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6789 7AA 7AA >>?= B@?7 B@?7
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81&"9*: =EE AABD AA ADBD AAB@ AAB@ A;B; ACBC

346;5 =EE =EE ADBD ADB7 AA AA A;B; ACB=

3467; AAB5 AAB5 AAB5 AABD ADB5 ADB5 A5B= ACB6

34676 AA AA AA AAB5 ADBC ADBC A;BA ACB;

81&"9*:: AAB5 AAB5 AAB5 AA ADB5 AA A;BC ACBC

<=;5 =EE =EE =EE AAB5 AA AAB5 A5BC A;

<>?4= AD AD AD A7B; A6BA A7B; AD A7B7
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*201282-)1-,!&8!6(2*!8214210!51-,/6)21!>M&/1,92**,1!,6!)9AB!;##<KA!P1!)44262&1B!

)!*654:!-&145-6,4!)6!)!*2109,!8)/.!21!6(,!Q126,4!I6)6,*!*(&R,4!6(,!E/,*,1-,!

&8! $%&'! 21! +&6(! 8,-)9! )14! 1)*)9! *R)+*! 8/&.! 8,,49&6! -)669,! >S&,6! ,6! )9AB!
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General Discussion 

 

In this thesis, the author carried out molecular epidemiological survey 

of bovine torovirus (BToV) infection among Japanese cattle by reverse 

transcription-polymerase chain reaction (RT-PCR) on fecal samples and 

nasal swabs, and further investigated genetic diversity of BToVs 

circulating in Japan in comparison with those reported in foreign countries. 

Besides the epidemiological analysis of BToV infection, the author made 

attempts to isolate BToVs in cell cultures and could obtain 4 

cytopathogenic BToVs in HRT-18 cells. The isolates were virologically, 

antigenically, and genetically characterized. To investigate pathogenicity of 

BToV, then, cattle were experimentally exposed to the isolate and observed 

for clinical manifestations, virus excretions in feces and nasal secretions, 

and antibody responses. Finally, serum samples were collected from cattle 

with various conditions and tested for BToV antibodies against the isolate 

to predict seroprevalence in Japan. 

The results of these investigations are summarized as follows. 

 

Chapter 1: BToV specific gene was detected in 15 of 231 fecal 

samples collected in Japan in 2004 and 2005 and found at significantly 
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higher rate in samples obtained from diarrheic (14/167; 8.4%) than in 

asymptomatic (1/64; 1.6%) cattle, suggesting that BToV may act as one of 

risk factors causing diarrhea in cattle. The phylogenetic analysis of the 

spike (S) gene fragment revealed that BToVs detected in Japanese cattle 

were classified into 3 clusters, which were considerably correlated with the 

geographic origin of the samples. The areas where BToVs were detected 

did not adjoin one other but spread across a wide range, suggesting that 

BToV is conventionally distributed and geographically differentiated. 

 

Chapter 2: Nasal samples collected from 311 cattle, 205 cattle with 

respiratory symptom and 64 from asymptomatic cattle, were tested for 

BToV by nested RT-PCR to amplify the nucleocapsid (N) gene. 7 samples 

derived from cattle with respiratory symptoms were positive in RT-PCR, 

but those from asymptomatic cattle were all negative, suggesting that 

BToV may be a predisposing factor and/or causative agent for bovine 

respiratory disease. The degrees of similarity of the S and 

hemagglutinin-estrase (HE) genes were over 90.8% within BToVs detected 

in nasal samples (rBToV-1 to -7) and 73.5–99.0% with feces-derived 

BToVs (eBToV). Phylogenetic analysis revealed that rBToV-1, -2, and -3 

were closely related to one another and to BToV belonging to the cluster 2, 
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which was defined in feces-derived BToVs. In contrast, both rBToV-4 and 

-5 were genetically distant from rBToV-1, -2, and -3, while rBToV-6 was 

distinguished from other rBToVs and belonged to the analog of the cluster 

1. These seem to indicate that genetic diversities are evident among 

rBToVs, but there are no definite divergences between rBToVs and 

eBToVs. Furthermore, one cattle showed BToV positive in both feces and 

respiratory secretion, suggesting that dual tropisms for BToV. 

 

Chapter 3: Fifty-five fecal samples positive for the N gene of BToV 

were inoculated into HRT-18 cell culture derived from human rectal 

carcinoma and four cytopathogenic BToVs were successfully isolated. All 

isolates showed physicochemical characteristics similar to those of bovine 

coronavirus (BCV) and were able to agglutinate mouse, but not chicken 

erythrocytes, while they lacked receptor-destroying enzyme activity. 

Analysis of N-terminus of the S gene showed that the isolates, except one 

designated Gifu-2007TI/E strain, were phylogenetically located in cluster 1 

and its analogs, and were antigenically almost identical with one another, 

as demonstrated by neutralization test (NT) and 

hemagglutination-inhibition (HI) test. On the other hand, the 

Gifu-2007TI/E strain was classified into the neighborhood of the cluster 2 
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and exhibited relatively low cross-reactivity with other 3 isolates in both 

NT and HI test. However, the antigenic differences between the 

Gifu-2007TI/E and other 3 strains were not sufficient to divide BToVs into 

apparent serotypes. The conclusions were that genetic and antigenic 

properties of BToVs vary moderately, and at least 2 subtypes 

distinguishable based on the difference in the structure of N-terminus of the 

S gene and by both NT and HI tests may exist. 

 

Chapter 4: One calf each was inoculated via oral (No.1), nasal (No.2), 

and both routes (No.3), respectively, with the Hokkaido-2008TI/E strain of 

the isolate, and the other calf (No.4) was raised in the same pen as a 

cohabitant. All calves were monitored for clinical manifestations, virus 

excretions in feces and nasal secretions, and antibody responses. Although 

all calves revealed no severe clinical symptoms, calves No.1 and 3, and 2 

developed soft feces on post inoculation day (PID) 1 and 2, respectively, 

that continued intermittently for approximately 2 weeks thereafter. The 

feces of calf No.4, a cohabitant, also became loose 2 days after 

cohabitation. The transient coughing was also evident in calf No.3. The 

virus excretion in feces first detected in all calves including cohabitant on 

PID 4, reached at the maximum level of 107 to 108 copies/mL, and persisted 
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discontinuously for a maximum of 8 weeks after inoculation. Although the 

viruses were also recovered from nasal secretions for a maximum of 4 

weeks, their amounts were significantly smaller than those in fecal 

specimens, however, dual tropisms of BToV to these tracts were confirmed. 

Neutralizing and HI antibody titers increased by PID 7, and reached at the 

highest level of 64 to 512. Overall, it would appear that BToV is 

pathogenic for bovine intestinal and respiratory tracts, especially for the 

former tissues, however, both routes are important in spreading the virus. 

 

Chapter 5: Paired serum samples were obtained from 359 cattle (111 

cattle from healthy herds, 121 cattle from herds with respiratory problems, 

and 127 cattle suffering from diarrhea) and tested for HI antibody against 

the Hokkaido-2008TI/E strain of the isolate. Nearly all cattle possessed 

BToV antibodies with various levels in the initial samples, although the 

origin whether they were resulting from infection or derived from maternal 

antibody varied. The antibody levels gradually decreased in most of 

asymptomatic cattle with the lapse of time; only 3 of 111 cattle (2.7%) 

showed antibody rising. On the other hand, increase in antibody levels in 

the convalescent sera, as compared with the precritical samples, was 

evident in 49 of 248 cattle (19.8%) with diseases but especially remarkable 
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among the herds with respiratory problems although rising levels of 

antibodies against other respiratory disease-related pathogens were 

observed coincidentally in these herds. These appeared to indicate that 

BToVs are circulating widely among Japanese cattle and that BToVs may 

play some etiological roles, mainly by co-infection with other pathogens, in 

bovine respiratory and intestinal diseases. 

BToV has been behind BCV, another member of Coronaviridae 

infecting cattle, in the research, because BToV are very difficult to 

propagate in cell cultures. In this thesis, the author could partially elucidate 

prevalence of BToV infection among Japanese cattle, etiological 

significance for cattle, virological properties, genetic and antigenic 

characteristics and variation of BToVs. In addition, 4 cytopathogenic 

BToVs were successfully isolated in HRT-18 cell cultures. The findings 

obtained in this study seem to contribute to understanding, at least in part, 

BToV and its infection in cattle. Especially, cytopathogenic viruses 

isolated in this study are expected to provide a useful tool for investigations 

on the pathological role and immunology of BToV in enteric and 

respiratory diseases in cattle.  
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