
Millions of people are infected with hepatitis C or hepatitis B viruses, which 
cause liver cancer and liver failure. Meanwhile, other RNA viruses such as 
Zika, yellow fever, dengue, chikungunya, and SARS-CoV-2 coronavirus 
cause significant morbidity and mortality. Rice’s lab works to understand 
virus replication and innate immune responses that limit infection. His 
group is also developing new in vitro culture and animal models to facilitate 
this work.

Many viruses resist conventional virus culture methods, and creative new approaches have been required 
to study them. Rice pioneered novel methods for growing and studying the hepacivirus hepatitis C virus 
(HCV), including a mouse with a human liver that allowed the first studies of HCV replication and tests of 
candidate drugs in a small animal model. This and other work was seminal to the development of antiviral 
drugs that are now used to cure HCV. Despite this success, a vaccine is still sorely needed. Rice’s group 
has established the first immunocompetent mouse model of hepacivirus infection, paving the way toward 
vaccine development and studies of hepacivirus-associated liver cancer that can be applied to HCV.

Hepatitis B virus (HBV) also causes cirrhosis and liver cancer, and Rice’s group is now applying the human 
liver mice, as well as new in vitro culture methods, to study HBV, which is often refractory to curative treatment 
due to the virus’s highly stable covalently closed circular DNA genome (cccDNA). The work is revealing 
new strategies to target cccDNA and other critical HBV lifecycle steps. Rice’s group continues to develop new 
technologies, such as 3D and induced pluripotent stem cell-derived cultures, to study HCV, HBV, and other 
viruses. They are also using the human liver mice to study the roles of diet and human genetics on the 
development of non-infectious causes of liver disease.

The host immune response to pathogens includes an innate, rapidly activated component involving a molecule 
called interferon. Rice’s group has developed high-throughput screens to identify interferon-stimulated genes 
(ISGs) that limit or, in some cases, enhance virus infection. Understanding how ISGs work may lead to 
improvements in prevention and treatment of infectious diseases. In that context, the Rice lab has focused 
on viruses of global health concern, such as HCV, HBV, influenza A, dengue, yellow fever, Zika, chikungunya, 
and coronaviruses. The lab also investigates the mechanisms of attenuation of the yellow fever vaccine, 
and the human genetic causes of serious liver disease that can occur after vaccination.

Besides understanding host antiviral responses to these pathogens, the lab seeks a broad knowledge of 
how host factors facilitate virus replication. They use CRISPR technology to systematically knock out human 
genes to identify those whose loss prevents viral infection. These studies may reveal novel therapeutic targets 
for the viruses, including SARS-CoV-2. Rice is also using methods his lab developed to study HCV replication 
in order to screen a large collection of registered drugs from around the world for those that may inhibit 
SARS-CoV-2.

Studies led by research associate professor Margaret R. MacDonald are investigating cellular interactions of 
the tick-borne Powassan virus, a flavivirus causing severe encephalitis here in the US. She, in collaboration 
with others, also studies human antibody responses to Zika and other flaviviruses with the goals of developing 
antibody reagents for therapeutic use, while gaining insight into successful immune responses that will guide 
vaccine development. With collaborators, she is also developing nanobodies targeting Powassan virus and 
the Lyme disease spirochete that can potentially be used for diagnosis or treatment.
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