
 

 

The Virus 

In the 1970s, it became apparent that most cases of posttransfusion hepatitis were not attributable to either 
hepatitis A virus (HAV) or hepatitis B virus (HBV) infection, and a new disease entity, termed “non-A, non-B” 
hepatitis (NANBH) was described for the first time. [31] It took over a decade to identify the etiological agent of 
NANBH owing to the inability of the virus to propagate efficiently in cell culture. [32] Finally, HCV was discovered in 
1989 and established as an important etiological agent of transfusion associated hepatitis. HCV is a RNA virus 
belonging to the family Flaviviridae, genus Hepacivirus.[33]The HCV virion is 55-65 nm in diameter containing in it 
a 9.6 kb positive sense single-stranded RNA genome composed of a long open reading frame (ORF) flanked by 
untranslated regions (UTR's) at both the ends. The precursor is cleaved into at least 10 different proteins: the 
structural proteins: Core, E1, E2, and p7; as well as the nonstructural (NS) proteins: NS2, NS3, NS4A, NS4B, 
NS5A, and NS5B. An important feature of the HCV genome is its high degree of genetic variability. The E1 and 
E2 regions are the most variable, while the 5’UTR and terminal segment of the 3’UTR are highly conserved. 
[32]HCV has a high propensity for establishing chronic infection. It has been estimated that in chronically infected 
people approximately 1012 viral particles are generated every day. This remarkable replicative rate in combination 
with the highly error prone polymerase activity of the virus results in tremendous genetic diversity and existence 
of various quasispecies within an infected individual. [32]HCV has been classified into six major genotypes 
[31,32,33,34,35,36,] with multiple subtypes. Genotyping is recognized as the primary tool for assessing the course of 
infection and determining treatment duration and response [37].  
 
Causes: 
 
There is strong evidence demonstrating the association of chronic HCV infection to cirrhosis and hepatocellular 
carcinoma (HCC). HCV is a mounting global health challenge, causing a significant proportion of chronic liver 
disease around the world. In understanding the long-term outcomes of HCV infection, clinicians may identify the 
patients at risk for HCV-related complications, and offer treatments to prevent further morbidity and mortality. 
 
Acute Hepatitis C: 
 
Acute hepatitis C infection is infrequently diagnosed because the majority of acutely infected individuals are 
asymptomatic. In the transfusion setting, where acute onset of HCV infection has been best documented, 70% to 
80% of cases were asymptomatic [38] .About 20% to 30% of adults with acute HCV infection may develop clinical 
symptoms. The symptomatic onset ranges from 3 to 12 weeks after exposure [39, 40] .Symptoms may include 
malaise, weakness, anorexia, and jaundice. Serum alanine aminotransferase (ALT) levels, signifying hepatocyte 
necrosis, begin rising 2 to 8 weeks after exposure, and often reach levels of greater than 10 times the upper 
limits of normal. HCV RNA can be detected in the serum within 1 to 2 weeks after exposure [40, 41]. The level of 
HCV RNA rises rapidly during the first few weeks, and then peaks between 105 to 107 IU/ml, shortly before the 
peak of serum aminotransferase levels and onset of symptoms. In self-limited acute hepatitis C, symptoms can 
last several weeks and subside as ALT and HCV RNA levels decline. Acute HCV infection can be severe, but 
fulminant liver failure is rare [42]. 
The antibody to HCV, as detected by enzyme immunoassay, becomes positive near the onset of symptoms, 
approximately 1 to 3 months after exposure. Up to 30% of patients will test negative for anti-HCV at onset of their 
symptoms, making anti-HCV testing unreliable in diagnosis of acute infection [41]. 
 Almost all patients eventually develop the antibody to HCV; however, titers can be low or undetectable in 
immunodeficient patients. The anti-HCV assay detects greater than 90% of HCV infections after the initial 3 
months. 
 
Chronic Hepatitis C: 
 
Chronic hepatitis C is marked by the persistence of HCV RNA in the blood for at least 6 months after onset of 
acute infection. HCV is self-limiting in only 15%-25% of patients in whom HCV RNA in the serum becomes 
undetectable and ALT levels return to normal. Approximately 75%-85% of infected patients do not clear the virus 
by 6 months, and chronic hepatitis develops. The rate of chronic HCV infection is affected by many factors, 
including the age at time of infection, gender, ethnicity, and the development of jaundice during the acute 
infection. 

Risk Factors for Developing Chronic HCV Infection 
1. Age at time of infection > 25 years [43]. 
2. Male gender > Feale [44-45]  



 

 

3. No jaundice or symptoms during acute infection [46].  
4. Ethnicity (higher in Africans than in Caucasians and Hispanic whites) / African American 

race[46,47]  
5. HIV infection [48].  
6. Immunosuppression [48].  

 
Progression of Liver Fibrosis: 
In the setting of persistent hepatitis C viremia, the rate of progression of liver fibrosis varies widely. There have 
been extensive studies focusing on the natural course of disease progression from chronic hepatitis C to 
cirrhosis, HCC, and death. The liver biopsy is the gold standard for the grading and staging of chronic hepatitis C. 
The activity of liver disease or grade, is gauged by the number of mononuclear inflammatory cells present in and 
around the portal areas, and by the number of dead or dying hepatocytes. The structural liver damage, also 
known as fibrosis or stage, is variable in chronic HCV infection. Fibrosis implies possible progression to cirrhosis. 
In mild cases, fibrosis is limited to the portal and periportal areas. More advanced changes are defined by fibrosis 
that extends from one portal area to another, also known as "bridging fibrosis.” 
Cirrhosis develops in approximately 10% to 15% of individuals with chronic HCV infection [49]  
There are external and host factors that can increase the risk of progression of liver disease (see Table 2). 
Multiple studies have shown that chronic alcohol use is a major external risk factor for the progression of chronic 
hepatitis C to cirrhosis and HCC. Host risk factors include older age at time of infection, male gender, the degree 
of inflammation and fibrosis present on the liver biopsy, coinfection with human immunodeficiency virus (HIV) or 
hepatitis B virus (HBV), and comorbid conditions such as immunosuppression, insulin resistance, non-alcoholic 
steatohepatitis, hemochromatosis, and schistosomiasis. 

Risk Factors for Advanced Progression of Liver Fibrosis 
1. Alcohol consumption (>30 g/day in males, >20 g/day in females) [49]. 
2. Age at time of infection > 40 years [50].  
3. Male gender 
4. Degree of inflammation and fibrosis on liver biopsy [51]. 
5. Coinfection with HIV or HBV [52-54]. 
6. Comorbid conditions like cancer, immunosuppression, insulin resistance, nonalcoholic steatohepatitis, 

obesity, etc [53, 55, and 56].  
 
Long Term Complications: 

Cirrhosis and HCC 
The progression to cirrhosis is often clinically silent, and some patients are not known to have hepatitis C until 
they present with the complications of end-stage liver disease or HCC. The features of decompensated cirrhosis 
include the development of ascites, upper gastrointestinal bleeding secondary to varices or portal hypertensive 
gastropathy, hepatorenal syndrome and hepatic encephalopathy. In the U.S., deaths associated with chronic 
HCV are more likely to be caused from decompensated cirrhosis rather than HCC. Studies have estimated the 3, 
5, and 10-year survival rates of compensated cirrhosis to be 96%, 91%, and 79%, respectively [57]. The 
cumulative probability of an episode of clinical decompensation is 5% at 1 year, and increases to 30% at 10 
years from the diagnosis of cirrhosis [57-59]. 
Once decompensated cirrhosis occurs, the 5-year survival rate falls to 50% [57].  
 The time from HCV infection to cirrhosis is dependent on multiple factors, and cannot be predicted in an 
individual patient. Virtually all HCV-related HCC occurs among patients with cirrhosis. In a meta-analysis of 21 
case-control studies, the risk for HCC was increased 17-fold in HCV-infected patients compared to HCV-negative 
controls [60]. The results of several retrospective trials show a moderate decrease in the risk of developing HCC 
among HCV patients treated with interferon [61-64].  
This benefit appears to be greater in patients with a sustained viral response rather than non-responders to 
interferon treatment [65]. 
Multiple studies have attempted to measure the time interval from infection to cirrhosis and HCC. Frequently, the 
initial time of infection is not known, and therefore must be estimated. On the other hand, individuals that 
contracted HCV through a single blood transfusion or surgery are able to provide more precise time intervals 
from infection to cirrhosis and HCC. In a longitudinal U.S. study by Tong et al., the mean time of development of 
cirrhosis was 21 +/- 10 years in chronic post-transfusion hepatitis C patients [66].  
 Although the mean time to cirrhosis in chronic HCV patients is estimated at 20 years, only 10-20% of patients 
will actually develop cirrhosis within this time period [49, 67]  



 

 

 In this same study by Tong et al., the time to diagnosis of HCC was 28 +/- 11 years [66]. In a European study by 
Castells et al., the time to development of cirrhosis and HCC was 24 years and 27 years, respectively [68]. Once 
cirrhosis is established, HCC develops at an annual rate of 1% to 4% [58, 62, 63, 69-72]. 
Higher estimates in the range of 5-7% have been reported from Japan. Given the close time range between 
cirrhosis and HCC, it is imperative to screen for HCC in HCV patients with cirrhosis. In the U.S., Australia, and 
Europe, liver transplantation is the principle long-term treatment for patients with severely decompensated 
cirrhosis and/or hepatocellular carcinoma. [73].  
 
Extrahepatic Manifestations: 
 
Chronic HCV infection has been associated with numerous extrahepatic manifestations. These manifestations 
can involve multiple organ systems, including renal, dermatologic, hematologic, and rheumatologic systems [74, 

75].  
Approximately 1%-2% of HCV-infected individuals will develop extrahepatic manifestations. The most common 
extrahepatic condition is mixed cryoglobulinemia. Cryoglobulins are found in 50% of patients with chronic HCV 
infection. Cryoglobulinemia was found to be 11 times more frequent in a veterans HCV cohort group than their 
respective control population [75]. Only 25%-30% of HCV patients with mixed cryoglobulinemia develop clinical 
symptoms, ranging from fatigue, skin rashes, purpura, arthralgias, Raynaud's phenomenon, vasculitis, renal 
disease, and peripheral neuropathies [76].  
 The clinical manifestations are thought to be caused by immune complex deposition in various organs. Severe 
symptoms from cryoglobulinemia appear to respond to interferon treatment, but relapse occurs frequently once 
treatment is discontinued [77] Other frequent extrahepatic manifestations found in patient with chronic HCV 
infection are membranoproliferative glomerulonephritis, porphyria cutaneous tarda, lichen planus, and vitiligo. 
There is also some data that suggests an association between chronic HCV infection and non-Hodgkin's and 
Hodgkin's lymphoma, autoimmune thyroditis, Sjogren's syndrome, and seronegative arthritis. It is unclear if these 
associated diseases are caused directly from HCV infection or from the underlying immune stimulation caused by 
chronic infection. 

 
DISEASE PROGRESSION 

 
 
Epidemiology: 
 
The hepatitis C virus (HCV) spread by blood-to-blood contact and is a major cause of chronic liver disease, with 
~170 million people infected worldwide [67]. HCV show great variability in its distribution in different regions of the 
world [78, 79] Approximately 18 million people in India are estimated to be infected with hepatitis C virus (HCV) [80]. 
HCV infection is chronic in 75% to 85% of infected individuals [81]. Hepatitis C virus (HCV) is a globally prevalent 
pathogen and a leading cause of death and morbidity [1]. 
The most recent estimates of disease burden show an increase in seroprevalence over the last 15 years to 2.8%, 
equating to >185 million infections worldwide [2]. Persistent HCV infection is associated with the development of 
liver cirrhosis, hepatocellular cancer, liver failure, and death [3] and HCV is now the most common cause of death 
in HIV-positive patients on highly active antiretroviral therapy [4]. While the incidence rate of HCV infection is 
apparently decreasing in the developed world, deaths from liver disease secondary to HCV infection will continue 
to increase over the next 20 years [5].  



 

 

PREVALENCE OF HCV GENOTYPES AND SUBTYPES: 
 
HCV classified into seven genotypes (1-7) with multiple subtypes on the basis of phylogenetic and sequence 
analyses of whole viral genomes [82, 83]. HCV strains belonging to different genotypes differ at 30%-35% of 
nucleotide sites. Strains that belong to the same subtype differ at < 15% of nucleotide sites [17].The distribution of 
HCV genotypes depend on modes of transmission and ethnic variability [83]. 
Genotype 1 is the most common HCV genotype and is estimated to account for 83.4 million (46.2%), with wide 
geographical distribution, in Northern and Western Europe, Asia, North and South America, and Australia [82,83]. 
HCV genotype 2 mostly present in West and Central Africa, as its endemic place of origin [84, 85]. HCV genotype 3 
is the next most common genotype after genotype 1 and account for 54.3 million (30.1%) cases globally, about 
75% of this number occur in south Asia [82]. Genotype 4 is characteristic for the Middle East especially Egypt [84]. 
The predominant HCV genotype among Egyptians was found to be genotype 4, particularly subtype 4a 
suggesting an epidemic spread of HCV. However, recent studies revealed that other genotypes and subtypes as 
1a, 1b, and 2a are also present indicating that HCV genotypes are extremely variable[85,86]. Genotype 5 is present 
only in South Africa [83, 84]. Genotype 6 is endemic in South East Asia especially in Hong Kong and Southern 
China [83, 85]. Genotypes 2, 4, and 6 are responsible for the majority of the remaining cases of HCV worldwide 
after cases caused by genotype 1and 3, with an estimated 16.5 million (9.1%), 15.0 million (8.3%), and 9.8 
million (5.4%) cases, respectively. To date, only one genotype 7 infection has been reported; it was isolated in 
Canada from a Central African immigrant [23]. 
 
MORBIDITY: 
 
Twenty-five percent to thirty percent of chronic infected HCV will suffer from cirrhosis after 20-30 years [67]. 
Twenty-five percent or more (25≥) of cirrhotic patients will develop end-stage liver disease or hepatocellular 
carcinoma. However, pre-cirrhotic infection is not benign, and many HCV-infected patients suffer from extra-
hepatic manifestations such as fatigue, joint affection, depression, insulin resistance, diabetes mellitus, 
nephropathy and lymphoproliferative disorders which increase the hospitalization for HCV patients by 15% per 
year [87, 88]. 
 
MORTALITY: 
 
Chronic HCV infection causing about 2.4 million deaths each year. Recently reported that, the average annual 
age-adjusted mortality rate of deaths in which HCV was increased by 0.18 deaths per 100000 persons per year 
[89]. 
 
DIAGNOSIS: 
 
HCV is often remains undiagnosed for many years and usually diagnosed accidentally. HCV should be 
suspected in high risk persons and all patients presenting with increased liver enzymes, or cryptogenic chronic 
liver disease [90]. Infection with HCV is diagnosed by testing for specific antibodies using enzyme immunoassay 
(EIA), chemiluminescence immunoassays and recombinant immunoblot assays [91]. The introduction of the third 
generation EIA has brought the specificity of the serological testing to extremely high (greater than 99%) [92]. The 
presence of HCV antibodies indicate that HCV infection is acute, chronic, or has resolved. HCV-RNA can be 
detected in the blood using polymerase chain reaction or transcription-mediated amplification [93]. HCV-RNA 
should be determined before initiating treatment and monitoring of HCV treatment [94]. HCV genotyping is useful 
in determining treatment duration and predicting the likelihood of treatment response [95-97]. 
 

 

 

 

 

 


