
 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 







 

 

             

 

 

                  

                  

               

                   

                  

 

 

                  

                  

               

                   

                  

 

    

  

                  

                  







               

                   

                  

 

              

 

              

 

                 

 

  







 

 

 

 







 

 

 

 







 

 

 







 

 









 

 

 

 









 

 

 

 







 

 

 

 







 

  







 

 

 

 

 

 

 

  







 

 

  







 

 

 

 

 

 







 

 

 

 







 

 

 

 

(ATCC, 







#CRL-11663)

 were seeded at 5.5 × 

104/well on flat-bottomed 96-well plates (AGC Techno Glass Co., Shizuoka, Japan) and 

were incubated for 24 h at 37 °C in 5% CO2. S with 

Minimum Essential Medium (MP Biomedicals, Santa Ana, CA, USA) containing 2% 

FBS and

for 1 h at 37 °C in 5% CO2

  

 

 







 

 

 

 

 

 

 







 

 

 

 

 

 

 

 

 







 



 

 

 







 



 







 

 







 

 

 

  







 

 
Horse 

No. 
Breed Age Clinical signs 

Date of 

onset 

Detection period 

of ECoV RNA 

VN titer 

1st 2nd 

# 1 Thoroughbred 10 fever, lathargy Mar-28  8 1024 
# 2 Thoroughbred 11 fever, anorexia Mar-27  8 512 

# 3 Japanese sport horse 9 fever Mar-28  16 1024 

# 4 Mixed 10 fever, lethargy Apr-2 1 < 8 512 

# 5 Thoroughbred 8 fever Apr-2  64 1024 

# 6 Japanese bred  14 fever Apr-2 1 10 1024 

# 7 Japanese sport horse 18 fever Apr-2 37 32 256 

# 8 Japanese bred  6 fever, anorexia Apr-2 8 < 8 64 

# 9 Andalusian 14 fever, lethargy Apr-2 1 16 512 

# 10 Pony 3 fever, lethargy Apr-3 8 < 8 512 

# 11 Thoroughbred 14 diarrhea, anorexia, lethargy Apr-3 1 32 1024 

# 12 Lusitano 10 diarrhea Apr-5 1 32 1024 

# 13 Andalusian 18 lethargy, anorexia Apr-8 13 64 1024 

# 14 Andalusian 13 diarrhea Apr-8 8 64 512 

# 15 Thoroughbred 15 fever Apr-9 19 16 1024 

# 16 Thoroughbred 14   1 16 1024 

# 17 Thoroughbred 9   1 < 8 512 

# 18 Lusitano 19   11 256 1024 

# 19 Andalusian 12   98 < 8 16 

# 20 Japanese bred  14   1 < 8 1024 

# 21 Thoroughbred 12   11 < 8 512 

# 22 Thoroughbred 6    8 1024 

# 23 Friesian 5   88 32 512 

# 24 Andalusian 14   1 64 512 

# 25 Andalusian 13   11 128 512 

# 26 Thoroughbred 10   1 64 1024 

# 27 Thoroughbred 11    < 8 256 

# 28 Thoroughbred 15   1 16 1024 

# 29 Thoroughbred 15   1 128 1024 

# 30 Thoroughbred 12   1 < 8 128 

# 31 Thoroughbred 11    8 512 

# 32 Thoroughbred 9   1 < 8 1024 

# 33 Friesian 5    < 8 256 

# 34 Pony 6   50 < 8 16 

# 35 Pony 11    32 512 

# 36 Pony 10    < 8 1024 

# 37 Pony 8    < 8 512 

# 38 miniature horse 1   50 < 8 32 

# 39 miniature horse 13   1 64 512 

# 40 miniature horse 8   15 < 8 512 

# 41 miniature horse 5    8 < 8 64 







 
 

Primer set name Sequence (5 -3 ) Genome position a Reference 

Segment 1 ECoV-90F CTGTAATCTATGCTTGCGAG 90-109 This study 

 ECoV-3651R GCCAATCACACAAAGTAAGT 3651-3632  

     

Segment 2 ECoV-3084F GATGAAGATTTTGGAGAGCC 3084-3103 This study 

 ECoV-6867R GCTTTGATGCAATTTCTGTG 6867-6848  

     

Segment 3 ECoV-6000F GGACACACCGTCTGTGATAG 6000-6019 [33] 

 ECoV-11999R AGCAACACCCAGATCAGAAG 11999-11980  

     

Segment 4 ECoV-11301F CCATCAGTTGAGTATACTTATACTG 11301-11325 [33] 

 ECoV-17800R AGCAGCAAAGTTCTGACTAT 17800-17781  

     

Segment 5 ECoV-17100F CACATCTTGCTATCGGTTTG 17100-17119 [33] 

 ECoV-22802R AGAAGCGGTGCATTTAAAGC 22802-22783  

     

Segment 6 ECoV-22608F CCTCGTAATTATTCTTATATGGACC 22608-22632 [33] 

 ECoV-29009R AACTCCACCAACTACCAGTT 29009-28990  

     

Segment 7 ECoV-28110F GTTTTACTAACGGATTTAACGTCC 28110-28133 [33] 

 ECoV-30935R ACTTAACATGCTGGCTCTTC 30935-30916  

 
  







 
Nucleotide sequence identities (%) of Tokyo2020 compared with those of NC99, 
Tokachi09, Obihiro12-1, and Obihiro12-2 strains 

  NC99 Tokachi09 Obihiro12-1 Obihiro12-2 

ORF1a 98.8 98.4 99.6 99.6 

ORF1ab 98.8 98.5 99.4 99.4 

NS2 97.5 98.2 - - 

HE 97.8 98.4 99.7 99.8 

S 98.3 98.3 99.1 99.2 

p12.7 99.1 99.4 98.8 98.8 

E 99.6 99.2 98.8 99.2 

M 99.3 98.3 99.1 99.1 

N 98.1 98.9 99.3 99.4 

I 97.7 98.4 99.4 99.4 

  





Figure 2  
Nucleotide Sequences from the p4.7 to p12.7 genes

p4.7 gene

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 





p12.7 gene

 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 





 

 

 

 

 

 

 

























 

 

 

 

 

 

 

 

  







 

 

  







 

 

 

 







 

 

 

 

 

 This study was approved by the Research Planning and Ethics Committee of the 

Equine Research Institute of the JRA. The owners of the horses were all notified by the 

racing authorities that their horses might be subjected to mandatory sampling for 

research purposes. 







 

 

 

 

Collected sera were stored at 20°C until tested. The VN test was performed as 

described in CHAPTER 1. Each sample was tested in duplicates, and the lower VN titer 

was used when the titers differed. A VN titer of 1:8 was defined as seropositive. A 4-

fold or greater increase in VN titer between sera was regarded as seroconversion, i.e., 

the horse was infected with ECoV during the period. To compare the results, a VN titer 







of < 1:8 was defined as 1:4, and 1024 was defined as 1:1024. 

 

Evaluation of clinical history 

 

 

 

 

 

 

 







 

 

 

 

 

 

 

 

 







 

 

 







 

 







 







 

  







 
     
       

       
       
       

       

        

 
  







 

       

          

         

         

         

          

          

 
 

 
  







 
           

          

          

          

 
 

 
  







 
     
       

       
       
       

        

        

 
 
  







 
     
       

       
       
       

        

        

 
  







 

       

          

         

         

         

          

          

 
 

 

 
  







 

 

 

 

 

 

    

  
  







 

 

 

  







 

 

 

 

 

 







 

  

The experimental protocol and all animal procedures were approved by the Animal 

Care Committee of the Equine Research Institute of the JRA. 

 

 

 

 

  







 

 

 

 

    

 

 

   

 

 

 

 

 







   

  

 

 

   

 







 
 

 

 

 

 

 

 

  

  

   

 

 

 

 

 







 

 

 

 

 

 

 

 

  

 







 

  

 

 

  

 

 

 

In this study, the tissue tropism of ECoV was investigated using intestinal and 

respiratory tissue samples collected at different time points from horses that were 

experimentally inoculated with ECoV. qPCR and ISH showed that infected lesions were 

broadly distributed from the small intestine to the large intestine and enteric lymph nodes 

following a time course. Corresponding to the detection of ECoV RNA by qPCR, 

histological evaluation showed the accumulation of lymphocytes and plasmacytes and 

phagocytosis of ECoV by macrophages in the lamina propria of the small intestine.  

All horses started to shed the virus in their feces 2 3 days after inoculation with 







ECoV, although none of them showed gastrointestinal signs. This result demonstrates that 

all horses subjected to this study were infected with ECoV by oral administration of the 

virus containing feces. Although only two of the four horses showed fever, these findings 

also corresponded with those presented by previous infection studies [36]. It is considered 

that the horses in the current study reproduced the cases of natural infection.  

Gross pathological evaluation showed no significant abnormalities in the intestinal 

tissues. Histopathological analysis showed that intestinal tissue damage was limited to 

the luminal surface of the small intestine, where 

 ISH also showed that ECoV-positive cells were localized only 

on the luminal surface of the small intestine. These findings contrast with the previous 

reports describing pathological findings in fatal cases [9, 13]. In these reports, ECoV 

infection caused fatal necrotizing enterocolitis, and histopathological evaluation revealed 

that the cytoplasm of deep glandular enterocytes in the small intestine was infected with 

ECoV [13]. The differences in the distribution of ECoV within the intestinal tissues 

between the previous studies and the current study might be related to the severity of 

pathological changes in the tissues and clinical signs exhibited. Most horses that are 

naturally infected with ECoV in the field show mild clinical signs [15], and the results in 

the current study are likely to reproduce such cases. It is suggested that ECoV does not 

cause significant damage to the intestinal tissues in the most infected horses, although the 

virus infects the luminal surface throughout the intestinal tract. Other additional factors 

might be related to the worsening of clinical signs. Further studies are required to address 

unknown factors that cause the difference in viral distribution within the intestinal tissues 

and in disease severity. 

None of the infected horses showed respiratory signs such as cough or nasal 







discharge. They did not show any abnormalities in respiratory tissues such as lung or 

trachea tissues by gross pathological and microscopic evaluations. In horse #1 

(euthanized at 3 dpi), ECoV RNA was detected in the lung by qPCR, suggesting the 

possibility that ECoV infected the lung tissue of this horse. However, no positive cells 

were detected by ISH. In addition, horse #1 showed viremia at 3 dpi when this horse was 

euthanized, and the lung was found to contain a large amount of blood during post-

mortem examination. Therefore, these results indicate that the detection of ECoV RNA 

in the lung tissue of horse #1 by qPCR was not caused by the infection of the lung cells 

but was a result of viremia and blood contamination of the tissue. In horse #2, 3, and 4 

(euthanized at 5, 7, and 14 dpi, respectively), ECoV RNA was detected in nasal swabs by 

qPCR a few days after inoculation of the virus. However, postmortem examination 

revealed that ECoV RNA was not detected in the trachea and lung tissues by either qPCR 

or ISH in these horses. Moreover, the highest copy number of ECoV RNA in nasal swabs 

was 5.8 × 105 copies at 5 dpi in horse #2, while that in fecal samples was 3.2 × 109 copies 

at 4 dpi. The copy numbers in nasal swabs were all at least ten times lower than those in 

fecal samples collected on the same days, which is consistent with our previous 

experimental infection study [36]. It is likely that these horses rubbed their noses against 

the stool floor or wall contaminated by feces containing ECoV, and the virus particles 

were introduced into their nasal cavity. An experimental infection study using calves 

inoculated orally with BCoV showed that BCoV infected the respiratory tract and induced 

epithelial damage in the nasal turbinate, trachea, and lungs, and interstitial pneumonia, 

even though the respiratory tract was not inoculated directly with BCoV [42]. In another 

study, involving experimental exposure by direct contact with infected calves, it was 

reported that the level of BCoV RNA in nasal swabs was more than 1 × 109 copies at 







maximum and was sometimes higher than that in the fecal samples collected on the same 

day [39]. In contrast, the experimental ECoV infection of horses via the oral route in this 

study did not result in damage to the respiratory tract or massive viral replication, as 

described above, suggesting that ECoV is less likely to infect the respiratory tract.  

In conclusion, qPCR and ISH showed that ECoV can broadly infect the intestinal 

tract tissues, but the virus infection did not cause significant damage. To determine the 

mechanism and factors related to the distribution of the virus and deteriorating the host 

tissue in fatal cases, further study is needed. Although ECoV RNA was detected by qPCR 

in respiratory specimens such as nasal swabs and postmortem lung tissue, viral infection 

was not confirmed by other examinations. Therefore, this study suggests that ECoV is 

less likely to infect respiratory tissues in horses. 

  







 
  Horse no. (collection day) 

Tissue #1 (3 dpi) #2 (5 dpi) #3 (7 dpi) #4 (14 dpi) 

Duodenum  8.5 8.2  

Jejunum 9.8 a 8.6 7.0 4.2 

Ileum 10.3 9.5 6.6 4.4 

Cecum 9.0 11.6 10.1 5.9 

Colon 6.0 10.7 7.8 6.0 

Rectum  11.0 9.0  

Trachea     

Lung 6.2    

Cranial mesenteric LN 9.7 6.2 6.7 6.2 

Cecal LN 5.4 7.3 6.4 5.1 

Colonic LN  4.0 7.9 5.3 

Caudal mesenteric LN 5.2  4.1  

Pulmonary LN     

 

 
  







 
  Horse no. (collection day) 

Tissue #1 (3 dpi) #2 (5 dpi) #3 (7 dpi) #4 (14 dpi) 

Duodenum a +b +  

Jejunum ++c +  + 

Ileum ++ + + + 

Cecum + ++ ++ + 

Colon  ++ ++ + 

Rectum  ++ +  

Trachea     

Lung     

Cranial mesenteric LN +    

Cecal LN     

Colonic LN     

Caudal mesenteric LN     

Pulmonary LN     

 
 
 

 
  















 

 

 

 

 

 

 







 

 

 







 

 

 







 

 







 

 

  







 

 

 

 

 

  

  







 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 







 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 







 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 







 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 







 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 







 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 







 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 







 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




