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Hi g H l i g H ts
Hepatitis C virus (HCV) accounts for hepatitis, cirrhosis, hepatocellular carcinoma, and liver transplantation. Every year, millions of people develop 
chronic liver diseases. This article provides novel insights into the major breakthroughs in the discovery of hepatitis C virus. 2020 Nobel Prize 
in Medicine was awarded to Michael Houghton, Harvey Alter, and Charles Rice for their outstanding contribution in the discovery of HCV. Also, 
this article deals with current findings, challenges, and future prospects in the diagnosis of HCV infection. DAA, along with protease inhibitors, 
is found to have higher SVR and is a promising drug to treat HCV infection. However, with regard to the emergence of resistance to DAAs, 
CRISPR-Cas can be the future technique in preventing resistance. Although the current knowledge of molecular mechanisms associated with 
HCV infection is insufficient, the better understanding of it provides better hope in the treatment of HCV.

De f i n i t i o n s o f Me D i c a l te r M s Us e D
Lymphoma: A cancer causing infection on lymphocytes.
Fulminant hepatitis: A decrease in the size of the liver accompanied even by the death of liver parenchyma with the onset of infection with 
hepatitis virus.
Transfection: The process of introducing nucleic acids into eukaryotic cells without using viral methods.
Huh-7 cells: A type of liver cells grown in the laboratory for research purposes.
Immunoscreening: A biomedical method that helps to detect a protein produced from a cloned gene after it undergoes transcription, followed 
by the translation process within the cell.
cDNA library: A group of only the genes that are encoded into proteins by an organism.
Sustained virologic response: Absence of any evidence of the presence of HCV in the blood of patients with chronic HCV infection after 
undergoing antiviral treatment.
Pegylated interferon: A covalent conjugate of recombinant interferon and polyethylene glycol, used as an antiviral and antineoplastic agent.
Immunoelectron microscopy: A technique to localize ultrastructure antigens or antibodies in cells or tissues for the diagnosis of viral infections.
Stellate cells: A major type of liver cell involved in liver cirrhosis.

ab s t r ac t
Hepatitis C virus (HCV) accounts for hepatitis, liver cirrhosis, hepatocellular carcinoma, and liver transplantation. This virus is a single-stranded 
RNA virus that belongs to the Flaviviridae family. According to the WHO, about 71 million people have chronic HCV infections around the globe in 
2020, and hence, it is a plague of humankind. The credit of discovery of HCV goes to Michael Houghton, Harvey Alter, and Charles Rice for which 
they are awarded 2020 Nobel Prize in Medicine. Their contribution has given better hope to mankind to cure HCV for the first time in the history. 
With the use of pegylated interferon and ribavirin jointly, higher SVR has been found comparatively, even in patients with chronic liver diseases. 
However, due to excessive pain tolerated by patients, interferon (IFN)-based therapy is rapidly being replaced with IFN-free DAA regimens. With 
the onset of resistance to DAA drugs, CRISPR-Cas system can be used to modify the viral genome to impair their ability to develop resistance.
Keywords: Chronic hepatitis C, CRISPR-Cas system, DAA drugs, Hepatitis C virus, Pegylated interferon.
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in t r o D U c t i o n
The hepatitis C virus (HCV) is an enveloped, positive-sense single-
stranded RNA virus belonging to the family Flaviviridae. This virus 
is proved to be a common cause of hepatitis C, liver cancer, and 
lymphomas in humans.1 HCV is anticipated to be a leading cause of 
death in the world. There has been a rapid increase in the number 
of patients with chronic HCV infection. About 1200 acute HCV 
cases were reported in 2011 in the United States, which rose to 
around 3600 cases in 2018 after just a period of 7 years in a single 
developed country. Also, acute HCV cases are found to be highest 
in 65+ age-group whereas lowest in 0 to 19 age-group as shown in 
Table 1. Developing poor countries mostly in Asia and Africa have 
a higher number of cases of patients with acute HCV infection as 
compared to developed, industrialized nations in Europe and North 

America. However, adequate data about HCV cases in developing 
countries are not available.2 According to WHO, approximately 
399,000 people died of chronic HCV infection globally in 2016 
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only and it is estimated that 71 million people have chronic HCV 
infections around the globe in 2020 (Fig. 1).

Mat e r i a l s a n D Me t H o D s
Databases, such as PubMed, Google Scholar, and ResearchGate, were 
searched thoroughly to collect the data on the discovery of hepatitis 
C virus, current findings, challenges, and future prospects in the 
treatment of HCV infection. MeSH subject headings like hepatitis 
C virus, pegylated interferon, DAA combined therapy, and serum 
biomarkers were used to collect relevant data. After in-depth study 
of the selected articles, appropriate information is selected to be 
included in this article. Finally, it was read and approved by the author.

Di s c U s s i o n

History of Discovery of HCV
The discovery of HCV has led to a major breakthrough in the 
treatment of liver cancer. The contribution of Michael Houghton, 
Harvey Alter, and Charles Rice was remarkable in the discovery of 
HCV. Hence, they are awarded 2020 Nobel Prize in Medicine.4 The 
disease can be cured for the first time in history, raising hope to 
save millions of people with acute HCV.

The discovery of hepatitis was initiated in 1950 with the 
identification of infectious and serum hepatitis. Later on, hepatitis 
A virus (HAV) was found to be the cause of the infection by Dr. 
Stephen Feinstone et al.5 and hepatitis B virus (HBV) was found 
to be the cause of it by Dr. Baruch Blumberg and colleagues.6 But, 
the existence of hepatitis C virus (HCV) was still not recognized 
until 1975. Dr. Stephen Feinstone et al. figured out that most 
cases of transfusion-associated hepatitis were not associated 
with hepatitis A virus or hepatitis B virus (HBV) infections, and 
for the timing, they named the virus as NANBH.7 The number of 
cases of transfusion-related hepatitis was diminished with the 
discovery of HBV. However, Dr. Harvey J. Alter and his colleagues 
figured out that all the transfusion-related hepatitis cases were not 
similar to the cases of HBV. They even successfully demonstrated 
HAV not to be the cause of these unexplained cases. This drew 
their attention toward the patients receiving blood transfusion 
developing chronic hepatitis due to an undiscovered infectious 

agent.4 They then collected blood samples from patients infected 
with unknown virus and injected it into chimpanzee, which has 
similar genetic makeup as that of humans, to cause infection. 
NANBH agents injected into the blood of this animal model 
multiplied, and hence, the animal was infected.8 After a number 
of experimental trials and study of viral transmission within the 
population of this animal, NANBH was found to be caused by a 
small enveloped agent.

In 1989, a team of scientists at Chiron Laboratories led by Michael 
Houghton collected blood samples from infected chimpanzee and 
successfully cloned a small fragment of the genome of HCV (strain 
HCV-1) in order to develop diagnostic tests.7,13,15 After this successful 
experiment, they tried to produce antibodies to HCV in human 
blood. Although infectious clones were successfully developed, 
tissue culture system for viral multiplication was not found.13

Fig. 1: HCV cases since 2003 in the United States (Source: https://www.
cdc.gov/hepatitis/statistics/2018surveillance/HepC.htm#Figure3.1)3

Table 1: Breakthrough in HCV research

Date Major breakthroughs References

1963 Nobel Prize winner Baruch S. Blumberg 
reported a new antigen named Australia 
antigen (AuAg)

[9]

1967 Discovery of hepatitis B virus by  
Dr. Baruch Blumberg

[10]

1975 New hepatitis agent NANBH recognized 
with the advent of specific serological 
tests for HAV and HBV

[11]

1977 Stephen Feinstone at the NIH and his 
colleague Kapikian identified a new 
agent in stool specimen of HAV out-
breaks leading to the discovery of HAV 
vaccine

[12]

1978 NANBH transmitted to chimpanzee [13]

1985 George Kuo advocated the application 
of immunoscreening cDNA cloning 
strategy to NANBH

[11]

1989 HCV cloned from chimpanzee serum 
and discovery of HCV

[12,13]

1990 HCV antibody assay developed to screen 
donor blood 
Realization of chronic infections in 3% 
adults

[13]

1997 Validation of infectious clones in chim-
panzees

[13]

1999 Development of HCV replicon model [13]

2005 In vitro replication of HCV in tissue 
culture

[13]

2006 Transmission from culture to chimpan-
zee and back to culture

[13]

2000–2014 Era of drug development
Preclinical testing for HCV antivirals in 
chimpanzees 

[13]

2014 FDA approval of first curative cocktail 
for HCV

[13]

2012 CDC recommends testing for HCV by all 
people born in 1945–1965 in the United 
States; First US HCV Testing Day

[14]

https://www.cdc.gov/hepatitis/statistics/2018surveillance/HepC.htm#Figure3.1)
https://www.cdc.gov/hepatitis/statistics/2018surveillance/HepC.htm#Figure3.1)
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With the onset of HCV replicons developed by Lohmann et al. 
there was no need to clone infectious virus, and hence, this was 
supposed to be one of the landmark drug discoveries in the cure 
of HCV. This even favored RNA replication in tissue culture.16 Takaji 
Wakita’s group isolated HCV replicon, i.e., HCV genotype 2a clone 
called JFH-1 from a Japanese patient with fulminant hepatitis. 
Scientists consider JFH-1 as the first authentic clone because of its 
ability to grow in cell culture. When the genome of this HCV clone 
was transfected into Huh-7 cells, HCV particles were generated, 
which were capable of infecting naïve cells and chimpanzee.17 
Eventually, scientists transferred these generated HCV particles into 
chimpanzee for clinical trial, which gave positive result. This led to 
the discovery of HCV antiviral, which was finally approved by the 
US Food and Drug Administration in 2014.13 Since a viral agent was 
identified with a straightforward molecular biology approach without 
immunoelectron microscopy or even not undergoing replication in 
tissue culture, a new way to identify pathogenic agent was developed. 
Finally, the HCV was recognized and was found to display a similar 
assembly model and protein envelope as that of encephalitis 
flavivirus. So, the International Taxonomy Committee classified HCV 
in the new genus of hepaciviruses in the family of Flaviviridae.12

Treatment of HCV: Current Findings and Barriers
HCV infection and liver transplantation result in severe liver disease, 
often including liver cirrhosis and hepatocellular carcinoma. As 
defined by phylogenetic and sequence analysis of the HCV genome, 
the virus contains six major genotypes, varying by 30 to 35% at 
the nucleotide level.18 Among the six genotypes and 70 subtypes, 
genotype 1 is found to be the most common HCV genotype, 
followed by 3, 2, and 4.19

Successful treatment of HCV means eradication of the virus, 
thereby preventing cirrhosis and further complications, which 
is measured in terms of sustained virologic response (SVR). The 
combined use of pegylated interferon α (pegIFNα) and ribavirin 
(RBV) for 24 to 48 weeks leads to higher SVR rates than does IFN 
monotherapy. This result has been successfully found even in 
patients with advanced liver disease or the patients still having HCV 
infection even after completion of IFN therapy.20

These drugs give different immune responses to infection, 
following different nonspecific pathways. Researchers have 
explored out the best treatment response to be in patients with 
genotypes 2 and 3 of HCV. 24 weeks of treatment of the patients 
having these genotypes with the combined therapy leads to SVR 
rates of approximately 80%. However, even 48 weeks of combined 
therapy given to patients with genotype 1 HCV gives SVR rates 
of approximately 40% only. So, genotype 1 is said to be the most 
difficult genotype to be treated. Despite ineffectiveness in some 
patients, the combined therapy of pegIFNα and RBV is difficult to 
tolerate. Hence, researchers focus on using therapies that can inhibit 
viral production and can be tolerated. This has been possible with 
the use of DAA drugs.21 It has been found that 90% of the patients 
treated with DAAs report reduction in HCV infection. Hence, this 
can block viral replication and slow disease progression to a large 
extent. Also, DAAs mainly target genotype 1 of HCV, which is 
difficult to treat even with combined therapy of pegIFNα and RBV.19 
So, IFN-free DAA regimens are widely being used instead of poorly 
tolerated interferon (IFN)-based therapeutic regimens. This has 
even reduced tissue damage in patients with chronic liver disease.22

Patients with HCV infection in the liver have undergone liver 
transplantation to replace damaged liver due to the viral infection 
and exhibit SVR rates of 87 to 98% with oral DAA combination 

therapy. The 9.6 Kb genome of HCV undergoes translation into a 
glycoprotein that is processed into structural and non-structural 
proteins (NS proteins). NS proteins include NS3, NS4A, NS4B, NS5A, 
and NS5B. Currently approved DAA is found to target these NS 
proteins, including NS3–4A protease inhibitors (PI), NS5A inhibitors, 
and NS5B nucleot(s)ide and non-nucleoside analogues.

The vast and incredible genetic diversity of HCV presents a 
major challenge to the design and implementation of DAA for HCV.18 
Shockingly, the emergence of resistance to DAA drugs has also been 
reported, which has been a major obstacle in the development of 
antiviral drugs. HCV exhibits a high rate of replication. The virus 
multiplies at the rate of 1012 virions produced daily. NS5B RNA-
dependent RNA polymerase (RdRp) accounts for viral production. 
Mutation in this viral enzyme leads to the emergence of resistance 
to DAA drugs21, as this enzyme is one of the targets of DAA drugs.18 
Furthermore, patients report psychiatric illness after undergoing 
treatment with DAA regimens, which also represents an important 
barrier to HCV treatment. Also, IFN use results in adverse psychiatric 
effects, including irritability, mood swings, and even depression in 
about 21 to 58% of the patients.23

Future Perspectives in HCV Treatment
Detection of HCV infection in its early stage is a fundamental 
technique to avoid further complications in the viral infection. The 
use of molecular biomarkers helps significantly in the detection of 
HCV infection in its early stage, thereby providing greater hope in 
the reduction of further complications like liver cirrhosis or HCC.24 For 
instance, the use of class I biomarkers like glycoproteins (hyaluronan, 
laminin), members of collagen family, collagenase and their inhibitors, 
and a number of cytokines associated with fibrogenic process greatly 
helps to determine the rate and different stages of progression of 
liver fibrinogenesis.25 Class I biomarkers are serum components 
associated with the mechanism of fibrogenesis, either as secreted 
matrix-related components of activated hepatic stellate cells and 
fibroblasts or as mediators of extracellular matrix (ECM) synthesis 
or turnover.26 Indirect markers help to assess the change in hepatic 
function. These markers mediate in evaluating the complexity in HCV 
infection, monitoring, diagnosing, and also assessing the prognosis of 
liver diseases by reporting different stages in the progression of the 
disease.27 Hence, noninvasive biomarker, which includes direct and 
indirect serum biomarkers, is a promising tool for the early prognosis, 
monitoring, and treatment of liver damage. However, the study and 
understanding of the diagnostic accuracy of these markers for the 
diagnosis of liver injury complexity are still insufficient.25

Handling psychiatric illness provides a better way to tackle 
with complications that arise by the use of DAA drugs. This can 
be done by increasing awareness and better understanding of 
HCV infection. Moreover, HCV undergoes mutation in NS proteins 
that are major targets of DAA drugs in order to develop resistance 
to these drugs. This can be prevented by the use of CRISPR-Cas 
system in editing or deleting portion of viral genome responsible 
for resistance. The current knowledge of molecular mechanisms of 
HCV involved in developing resistance to DAA drugs is insufficient. 
The better understanding of the molecular mechanisms provides 
novel insight into treating HCV.

co n c lU s i o n
The discovery of hepatitis C virus has been a long journey and a 
landmark in the treatment of liver diseases, including hepatitis, 
cirrhosis, and hepatocellular carcinoma. HCV treatment with 
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combined therapy of pegIFNα and RBV has resulted to higher SVR, 
even in patients with chronic liver diseases. However, this combined 
therapy becomes difficult to tolerate. In this regard, DAA drugs, 
including protease inhibitors, solve the problem. But, there is often 
emergence of resistance to these drugs. Although the current 
knowledge of molecular mechanisms involved in developing 
resistance is insufficient, the relevant use of CRISPR-Cas system 
provides novel insights into preventing this resistance. The use of 
serum biomarkers helps in early diagnosis of HCV infection, thereby 
preventing further complications. The better understanding of 
molecular mechanisms involved in HCV infection provides better 
hope in dealing with chronic liver diseases.
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