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Hepatitis E virus (HEV) is a causative agent of viral hepatitis worldwide. In developing countries, 
HEV causes water-borne outbreaks with high mortality rates in pregnant women. In industrialized nations, 
sporadic hepatitis E cases occur by consumption of infected meat, blood transfusion and organ-
transplantation. In the last decade, zoonotic food-borne transmission cases have increased in developed 
countries and novel HEV genotypes have been detected in a large variety of domestic and wild animals, 
some of which showed zoonotic potential. These findings have showed that hepatitis E is not only a disease 
limited to water-borne epidemics in low-income countries, but also a zoonotic disease with a high risk for 
public health. 

In 2003, Japan was the first country to report food-borne zoonotic transmission of HEV by the 
ingestion of game meat (Sika deer). Since then, it has been reported that human is mainly infected with 
HEV genotypes 3 and 4 and that the main reservoir of HEV in nature was wild boar. Despite of zoonotic 
transmission from game meat, HEV infection dynamics among wild or feral animals have not been fully 
understood in Japan. In CHAPTER 1, evaluation and characterization of HEV strains circulating among a 
wide variety of wild animals in Japan were performed. In CHAPTER 2, we evaluated the prevalence of 
rabbit HEV genome or antibodies among feral rabbits in Japan and characterized the novel rabbit HEV 
isolate. 

CHAPTER I Nationwide survey of hepatitis E virus infection among wildlife in Japan 

In this chapter, we performed a nationwide surveillance of HEV infection by using a total of 5,557 
serum samples collected from 15 wild animal species in many prefectures of Japan. Detection of anti-HEV 
antibodies and HEV RNA was performed by using ELISA and nested reverse transcription PCR. In addition, 
Sika deer serum samples that were found to be positive for HEV RNA or anti-HEV antibodies, were further 
evaluated to confirm host mitochondrial DNA. The overall prevalence of anti-HEV antibodies in wild boars 
was 12.4% (294/2,375), with higher positive rates in big boars (over 50 kg, 18.4%) than in small individuals 
(less than 30 kg, 5.3%). In addition, HEV RNA was more frequently detected in piglets than in older boars, 
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suggesting the presence of acute HEV infection in younger population. Interestingly, our survey results 
indicated that HEV infection in Sika deer was a very rare event, because ratio of RNA detection and 
seroprevalence were very low, 0.06% (1/1688) and 0.04% (1/2,250), respectively. Japanese monkeys 
showed seropositive ratio of 1.4% (2/149) while the other examined wild animals were negative to HEV 
infection. In conclusion, wild boar, especially piglets, are at high risk of HEV infection, while other wild 
animals showed less risk or no risk of HEV transmission. 

CHAPTER II Characterization of rabbit hepatitis E virus isolated from a feral rabbit 

Rabbit hepatitis E virus (HEV) has been detected among farmed, wild and pet rabbits worldwide 
and recently isolated from immunocompromised patients, suggesting zoonotic transmission. Despite 
reports on HEV infection among domestic and wild animals in Japan, rabbit HEV has not been identified 
before this survey. In this study, we assessed the prevalence of HEV infection among feral rabbits 
(Ñ®§½¬±´¿¹«­ ½«²·½«´«­÷ by detection of anti-HEV antibodies in sera and HEV RNA in fecal swabs. The 
prevalence of anti-HEV antibodies was 33% (20/60) and HEV RNA was detected from only one animal 
(1.7%, 1/58). Furthermore, one naïve rabbit was intravenously inoculated with the suspension of the HEV-
positive fecal specimen. During an observation period of 21 weeks, the infected rabbit exhibited persistent 
HEV shedding in feces, intermittent viremia, seroconversion to anti-HEV IgM and IgG, and high alanine 
aminotransferase (ALT) values, indicating persistent HEV infection. The rabbit HEV isolate, named as JP-
59, had a length of 7,282 bp excluding a poly (A) tail, possessed the characteristic 93 bp-insertion in ORF1 
and clustered with other rabbit HEV isolates from rabbits and human origin. The JP-59 shared the 
nucleotide sequence identities of less than 87% with other rabbit HEVs, suggesting that a novel rabbit HEV 
strain was circulating in Japan. 

Our research contributed to clarify HEV dynamics and circulation among wild animal species in 
Japan. Wild boar population must act as the main reservoir of HEV in wildlife and piglets might be a major 
source of HEV infection for human and the other animals. Sika deer were rarely infected with HEV, 
indicating less risk of HEV transmission. Feral rabbits living in the wild were susceptible to HEV infection, 
and the Japanese rabbit HEV isolate caused a persistent infection in a naïve rabbit. Finally, the other wild 
animal species showed less risk or no risk of HEV transmission.  






