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Summary

Suitable small animal model is an important tool for host-virus interactions and viral pathogenesis
study. In this study I aimed to develop and expand the utility of tupaia (Tupaia belangeri) as an animal
model for viral infections including dengue virus (DENV), hepatitis B virus (HBV), hepatitis C virus
(HCV), and avian influenza virus. Dengue is an emerging disease of great public health significance
worldwide. The lack of a suitable infection model has hampered DENV pathogenesis study. Here, I
checked the susceptibility of tupaia fibroblast cells to DENV infection and characterised the innate immune
response upon infections. I found that tupaia cells support replication of DENV serotypes 1-4 and showed a
linear increase in viral load 24-96h post-infection in both cells and culture supernatants. DENV-2 showed
the highest viral growth among all serotypes. To characterize the innate immune response I established an
innate immune response measurement system by assessing the mRNA expression of Toll-like receptor
(TLR) 1-9 and four cytokines in DENV-infected tupaia cells. All serotypes induced the upregulation of
TLR8 mRNA expression in infected tupaia cells. Silencing of TLRS led to an increase in viral replication,
indicating the existence of antiviral response through TLR8 on DENYV infection. This study demonstrates
for the first time the susceptibility of tupaia cells to DENV infections and the role of TLRS in the anti-viral
response of tupaia cells to DENV. These findings demonstrate the potential utility of tupaia as a model for
DENV research in the future.

To expand the use of tupaia in HBV and HCV infection, I infected tupaia with different subtypes of
HBYV and HCV. To date, chimpanzee has been used as the natural infection model for HBV and HCV.
However, this model is very costly and difficult to use because of ethical and animal welfare issues.
Developing suitable small animal models for HBV and HCV have been a long-standing challenge. Here, I
have conducted the study to establish the tupaia as a new animal model for HBV and HCV infection and
characterized the immune response upon viral infections in each case.

In case of HBV infection, first, [ compared the propagation of HBV genotypes A2 and C in vivo in
tupaia hepatocytes. At 8—10 days post infection (dpi), the level of HBV-A2 propagation in the tupaia liver
was found to be higher than that of HBV-C. Moreover, I found that HBV-A2 established chronic infection
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in some tupaias. [ then aimed to characterize the intrahepatic innate immune response in tupaia model. At
first, | infected six tupaias with HBV-A2 (strains JP1 and JP4). At 28 dpi, intrahepatic HBV-DNA and
serum hepatitis B surface antigens (HBsAg) were detected in all tupaias. The levels of interferon (IFN)-
were found to be significantly suppressed in the three tupaias infected with HBV A2 JP4, while no
significant change was observed in the three infected with HBV A2_JP1. Next, [ infected nine tupaias with
HBV-A2 (JP1, JP2, and JP4), and characterized 31 weeks post-infection (wpi). Serum HBsAg levels were
detected at 31 wpi and IFN-B was found to be significantly suppressed in all tupaias. TLR3 was not induced,
except in tupaia #93 and #96. Suppression of TLR9 was observed in all tupaias, except tupaia #93.
Therefore, the tupaia infection model of HBV clearly indicated the suppression of IFN- at 31 wpi, which
might have contributed to the establishment of chronic HBV infection.

HCV is a leading cause of chronic liver disease, cirrhosis, and hepatocellular carcinoma. To
address the molecular basis of HCV pathogenesis using tupaias, I characterized host responses upon HCV
infection. Adult tupaias were infected with four different HCV genotypes including 1a, 1b, 2a, or 4a. Viral
RNA, alanine aminotransferase, anti-HCV core and anti-nonstructural protein NS3 antibody titres, reactive
oxygen species (ROS), and anti-3p-hydroxysterol-A24reductase (DHCR24) antibody levels were measured
at 2-week intervals from 0 to 41 wpi. All HCV genotypes established infections and showed intermittent
HCV propagation. Moreover, all tupaias produced anti-core and anti-NS3 antibodies. ROS levels in sera
and livers were significantly increased, resulting in induction of DHCR24 antibody production. Similarly,
lymphocytic infiltration, disturbance of hepatic cords, and initiation of fibrosis were observed in livers from
HCV-infected tupaias. Intrahepatic levels of Toll-like receptors 3, 7, and 8 were significantly increased in
all HCV-infected tupaias. However, interferon-p was only significantly upregulated in HCVla- and
HCV2a-infected tupaias. Therefore, the findings of this study showed that humoral and innate immune
responses to HCV infection, ROS induction, and subsequent increases in DHCR24 auto-antibody
production occurred in tupaia model, providing novel insights into understanding HCV pathogenesis.

In addition, I also contributed towards developing tupaia model for pathogenesis study of highly
pathogenic avian influenza viruses (manuscript under revision in ‘Virology’).

Considering all the findings of the study, utilization of tupaia infection model in this study was an effective

approach towards development of tupaia as an animal model for viral infections.
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