
Hepatitis C 
 
What is Hepatitis C?  
Hepatitis C is an acute or chronic necroinflammatory disease of the liver that is due to infection with a unique 
hepatotropic flavivirus. (1) 
 
 

Background: 
The first clear association of blood transfusion with the development of hepatitis was reported in 1943. (2) After 

which, many investigators tried unsuccessfully to identify the specific agents responsible for these forms of hepatitis. The 
key breakthrough was the identification of the Australia antigen by Blumberg in 1965, although its association with serum 
hepatitis was not established until 2 years later. Later, it was established that the Australia antigen was, in fact, the major 
protein of the surface coat of what is now called the hepatitis B virus (ie, the hepatitis B surface antigen). A few years 
after this, detection of a second virus associated with enterically transmitted epidemics was described by Feinstone, 
Kapikian, and Purcell. (3) This virus was termed hepatitis A. 

Shortly after the identification of the hepatitis A and B viruses, it became clear that most cases of 
posttransfusional hepatitis could not be attributed to either of these agents. This led to the description of another form of 
hepatitis, called “non-A, non-B” hepatitis. Studies in chimpanzees confirmed that blood-borne non-A, non-B hepatitis was 
transmissible and due to a relatively small, lipid-enveloped virus. In the late 1980s, Michael Houghton's laboratory at 
Chiron Corporation, working with Daniel Bradley's laboratory at the Centers for Disease Control and Prevention, 
identified a virally encoded antigen associated with non-A, non-B hepatitis and called the agent hepatitis C virus (HCV). 
(1)  

 
Vir ion Proper ties and Classification 

HCV is a spherical, enveloped, single-stranded RNA virus belonging to family Flaviviridae. (4) See appendix 1. 
HCV is a positive-strand RNA virus approximately 50 nanometers (nm) in diameter. (1,2,4) This positive-strand RNA of 
HCV has three potential functions: 1) as a template for synthesis of negative-strand RNA during replication, 2) as a 
template for translation of viral proteins, and 3) as genomic RNA to be packaged into new virions.  
Figure-1.  Structure of Hepatitis C virus  

  
In contrast to HBV, HCV has no DNA intermediate and therefore cannot 
integrate into the host genome. (5)The virus is surrounded by a 
nucleocapsid and the RNA is packaged in an envelope, derived 
from host membranes, into which viral-encoded glycoproteins are 
inserted. See Figure-1. Within infected cells, a polyprotein is 
cleaved by both viral and host proteases to produce the protein 
products of the virus.   More specifically, the first 191 amino acids 
of the HCV polyprotein are cleaved from the nascent polypeptide 
by signal peptidase, forming the highly basic core protein. (6) This 
protein has RNA-binding activity and may undergo a subsequent 

internal cleavage by an unspecified proteinase. Some studies suggest that the large, amino-terminal product of 
this cleavage is then translocated to the nucleus.(2,4) A number of biologic activities have been associated with 
the core protein, including suppression of HBV replication; alterations in regulation of the cell cycle and 
transcription of cellular protooncogenes; either induction or suppression of apoptosis; and transformation of rat 
embryo fibroblasts. In addition, the core protein is immunogenic, and antibody to it is typically present in 
infected individuals. (1) HCV also encodes a virus-specific helicase, protease, and polymerase, all of which are 
critical in viral replication. These enzymes are attractive targets for antiviral therapy. (4) 

The genome of HCV has approximately 9600 nucleotides and contains a single open reading frame (ORF) 
capable of encoding a large viral polypeptide precursor of 3010 to 3033 amino acids (the length of which varies slightly 
among HCV isolates), with regions at the 5� and 3� ends that are not translated. (5) See Figure-2.  
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Figure-2. Genomic Structure of Hepatitis C virus 
 
Within infected persons, HCV may produce 
approximately a trillion new viral particles each day in 
a steady state of viral replication. (4) This rate exceeds 
comparable estimates of the production of human 

immunodeficiency virus (HIV) by more than an order of magnitude. (1) Surprisingly, the liver is usually presumed to be 
the primary source of virus present in blood, but there are few data that directly support this conjecture. In sera of infected 
hosts, density gradient analyses have demonstrated two populations of the virus have been described. A high-density 
fraction is believed to be composed of free or immunoglobulin-bound viral particles, whereas a low-density fraction 
appears to be bound to low-density lipoproteins. (2) 
 

Genotypes and Quasispecies 
Due to the high level of virion turnover, coupled with the absence of proofreading, results in a relatively rapid 

accumulation of mutations within the viral genome. The highest proportion of mutations has been found in the E1 and E2 
regions at both the nucleotide (1.2%–3.4%) and the amino acid (1.4%–2.7%) levels, particularly in the hypervariable 
region (HVR) at the amino terminal end of E2. (7) Multiple HCV variants can be recovered from the plasma and liver of 
an infected individual at any time. Nucleotide sequencing has shown that differences of up to 34% exist between different 
HCV variants. (5) Thus, like many RNA viruses, HCV exists in each infected person as a quasispecies, or "swarm" of 
closely related but distinct genetic sequences. (1) Viral quasispecies represent minor molecular variations with only 1-2% 
nucleotide heterogeneity. For example, in the blood of a recently infected individual, up to 85% of cDNA clones 
recovered from viral RNAs may represent unique genetic variants. (1)These quasispecies pose a major challenge with 
respect to the immune-mediated control of HCV, and may be a reason for the difficulty in vaccine production.  

When different HCV isolates have been analyzed further and their genomes sequenced, it has been found that they 
can be subclassified into a finite number of strains or genotypes. (2) Six major HCV genotypes and numerous subtypes 
have been identified. Molecular differences between genotypes are relatively large, and they have a difference of at least 
30% at the nucleotide level. Genotypes 1, 2, and 3 have a worldwide distribution, while genotypes 4, 5, and 6 are 
localized to specific geographic locations. Genotype 1 is the most common genotype in the United States. (4)See Table-1. 
 
 Table 1. Genotypes and subtypes of the hepatitis C virus 
Genotype % Comments 
1a   50-60 Difficult to eradicate with currently available therapies 
1b   15-20 Difficult to eradicate with currently available therapies; 1b most 

prevalent in Europe, Turkey, Japan, Taiwan 
1c   <1  
2a/b/c   10-15 Widely distributed; respond best to currently available therapies 
3a/b   4-6 Found mainly in India, Pakistan, Australia, Scotland 
4   <5 Found mainly in Middle East, Africa 
5   <5 Found mainly in South Africa 
6   <5 Found mainly in Hong Kong, Macao 
 

On the basis of considerations of geographic segregation and phylogenetic distances for genotypes 4 and 6, it has 
been suggested that these genotypes diverged and evolved in isolation beginning 500 to 2000 years ago. In contrast, it 
appears that the more common genotypes 1 and 2 evolved more recently, perhaps within the past 50 to 300 years, and 
have been spread widely by migration of infected hosts. (8) 

The association between genotype and disease severity is still unclear, and although some studies have reported 
an association between genotype 1b and more severe liver disease, other studies have failed to find such an association. 
(5) 
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Epidemiology 
Worldwide, it is estimated that there are approximately 170,000,000 persons infected with HCV. Similarly, the 

seroprevalence of HCV infection, based on antibody to HCV (anti-HCV), is estimated to be 3%. In some highly endemic 
areas of the world (eg, in Egypt), the prevalence rates range from 10% to 30%. (2) In the most highly endemic areas of the 
world, HCV infection is prevalent among persons older than 40 years but is uncommon in those younger than 20 years. 
(9) In areas like Japan or Southern Europe, the prevalence of HCV infection is highest in older persons, suggesting that 
the risk of HCV transmission was greatest in the distant past (>30 years ago), however, in countries like the United States 
and Australia, most HCV infections are found among persons between 30 and 49 years of age, indicating that most HCV 
transmission occurred in the relatively recent past, primarily among young adults infected through intravenous drug use. 
(4) 

In the United States, the incidence of acute hepatitis C is falling. The incidence was estimated to be 180,000 cases 
per year in the mid-1980s (peak incidence) but declined to approximately 30,000 new cases per year in 1995. Currently, 
there are approximately 3 to 4 million persons infected with HCV in the United States, with an estimated prevalence of 
HCV antibody of approximately 1.8% in the general population and 0.6% in volunteer blood donors. (1,2,5,10) Although 
the number of cases of transfusion-associated acute hepatitis C declined significantly after 1985, this change has had little 
impact on overall disease incidence. The dramatic decline observed in 1989 is due mainly to a decrease in acute cases 
associated with injection drug use, the reasons for which are not clear. Despite a decrease in incidence, infection due to 
HCV accounts for 20% of all cases of acute hepatitis, an estimated 30,000 new acute infections, and 8,000-10,000 deaths 
each year in the United States. In the United States, HCV infection is more common among minority populations such as 
black persons and Hispanic persons than in other populations, and 65% of persons with HCV infection are aged 30-49 
years. (4,10) 
 
Modes of transmission 
Transfusion of blood or blood products 

When blood is transfused from an anti-HCV antibody-positive donor, more than 80% of the recipients will 
become infected with HCV. Prior to blood screening for anti-HCV antibodies, transmission rates where estimated to be 
about 17%. Since the advent of routine screening of blood for anti-HCV antibodies, the transmission of hepatitis C by 
blood product transfusion has decreased markedly and now causes fewer than 4% of the new HCV infections in the 
United States. (1, 2) More recently, with the introduction of more sensitive second-generation assays for anti-HCV, the 
risk of HCV-related transfusion hepatitis is estimated to be only 0.01% to 0.001% per unit of blood transfused. (11) 
 
Illicit drug use 

Cur rently, HCV is predominantly transmitted by means of percutaneous exposure to infected blood. 
(1,2,4,6) The prevalence of HCV infection in injection drug users is 48% to 90%. Unlike transfusion-associated hepatitis, 
the prevalence of HCV infection associated with injection drug use has not declined, and this population remains an 
important reservoir of HCV infection. Those engaging in injection drug use should refrain from sharing syringes, cotton, 
and cooking equipment. 
 
Nosocomial transmission 

Transmission of infection has been well documented in hospitals within certain groups, especially patients 
undergoing long-term hemodialysis, in whom the yearly incidence of HCV infection (before the introduction of screening 
for hepatitis C and the introduction of universal precautions) was 4.5% to 6%. (2) Other ways of Nosocomial patient-to-
patient transmission may occur by means of a contaminated colonoscope; dialysis; or surgery, including organ 
transplantation before 1992. (4)Since the introduction of universal precautions and screening of blood products for HCV, 
the annual incidence of hepatitis C in hemodialysis units has been reduced to 0.44%. (2) 

Transmission of HCV from health care providers to patients has also been documented. In one report, HCV 
infection was detected in 6 patients after they had had open-heart surgeries performed by a surgeon who was infected. 
(12) Needlestick exposure also constitutes a risk factor for the transmission of HCV to health care workers. Two percent 
to 8% of needlestick exposures from HCV-infected patients are followed by the development of HCV infection in health 
care workers. (2,12) 
 
Sexual transmission 

The frequency of sexual transmission of HCV is low (~5%), unlike that of HIV transmission (10%-15%) or HBV 
transmission (~30%). Based on these data, the Centers for Disease Control and Prevention (CDC) have not recommended 
barrier precautions (eg, latex condoms) between stable, monogamous sexual partners when one is HCV positive. 
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Emphasis instead should be placed on avoidance of potential exposure to blood (no sharing of razors, combs, or 
toothbrushes). (2) In one study it was noted that in female sexual partners of male hemophiliacs, the overwhelming 
majority of whom are infected with HCV, anti-HCV is detected in no more than 3%. (13) 

In contrast, coinfection with HIV increases the risk of sexual transmission of HCV. In a study of 147 HCV-
infected patients, 98 of whom were also HIV infected, the prevalence of anti-HCV antibodies was 9.2% in the partners of 
the HIV-infected index cases but only 4.1% in the partners of the HIV-uninfected index cases. (2,13) 
 
Vertical transmission 

In contrast to the high efficiency of perinatal transmission of HBV from mothers to infants, the risk of perinatal 
transmission of HCV from mother to infant is low. In one study from Japan, the risk of HCV transmission from mother to 
infant was 6% in babies born to mothers with anti-HCV and 10% in babies born to mothers with HCV RNA. (14)  

There is considerable controversy as to whether the rate of vertical transmission is higher when the mother is 
coinfected with HIV, as suggested in early studies. However, in a recent large study of 370 anti-HCV–positive women, 
4% were coinfected with HIV but did not transmit HCV to their infants. (2)Interestingly, all women were on antiretroviral 
therapy during pregnancy, and such therapy was believed to reduce HIV-related immunosuppression. The risk posed to 
the infant from breast-feeding is believed to be negligible.(2) 

Sporadic HCV Infection 
Overall, data has suggested that the source of transmission is considered to be unknown for fewer than 10% of 

new cases. Although uncommon, HCV also may be transmitted by means of acupuncture, tattooing, and sharing razors. 
(1,3,4,13) In some countries, such as Egypt, the use of reusable syringes for treatment of other diseases may have been a 
major route of transmission of HCV. (2) 
 
 

NATURAL HISTORY AND PATHOGENESIS 
The clinical course of acute hepatitis C  begins with an incubation period that ranges from 15 to 120 (mean = 50) 

days. (15) See Figure-3. 
 
Figure-3. Identification of HCV in acute infection 
 
 
In experimentally infected chimpanzees and in humans, 
HCV RNA can be detected in plasma within weeks of 
exposure. After the first year of infection, HCV RNA is 
usually continuously detected, and the quantity of virus in 
plasma or serum remains fairly constant. (1) 

The primary determinant of viral persistence appears 
to be the quasispecies nature of HCV(see above section), 
although other potential mechanisms may include 1) an 
inadequate innate immune response; 2) insufficient induction 
or maintainence of the adaptive response; 3) viral evasion 

from efficient immune responses through several mechanisms, such as infection of immunologically privileged sites, viral 
interference with antigen processing or other immune responses, or viral suppression of the effectiveness of antiviral 
cytokines; and 4) induction of immunologic tolerance. (1,7) 

The natural targets of HCV are hepatocytes and, possibly, B lymphocytes. Viral clearance is associated with the 
development and persistence of strong virus-specific responses by cytotoxic T lymphocytes and helper T cells. (4) HCV 
infection elicits a specific antibody response, both circulating and liver-infiltrating virus-specific CD8+ and CD4+ T-cells, 
and NK cell activity. Although the cellular immune response may play a pivotal role in the pathogenesis of HCV 
infection, the importance of the antibody response in generating liver damage is less clear. (5) During infection, CD8+ 
lymphocytes predominate, suggesting that CTLs are the main perpetrators of hepatocellular injury.(1) Even still, the 
failure to eliminate the infection despite what appears to be a vigorous immune response remains unexplained. (5) 

Viral factors may be important in the pathogenesis of disease either directly, through cell injury associated with 
accumulation of the intact virus or viral proteins, or indirectly, through a differential immune response associated with one 
viral strain but not with another. In studies from Europe, infection with genotype 1 HCV has been associated with higher 
levels of viral replication, and infection with HCV subtype 1b has been associated with more advanced liver disease than 
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has infection with other genotypes.(5)  Studies from the United States have been unable to confirm these findings but 
have, in contrast, shown a positive correlation between HCV genotype 2 infection and severe disease. (16) 
 
Acute hepatitis C 

After transfusion or accidental needlestick exposure, the incubation period for acute hepatitis C averages 6 to 7 
weeks but may range from as short as 2 weeks to as long as 26 weeks. (1) Among adults with acute HCV infection, only 
30% to 40% have symptoms (usually mild) and/or develop jaundice. In patients in whom jaundice develops, peak serum 
bilirubin levels are usually less than 12 mg/dL, and elevations typically resolve in 1 month. (5) The majority of 
asymptomatic patients with HCV infection will have fluctuating serum aminotransferase levels. Moreover, in 
symptomatic patients, 10% to 20% may present with nonspecific symptoms such as fatigue, nausea, and vomiting -
indistinguishable from symptoms of other types of acute viral hepatitis. (4,5) 

In general, HCV accounts for approximately 20% of cases of acute hepatitis. Presentation of hepatitis C as 
fulminant hepatitis is rare. The major complication of acute hepatitis C is the development of chronic hepatitis. (15) HCV 
infection is self-limiting in only 15% of patients in whom HCV RNA in serum becomes undetectable and ALT levels 
return to normal. The most striking feature of this virus is its ability to induce persistent infection in at least 85% of 
infected persons despite a vigorous humoral and cellular host immune response. (5) Hepatic histopathologic features in 
acute hepatitis C are similar to those of acute hepatitis from other viral causes, although fatty change in hepatocytes is 
more commonly seen in acute hepatitis C. (2) 
 
Chronic hepatitis C 

The likelihood of development of chronic hepatitis C (CHC) is a function of several factors, including the virus 
itself, the mode of acquisition of infection, and the host immune response. The most common complaint of patients with 
chronic HCV infection is fatigue, the severity of which is not necessarily related to the severity of the underlying liver 
disease. (5) 
 
Viral factors  

Approximately 85% of infected patients do not clear the virus by 6 months, and chronic hepatitis develops. Of 
these, the majority will have elevated or fluctuating serum ALT levels, whereas one third have persistently normal ALT 
values. (5) Specifically, HCV genotype is a factor that has been implicated in the evolution of CHC. As noted above, 
studies have shown that the HCV virus genotype 1b is independently associated with development of chronic hepatitis and 
greater likelihood of progression. (2) 
 
Mode of acquisition 

Large inocula of HCV, as in posttransfusion hepatitis C, are associated with more severe disease. One study of 
over 6600 infected patients showed that the prevalence of cirrhosis varied markedly according to the modes of 
transmission of HCV.  CHC developed significantly more frequently in recipients of blood transfusions (23%) than in 
users of illicit drugs (7%). Although the development of cirrhosis was directly correlated with disease duration, cirrhosis 
was more frequent in blood recipients than in drug users with similar durations of CHC. (2,17) 
 
Host immune responses 

There are obviously important factors in host immune responses, which also influence the development of chronic 
hepatitis C. For example, when 5 patients who spontaneously cleared HCV were compared with 10 who had persistent 
viremia, the quasispecies complexity was higher and the apparent immune pressure was lower in those with persistent 
viremia. The presence of both characteristics increased the likelihood of chronic infection. (18) Specific HLA alleles have 
also been associated with differences in the progression of disease. In the livers of patients with chronic hepatitis C, HCV-
specific helper T cells are found principally in the periportal zone and secrete helper T cell-1 cytokines like interleukin-2 
and interferon-gamma, whereas interleukin-10 levels are decreased. (1)  
 
Progression of CHC to Cirrohsis 

Although HCV infection leads to hepatic inflammation and steatosis, the major pathologic consequence of 
persistent HCV infection is the development of hepatic fibrosis, which may progress to life-threatening cirrhosis and a 
greatly increased risk of hepatocellular carcinoma. There are wide estimates (5 to 25%) of the probability of cirrhosis 
occurring 10 to 20 years after infection. (1,2,4,17) 

Once cirrhosis of the liver develops, patients are at risk for complications of portal hypertension (ascites, 
gastrointestinal bleeding, encephalopathy, etc.). (5) In addition, once cirrhosis has begun, the rates of progression to liver 
failure (decompensated cirrhosis) and hepatocellular carcinoma are approximately 2 to 4 and 1 to 7% per year, 
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respectively. (1, 19) Not surprisingly, excessive alcohol intake by patients with CHC increases the risk of development of 
cirrhosis (39.4% vs 18.2%), as does concurrent HBV infection (24.6% vs 21.1%). (2) (Table 2 below) 
 
TABLE 2 -- Factors Associated with Cirrhosis in Persons with Hepatitis C Infection 
Factor   Comment 
Environmental  
  Alcohol use  

Importance of moderate use (<20 g daily) has not been established 

Host  
  HIV infection    

Demonstrated in hemophiliacs and appears to be increasingly important as HIV-related 
survival improves 

Infection duration Cirrhosis is rare before 10 years    
HLA type HLA B54 with cirrhosis; DRB1*0301 with lack of cirrhosis 
Viral  
  Quasispecies complexity    

Cross-sectional studies cannot assess causality, and complexity is related to duration of 
infection 

HCV genotype 1 Type 1b in some but not other studies; 1b infections may be of longer duration 
confounding this association 

HCV RNA level  Weak association sometimes lost in multivariate analysis 
 

On the other hand, there are some data to suggest that the natural history of hepatitis C may be somewhat benign, 
especially if infection is acquired in childhood or early adulthood. In a retrospective study of 8568 military recruits when 
serum was available from 1968 to 1954, a total of 17 were found to be anti-HCV positive, of whom only 2 developed liver 
disease (relative risk, 3.56) and one died of liver disease. (2)In an even more remarkable study of children infected at the 
time of cardiac surgery and followed up for nearly 20 years, approximately 45% cleared the virus; in the remaining 
patients, only one had elevated liver tests. Biopsy specimens in 17 of these 67 patients showed histologic damage in only 
3. (20) 
 
Hepatocellular  Carcinoma 

There is a strong association between HCV infection and hepatocellular carcinoma in most populations, but there 
is considerable variation in the fraction of hepatocellular carcinoma cases that are attributable to HCV infection 
worldwide. (21) Most studies note that once cirrhosis occurs, the risk of hepatocellular carcinoma is approximately 1-4% 
per year. (4)Chronic HBV infection remains the leading factor in the development of hepatocellular carcinoma in many 
countries. Evidence also exists for an association between HCV infection and hepatocellular carcinoma in the United 
States, where serologic evidence of HCV infection is present in 13 to 50% of patients with hepatocellular carcinoma. 
Even still, despite this identified association, relatively little is known about how chronic HCV infection leads to cancer. 
(1,21) 

HIV/HCV Coinfection 
Because of shared transmission routes, coinfection with HCV and HIV is common. There is increasing evidence 

that the effects of HCV infection can be modified at the molecular and clinical level by coinfection with HIV. Critical to 
these interplays are changes in the natural history of HIV infection. Indeed, a decline in mortality has been reported in the 
late 1990s and early 2000s in HIV-infected patients, probably as a result of increased availability of effective 
antiretroviral therapy as well as the use of prophylactic therapy to prevent opportunistic infections. As a consequence, 
chronic hepatitis C is a growing cause of morbidity and mortality in patients who are HIV positive. Indeed, several studies 
have shown that HIV/HCV–coinfected patients have more severe liver injury and a worse prognosis than do patients with 
HCV infection alone.(1,22) The reasons why hepatic decompensation develops more rapidly in coinfected patients than in 
those with HCV infection alone are unknown. 

Extrahepatic manifestations of hepatitis C infection 
HCV has been recognized increasingly as a cause of significant extrahepatic disease. Reported extrahepatic 

manifestations of HCV infection include membranoproliferative glomerulonephritis, essential mixed cryoglobulinemia, 
porphyria cutanea tarda, leukocytoclastic vasculitis, focal lymphocytic sialadenitis, Mooren corneal ulcers (Figure-4), 

lichen planus, rheumatoid arthritis, non-Hodgkin’s lymphoma, and diabetes 
mellitus. (1,2,4) In all situations, extrahepatic manifestations will develop in only 
1% to 2% of HCV-infected patients. (2) 
 
Figure-4. Mooren corneal ulcer 
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HCV infection is strongly implicated in the pathogenesis of essential mixed cryoglobulinemia and 

membranoproliferative glomerulonephritis, presumably by immune complex deposition.(5) Anti-HCV antibodies are 
found in serum in 50% to 90% of patients with essential mixed cryoglobulinemia. (1,2) 
 Autoantibodies, particularly elevations in rheumatoid factors and smooth muscle antibodies, occur extraordinarily 
commonly in patients with CHC. (23) Hypocomplementemia is frequent, as is positivity for rheumatoid factor. Interferon 
therapy in patients with membranoproliferative glomerulonephritis has been associated with a reduction in proteinuria 
(65%) but typically no significant changes in renal function. (5) An increased prevalence of antibodies to HCV has been 
found in patients with autoimmune idiopathic thrombocytopenic purpura. (5) 

For the most part, the presence of autoantibodies in patients with CHC does not influence the clinical 
presentation, the course of the disease, or its response to treatment. Therefore, the presence of autoimmune antibodies is 
not considered a contraindication to antiviral therapy of CHC, patients have been described who clearly deteriorated 
during interferon therapy for CHC, and these patients developed evidence of autoimmune hepatitis. (2) 
 
Thyroid disease 

Autoimmune thyroid disease is the most common autoimmune disorder found in patients with CHC. There is an 
increased prevalence of antithyroid antibodies in patients with hepatitis C, even before treatment with interferon. These 
are particularly prevalent in older women, in whom Hashimoto's thyroiditis is common, regardless of hepatitis C infection. 
Interferon alfa (IFN-� ) therapy may induce a variety of autoimmune phenomena, the most common of which is 
autoimmune thyroiditis. (2) 

Dermatologic manifestations of hepatitis C 
There are many different forms that HCV may use to present itself cutaneously. Evidence of HCV RNA has been 

found with high frequency in organs affected in cryoglobulinemia, particularly in skin and kidney. Naturally, HCV RNA 
has also been found in the liver of such patients, but no evidence of immune complex—mediated liver disease has been 
found. 

Porphyria cutanea tarda (PCT) is the most common form of porphyria. The typical patient is a middle-aged man 
who is a heavy user of alcohol with evidence of liver disease and of iron overload. The earliest clinical manifestation is 
the typical skin rash characterized by the development of blisters, vesicles, and/or milia on the dorsal aspects of the hands. 

(2,5) (Figure- 5).  
 
Figure-5 
Typical cutaneous features of PCT. 
 
 
 
 

The specific laboratory features typical of PCT are the marked hepatic overproduction of uroporphyrins and 
heptacarboxyl porphyrins. They are also excreted by the renal glomerulus and may cause the urine to become dark-red. 
(2) 

Isolated case reports first suggested an association of lichen planus with CHC. The prevalence of HCV infection 
in patients with lichen planus varies considerably from one geographic area to another, ranging from 4% in northern 
France to 62% in Japan. (5) On the other hand, studies from Great Britain have failed to reveal any association. (5)  

Additional skin manifestations include increased fragility, hypertrichosis (especially involving the lateral aspects 
of the face), chloracne, chronic hyperpigmentation and/or hypopigmentation, sclerodermoid changes, dystrophic 
calcifications with ulceration, scarring, alopecia, and onycholysis. (5) Polyarteritis nodosa (PAN) is rarely found in 
patients with CHC. Prevalences of 5% to 20% for HCV markers have been reported in patients with PAN. (2) Other less 
common manifestations include acne, nail disorders, epidermal necrolysis, photosensitivity, skin discoloration, and 
exfoliative dermatitis. (2,5) 

Pruritus is well recognized as being associated with HCV. In one study 978 consecutive patients presenting to a 
dermatology clinic were tested for serum markers of HCV infection. Of the 28 patients with prurigo, 11 (39%) had 
evidence of HCV infection by enzyme-linked immunosorbent assay compared with the remaining 950 patients of whom 
49 (5%) had evidence of HCV infection. Moreover, it appears that CHC with moderate to severe fibrosis may result in 
low-grade cholestasis with pruritus. (2) Finally, during treatment, there appears to be a higher prevalence of cutaneous 
reactions seen in association with the combination of IFN-�  and ribavirin, as compared to IFN-�  alone. Dry skin has been 
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reported in 8% to 13% of patients receiving IFN-� , and excessive sweating has been reported in about 2% to 8%. A 
lichenoid type reaction is more common in those on combination therapy. (2) 
 
Differential Diagnosis for HCV 
Alcoholic Hepatitis   
Amebic Hepatic Abscesses   
Autoimmune Hepatitis   
Hepatitis A   
Hepatitis B   

Hepatitis D   
Hepatitis E   
Hepatitis, Viral  
Drug-induced (ie, toxic) hepatitis 

 

Diagnosis 
The diagnosis of acute HCV is generally made based on the finding of anti-HCV in serum in a patient with the 

clinical and biochemical features of acute hepatitis. An algorithm of diagnostic procedures can be found in Figure-6.(4) 
 

Figure-6. Diagnostic Algorithm for HCV infection. 
 
 
Serologic Examination 

The laboratory diagnosis of HCV infection is 
based principally on the detection of antibodies to 
recombinant HCV peptides using enzyme immunoassay 
(EIA). (1,2,4)It is important to note that in 3 successive 
versions of EIA, sensitivity has increased progressively. 
Therefore, with older tests, some HCV infections may 
have been missed 6-9 months after infection. The most 
recent third-generation EIA involves core protein and 
nonstructural proteins 3, 4, and 5. (2,4,5) 

The sensitivity of the third-generation assay is 
estimated to be 97%, and it can detect HCV antibody 
within 6 to 8 weeks of exposure. (1,4,5) False-negative 

results for the presence of HCV antibody can occur in persons with compromised immune systems, such as those with 
HIV-1 infection, patients with renal failure, and those with HCV-associated essential mixed cryoglobulinemia. False-
positive EIA results can occur in persons without risk factors and in those without signs of liver disease, such as blood 
donors or health care workers. Also, these assays are measures of HCV infection, not immunity. (4) 

So-called confirmatory tests are commonly used to evaluate a positive EIA result. A positive immunoblot assay 
result is defined as the detection of antibodies against 2 or more antigens, and an indeterminate assay result is defined as 
the detection of antibodies against a single antigen. Recombinant immunoblot assay (RIBA-2) is the most common test 
used to confirm HCV infection. Additionally, RIBA-2 is useful to confirm positive EIA results in low-risk populations. 
(4) 
 
Detection of Viral RNA 

HCV-RNA detection with polymerase chain reaction can also aid in the identification of the virus.  
HCV-RNA assays with PCR can be used to detect infection within 1-3 weeks of exposure. Compared with other tests, 
qualitative HCV-RNA tests based on the PCR technique have a lower limit of detection of fewer than 100 copies of HCV 
RNA per milliliter. Results from the PCR testing are useful in assessing the treatment response, and examining patients 
with suspected false-negative results with antibody testing. (2,4) 
          The viral load detected with quantitative assays can be used to predict the outcome of anti-HCV therapy but not the 
likelihood of disease progression. Three commercial tests to quantify the degree of viremia are currently available. They 
are described as follows: 

• Branched-chain DNA assay (Quantiplex HCV RNA, version 2.0) 
• Reverse-transcription PCR (Cobas Amplicor HCV monitor, version 2.0) 
• Reverse-transcription PCR (HCV SuperQuant)  

Because viral RNA is unstable, serum samples should be frozen within 3 hours after they are obtained. 
The quantity of HCV RNA in serum and plasma is several orders of magnitude less than that in liver tissue. 

Nonetheless, it is generally considered an accurate reflection of viral replication. (24) 

���������	 �������� ��	
�� ��	��� ��
���


 � �� � � � 	 � 



 
L iver  Biopsy 

Liver biopsy remains the best method for assessing the severity of hepatitis C. (1,4,5) The histologic hepatic 
examination may exclude other liver diseases, such as alcohol-induced liver injury or hemochromatosis, and it provides 
information concerning four distinct HCV-related processes: periportal necrosis (piecemeal necrosis), parenchymal injury, 
portal inflammation, and fibrosis. (1,5)A numeric grading system, the histologic activity index or Knodell's score, has 
been developed in an effort to standardize the evaluation of liver biopsies. (5,25) However, the extent of fibrosis is likely 
to be the most important finding in patients with chronic HCV. There is variation between observers in interpreting the 
histologic picture, and approximately 0.3% of biopsies lead to significant complications such as hemorrhage.  (1)  

In a recent survey of more than 1000 members of the American Gastroenterological Association, over 90% 
indicated they would obtain a liver biopsy on a patient with HCV infection and an elevated ALT level, whereas only 46% 
said they would do so if the ALT level were normal. Closely linked to the use of biopsy is the treatment perspective. For 
many clinicians, the histologic appearance of the liver substantially influences the decision of whom to treat and whether 
to continue treatment in patients with non-life-threatening adverse reactions. (1) 

Histologic Findings are can be varied. Liver biopsy findings usually reveal lymphocytic infiltration, portal or 
bridging fibrosis, and moderate degrees of inflammation and necrosis. Regenerative nodules are noted in patients with 
cirrhosis. Findings of hepatocellular carcinoma may be present in some patients. (4)See Figure-7. 
 
Figure-7. Histological Findings of HCV 

Portal lymphocytosis. Fibrosis portal-portal. HCVAg in hepatocytes. 
 

Treatment: 
The primary goal of therapy for HCV infection is to eradicate the infection early in the course of the disease to 

prevent progression to end-stage liver disease and eventually to Hepatocellular carcinoma.  Intermediate end points that 
have been used to assess successful therapy include normalization of serum aminotransferase levels, loss of serum HCV 
RNA measured by a variety of methods, and improvement in histologic findings. (1,5) 

End Points 
Normalization of serum ALT levels was the end point of therapy in early clinical trials. After the discovery of 

HCV, both loss of HCV RNA and normalization of serum ALT levels have been used as treatment end points. 
The serum alanine aminotransferase (ALT) level may be elevated in patients with acute hepatitis C, and the ALT level is 
useful for helping monitor the effectiveness of therapy for HCV infection.Because ALT levels may be normal or may 
fluctuate, a single normal value does not rule out active infection, progressive liver disease, or even cirrhosis. Similarly, 
the normalization of ALT levels with therapy is not a proof of cure. (4) 

Sustained biochemical and virologic responses, which are often accompanied by histologic improvement, are the 
current standard therapeutic end points. The end-of-treatment response (ETR) refers to the absence of viremia at 
completion of therapy; ie, the serum HCV-RNA value is below the level of detection. A sustained virologic response 
(SVR) indicates the persistent absence of serum HCV RNA for 6 months or longer after therapy. (1,4) 

 
 
 
Available Drugs 
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Recombinant inter feron (IFN) alfa 2b was the first drug approved by the US Food and Drug Administration 
(FDA) for use in the treatment of hepatitis C. Currently, Interferon-� –based regimens still constitute the cornerstone of 
current antiviral therapies. (1,2,4,5,26)       

TABLE 3 -- Treatments for HCV 
Infection* 
*  tiw, three times a week. 
 

There are several types of 
alpha interferon available, including 
recombinant forms (interferon-� -2a 
and -� -2b and Consensus interferon) 
and naturally occurring forms 
(lymphoblastoid interferon). Table-3. 
Interferons are naturally occurring 
proteins that exert a wide array of 
antiviral, antiproliferative, and 
immunomodulatory effects. 
Interferons are normally induced by 
the presence of double-stranded RNA. 
They suppress the replication of many 
viruses and also exert an 
antiproliferative effect on the cell. 
There is strong evidence for a direct 
antiviral effect following the 
administration of interferon to HCV-
infected persons. (1) 

 
New formulations of interferon, pegylated interferons, have been developed recently and are FDA approved. (4, 

5, 26) They consist of interferon bound to a molecule of polyethylene glycol of varying length, which increases the half-
life of the molecule and reduces the volume of distribution, thereby allowing once-weekly dosing. These new interferons 
are able to sustain more uniform plasma levels, as opposed to the fluctuations observed with every-other-day dosing, and 
consequently enhance viral suppression. The two pegylated IFN preparations are listed in Table-3. (1) 

Several reports have documented the improved sustained viral response with pegylated IFNs. In a study of 
patients with chronic hepatitis C, Zeuzem and colleagues found that pegylated IFN alfa 2a at 180 mcg subcutaneously 
administered once per week was associated with a higher rate of virologic response than IFN alfa 2a at 6 million U 
subcutaneously administered 3 times per week for 12 weeks followed by 3 million U 3 times per week for 36 weeks. (26) 
Heathcote and colleagues reported on the use of pegylated IFN alfa 2a in a controlled trial of patients with cirrhosis. The 
SVR rate was 30% after 48 weeks of therapy with 180 mcg, compared with 8% for patients treated with standard IFN alfa. 
(27) Even still other factors play a major role in the efficacy of HCV therapy. Table-4.  
 

Table-4. Treatment factors correlated with response to interferon therapy for CHC 

 Better  response Worse response 

Host factors   

Age Younger Older 

Sex Female Male 

Duration of HCV infection Shorter Longer 

Use of alcohol No alcohol >4 mo (<4 mo) use of 
alcohol 

Current or recent 

Status of immune system Intact Compromised (HIV-positive, taking 
immunosuppressants) 

Hepatic histopathology   

Scar tissue Mild-no cirrhosis; little fibrosis Severe fibrosis or cirrhosis 

FDA-Approved for Treatment of Previously Untreated Patients 

Interferon � -2a (3 MU tiw for up to 12 mo) 

Interferon � -2b (3–6 MU tiw for up to 12 mo) 

Consensus interferon (9 � g tiw for 6 mo) 

Lymphoblastoid interferon (3 MU tiw for 6 mo) 

Interferon � -2b (3 MU tiw) plus ribavirin (1000/1200 mg/d) 

Pegylated interferon � -2b (12 kD) (1.0 � g/kg per week) 

Pegylated interferon � -2b (12 kD) (1.5 � g/kg per week) plus ribavirin (800 
mg/d) 

Experimental for Treatment of Previously Untreated Patients 

Pegylated interferon � -2a (40 kD) (180 � g per week) 

Pegylated interferon � -2a (40 kD) (180 � g per week) plus ribavirin (1000/1200 
mg/d) 

VX 497 (inosine monophosphate dehydrogenase inhibitor) 

Levorin (ribavirin analogue) 

Heptazyme (HCV ribozyme) 
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 Better  response Worse response 

Inflammation More vigorous Less vigorous 

History of previous response to therapy Yes No 

Viral factors   

Genotype Non-type 1 Type 1 

Serum HCV RNA Lower (<3 ×106 copies/mL) Higher (� 3 ×106 copies/mL) 

Those most likely to respond are young women who have not been infected for long; who have little or no iron in the 
liver; who do not drink alcohol; have intact immune systems, low serum ferritins, little or no hepatic fibrosis, robust 
hepatic inflammatory (T-cell) responses; and who are infected with non-type 1 strains of HCV, which are present in low 
numbers in the serum at baseline. (4,5) 

The pharmacokinetics of interferon-alfa-2b are poorly understood. In serum, interferon-alfa-2b levels peak 
approximately 6 hours after subcutaneous dosing and are undetectable by 16 hours. The drug is removed principally by 
renal catabolism and has an estimated half-life of approximately 2 hours. (1,5) Despite some of the success reported with 
IFN therapy the drug commonly causes a variety of adverse effects, as follows:  

·  Influenzalike symptoms occur in more than 60% of patients.  
·  Other adverse effects include chronic fatigue and depression and mood dysfunction and depression.  
·  Short courses of IFN are relatively well tolerated. Increasing the duration of therapy from 6 months to 12 months 

increases the incidence of adverse effects.  
·  IFN therapy also may cause insomnia, rash and pruritus, anorexia, neutropenia, thrombocytopenia, and thyroid 

dysfunction. (1,2,4,5)  
Other therapies include Ribavirin, an antiviral agent with activity against DNA and RNA viruses.  It is given orally, 

making it an attractive alternative to interferon, which must be given by injection. In immunocompetent patients with 
chronic HCV infection, ribavirin improves serum ALT levels, but the effect is transient and no direct antiviral activity is 
observed. (5,28) When administered alone, ribavirin therapy was associated with a biochemical end-of-treatment response 
in 21 to 43% of patients, and improvement in the histologic appearance of the liver in some ALT responders. In 
combination with interferon-alfa-2b, however, ribavirin has a dramatic effect on the frequency of sustained-treatment 
responses, both in those who have relapsed after interferon monotherapy and those who have never been treated. (1)  

Ribavirin is generally well tolerated, however significant hemolysis is seen. Because of the potential to cause a 
sudden fall in hemoglobin, ribavirin is contraindicated in patients with a history of myocardial infarction or cardiac 
arrhythmia. Other side effects consist of teratogenicity. One should confirm negative pregnancy test results before 
initiating therapy. All patients, male and female, should be counseled about the risks and advised to use birth control. 
Patients may develop cough and dyspnea. Rash and pruritus has been described. (4,28) 

Combination therapy using ribavirin and interferon appears to be more efficacious than interferon monotherapy in all 
patient groups, and is thus the current standard of care. (1,4,5) However, factors that predict a poor response to interferon 
monotherapy (genotype 1, high-level viremia, and extensive baseline fibrosis) also predict a reduced response to the 
combination. Similarly, patients who relapse after discontinuation of interferon monotherapy, show a significantly higher 
sustained response rate if retreated with combination therapy rather than with interferon monotherapy. Overall, the 
success rate with combination therapy in previously untreated (“naive” ) patients is 38% to 42% and is largely dependent 
on genotype and pretreatment viral load. (5)  

There has recently been investigation into the use of Amantadine to help treat HCV, however results of monotherapy 
trials have been mixed. Amantadine is a relatively inexpensive antiviral agent with activity noted against the flaviviridae 
family to which the hepatitis C virus (HCV) belongs. In a recent study, Thuluvath and collegues compared the efficacy of 
triple therapy (interferon alfa, ribavirin, and amantadine) with standard therapy (interferon alfa and ribavirin) in treatment 
naïve patients with chronic HCV. They found that at the end of treatment, HCV RNA clearance was seen in 32.9% of the 
amantadine group and 38.4% of a placebo group. They concluded that response to triple therapy of interferon alfa, 
ribavirin, and amantadine was similar to standard therapy of interferon alfa and ribavirin. Their results suggested that 
amantadine has no role in the management of HCV. (30) 

Liver Transplant is an option for those with severe cirrhosis; however its efficacy is still undetermined. (4) 
The National Institutes of Diabetes and Digestive and Kidney Disease (NIDDK) have proposed new treatment guidelines 
for the use of combination therapy in patients with chronic HCV. (29) See Figure-8. 
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Figure-8. Proposed algorithm for the treatment of HCV infection. 
IFN, interferon; Rbvr, ribavirin; RNA, serum hepatitis C RNA 
level. 
 
 
Despite this, patients and doctors should be aware that there are 
no studies that prove that screening for HCV infection during 
routine health care improves patient (1,29).  

 
 

 
Prognosis 

 Infection with HCV is self-limiting in only a small 
minority of those infected. Chronic infection develops in 70-80% 
of patients infected with HCV. Cirrhosis develops within 20 years 

of disease onset in 20% of those with chronic infection. Hepatocellular carcinoma develops in 1-4% of patients with 
cirrhosis each year after an average of 30 years. Hepatocellular carcinoma is more common in the presence of alcoholism, 
cirrhosis, and HBV co-infection. With the currently recommended therapy for chronic hepatitis C, which includes PEG 
IFN and ribavirin, cure rates are as high as 60%. (4) 
 

Prevention 
As noted above, the RNA-dependent RNA polymerase, an enzyme critical in HCV replication, lacks proofreading 

capabilities and thus generates a large number of mutant viruses known as quasispecies. These quasispecies pose a major 
challenge with respect to immune-mediated control of HCV and may explain the variable clinical course and the 
difficulties in vaccine development. (4)  

Because there is no effective vaccine and no effective postexposure prophylaxis against HCV, a major effort 
should be placed on counseling both HCV-infected patients and those at risk of infection. Therefore, the key to reducing 
the incidence of HCV infection is decreasing exposure to contaminated blood. In addition, adequate sterilization of 
medical and surgical equipment is mandatory. Efforts should also be made to modify injection practices among persons 
involved in folk medicine, rituals, and cosmetic procedures. Persons at high risk of HCV infection, such as recipients of 
blood and blood product transfusions before 1990 and drug users, should be tested for anti-HCV, as should sexual 
partners of persons infected with HCV. (1,5) ( See Figure-9) However, if tested negative no change in sexual practices 
among persons involved in long-term monogamous relationships is recommended. As of March 2004, no 
recommendations have been issued regarding the mode of delivery and breast-feeding is not contraindicated. As a final 
point, it is recommended that HCV-infected patients be vaccinated against HAV and HBV because of the high risk of 
severe liver disease if superinfection with these viruses occurs. (1,2,4,5) 

In conclusion, HCV is a deadly disease affecting 100–300 million people worldwide. Chronic hepatitis C is a 
leading indication for liver transplantation and a major cause of hepatocellular carcinoma in the USA and Europe. Current 
therapy for the disease has shown some success, however more effective and less toxic therapies infected patients are 
needed. DOCUMENT 
 
Figure-9. 
Persons who should be tested routinely for  hepatitis C virus (HCV) infection based 
on their  r isk for  infection 
• �Persons who ever injected illegal drugs, including those who injected once or 
a few times many years ago and do not consider themselves as drug users. 
• Persons with selected medical conditions, including 
– persons who received clotting factor concentrates produced before 1987; 
– persons who were ever on chronic (long-term) hemodialysis; and 
– persons with persistently abnormal alanine aminotransferase levels. 
• �Prior recipients of transfusions or organ transplants, including 
– persons who were notified that they received blood from a donor who later 
tested positive for HCV infection; 
– persons who received a transfusion of blood or blood components before 
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July 1992; and 
– persons who received an organ transplant before July 1992. 
Persons who should be tested routinely for  HCV-infection based on a recognized 
exposure 
• �Healthcare, emergency medical, and public safety workers after needle sticks, 
sharps, or mucosal exposures to HCV-positive blood. 
• Children born to HCV-positive women. 
Centers for Disease Control and Prevention. Recommendations for prevention 
and control of hepatitis C virus (HCV) infection and HCV-related chronic disease. 
MMWR 1998;47(No. RR-19):[21]. 
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Appendix-1 -- Virology of Hepatitis Agents * 

Character istic HAV HBV HCV HDV HEV 

Family Picornaviridae Hepadnaviridae Flaviviridae Viroid Caliciviridae/Flaviviridae/alpha 
super group 

Size 27–32 nm 42 nm 55 nm 35 nm 32 nm 

Shape Icosahedral Spherical Spherical Spherical Icosahedral 

Envelope No Yes Yes Yes (HBsAg) No 

Genome 7.5 kb 3.2 kb 9.4 kb 1.7 kb 7.5 kb 

Genome type ssRNA partially 
dsDNA 

ssRNA ssRNA ssRNA 

Antibodies IgG, IgM 
anti-HAV 

anti-HBs; IgG, 
IgM anti-HBc 

anti-HCV; 
directed 
against c100-
3; c22-3 
c33c; 5-1-1 

IgG, IgM anti-
HDV 

IgG, IgM anti-HEV 

* dsDNA, double-stranded DNA; HAV, hepatitis A virus; HBV, hepatitis B virus; HCV, hepatitis C virus; HDV, hepatitis D virus; 
HEV, hepatitis E virus; ssRNA, single-stranded RNA. 
Table Copied from Feldman: Sleisenger & Fordtran's Gastrointestinal and Liver Disease, 7th ed., Copyright �  
2002 Elsevier 
 
 
Appendix 2 -- Consequences of Chronic Non-A, Non-B Hepatitis in Follow-up Studies of Less Than 15 Years 

*†‡ 



Author  Country 

Number  
Of 

Patients 
Disease 
Onset 

Mean 
Follow-
up (Yrs) 

Symptoms 
(%) 

Cir rhosis 
(%) HCC (%) 

Death 
From 
Liver  

Disease 
(%) 

Tremolada Italy 135 Acute  7.6  3.7 15.6 0.7 3.6 

Mason Sweden  66 Acute 13.0 11.5 8–11 N.R. 1.6 

DiBisceglie U.S.  39 Acute  9.7 12.8 20.0 0 6.0 

Koretz U.S.  80 Acute 14.0 10.0 18–20 1.3 2.5 

Hopf Germany  86 Acute/Chronic  8.0  4.7 24.0 N.R. N.R. 

Roberts Australia  57 Chronic 15.0 50.0 *  8.0 N.R. N.R. 

Takashi Japan 100 Chronic 11.0 N.R. 42.0 19.0 N.R. 

Yano Japan 155 Chronic  8.7 N.R. 30.0 15.0 N.R. 
* All symptomatic patients had vague symptoms. 
† HCC, hepatocellular carcinoma; N.R., not reported. 
‡ From Seeff L: Natural history of viral hepatitis type C. Semin Gastrointest Dis 6:20, 1995. 
Table Copied from Feldman: Sleisenger & Fordtran's Gastrointestinal and Liver Disease, 7th ed., Copyright �  
2002 Elsevier 
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