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Abstract 

Hepatitis B virus (HBV) is a life-threatening pathogen with major economic 

significance. Acute infection in adults is common, albeit usually self-limiting. 

Importantly, infection in infants typically results in chronic infection and increased 

incidence of hepatocellular carcinoma (HCC). Furthermore, the infectious carrier state 

is perpetuated in chronically infected individuals. Successful immuno-therapeutic 

vaccination would reduce the incidence of chronic infection and of HCC as well as 

reduce transmission of the disease. 

 

Recovery from acute and chronic HBV infection typically occurs in the presence of 

robust antigen-specific humoral and cellular immune responses (CMI), whereas these 

responses are low or absent in chronically HBV-infected individuals. Therefore, it was 

hypothesised that effective stimulation of both humoral and CMI responses, in 

conjunction with currently available antiviral therapies, may contribute significantly to 

development of vaccines for treatment of chronic HBV infection. 

 

The duck hepatitis B virus (DHBV) model of HBV infection was used to test novel 

vaccine strategies that could complement existing antiviral therapeutic approaches to 

treat chronically HBV-infected humans. To this end, three separate vaccine studies were 

conducted to investigate potential therapeutic regimes. 

 

Methods to assess the efficacies of the vaccine strategies included immunoperoxidase 

detection of viral antigen and immune cell markers within the liver and development of 

sensitive assays to monitor levels of DHBV DNA, duck hepatitis B virus surface 

antigen (DHBsAg), antibodies to duck hepatitis B core (anti-DHBc) and surface 

antigens (anti-DHBs) in serum were developed and validated which allowed monitoring 
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of the kinetics of the humoral immune response following vaccination and the course 

and outcome of experimental DHBV infection. 

 

The first vaccine study tested the protective efficacy of DNA vaccines encoding either 

the small form of DHBsAg (DHBs) protein or the larger antigen (DHBpre-S/S), These 

were administered to ducks at day 4 and 14 of age. On the same day as the second 

vaccination, ducks were challenged intravenously with DHBV. Immunoperoxidase 

staining of biopsy tissue collected at day 4 p.i. showed significant decreases in the 

number of DHBV infected hepatocytes in ducks receiving the DNA vaccines compared 

to the mock-vaccinated control ducks. Significant protection against development of 

chronic DHBV infection was observed in ducks vaccinated with DNA vaccines 

expressing either pre-S/S or S protein. Although anti-DHBs antibodies were not 

detected prior to DHBV challenge, the decrease in the percentages of DHBV-infected 

hepatocytes at day 4 p.i is suggestive that neutralisation of the inoculum by low-level 

anti-DHBs antibodies in cohort with CMI responses induced by vaccination were the 

most probable mechanisms of action. 

 

The second vaccine study examined the protective efficacy of a novel whole-cell 

vaccine that expressed the DHBV core antigen (DHBcAg). Ducks were vaccinated on 

day 4 and 14 of age and DHBV challenge was administered 4 days later.  Detectable 

anti-DHBc antibodies were generated as soon as 4 days after the initial vaccination 

suggesting that this regimen elicited increased immunogenicity than vaccination with 

DNA vaccines alone. In contrast to the first vaccine study with DNA vaccines 

expressing DHBsAg, no significant differences in the percentage of DHBV-infected 

hepatocytes were observed in biopsy tissue collected at day 4 p.i. This finding is 

confirmation that anti-DHBc antibodies were not neutralising to the initial DHBV 
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inoculum. However, significant protection against development of chronic DHBV 

infection was observed in the whole-cell vaccinated ducks suggesting that the 

mechanism of protection was consistent immune-mediated killing of DHBV-infected 

hepatocytes following CMI responses to determinants of DHBcAg.  

 

The final vaccine study involved a combination strategy of antiviral drug Entecavir 

(ETV) and prime-boost vaccination with DNA vaccines and recombinant fowlpoxvirus 

(rFPV) expressing DHBV antigens. Immediately following DHBV infection, ducks 

were dosed by oral gavage with the antiviral drug Entecavir (ETV) and at the same time 

received the priming DNA vaccines encoding DHBV antigens. Seven days later the 

boosting vaccination consisting of recombinant fowlpox viruses (rFPV) also expressing 

DHBV antigens was administered. Extraordinary protection was observed, with 100% 

of ducks given combination therapy rapidly resolved their DHBV infection while 100% 

of non-treated ducks developed chronic infection. It was concluded that protection 

resulted from a combination of at least three factors. First, reduction and control of 

DHBV levels with the aid of ETV; secondly, stimulation of surface antigen-specific 

humoral immune responses resulting in neutralisation of newly produced virions; and 

finally, the combined up-regulation of CMI responses against DHBV core and surface 

antigens, resulting in elimination of infected hepatocytes. 

 

The four manuscripts that comprise this thesis provide insights into the viral kinetics 

and immune responses that follow DHBV infection and/or vaccination of ducks. The 

results provide new directions for future vaccine studies aimed at developing effective 

treatments for chronic HBV infection. 
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