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Abstract

The 21 century has been marked with an increasing number of viral epidemics, even prior to the emergence of
SARS-CoV-2. Between 2011 and 2017 alone there were more than 1350 epidemics across 172 countries. Many of
these epidemics were caused by RNA viruses resulting in >100 million deaths/year. Currently, no vaccine or specific
treatment is available for many of these infections. The major hurdle in developing vaccines against RNA viruses is
their large genetic diversity. Hepatitis C virus (HCV) is one of the most genetically diverse RNA viruses that urgently
needs a vaccine to control the ongoing epidemic globally. The relatively recent discovery that RNA viruses use
multiple mechanisms to ensure their persistence has demanded sophisticated and multi-facetted research
strategies, as it is evident that the simple vaccine designs successfully applied to many of the DNA viruses, such as
hepatitis B, will not be effective. My research objective is to combine cutting edge virological and immunological
techniques, with novel bioinformatic analysis tools to investigate the interactions between HCV and the host during
transmission and early disease progression. HCV is a relatively unique pathogen in that only about 25% of infections
will be cleared with the remainder developing into chronic infection with a high rate of progression towards liver
failure or hepatocellular carcinoma if left untreated. Therefore, understanding the factors that drive successful
clearance early in infection are highly relevant to vaccine design. Recent work by my team has been investigating
which viral and immunological factors early in infection are associated with varied disease outcome. One of the key
findings is that despite the donor having a large genetically diverse pool of viral variants, new HCV infections are on
average initiated by only 1-3 unique ‘founder’ variants. This reduction in genetic diversity may be a vulnerable period
in HCV infection. We have also investigated how rapidly, and under what selective pressure, these founder viruses
evolve and discovered that both T cell- and antibody- driven selection pressure influence disease outcome. We have
also investigated how this need to escape immune pressure is balanced against fitness costs for viral replication. The
combined findings from these studies suggest that an early co-ordinated cellular and humoral immune response is
critical to prevent the emergence of immune escape and to facilitate viral clearance.
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