected children are generally asymptomatic and often have normal ALT levels. However, children are likely to clear the virus. Given the typically slow histologic progression of liver disease in children, some argue that treatment should be postponed until adulthood. In addition, response rates with currently available antiviral therapies approved by the FDA for the pediatric population remain suboptimal, and are associated with high costs and potential toxicities154[]
.

On the other hand, early eradication of HCV is likely to reduce the social stigma associated with viral infection, a source of significant caregiver stress
 ADDIN EN.CITE 
[155]
, and improve the psychosocial status of patients and their families. Children also possess multiple characteristics that make them ideal candidates for treatment. Shorter duration of infection and a lesser degree of hepatic fibrosis are associated with improved response to antiviral therapy for HCV. In addition, children have fewer co-morbidities than adults and parental motivation enhances adherence to treatment. Children also tolerate currently available therapies better than adults, with mild adverse effects
 ADDIN EN.CITE 
[156]
. Economically, the cost of treatment is less than that in adults (fewer drugs used). It is also expected that eradicating the infection sooner will decrease the risk of transmission to the population at large
 ADDIN EN.CITE 
[157-164]
.

The decision to initiate treatment should be individualized to each patient. However, for children with GT-1 and GT-4 who have mild disease at the time of biopsy, a watch and wait approach is acceptable, anticipating the availability of more efficacious drugs. According to the North American Society for Pediatric Gastroenterology, Hepatology and Nutrition (NASPGHAN) and the AASLD guidelines for management of HCV infection, considerations for treating children aged 3-17 years follow the same guidelines as adults
 ADDIN EN.CITE 

[109]
.
The results of the first randomized, placebo-controlled trial of chronic pediatric HCV treatment in the United States have been published. They show that 21% of children treated with PEG-IFN alone in contrast with 53% of those treated with PEG-IFN in combination with RBV achieved a SVR, demonstrating the superiority of the combination over single therapy165[]
. An international multicenter study of 107 children published by Wirth et al166
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 demonstrated a SVR in 53% of patients with GT-1, 93% of those with GT-2 and GT-3, and 80% of those with GT-4. 

In 2008, the results of these two trials led to FDA approval of combination therapy with PEG-IFNα-2b and RBV for use in children three years of age or older infected with HCV. The established duration of treatment at present is 48 wk for GT-1 and GT-4154[]
. A study was conducted on 118 Egyptian children with chronic HCV, including both naïve patients and previous non-responders. All received PEG-IFN a2b plus RBV. Early virological response was achieved in 69.5%, end of treatment response (ETR) was 51.7%, and SVR was achieved in 50% of the patients. Children with previously failed treatment achieved a SVR rate of 28.6%167[]
. A pilot study was conducted on a small sample of Egyptian chronic HCV children (seven cases). ETR was 42.9% and SVR was 28.6%. Children with SVR were the youngest; their mean duration of infection was 4.5 years vs 12.7 years in the others. Side effects of both IFN and RBV were mild, and required no reduction in doses
 ADDIN EN.CITE 
[168]
.

In another study on chronic HCV children, the novel Hansenula-derived PEG-IFN (polyethylene glycol): Interferon (IFN)-alpha-2a (Reiferon Retard) was used in the infected patients, whether naïve or previously treated. At week 12, patients were divided according to PCR results into two groups: the first group included patients who continued treatment on a weekly basis (7-d schedule) and the second group included patients who continued treatment on a 5-d schedule. Patients from either group who were PCR-negative at week 48, but had at least one PCR positive test during therapy, were assigned to have an extended treatment course of up to 72 wk. The study was registered at www.ClinicalTrials.gov (NCT02027493). The 5-d schedule did not affect the response rate. Treatment duration (whether 48 wk or extended 72 wk) gave similar response rates (P = 0.49). Type of previous treatment (short acting IFN vs PEG-IFN) did not affect the response to retreatment. On the other hand, SVR was significantly higher in previous relapsers than in previous non-responders (P = 0.039). It was safe, but the customized regimen did not improve response rate as SVR was detected in 23.9% of children, breakthrough was seen in 39.1% of patients, and 30.4% were non-responders. Despite recent success after the introduction of combination therapy with IFN-alpha and RBV, GT-4 is considered difficult to treat. Approximately 60% of patients fail to respond. Resistance to antiviral therapy remains a serious problem in the management of chronic HCV
 ADDIN EN.CITE 
[169]
.

EVOLUTION OF TREATMENT FOR HCV
Development of future treatments: DAAs
Currently, research is orientated to the development and approval of DAA agents regulated within the Center for Drug Evaluation and Research at the FDA for the treatment of chronic HCV. DAA agents inhibit specific stages in the HCV replication cycle through targeting the HCV polyprotein and its cleavage products170[]
.

The HCV life cycle: The HCV genome is composed of approximately 9600 nucleotides and generates structural and NS proteins. The structural proteins are used to assemble new viral particles and the NS proteins support viral RNA replication. The NS3/4A, a serine protease (NS3) and cofactor (NS4A) catalyze the post-translational processing of NS proteins from the polyprotein. The products released go on to form a replicative complex (NS5A) responsible for producing viral RNA using the RNA dependent/RNA polymerase (NS5B). Finally, virions are assembled, packaged, and released118[]
.
HCV NS3/4A serine protease inhibitors
Targeting this protease may inhibit viral replication. TPV, BOC, and Simeprevir (SMV) are all examples of HCV protease inhibitors
 ADDIN EN.CITE 
[120,122,171]
.

HCV NS5B inhibitors
The HCV polymerase inhibitors are another promising DAA class. These molecules are divided into nucleoside/nucleotide competitive polymerase (NIs) and allosteric inhibitors of RNA polymerase (non-nucleoside inhibitors: NNIs). NS5B NIs as Sofosbuvir (SOF) are structural analogues to the natural substrates of the polymerase and are incorporated into the RNA chain. This causes direct chain terminatio
 ADDIN EN.CITE 
[172]
. Since the active site of NS5B is highly conserved, NIs are effective against all GTs, and resistance to NIs is usually very low. Allosteric polymerase inhibitors inhibit the NS5B by binding to one of several discrete sites on the HCV polymerase, resulting in a conformational protein change. They are less potent than NIs, resistance occurs more frequently
 ADDIN EN.CITE 
[173]
 and they appear to be GT specific. SOF is a nucleotide analogue inhibitor of the HCV NS 5B RNA-dependent RNA polymerase
 ADDIN EN.CITE 
[174]
.

HCV NS5A inhibitors
Inhibition of NS5A is associated with significant reductions in HCV RNA levels, which makes these agents among the most potent antiviral molecules yet developed. NS5A inhibitors have pan-genotypic activity, i.e., they suppress replication of all HCV GTs. Daclatasvir (DCV) and Ledipasvir (LDV) are examples of NS5A inhibitors
 ADDIN EN.CITE 
[171]
.

With the advent and improvement of DAAs, drugs now can target almost all steps of the HCV life cycle, including entry, translation, RNA replication, assembly, and export of progeny viruses
 ADDIN EN.CITE 
[175]
. This has facilitated the designing of highly potent oral drugs characterized by shorter treatment duration, simplified dosing, a high genetic barrier to resistance, and improved safety profiles
 ADDIN EN.CITE 
[176]
.

COMBINATION THERAPY WITH PEG-IFN, RBV AND A DAA
Combination therapy with PEG-IFN, RBV and a HCV NS3/4A serine protease inhibitor
Selective inhibitors of HCV NS3/4 serine protease, BOC and TPV were developed and found to be effective in treating HCV-infected GT-1 patients in combination with PEG-IFN and RBV. Both agents are not indicated for use in GT-2 and GT-3 patients. Combination therapy using TPV or BOC with PEG-IFN and RBV resulted in higher rates of SVR for the treatment of naïve HCV GT-1 patients (range 61%-75%) compared with treatment with PEG-IFN and RBV (range 38%-49%). However, the addition of these drugs resulted in increased adverse effects such as anemia, neutropenia, fatigue, pyrexia, and insomnia
 ADDIN EN.CITE 

[120,122]
. Telaprevir may cause skin rash, in up to 5%ofcases it can be severe, and it may cause Stevens-Johnson Syndrome (SJS)177[]
. On December 2012; FDA Drug Safety Communication reported severe skin affection after combination treatment of PEG-IFN and RBV with Incivek (Telaprevir). These types of skin reactions [toxic epidermal necrolysis (or TEN), drug rash with eosinophilia and systemic symptoms, and SJS] lie along a continuum of serious skin reactions that can be difficult to distinguish from each other. FDA added instructions on the drug label to stop Incivek combination treatment whenever symptoms of severe skin rash appear178[]
.
The rates of stoppage of treatment containing TPV or BOC were higher than treatment of PEG-IFN and RBV alone. This affected compliance and the ability to complete treatment duration
 ADDIN EN.CITE 
[179]
.

Combination therapy with PEG-IFN, RBV and a second-generation protease inhibitor, SMV
SMV, a HCV NS3/4 serine protease inhibitor, was recently developed, approved by the FDA in November 2013, and is now used to treat HCV GT-1 patients in combination with PEG-IFN and RBV
 ADDIN EN.CITE 
[171,180]
. The response rate is much higher than what was obtained with the use of first-generation protease inhibitors, BOC and TPV. Recently, DAAs with pan-genotypic activities Simeprevir, Sofosbuvir and Daclatasvir have been recommended in triple regimens with PEG-IFN/Ribavirin for the treatment of HCV genotypes 4181[]
. Simeprevir is active against genotypes 1, 2, 4, 5 and 6. It is administered as a once-daily tablet orally and has demonstrated a favorable safety profile and limited drug-drug interactions182[]
. RESTORE, a phase III, multicenter, single-arm, open-label study, conducted in France and Belgium, evaluated Simeprevir (150 mg once-daily for 12 wk in combination with PegIFN/RBV, followed by 12-36 wk of PegIFN/RBV only) in 107 patients with HCV 4, either naïve or treatment-experienced183[]
. Recent European guidelines have included a 24-48 wk simeprevir plus PEG-IFN/RBV combination as an option for HCV 4-related compensated liver disease (including cirrhotics), suggesting interruption of treatment if HCV-RNA levels are ≥ 25 IU/mL at week 4, 12 or 24123
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.
Combination therapy with PEG-IFN, RBV and HCV NS5B polymerase inhibitor, SOF
Recently (in December 2013), the FDA approved SOF as a new component of combined HCV antiviral treatment. Phase III clinical trial using combination therapy with PEG-IFN, weight-based RBV, and SOF for 12 wk resulted in high SVR rates in GT-1, GT-4, GT-5, and GT-6 patients (89%-90%)
 ADDIN EN.CITE 
[174,184,185]
. The addition of SOF to PEG-IFN and RBV reduces the total duration of treatment.
The recent approval of SOF for treatment of HCV-GT-4 promises significant improvement in the outcome of therapy. When given as part of triple therapy with PEG- IFN/RBV for 12 wk in the phase III Neutrino trial, SOF resulted in a SVR rate of 96% in HCV-GT-4 patients
 ADDIN EN.CITE 
[185]
. When it was given for 12 wk without IFN as a dual therapy with RBV to HCV-GT-4 infected patients of Egyptian origin living in the United States, SVR rates of 79% and 59% were found in naïve and treatment experienced patients, respectively. Extending the treatment for 24 wk yielded higher SVR rates: 100% and 93%186[]
.
Combination therapy with PEG-IFN, RBV and HCV NS5A inhibitors, DCV
Another compound with promising efficacy against HCV-GT-4 is DCV (a NS5A inhibitor) in combination with PEG-IFN alfa-2a and RBV. Hezode et al187
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 reported that this was generally well tolerated and achieved higher SVR rates at week 24 compared with placebo/PEG-IFN alfa/RBV among patients infected with HCV-GT-1 or GT-4.

IFN-FREE DAA THERAPY (IFN-SPARING REGIMEN)
Over the past year, IFN-sparing regimens for treating chronic HCV have become available and more superior, as those are characterized by high rates of SVR, short duration of treatment, increased tolerability, as well as room to tailor treatment according to the patients’ individual needs due to the presence of multiple agents that can interrupt several stages of the HCV lifecycle. IFN-sparing treatment is currently the new approach for both treatment-naïve and treatment-experienced patients, including even cirrhotic patients. Most treatment-experienced patients can now achieve high SVR rates (above 90%). Cirrhotic patients can reach high SVR with longer duration of treatment and/or addition of RBV therapy188[]
.
 Single DAA therapy (SOF and RBV)
The first attempt to use an IFN-free regimen for HCV involved a combination of SOF and RBV. SOF is active against all GTs
 ADDIN EN.CITE 
[185]
 and has an excellent safety profile and high barrier to resistance. All oral combination therapies with SOF and RBV for 12-24 wk in HCV GT-1 were evaluated
 ADDIN EN.CITE 
[189,190]
. SVR rates using weight-based dosing of RBV with SOF were higher in GT-1 treatment-naïve patients (SVR 68%-84%)
 ADDIN EN.CITE 
[184,190]
. In patients with HCV GT-2 or GT-3, a study showed higher rates of SVR after SOF plus RBV for 12 wk in comparison with PEG plus RBV for 24 wk. For HCV GT-2-infected patients, SVR rates were 97% vs 78% for each treatment group, respectively. However, for HCV GT-3-infected patients, the improvement in SVR rates in the SOF group was not observed (SVR 56% vs 63%, respectively)
 ADDIN EN.CITE 
[185]
. Another study confirmed the high SVR rate for SOF plus RBV in treatment-naïve and treatment-experienced GT-2 patients (SVR 93%) and showed an improved SVR rate when this combination is used for 24 wk in patients with HCV GT-3 (SVR 80%)191[]
.
A randomized, open-label study was conducted at three centers in Egypt (ClinicalTrials, NCT01838590) using SOF plus RBV for 12w (52 patients) or SOF plus RBV for 24w (51 patients). Treatment-naïve (TN) and treatment-experienced (TE) patients with chronic HCV-GT-4 (up to 20% with compensated cirrhosis) were included, 74 were GT-4a while 11 were GT- 4l, 4n, 4o, 4p, and 4u. SOF plus RBV for 24 wk resulted in a 90% SVR12 rate in patients regardless of prior treatment experience. SVR12 rates with SOF plus RBV for 12 wk were higher in TN vs TE patients. No SOF-resistance mutation S282T was found in any patient with virologic failure. Combined SOF plus RBV for 12 or 24 wk were well tolerated. The authors concluded that SOF plus RBV for 24 wk provides a simple, effective, IFN-free regimen for patients with HCV-GT-4192[]
.

Phase 2 trials with SOF and RBV in adolescents and children (3-17 years) with GT-2 and GT-3 began in 2014 with an estimated study completion date in May 2018 (ClinicalTrials, Identifier: NCT02175758). HCV infected children may soon realize the benefits from the tremendous research in anti-HCV therapy in the last five
 ADDIN EN.CITE 
[185,190,193]
.

Dual DDA combination therapy
Dual therapy tends to be more effective than monotherapy in regards to viral eradication and decreasing the risk of viral resistance
 ADDIN EN.CITE 
[194]
. These targets include NS3/4A protease inhibitors (PI), NS5A inhibitors, and NS5B polymerase inhibitors [both nucleoside/tide inhibitors (NI) and non-nucleoside inhibitors (NNI)]. More recently, combinations of these DAAs have been effectively used without the use of IFN and RBV to achieve high rates of SVR. In an open-label study, oral SOF and DCV taken once daily were associated with high SVR in patients infected with HCV GT-1, GT-2, and GT-3, including patients with no response to prior therapy with TPV or BOC
 ADDIN EN.CITE 
[195]
.
Phase 3 is a multicenter, open-label, single-arm study conducted at multiple sites in Spain, to investigate the efficacy and safety of a 12-wk regimen of SMV in combination with SOF in TN or TE subjects (age: 18-70 years) with chronic GT-4 HCV infection (ClinicalTrials, Identifier: NCT02250807, started January 2015 with estimated study completion date January 2016). The FDA approved SMV to be used with SOF as a combination therapy in GT-1 in November 2014. Another Egyptian study (NCT 02278419) to investigate the efficacy and safety of an 8- or 12-wk treatment regimen of SMV in combination with SOF in TN and TE adult participants with chronic HCV-GT-4 is ongoing.

For children and adolescents with chronic HCV infection, a Phase 2 study will be conducted to investigate the safety and efficacy of LDV/SOF fixed dose combination in this particular age group (ClinicalTrials, Identifier: NCT02249182). The FDA approved the first combination pill-LDV/SOF (Harvoni) Gilead, for treatment of HCV GT-1 in October 2014.

Triple DDA combination therapy
The FDA approved a three drug regimen called the AbbVie Viekira Pak (Ombitasvir, Paritaprevir, and Ritonavir tablets co-packed with Dasabuvir tablets) to treat patients with chronic HCV-GT-1 infection including cirrhotic cases in December 2014. In a randomized, open-label trial of Faldaprevir (a NS3/4A protease inhibitor) and Deleobuvir (a nonnucleoside NS5B polymerase inhibitor) with or without RBV (phase IIB), used by 362 TN patients infected with HCV GT-1, the SVR at 12 wk was 52%-59% among patients who received IFN-free treatment with Faldaprevir plus Deleobuvir plus RBV
 ADDIN EN.CITE 
[196]
.

The AASLD announced detailed results from The PEARL-I study (ABT-450/R (Protease inhibitor and Ritonavir) + ABT-267 (NS5A inhibitor) ± RBV) (open- label Phase 2b), which demonstrated that 100% of GT-4 patients who were new to therapy (n = 42/42) or who had failed previous treatment with PEG-IFN and RBV (n = 49/49) achieved SVR rate at 12 wk post-treatment after taking the AbbVie investigational treatment with RBV. Additionally, 90.9% of patients who were new to therapy achieved SVR 12 (n = 40/44) after taking the treatment without RBV197[]
.

Another open-label Egyptian study (phase 3) began in November 2014 to evaluate the safety and efficacy of the co-administration of ABT-450/Ritonavir/ABT-267 (ABT-450/r/ABT-267) with RBV in adults with chronic HCV-GT-4 in Egypt. It includes 160 patients and has an estimated study completion date of August 2016 (ClinicalTrials, Identifier: NCT02247401). Currently, Egypt is conducting a national mass treatment program for HCV GT-4 patients based on the EASL’s 2014 practice guidelines for HCV-GT-4, which (based on two studies: Neutrino study for IFN-based therapy and Ruane study for IFN-free regimens) involves triple therapy using PEG-IFN/weight-based RBV/SOF 400 mg for 12 wk for IFN-eligible patients or RBV/SOF 400 mg for 24 wk for patients who are unable to tolerate IFN. Advanced liver fibrosis patients are included in the IFN-free regimen.

Due to advancements in HCV therapy, the AASLD and IDSA designed a new protocol for the use of new agents108[]
. The EASL also announced new protocols on HCV therapy in 2014, including the use of all-oral combinations of SOF/SMV and SOF/DCV113[]
. The AASLD, IDSA, and EASL will release updated guidelines as new therapeutics and regimens become approved by the FDA and European Medicines Agency (EMA).
The field of IFN-free HCV therapy is under constant development. Currently, DAA’s provide patients with high SVR rates (above 90%) with short duration treatment and increased tolerable adverse effect profiles. Various oral therapy combinations can be used to improve SVR outcomes in the TE patient, according to HCV GT/subtype, type of prior regimen, and presence of cirrhosis188[]
.

The next steps in the clinical development of anti-HCV therapy are expected in late 2015 and early 2016 with the availability of pangenotypic ultrarapid (4-8 wk) single pill regimens such as Grazoprevir/MK8742, SOF/GS5816, and BMS791325/DAC/Asunaprevir198[]
. 
The most common and tolerable adverse effects of DAA combination therapy are nasopharyngitis, headache and malaise199
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. However The FDA warned on March 2015 that serious slowing of the heart rate can occur when the antiarrhythmic drug amiodarone is taken together with either Harvoni (Ledipasvir/Sofosbuvir) or with SOF taken in combination with another direct acting antiviral for the treatment of hepatitis C infection. They recommended that health care professionals should not prescribe either Harvoni or SOF combined with another direct acting antiviral, such as Daclatasvir or Olysio (Simeprevir), with amiodarone200[]
. 

HCV VACCINE SHOWS PROMISE
A new HCV vaccine from GlaxoSmithKline has shown promise in early clinical tests, prompting strong and broad immune responses. Researchers have evaluated the vaccine in humans, and it is now ready for phase 2 efficacy studies201[]
.
Another Egyptian clinical trial in the field of HCV vaccination is promising: Safety and efficacy of a novel candidate peptide vaccine against HCV infection in healthy volunteers and in treated (Non-responders/Responders) chronic HCV patients. Clinical Trials (Phases I and II) started in March 2011 (Clinical Trial, Identifier: NCT01718834; National Liver Institute, Menofyia University, Egypt).

CONCLUSION
HCV therapy is steadily moving to an all oral, well-tolerated, DAA, short-term, and more efficacious regimen. An IFN-free regimen will be available for treatment of all GTs of HCV in the near future. To date, several DAAs have been developed and are currently being evaluated in various combinations in clinical trials (for current management strategies of chronic HCV see http://www.aasld.org). We can expect changes in treatment recommendations of HCV as new regimens are developed and new agents are approved by the FDA. The availability of shorter, simpler, well-tolerated treatment regimens can have a major impact in reducing the morbidity and mortality associated with HCV infection. With such a large number of therapeutic agents we can end up with a world of choices that we can select from to treat patients. We hope not just to treat some patients with HCV infection but also treat all patients to achieve a cure regardless of their fibrosis state.
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Table 1 Hepatitis C virus genotype-4 % among infected patients in a selection of countries in Europe, the Middle East, Africa, and India13[]

	Country or region
	GT-4 % of the total HCV infected patients in the country

	Southwestern France
Germany 

Southern Italy 

Northern Italy 

Southern Spain 

Saudi Arabia 

Lebanon

Syria 

Cameroon 

Nigeria 

Egypt 

Gabon

Southern India
	7.4%
3.6%

1.4%

3.1%

14%

60%

30%

30%

76%

60%

91%

71%

6.2%


HCV: Hepatitis C virus; GT: Genotype. 
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Figure 1 Global hepatitis C virus genotype distribution. Johns Hopkins Hospital Division of Gastroenterology & Hepatology. Available from: URL: https://gi.jhsps.org/Upload/200710291122_15908_000.jpg
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Figure 2 Sustained virologic response to 48 wk of combination therapy in patients with hepatitis C virus genotype-4 using standard-dose pegylated-Interferon and Ribavirin (pegylated-Interferon a-2a 180 µg or pegylated-Interferon a-2b 1.5 mg/kg and RBV 1–1.2 g/d). All studies were randomized control trials with intention-to-treat analysis: (P < 0.001) (P < 0.01) (P = Not Supplied) (P = 0.43)
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. PEG-IFN: Pegylated-Interferon; RBV: Ribavirin.
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Figure 3 Results of hepatitis C virus genotype-4 treatments with pegylated-Interferon and Ribavirin: 24 wk vs 48 wk. (P = not reported) (P = 0.001) (P = 0.006) showing far less sustained virologic response rates with 24 wk of therapy
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