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  Studies on Detection of Japanese Eel Endothelial 
  Cells-infecting Virus in Japanese Eels 

Japanese Eel Endothelial  
Cells-infecting Virus  

 
Viral endothelial cells necrosis (VECNE) is viral infectious disease of Japanese eels 

and it has caused serious economic losses for eel farms since the 1980s. The main 
symptom of VECNE is characterized by severe dilatation of the central venous sinus in 
the gills, resulting in death of infected eels. Japanese eel endothelial cells-infecting 
virus (JEECV), an etiological agent of VECNE, is not classified in any of the known 
virus families, however, the virus has an open reading frame (ORF), referred to as 
polyomavirus large T like protein gene (LTLG), homologous to the large T antigen gene, 
responsible for pathogenesis of polyomaviruses. Few studies have attempted to conduct 
the epidemiological study of JEECV in Japanese eels in the eel farms and also in nature, 
although several studies have reported genetic characterization of the prototype of 
JEECV which was passaged 70 times in eel endothelial cells.  

Because farmed eels are grown from elvers captured in nature, it is crucial to conduct 
molecular epidemiological research on JEECV in order to understand JEECV infection 
in Japanese eels inhabiting in nature. Japanese eels have a unique life history in that 
they make an epic migration from their spawning site located in the Torrid Zone to their 
growing site located in the Temperate Zone. This indicates that a habitat-wide 
epidemiological study at the different life stages of Japanese eels is necessary. In order 
to clarify the infection status of JEECV in Japanese eels inhabiting in nature, the 
following four studies were conducted. 

In the first chapter, complete nucleotide sequences of 2 JEECV strains isolated from 
the farmed eels with VECNE were determined and these were compared with that of 
the prototype JEECV. Additionally, nested PCR methods targeted LTLG region were 
developed and the methods were compared with the previously reported PCR methods 



in terms of sensitivity and fidelity. The genomes of the 2 JEECV strains, Shizuoka and 
Tokushima, consisted of 14,986bp and 15,080bp, respectively, with some variation in 
sizes of the genomes of the prototype strain of 15,131bp. The 2 strains had several 
mutations including nucleotide substitutions, deletions and insertions in several 
putative ORFs compared to those of the prototype strain, while the LTLG regions were 
completely conserved among the 2 strains and the prototype. The sensitivity of nested 
PCR-D and nested PCR-E developed in this study were 10 times lower than the 
real-time PCR and equal to the PCRs using AmpliTaq Gold DNA polymerase (PCR-A, 
PCR-B and PCR-C), which were established previously. The previously reported PCRs 
were shown to be useful to detect JEECV in the farmed eels with VECNE. Hence, the 
nested PCR assay developed in this study is thought to be also useful for detection and 
determination of LTLG sequence in the eels.  

In the second chapter, the practical effectiveness of the previously established PCRs 
and the newly developed nested PCR-D and nested PCR-E in the first chapter was 
compared using specimens of the wild adult eels, which life stage are before starting 
their long distance spawning migration, captured in several regions, Tokyo, Shizuoka, 
Fukuoka and Kagoshima, in Japan. As a result, all the PCRs so far tested were shown 
to be useful to detect JEECV in the captured eel specimens. Sensitivity in detection of 
the virus DNA was highest in PCR-B, followed by the real-time PCR. JEECV positive 
rates of the adult eels varied from 0 to 13.6%, being highest in Kagoshima with 13.6% 
and lowest in Shizuoka and Fukuoka with 0%. In the virus positive eels, amounts of 
JEECV DNA in the gills were similar levels to those in the experimentally JEECV 
infected eels, with 1.1×104 to 2.3×106 copies/g. The nucleotide sequences of the nested 
PCR-E products of the positive eels were determined and found to be different from the 
prototype and other 2 strains isolated from the farmed eels, indicating genetic 
polymorphism in LTLG of JEECV in nature. 
In the third chapter, the molecular epidemiology of JEECV in parent Japanese eels 
captured at the spawning site located in the southern part of West Mariana Ridge was 
conducted and the nucleic acid sequences of LTLG of JEECV in the parent eels were 
determined. Using the real-time PCR and PCR-B, JEECV was detected in 20.0% of the 
parent eels. In the virus positive parent eels, amounts of JEECV DNA in the gills were 
4.0×102 to 1.6×103 copies/g, which were lower than those in the adult eels. The 
nucleotide sequences of the nested PCR-E products of the positive parent eels were 
determined and found to be different from the prototype and other 2 strains isolated 
from the farmed eels, further indicating genetic polymorphism in LTLG of JEECV in 
nature.  



In the fourth chapter, the molecular epidemiology of JEECV in Japanese eel elvers 
captured in Yamaguchi prefecture was conducted. Using the real-time PCR, PCR-B and 
PCR-A, JEECV was detected in 10.0% of the elvers and the amount of viral DNA in the 
gills was 3.0×103 copies/g, nearly equal to those of the parent eels. 

In conclusion, the present study showed that there is genetic polymorphism in the 
putative ORFs except for LTLG in the JEECV isolated from the eels with VECNE in the 
eel farms. The Japanese eels at different life stages were shown to be infected with 
JEECV inhabiting in nature. The viral DNA levels in the adult eels were shown to be 
higher than those in the parent eels and the elvers. Comparison of the nucleotide 
sequence of LTLG region of the eels in nature revealed genetic polymorphism in LTLG 
of the JEECV infecting Japanese eels in nature. 

Because Japanese eels are old Japanese fisheries, they create one of the important 
Japanese food cultures; therefore, identifying the infection status, precise diagnosis and 
control of diseases of Japanese eel including VECNE are essential for stable food supply. 
In conclusion, the findings and the developed nucleic acid tests in the thesis will be 
useful for future diagnosis and control of VENCE in Japanese eels. Furthermore, the 
discovery of JEECV in Japanese eels living in natural habitats will be a major 
breakthrough for future research on the manner of infection and pathogenesis of 
JEECV. 
 
 
 


