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The lack of motivation for research among young doctors has
often been blamed to the suboptimal standards of medical
research in general in India. The Nobel Prize in Medicine
(Physiology) in 2020 has aroused great interest among doc-
tors as it was awarded for the discovery of the hepatitis C
virus (HCV)—a virus with substantial clinical significance.
The painstaking and thorough research of the three Nobel
laureates (Harvey J. Alter, Michael Houghton, and Charles
M. Rice) ultimately paved the way for HCV from being an
unknown entity to a curable viral infection in a short span
of five decades. Their work revolutionized the fields of virol-
ogy, immunology, and hepatology.' The road to the discovery
of the virus is a remarkable story of the triumph of pas-
sion, perseverance, and multifaceted, meticulous research.
Acknowledgment of the discovery of the virus by the Noble
Committee should encourage and motivate young doctors for
going into research in their respective fields.

The journey into our understanding of HCV started almost
five decades back in 1974 after the discovery of hepatitis A
and hepatitis B in the preceding two decades.? Harvey ]. Alter
and his team working at the Department of Blood Transfusion
in the Bethesda center of National Institutes of Health, United
States, noted that a substantial number of cases of posttrans-
fusion hepatitis was not attributable to either hepatitis A or
hepatitis B. Further, they demonstrated that this non-A non-B
hepatitis could be transmitted to chimpanzees.* Their find-
ings were corroborated by other teams and this transmissi-
bility of disease pointed toward an infective agent. However,
hopes of a rapid identification of the infective agent proved
futile over the next 15 years and the virus eluded detection
by the traditional techniques of microscopy, cell culture, and
serology.
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Molecular techniques were at its
nascency and the adoption of this
approach by Michael Houghton and
his team at Chiron Corp., California,
United States, ultimately led to the
identification of the virus. The team
at Chiron collaborated with Daniel Bradley of the Center of
Disease Control and Prevention (CDC), Atlanta, United States,
and developed a library of complementary deoxyribonu-
cleic acid (cDNA) using samples obtained from chimpan-
zees infected with non-A non-B hepatitis. These were then
transferred to bacteria and cloned using bacteriophages. The
premise was that some of the proteins encoded by these
cDNA would react with antibodies present in patients and
chimpanzees infected with non-A non-B hepatitis. After
years of painstaking research, the first such antigen epitope
(corresponding to the viral envelope) was identified in 1989
from a clone called 5-1-1.57 This newly identified virus with
a positive stranded ribonucleic acid (RNA) was named hep-
atitis C and was subsequently classified as a Flavivirus. The
novel methods adopted by Houghton drastically changed the
field of virology and heralded a molecular revolution with
the rapid identification of other viruses like hepatitis G in the
subsequent years.

By the beginning of the 1990s, researchers had discovered
the modes of transmission of HCV, established its infectiv-
ity in chimpanzees, and unraveled its nuclear structure.
However, whether infection with the virus alone was suffi-
cient to cause clinically significant disease was yet unknown.
The answer to this question came from the seminal work of
Charles M. Rice and his team at Washington University, USA.
They constructed a library of cDNA clones consisting of the
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3" untranslated region of the HCV genome and a consensus
sequence. RNA transcribed from these cDNA clones was infec-
tive to chimpanzees and resulted in hepatitis. Thus, the link
between HCV and liver disease was firmly established.® In
the new millennium, further granular understanding of viral
biology including its life cycle was facilitated by the devel-
opment of cell culture systems and the identification of a
viral isolate that could infect human hepatoma cell lines.
The construction of subgenomic viral replicons greatly aided
the design and screening of targeted directly acting drugs.
Indeed, research into HCV has now come full cycle with the
advent of highly effective directly acting antivirals (DAAs)
that can cure HCV in the vast majority of the patients.

Chronic HCV infection is among the predominant causes
of cirrhosis and hepatocellular carcinoma and accounts for
significant morbidity and mortality. The grim implications
of a diagnosis of HCV can be construed from the fact that
it is colloquially referred to as “kala piliya” (black or death
jaundice) in North India. The World Health Organization
estimates that globally there are 71 million people with
chronic HCV infection. The viral prevalence in India is esti-
mated to be 0.5 to 1% with regions of higher prevalences in
the North East and Punjab.’® Fundamental research in HCV
has had far reaching impacts in clinical practice. Knowledge
of the modes of viral transmission and the development of
methods for diagnostic methods led to the adoption of a
policy of universal screening of blood donors which has led
to a significant decrease in blood-borne viral transmission.
Doctors and health care workers are well aware of the utility
of universal safety precautions. Treatment of HCV had long
been an unmet need. Treatment failures were frequent in the
interferon era and adverse effects were common. Oral DAAs
have revolutionized the management of HCV and is offering
the hope of cure to millions of patients. The availability of
pan-genotypic regimens precludes the need for pretreatment
genotype testing, facilities for which are not widely available
in resource-limited settings like India. Treatment of chronic
HCV without prior genotype testing using pan-genotypic
regimens has been shown to be effective and logistically fea-
sible in Punjab under a program funded by the Mukh-Mantri
Punjab Hepatitis C Relief Fund."" This approach has now been
endorsed by international authorities and has been extended
to the whole of India under the National Viral Hepatitis
Control Program.

The journey into the discovery of HCV holds several key
lessons for any budding researcher. Identification of the prob-
lem is the first step in finding the solution. Indeed, recogni-
tion of the problem of non-A non-B hepatitis by Alter was
the first step in the road to the discovery of HCV. Teamwork
and a multifaceted, multidisciplinary approach is funda-
mental for delving deep into any problem. Professionally,
Alter, Houghton, and Rice belonged to three fundamentally
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different yet related disciplines of medical research, namely
clinical and epidemiological research, molecular biology, and
virology. Passion, perseverance, and the spirit to accept fail-
ures are paramount for success in research. As discussed, the
decade between the realization that non-A non-B hepatitis
is caused by a transmissible agent and the identification of
this agent as a novel virus was riddled with repeated failures.
Lastly, the ability to draw logical conclusions is undeniably
the most valued quality in a researcher.

The HCV success story is a testament to the remarkable
potential of human endeavor. Indeed, from being a disease
about which nothing was known until approximately five
decades ago, the revolutionary work of these stalwarts has
paved the way to easy diagnosis and treatment which is now
making us think about the possibility of eliminating HCV
by 2030.
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