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Abstract

The 2020 Nobel Prize in Physiology or Medicine was jointly awarded to three scientists—Harvey J. Alter, Michael Houghton, and Charles M.
Rice—for their discovery of the hepatitis C virus. Their work made a paramount impact on blood-borne hepatitis, a global health threat that can
cause cirrhosis and different liver cancers in infected patients. The prior identification and characterisation of hepatitis A and B viruses were vital;
however, a large number of hepatitis cases could not be explained. The discovery of the hepatitis C virus by these scientists aided in explaining
the majority of the remaining chronic hepatitis cases and in the rapid development of diagnostic blood tests and antiviral drugs that have
saved millions of lives and greatly reduced the burden on healthcare systems. The world is currently presented with an opportunity to eradicate
hepatitis C virus infections altogether. However, exceptional international collaboration and financing are needed to implement widespread

diagnostic testing and distribution of antiviral drugs to rid the world of the hepatitis C virus.
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by viral infections, although other factors such as alcoholism,

environmental toxins, and certain autoimmune conditions can
contribute to its aetiology as well [1, 2]. The discovery of hepatitis viruses
is one of the most important scientific breakthroughs of the past five
decades. In the second half of the 20th century, two different hepatitis
viruses, namely the hepatitis A and B virus, were identified [3, 4]. The
hepatitis A virus is known to infect people through the ingestion of the
virus in contaminated food and water, seldom causing severe long-term
effects [5]. Itis a highly contagious virus whose spread is now controlled in
most countries by the introduction of a vaccine in 1995 [5]. The hepatitis
B virus is transmitted through infected blood and other bodily fluids
and is considered a more serious disease as it can stay dormant for long
periods, after which it can induce liver cirrhosis and cancer [5]. Blood-
borne hepatitis is a major concern for global health, annually causing over
a million deaths worldwide, comparable to other serious conditions such
as tuberculosis and HIV-AIDS [6]. Although the discovery of hepatitis A and
B explained the cause of many hepatitis cases, a large number remained
unexplained [7]. This article describes the work of three scientists that led
to the discovery of the hepatitis C virus, which explained these infections,
placing the world in a position to eventually eliminate viral hepatitis [8].

I I epatitis, commonly known as liver inflammation, is typically caused

A mysterious viral agent

The detection and characterisation of infectious agents are pivotal for
identifying disease outbreaks, for developing effective intervention
strategies, and for epidemiological studies. Jaundice, a striking symptom
common to hepatitis infections, was known since antiquity [3]. Epidemics
of jaundice were a menace during the two world wars, and the cause
was attributed to poor sanitary living conditions of soldiers [3]. Although
the cause of these cases was traced back to the hepatitis A virus, it was
only after the identification of the hepatitis B virus and the advent
of novel molecular biology techniques that scientists identified the
hepatitis A virus in stool samples [3]. Hepatitis A is now known to be an
RNA virus belonging to the family Picornaviridae, transmissible through
contaminated food and water [3]. The spread of the hepatitis A virus is
greatly limited by the introduction of a vaccine in 1995 [5].
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In 1967, Dr. Baruch Blumberg and his colleagues discovered the hepatitis
B virus by finding significant amounts of the hepatitis B surface antigen,
formerly termed the “Australia antigen”, in the serum of an Aboriginal
Australian [9]. The identification of this antigen resolved problems faced by
scientists and healthcare providers for decades—the absence of a specific
biomarker to distinguish between different types of viral hepatitides [10].
Two years later, the hepatitis B vaccine was invented, and Dr.Blumberg was
awarded the Nobel Prize in Physiology or Medicine for his discovery [11].
Along with aiding physicians in the diagnosis of asymptomatic carriers of
the virus, the safety of blood transfusions was greatly improved [12].

Around the same time, Harvey J. Alter was studying the incidence of
hepatitis in patients who had received blood transfusions at the National
Institute of Health. After performing diagnoses for the newly discovered
hepatitis A and B viruses, Alter and his colleagues showed that a large
proportion of cases remained unexplained [7]. In 1978, the same group
demonstrated that the blood from these hepatitis A and B negative
patients was able to infect chimpanzees and cause an increase in the
levels of biomarkers associated with typical liver inflammation [13]. This
unknown disease was appropriately named “non-A, non-B" hepatitis, a
novel, severe form of hepatitis whose aetiology was yet to be determined.
Assays involving chloroform inactivation, electron microscopy, and
filtration studies all indicated the causative agent to be an enveloped virus
of about 45-60 nm in diameter [14]. However, conventional cultivation
experiments and serology approaches failed, partly due to the low
amount of viral antigen in infected sera [14]. Scientists were frustrated for
15 years until the causative agent was finally identified and characterised
as the hepatitis C virus due to the collective efforts of three scientists—
Harvey Alter, Michael Houghton, and Charles Rice [8].

Discovery of the Hepatitis C Virus

After the establishment of the novel “non-A, non-B” viral hepatitis in
post-transfusion patients by Alter and colleagues, the identification and
characterisation of the unknown virus was of grave importance. As all
conventional isolation strategies failed, the virus evaded detection for
more than a decade until 1989, when Michael Houghton—a scientist at
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Harvey J. Alter and collaborators demonstrated that a large proportion
of post-transfusion hepatitis was not caused by Hepatitis A or B virus,
but rather by an unknown infectious agent. This agent causing
non-A, non-B hepatitis (NANBH) could be transferred via patients’ sera
to chimpanzees and showed characteristics of an unknown virus.
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for the discovery of Hepatitis C virus

Healthy liver Hepatitis Cirrhosis Carcinoma

Hepatitis C virus (HCV) can be transferred by transfusion of blood or blood products as well as non-sterile
medical measures. HCV infection can cause chronic liver inflammation leading to cirrhosis and liver cancer.
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Michael Houghton and collaborators identified the NANBH-causing
virus by discovering its genetic sequence. In a novel approach they used
serum from an infected chimpanzee to construct a phage library and
screened it using antibody-containing serum from a NANBH-patient.
After discovery of HCV, he developed together with HJ Alter and other
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Charles M. Rice and collaborators showed that RNA transcripts from a
genetic HCV construct were able to lead to an HCV infection in
chimpanzees when injected into the animal’s liver. This experiment
identified the necessary genetic elements of the virus and gave the
ultimate proof that HCV alone was the causative agent of NANB

collaborators the first diagnostic test for HCV.
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Figure 1: A summary of three key discoveries by Harvey J. Alter, Michael Houghton, and Charles M. Rice that led to the discovery of the hepatitis C virus.
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the pharmaceutical company Chiron—isolated the genetic sequence of
the virus [15]. Houghton and his colleagues collected and curated a library
of cDNA fragments, isolated from the blood of a chronically infected
chimpanzee [15]. The rationale behind their experiments was to exclude
fragments derived from the genome of the chimpanzee to isolate and
identify the fragments that originated in the uncharacterised “non-A,
non-B” hepatitis virus. The group achieved this by using antibodies
isolated from the sera of chronically infected patients to identify the
rare clones of DNA that encoded viral proteins [15]. After a series of
rigorous experiments, one positive clone was identified to contain the
partial sequence of the agent responsible for the mysterious infections
[15]. Further research indicated that it was derived from an enveloped,
positive-sense, single-stranded RNA molecule of approximately 10,000
nucleotides in length, belonging to the family of Flaviviruses [15]. The
detection of antibodies in chronic “non-A, non-B” hepatitis patients
specific to this newly discovered virus further validated the findings [16].
The novel virus was given the name “hepatitis C virus”, and the molecular
techniques used for its identification were recognised as potential
approaches for the identification of other unknown infectious agents as
well [17]. After this revolutionary discovery, the first diagnostic test for the
hepatitis C virus was developed [18].

Although the discovery of the hepatitis C virus was conclusive, a crucial
question remained: could the virus alone replicate and cause “non-A,
non-B” hepatitis? This question was answered by scientist Charles M.

Rice and colleagues at Washington University. Previously, the researchers
observed an uncharacterised genomic region at the end of the viral
genome that they speculated to be important for its replication [19]. Rice
and his colleagues also detected specific genomic mutations in the virus
isolated from patient samples that he hypothesised to prevent efficient
viral replication [19]. Therefore, Rice and his colleagues genetically
engineered a hepatitis C virus RNA transcript, excluding the debilitating
genetic variants [19]. On injection of the construct directly into the livers of
the chimpanzees, viral titres were detected in the blood, and pathological
features similar to those observed in chronically infected human patients
were observed [19]. These crucial experiments identified the genetic
elements essential for viral replication and provided the missing piece of
the puzzle that the hepatitis C virus alone was able to establish the “non-A,
non-B” hepatitis observed in patients receiving blood transfusion [19].

A remarkable Nobel Prize-winning discovery

The discovery of hepatitis C viruses earned Harvey Alter, Michael
Houghton, and Charles Rice the 2020 Nobel Prize in Physiology or
Medicine [8]. Their findings are hailed as a scientific milestone in the
ongoing battle against viral diseases (Figure 1) [8]. Owing to their work,
highly specific and sensitive diagnostic blood tests have been developed,
which have been instrumental in eliminating post-transfusion hepatitis in
numerous countries worldwide [20].

An average of three to four million people gets infected with the hepatitis
C virus annually, rendering them susceptible to cirrhosis, liver failure,
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and hepatocellular carcinoma [21]. The novel discoveries provided a
much-needed foundation with which efficient antiviral drugs have been
developed [14]. These antiviral drugs are well-tolerated and are able to
cure the disease; thus, these drugs provide the opportunity to save lives,
reduce healthcare costs, and rid the world of the hepatitis C virus [14].
However, to reach this goal, collaborative international efforts are needed
to advance widespread blood testing, to produce antiviral drugs at a large
scale, and to distribute them across the globe.

Although the World Health Organization aims for the eradication of the
hepatitis C virus by 2030, a progress report in 2020 indicated that merely
one in five people with hepatitis C is diagnosed and even less receive
treatment and are cured [22]. Lack of adequate financing remains the
sole barrier to achieve widespread testing and treatment [22]. Therefore,
the commitment of philanthropic funders and investments from public-
private partnerships with industry are urgently needed to finish the work
started by the Nobel Prize winners [22]. Increased financing can also aid
in catalysing certain developing countries to re-assess and improve their
health care programs to eliminate hepatitis C virus circulation [22]. Current
large-scale investments and extensive international collaboration for
COVID-19 suggests that it should be possible to mobilise resources to rid
the world of the hepatitis C virus [23].
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