
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Isolation of an equine coronavirus from adult horses with
pyrogenic and enteric disease and its antigenic and genomic
characterization in comparison with the NC99 strain

Yasuhiro Oue a, Ryoko Ishihara b, Hiroki Edamatsu b,c, Yoshinori Morita d,
Miyou Yoshida a, Masayuki Yoshima a, Shinichi Hatama b, Kenji Murakami e,
Toru Kanno b,f,*
a Hokkaido Tokachi Livestock Hygiene Service Center, 59-6, Kisen, Kawanishicho, Obihiro, Hokkaido 089-1182, Japan
b Hokkaido Research Station, National Institute of Animal Health, 4 Hitsujigaoka, Toyohira, Sapporo, Hokkaido 062-0045, Japan
c Hokkaido Kamikawa Livestock Hygiene Service Center, 4-15, Higashitakasu, Asahikawa, Hokkaido 071-8154, Japan
d Tokachi Draft Horse Clinic, Nishi 13, Minami 9-1, Obihiro, Hokkaido 080-0023, Japan
e Research Team for Viral Diseases, National Institute of Animal Health, 3-1-5 Kannondai, Tsukuba, Ibaraki 305-0856, Japan
f United Graduate School of Veterinary Sciences, Gifu University, 1-1 Yanagido, Gifu 501-1193, Japan

Veterinary Microbiology 150 (2011) 41–48

A R T I C L E I N F O

Article history:

Received 4 October 2010

Received in revised form 9 December 2010

Accepted 3 January 2011

Keywords:

Equine coronavirus

Virus isolation

185-nucleotide deletion

Tokachi09

A B S T R A C T

A new equine coronavirus was isolated from the feces of adult horses with pyrogenic and

enteric disease. The disease outbreak was mainly observed among 2- to 4-year-old horses

living in stables of a draft-horse racetrack in Japan. On comparing the isolated virus (isolate

Tokachi09) with the equine coronavirus NC99 strain, no significant differences were

observed in several biological properties such as hemagglutinating activity, antigenicity

(in indirect immunofluorescence and neutralization tests), and one-step growth (in cell

culture). The sequences of the nucleocapsid and spike genes of isolate Tokachi09 showed

identical size (1341 and 4092 nucleotides, 446 and 1363 amino acids, respectively) and

high similarity (98.0% and 99.0% at the nucleotides, 97.3% and 99.0% at the amino acids,

respectively) to those of strain NC99. However, the isolate had a 185-nucleotide deletion

from four bases after the 30-terminal end of the spike gene, resulting in the absence of the

open reading frame predicted to encode a 4.7-kDa nonstructural protein in strain NC99.

These results suggest that the 4.7-kDa nonstructural protein is not essential for viral

replication, at least in cell culture, and that the Japanese strain probably originated from a

different lineage to the North American strain. This is the first equine coronavirus to be

isolated from adult horses with pyrogenic and enteric disease.

� 2011 Elsevier B.V. All rights reserved.
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1. Introduction

Coronaviruses are enveloped, positive-stranded RNA
viruses that cause respiratory and enteric disease in a
variety of avian and mammalian species, including
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humans, cattle, pigs, chickens, turkeys, dogs, cats, mice,
rats, rabbits, and bats (Lai et al., 2006). On the basis of their
serological cross-reactivity and genomic organization,
these viruses are divided into three categories: group 1,
group 2, and group 3 (Brian and Baric, 2005; Lai et al.,
2006). Recently, the Coronavirus Study Group of the
International Committee for Taxonomy of Viruses (ICTV)
has proposed three genera—Alphacoronavirus, Betacorona-

virus, and Gammacoronavirus—to replace the group 1,
group 2, and group 3 nomenclature, respectively (Woo et
al., 2009). Equine coronavirus (ECoV) belongs to the genus

http://dx.doi.org/10.1016/j.vetmic.2011.01.004
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Betacoronavirus, the species Betacoronavirus-1 with human
coronaviruses OC43 (HCoV-OC43), human enteric coro-
navirus, bovine coronavirus (BCoV), porcine hemaggluti-
nating encephalomyelitis virus (PHEV), canine respiratory
coronavirus (CRCoV) (Erles et al., 2007), and bubaline
coronavirus (BuCoV) (Decaro et al., 2010).

Coronavirus-like agents have been previously identified
by electron microscopy in the feces of foals and adult
horses having enteric disease with fever (Bass and Sharpee,
1975; Huang et al., 1983). A coronavirus antigen detected
by antigen-capture enzyme-linked immunosorbent assay
and immunohistochemistry in the feces and intestine of a
foal suffering from neonatal enterocolitis have also been
reported (Davis et al., 2000); however, isolation and
characterization of the causative agent was not success-
fully performed. An ECoV was isolated from the feces of a
diarrheic foal in 1999 (ECoV-NC99) in North Carolina, USA
(Guy et al., 2000); its complete genomic sequence is
composed of 11 open reading frames (ORFs) encoding two
replicase polyproteins, five structural proteins (hemagglu-
tinin esterase [HE], spike [S], envelope [E], membrane [M],
and nucleocapsid [N]), and four accessory proteins (ns2,
p4.7, p12.7, and I) (Zhang et al., 2007). Antigenic and
genomic characterization studies revealed that this virus is
a new member of species Betacoronavirus-1. Identification
of new coronaviruses in horses and foals will help in
understanding the etiologic role and epidemiology of this
virus in equine species worldwide.

In this study, we isolated an ECoV from the feces of
adult horses with pyrogenic and enteric disease and
performed antigenic and genomic characterization of the
isolate in comparison with strain NC99 and BCoV, which
has a close antigenic relationship with ECoV.

2. Materials and methods

2.1. Clinical history

In mid-June 2009, an outbreak of a disease with
symptoms of pyrexia occurred in mainly 2- to 4-year-old
horses living in stables of a draft-horse racetrack in Tokachi,
Hokkaido, Japan. Some diseased horses had diarrhea, and
most animals recovered in two to four days. The outbreak
subsided by the end of August, and 132 of about 600 horses
finally became diseased in this period. During the outbreak
period, various animal health measures were implemented
at the racetrack, including a race ban, movement restriction,
and disinfection, resulting in economic losses for the
involved parties. Feces and nasal discharge were collected
and examined to determine the causative agent.

2.2. Diagnostic test for identifying the causative agent

Reverse transcriptase (RT)-PCR was performed to detect
the N gene of the ECoV. The oligonucleotide primers used
for RT-PCR were ECoV-midf, 50-gtgatgaggctattccgacta-30

(nt 29862–29882, sense primer), and ECoV-Nr, 50-
ccaggtgccgacataaggttcat-30 (nt 30708–30730, antisense
primer), which were modifications of the primers used
by Guy et al. (2000) to remove the EcoRI site. Viral RNA was
extracted from a 10% suspension of feces in Dulbecco’s
modified Eagle’s medium (DMEM) and nasal discharge of
three diseased horses by using ISOGEN-LS (NIPPON GENE,
Tokyo, Japan). RT-PCR was performed with a QIAGEN
OneStep RT-PCR kit (QIAGEN, Tokyo, Japan). To investigate
the role of enteric bacterial pathogens, several cultures
were obtained by isolation from the fecal samples.

2.3. Virus isolation

Feces obtained from the diarrheic horses were prepared
as a 10% suspension in DMEM containing 50 mg/ml
gentamicin and 0.25 mg/ml TPCK trypsin (Thermo Fisher
Scientific, Kanagawa, Japan) and clarified by low-speed
centrifugation at 3000� g for 10 min. The supernatant was
inoculated onto confluent monolayers of human rectal
adenocarcinoma (HRT-18G) cells in 12-well plates and
incubated for 60 min at 37 8C for adsorption. After washing
twice with phosphate-buffered saline (PBS), fresh medium
of the same composition except 0.125 mg/ml TPCK trypsin
was added. The monolayers were examined daily for a
cytopathic effect (CPE) and passaged at 4- to 5-day
intervals to fresh monolayers of HRT-18G cells until a
distinct CPE appeared. The isolate (Tokachi09) was further
passaged in HRT-18G cells, and the fifth passage of the cell
cultures was used as the working stock for the following
studies except the one-step growth, hemagglutinating
activity (HA) and receptor-destroying enzyme (RDE)
activity studies, in which the eight passage of the cell
cultures was used, as obtained for strain NC99.

2.4. Electron-microscopic examination

The supernatant of the HRT-18G cell cultures infected
with isolate Tokachi09 was clarified by centrifugation at
5000� g for 20 min to remove cell debris and filtered
through a 0.45 mm pore size filter. The filtered supernatant
was concentrated by centrifugation at 148,600� g for 2 h
through a 35% (w/v) sucrose cushion, and the resultant
pellet was resuspended in PBS at pH 7.2. A drop of the
supernatant was examined by using the phosphotungstic
acid negative-staining technique.

2.5. Assays for HA and RDE activity

HA was tested by using the microtiter method. Cell
cultures with isolate Tokachi09 and NC99 were tested for
HA by using mouse, chicken, horse, and guinea pig
erythrocytes. Suspensions (1%) of mouse, horse, and guinea
pig erythrocytes and those (0.5%) of chicken erythrocytes
were incubated with the isolate for 1 h at 4 8C or 37 8C, and
the HA titers were expressed as the reciprocal of the
highest viral dilution showing HA. The plates incubated at
4 8C for 1 h were then incubated at 37 8C for 2 h in order to
determine the RDE activity, and the RDE titers were
expressed as the reciprocal of the highest viral dilution
causing complete disappearance of the HA patterns.

2.6. Indirect immunofluorescence test

HRT-18G cell monolayers grown on a chamber slide
were fixed in acetone 3 days after the isolate inoculation.
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Hyperimmune rabbit sera against NC99 and the BCoV
Kakegawa strain (Akashi et al., 1980; Kanno et al., 2007)
were incubated with these infected monolayer cells. For
detection, fluorescein isothiocyanate (FITC)-conjugated
goat anti-rabbit IgG (MP Biomedicals, Inc., Solon, OH,
USA) was used.

2.7. Virus neutralization

For characterizing the antigenicity of isolate Tokachi09,
hyperimmune serum was produced by immunizing rabbits.
The neutralization test was performed by using HRT-18G
cell cultures grown in 96-well microplates to elucidate the
antigenic relationship between the isolate and NC99 as well
as that between the isolate and the BCoV Kakegawa (Akashi
et al., 1980) and Kumamoto/1/07 strains (Kanno et al.,
2009), which have a very close antigenic relationship with
ECoVs (Davis et al., 2000; Guy et al., 2000). In brief, twofold
serial dilutions of serum were mixed with an equal volume
of viral suspensions containing two hundred 50% tissue
culture infective dose (TCID50) per 0.1 ml and incubated for
60 min at 37 8C. The neutralizing antibody titers were
expressed as the reciprocal of the highest serum dilution
showing complete inhibition of the CPE. To further our
understanding of the antigenic correlation between ECoV
and BCoV, six-paired sera of horses in the same stable block
were examined by neutralization tests against isolate
Tokachi09 and BCoV Kakegawa.

2.8. One-step growth

One-step growth curves of the isolate and NC99 were
examined in HRT-18G cell cultures. The culture super-
natant was harvested at various time points after
inoculation. To investigate the viral titer in the cells at
the harvest times, the cells were washed twice with PBS,
and then, an equal volume of PBS as the culture super-
natant was added. After freeze–thawing thrice, low-speed
centrifugation at 3000� g for 10 min was conducted. The
viral titer was determined by TCID50 in 96-well micro-
plates.

2.9. N and S gene sequencing

The oligonucleotide primers used for RT-PCR were
designed from the nucleotide sequence data of NC99
(GenBank accession no. EF446615). The following primers
were used: ECoV-Nf, 50-tcaggcatggacaccgcattgtt-30 (nt
29315–29337, sense primer), and ECoV-Nr, 50-ccaggtgcc-
gacataaggttcat-30 (nt 30708–30730, antisense primer), for
N gene amplification; ECoV-Sf, 50-attttattttatggtggataatg-
30 (nt 23684–23706, sense primer), and ECoV-Sr, 50-
aaaacagacatcttctaattctg-30 (nt 28134–28156, antisense
primer), for S gene amplification. Viral RNA was extracted
from the viral culture by using the High Pure viral RNA kit
(Roche Diagnostics, Tokyo, Japan), followed by reverse
transcription with PrimeScript reverse transcriptase
(TaKaRa Bio, Shiga, Japan) by using a random primer (6
mers) according to the manufacturer’s instructions. PCR
amplification was performed by using PrimeSTAR GXL
DNA polymerase (TaKaRa Bio). In brief, a 50 ml reaction
mixture was prepared with 10 ml of PrimeSTAR GXL buffer
(5�), 4 ml of dNTP mix (2.5 mM each), 1 ml of each primer
(20 mM), 2 ml of the cDNA template, 1 ml of PrimeSTAR
DNA polymerase (1.25 U), and nuclease-free water. The
reaction mixture was incubated at 98 8C for 1 min,
followed by 30 cycles of amplification at 98 8C for 10 s,
55 8C for 15 s, and 68 8C for 1.5 min or 4.5 min (N and S gene
amplification, respectively), with a final incubation at 68 8C
for 7 min. The PCR products were purified by using a
QIAquick gel extraction kit (QIAGEN). The sequencing
reaction was performed by using a BigDye Terminator v.3.1
cycle sequencing kit (Life Technologies, Tokyo, Japan), and
sequencing and data analysis were carried out on an ABI
3130 genetic analyzer (Life Technologies). The sequencing
primers were designed on the basis of the nucleotide
sequence data of the NC99 strain, and both sense and
antisense strands were sequenced.

The amino acid sequences of the N and S protein regions
were aligned by using CLUSTAL W (Thompson et al., 1994).
Phylogenetic trees were generated by using the neighbor-
joining method with CLUSTAL W and constructed by using
the TreeView program (Page, 1996).

2.10. Nucleotide sequence accession numbers

The nucleotide sequences of the N and S genes have
been deposited in GenBank/EMBL/DDBJ under the acces-
sion numbers AB555559 and AB555560, respectively.

3. Results

3.1. Diagnostic test for identifying the causative agent

In the RT-PCR for diagnosing the causative agent, all
three fecal samples showed 869-bp products, but no PCR
products were obtained from the nasal discharge samples.
Therefore, the fecal samples were used for virus isolation.
The bacterial cultures of all the fecal samples were
negative for enteric pathogens including Salmonella sp.

3.2. Virus isolation and electron-microscopic examination

The HRT-18G monolayer cells in 12-well plates showed
a distinct CPE at the fourth passage in the case of one of the
three fecal samples. Electron-microscopic examination of
the supernatants of the HRT-18G cell cultures infected
with isolate Tokachi09 revealed the presence of numerous
particles of 80–130 nm diameter, with a layer of large club-
shaped peplomers, which is the typical morphology of
coronaviruses (data not shown).

3.3. Indirect immunofluorescence test

The hyperimmune rabbit sera against the ECoV NC99
and BCoV Kakegawa strains reacted with the isolates in the
indirect immunofluorescence test (data not shown).

3.4. HA and RDE activity

Mouse erythrocytes were agglutinated by the super-
natants of the HRT-18G cell cultures infected with both



Table 3

Antibody titers of sera of the horses in the racetrack against isolate

Tokachi09 and BCoV Kakegawa.

Horse no. Tokachi09 BCoV Kakegawa

Pre Post Pre Post

1 90.5a 256 1 2.8

2 2 181 1 1

3 22.6 512 8 362

4 4 181 1 1

5 181 362 1 1

6 64 512 1 1

GMb 24 304.4 1.4 3.2
a Expressed as the reciprocal of the highest serum dilution that

inhibited CPE.
b Geometric mean.
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Fig. 1. One-step growth curves of the isolate Tokachi09 and NC99. Samples of

inoculation. The viral titer was determined by TCID50 in 96-well microplates.

Table 1

Hemagglutinating (HA) and receptor-destroying enzyme (RDE) activities of isolate Tokachi09 and ECoV NC99.

Virus Viral titera HA titerb RDE titerc

4 8C 37 8C

Mouse Chicken Mouse Chicken Mouse Chicken

Tokachi09 4.8 64 <2 8 <2 8 <2

ECoV NC99 5.7 256 8 128 4 4 <2
a Log10 TCID50/0.1 ml.
b Reciprocal of the highest viral dilution showing complete hemagglutination.
c Reciprocal of the highest viral dilution causing complete disappearance of the HA patterns.

Table 2

Cross virus-neutralization test among isolate Tokachi09, ECoV NC99, and BCoVs.

Virus Anti-serum

Anti-Tokachi09 Anti-NC99 Anti-BCoV Kakegawa Anti-BCoV Kumamoto1

Tokachi09 2048a 1448 2048 1024

ECoV NC99 724 4096 1448 362

BCoV Kakegawa 16 23 65536 8192

BCoV Kumamoto1 23 32 32768 32768
a Expressed as the reciprocal of the highest serum dilution that inhibited CPE.
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viruses. The HA titers of isolate Tokachi09 and NC99 were
64 and 256 at 4 8C and 8 and 128 at 37 8C, respectively
(Table 1). The RDE activities of isolate Tokachi09 and NC99
for receptors on mouse erythrocytes were detected at titers
of 8 and 4, respectively. Chicken erythrocytes were
agglutinated by NC99 but not by isolate Tokachi09. The
HA titer of NC99 was 8 at 4 8C and 4 at 37 8C, whereas the
RDE activity was undetectable. Both viruses did not
agglutinate the horse and guinea pig erythrocytes.

3.5. Cross-neutralization test

Isolate Tokachi09, NC99, and BCoV Kakegawa were
compared for antigenicity by cross-neutralization studies
using antisera to these viruses (Table 2). No significant
difference was observed between the isolate and NC99,
whereas a certain antigenic difference was seen between
0 66 72 78 84 90 96 102 108 114 120

Tokachi09: culture supernatant  

Tokachi09: cells  

NC99: culture supernatant 

NC99: cells 

ulation (hrs)

culture supernatant and cells were harvested at various time points after



Fig. 2. RT-PCR products obtained by using the primers, which predicted to

amplify the N (lanes 1 and 2) and S (lanes 3 and 4) genes were run on 0.6%

agarose gel. Lane M, 1-kb DNA ladder marker; lanes 1 and 3, isolate

Tokachi09; lanes 2 and 4, ECoV NC99.
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ECoV and BCoV, although they have cross-reactivity. The
six-paired horse sera showed seroconversion between
before and after using isolate Tokachi09 (Table 3).
However, only one horse serum showed positive sero-
conversion when BCoV Kakegawa was used as the antigen.

3.6. One-step growth

Both isolate Tokachi09 and NC99 showed replication at
12-h post-inoculation and a peak at 24-h post-inoculation
(Fig. 1). Thereafter, the viral titers were maintained until
120-h post-inoculation in both the culture supernatant
and the cells. The slope of the growth curve and the viral
titers of Tokachi09 were similar to those of NC99.

3.7. RT-PCR and sequencing

RT-PCR was performed to amplify the N and S genes of
isolate Tokachi09 by using the primers designed on the
basis of the nucleotide sequence data of strain NC99. The
PCR product obtained by using the primers predicted to
amplify the N gene was about 1.4 kb and identical in size to
the product obtained from NC99 as the template (Fig. 2).
However, the PCR product obtained by using the primers
predicted to amplify the S gene was about 4.3 kb, which
was smaller than the product from NC99 (about 4.5 kb).
From the sequencing data of these PCR products, the N
gene of isolate Tokachi09 contains an ORF of 1341
nucleotides encoding a predicted protein of 446 amino
acid residues. This size is identical to that of NC99; the
sequence identity with NC99 is 98.0% at the nucleotides
and 97.3% at the amino acids. The S gene of isolate
Tokachi09 contains an ORF of 4092 nucleotides encoding a
predicted protein of 1363 amino acid residues. This size is
also identical to that of NC99, and the sequence identity
with NC99 is 99.0% at the nucleotides and 99.0% at the
amino acids. Interestingly, isolate Tokachi09 has a 185-
nucleotide deletion from four bases after the 30-terminal
end of the S gene, resulting in the absence of an ORF
potentially encoding a nonstructural protein of 4.7 kDa
(Fig. 3). This deletion was also observed in RT-PCR
products derived from the original fecal sample (data not
shown).

Phylogenetic analyses of isolate Tokachi09 and other
Betacoronavirus-1 were performed on the basis of the
amino acid sequences of the N and S proteins (Fig. 4). Both
trees showed that isolate Tokachi09 is closely related to
ECoV NC99 than to other Betacoronavirus-1.

4. Discussion

Coronavirus-like particles have been identified in the
feces of diarrheic foals and horses (Bass and Sharpee, 1975;
Durham et al., 1979; Huang et al., 1983; Mair et al., 1990);
however, isolation and characterization of these agents
were not reported until an ECoV (NC99 strain) was isolated
from the feces of a diarrheic foal in North Carolina (Guy et
al., 2000). Its complete genomic sequence and phyloge-
netic studies suggest that ECoV NC99 belongs to the cluster
of Betacoronavirus-1 (formerly group 2a coronavirus) and
is the most closely related to BCoV, HCoV-OC43, and PHEV
(Zhang et al., 2007). However, little is still known about
ECoV, especially with regard to the genetic diversity of field
strains and their clinical significance. Therefore, it is
necessary to isolate other ECoVs and compare their
antigenic, pathogenic, and genomic characteristics in
detail to understand the etiologic role and epidemiology
of this virus in horses worldwide. Here, we have reported a
new ECoV isolate, Tokachi09, which is the first isolated
strain from adult horses with pyrogenic and enteric
disease.

No significant differences were observed between NC99
and isolate Tokachi09 in several biological properties such
as HA, antigenicity, and one-step growth, except that
isolate Tokachi09 did not agglutinate chicken erythrocytes.
Differences in the HA patterns of virus strains have also
been demonstrated among in BCoVs (Storz et al., 1992).
However, the reason for such differences is unknown. ECoV
has been reported to have a close antigenic relationship
with BCoV (Davis et al., 2000; Guy et al., 2000). However,
only one of six horses showed antibody positivity against
BCoV in the neutralization test whereas all sera showed
seroconversion against isolate Tokachi09 (Table 2).
Furthermore, when we performed the neutralization test
using cattle sera seropositive against BCoV, all sera showed
seropositivity against isolate Tokachi09 (data not shown).
This inconsistency was also seen in the cross-neutraliza-
tion test (Table 2). The neutralization titers of anti-ECoV
serum to BCoV were significantly low when compared
with those of anti-BCoV serum to ECoV. Although the
reason for this difference is unknown, the result suggests
that BCoV should not be used as an antigen in neutraliza-
tion tests for diagnosing equine cases.

The N and S gene sequences of isolate Tokachi09
showed high similarity to those of NC99. However, isolate
Tokachi09 has a 185-nucleotide deletion from four bases
after the 30-terminal end of the S gene, resulting in the



Fig. 3. Nucleotide sequence comparison of ns 4.7 and 12.7 genes of ECoV NC99 (nt 27825–28405) and the isolate Tokachi09. (-) Position of missing

nucleotide; (*) conserved nucleotide.
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absence of the ORF predicted to encode a 4.7-kDa
nonstructural protein (p4.7), which corresponds to the
p4.9-coding gene in BCoV. There are ORFs predicted to
encode nonstructural proteins between the S and the E
genes in Betacoronavirus-1. In this region, BCoV has p4.9-,
p4.8-, and p12.7-coding genes, although HCoV-OC43 and
PHEV have a deletion leading to the absence of p4.9- (in
PHEV, it might be truncated) and p4.8-coding genes
(Mounir et al., 1993; Vieler et al., 1995). The functions
of these nonstructural proteins between the S and the E
genes in coronaviruses are unknown. However, it can be
concluded that the two ORFs coding p4.9 and p4.8 are not
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Fig. 4. Phylogenetic relationship of isolate Tokachi09 and other Betacoronavirus-1 based on a comparison of N protein (A) and S protein (B) sequences. Amino

acid sequence alignments were carried out by using CLUSTAL W, and phylogenetic trees were constructed by using the neighbor-joining method. BCoV
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human enteric coronavirus 4408 (FJ415324); BuCoV 179/07-11, bovine coronavirus Bubalus 179/07-11 (EU019216); CRCoV 4182, canine respiratory

coronavirus 4182 (DQ682406); HCoV OC43, human coronavirus OC43 (AY391777); PHEV VW572, porcine hemagglutinating encephalomyelitis virus

VW572 (DQ011855); ECoV NC99, equine coronavirus NC99 (EF446615).
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essential for the replication of ECoVs as well as in HCoV-
OC43 and PHEV in cell culture. Interestingly, an antisense
mutation resulting in the truncation of p4.9 has been
identified only in respiratory bovine coronaviruses (Gelinas
et al., 2001). From this findings and HCoV-OC43 and PHEV,
this protein could be involved in preferential respiratory
tropism (Gelinas et al., 2001; Sasseville et al., 2002). Indeed,
the main clinical symptom of the affected Japanese horses
was pyrexia, whereas the horse infected with NC99 had
diarrhea and pyrexia (Guy et al., 2000). These symptoms
might be related to the different pathogenic properties of
NC99 and isolate Tokachi09. Evidence shows that non-
structural proteins in coronaviruses may play a significant
role in vivo rather than in vitro. Although the ns2 protein
encoded by ORF2 of MHV is not required for viral replication
in tissue culture (Schwarz et al., 1990), deletion of this
protein or a single amino acid substitution leads to a
significant in vivo attenuation of the virus (de Haan et al.,
2002; Sperry et al., 2005). Whether p4.7 of ECoV plays a role
in viral pathogenicity should be elucidated by animal
experiments using NC99 and isolate Tokachi09.

Furthermore, the genetic diversity of coronaviruses
caused by this kind of long deletion could provide clues to
their evolutionary history. The occurrence of a long
deletion, corresponding to the absence of BCoV p4.9 and
p4.8, in HCoV-OC43 supports the speculation regarding a
bovine-to-human direction of transmission (Vijgen et al.,
2005). To elucidate the evolutionary relationship of
Betacoronavirus-1, complete genomic sequence data of
isolate Tokachi09 would be required. Moreover, the finding
that ECoV in Japan has a 185-nucleotide deletion resulting
in the absence of p4.7 suggests that the Japanese strain
probably originated from a different lineage to the North
American strain. Virus isolation in other areas, especially
Europe and Australia, is required to conduct epidemiolo-
gical studies of this virus in horses.

In this racetrack, an outbreak of pyrogenic disease
similar to this case occurred in 2004. Although isolation of
the causative agent was unsuccessful, the results of an RT-
PCR study using fecal samples suggested that the causative
agent has high similarity of the genomic sequence of the N
gene (97.8%) to that of NC99 (data not shown). Therefore, it
was suspected that an ECoV caused this disease outbreak.
However, the agent of 2004 does not have an identical
genomic sequence of the N gene (98.4%) to that of isolate
Tokachi09 and does not have a 185-nucleotide deletion
between the S and the E genes (data not shown),
suggesting that the disease in 2009 was not caused by
the same virus as that causing the 2004 cases. The reason
for disease recurrence is considered to be reduction in herd
immunity of horses against ECoV during the 5 years since
2004. This is suggested by the fact that the pre-sera of the
horses had low antibody titers against Tokachi09 (Table 3).
For preventing such disease occurrence, and bovine
enteritis by BCoV, herd immunity is crucial. Furthermore,
considering the economic losses, vaccine development is
necessary for biosecurity measures and to curtail this
disease especially in the horse-racing field.



Y. Oue et al. / Veterinary Microbiology 150 (2011) 41–4848
Acknowledgements

We are grateful to Dr. Takashi Kondo and Dr. Manabu
Nemoto (Epizootic Research Center, Equine Research
Institute, Japan Racing Association) for providing strain
NC99.

References

Akashi, H., Inaba, Y., Miura, Y., Tokuhisa, S., Sato, K., Satoda, K., 1980.
Properties of a coronavirus isolated from a cow with epizootic diar-
rhea. Vet. Microbiol. 5, 265–276.

Bass, E.P., Sharpee, R.L., 1975. Coronavirus and gastroenteritis in foals.
Lancet 2, 822.

Brian, D.A., Baric, R.S., 2005. Coronavirus genome structure and replica-
tion. Curr. Top. Microbiol. Immunol. 287, 1–30.

Davis, E., Rush, B.R., Cox, J., DeBey, B., Kapil, S., 2000. Neonatal entero-
colitis associated with coronavirus infection in a foal: a case report. J.
Vet. Diagn. Invest. 12, 153–156.

de Haan, C.A., Masters, P.S., Shen, X., Weiss, S., Rottier, J.M., 2002. The
group-specific murine coronavirus genes are not essential, but their
deletion, by reverse genetics, is attenuating in the natural host.
Virology 296, 177–189.

Decaro, N., Cirone, F., Mari, V., Nava, D., Tinelli, A., Elia, G., Di Sarno, A.,
Martella, V., Colaianni, M.L., Aprea, G., Tempesta, M., Buonavoglia, C.,
2010. Characterisation of bubaline coronavirus strains associated
with gastroenteritis in water buffalo (Bubalus bubalis) calves. Vet.
Microbiol. 145, 245–251.

Durham, P.J., Stevenson, B.J., Farquharson, B.C., 1979. Rotavirus and
coronavirus associated diarrhoea in domestic animals. N. Z. Vet. J.
27, 30–32.

Erles, K., Shiu, K.B., Brownlie, J., 2007. Isolation and sequence analysis of
canine respiratory coronavirus. Virus Res. 124, 78–87.

Gelinas, A.M., Boutin, M., Sasseville, A.M., Dea, S., 2001. Bovine corona-
viruses associated with enteric and respiratory diseases in Canadian
dairy cattle display different reactivities to anti-HE monoclonal anti-
bodies and distinct amino acid changes in their HE, S and ns4. 9
protein. Virus Res. 76, 43–57.

Guy, J.S., Breslin, J.J., Breuhaus, B., Vivrette, S., Smith, L.G., 2000. Char-
acterization of a coronavirus isolated from a diarrheic foal. J. Clin.
Microbiol. 38, 4523–4526.

Huang, J.C., Wright, S.L., Shipley, W.D., 1983. Isolation of coronavirus-like
agent from horses suffering from acute equine diarrhoea syndrome.
Vet. Rec. 113, 262–263.

Kanno, T., Hatama, S., Ishihara, R., Uchida, I., 2007. Molecular analysis of
the S glycoprotein gene of bovine coronaviruses isolated in Japan
from 1999 to 2006. J. Gen. Virol. 88, 1218–1224.
Kanno, T., Kamiyoshi, T., Ishihara, R., Hatama, S., Uchida, I., 2009. Phylo-
genetic studies of bovine coronaviruses isolated in Japan. J. Vet. Med.
Sci. 71, 83–86.

Lai, M.M., Perlman, S., Anderson, L.J., 2006. Coronaviridae. In: Knipe,
D.M., Howley, P.M. (Eds.), Fields Virology. Lippincott Williams and
Wilkins, Philadelphia, pp. 1305–1335.

Mair, T.S., Taylor, F.G., Harbour, D.A., Pearson, G.R., 1990. Concurrent
cryptosporidium and coronavirus infections in an Arabian foal with
combined immunodeficiency syndrome. Vet. Rec. 126, 127–130.

Mounir, S., Labonte, P., Talbot, P.J., 1993. Characterization of the non-
structural and spike proteins of the human respiratory coronavirus
OC43: comparison with bovine enteric coronavirus. Adv. Exp. Med.
Biol. 342, 61–67.

Page, R.D., 1996. TreeView: an application to display phylogenetic trees
on personal computers. Comput. Appl. Biosci. 12, 357–358.

Sasseville, A.M., Boutin, M., Gelinas, A.M., Dea, S., 2002. Sequence of the 30-
terminal end (8.1 kb) of the genome of porcine haemagglutinating
encephalomyelitis virus: comparison with other haemagglutinating
coronaviruses. J. Gen. Virol. 83, 2411–2416.

Schwarz, B., Routledge, E., Siddell, S.G., 1990. Murine coronavirus non-
structural protein ns2 is not essential for virus replication in trans-
formed cells. J. Virol. 64, 4784–4791.

Sperry, S.M., Kazi, L., Graham, R.L., Baric, R.S., Weiss, S.R., Denison, M.R.,
2005. Single-amino-acid substitutions in open reading frame (ORF)
1b-nsp14 and ORF 2a proteins of the coronavirus mouse hepatitis
virus are attenuating in mice. J. Virol. 79, 3391–3400.

Storz, J., Zhang, X.M., Rott, R., 1992. Comparison of hemagglutinating,
receptor-destroying, and acetylesterase activities of avirulent and
virulent bovine coronavirus strains. Arch. Virol. 125, 193–204.

Thompson, J.D., Higgins, D.G., Gibson, T.J., 1994. CLUSTAL W: improving
the sensitivity of progressive multiple sequence alignment through
sequence weighting, position-specific gap penalties and weight
matrix choice. Nucleic Acids Res. 22, 4673–4680.

Vieler, E., Schlapp, T., Anders, C., Herbst, W., 1995. Genomic relationship
of porcine hemagglutinating encephalomyelitis virus to bovine
coronavirus and human coronavirus OC43 as studied by the use
of bovine coronavirus S gene-specific probes. Arch. Virol. 140,
1215–1223.

Vijgen, L., Keyaerts, E., Moes, E., Thoelen, I., Wollants, E., Lemey, P.,
Vandamme, A.M., Van Ranst, M., 2005. Complete genomic sequence
of human coronavirus OC43: molecular clock analysis suggests a
relatively recent zoonotic coronavirus transmission event. J. Virol.
79, 1595–1604.

Woo, P.C., Lau, S.K., Huang, Y., Yuen, K.Y., 2009. Coronavirus diversity,
phylogeny and interspecies jumping. Exp. Biol. Med. (Maywood) 234,
1117–1127.

Zhang, J., Guy, J.S., Snijder, E.J., Denniston, D.A., Timoney, P.J., Balasuriya,
U.B., 2007. Genomic characterization of equine coronavirus. Virology
369, 92–104.


	Isolation of an equine coronavirus from adult horses with pyrogenic and enteric disease and its antigenic and genomic characterization in comparison with the NC99 strain
	Introduction
	Materials and methods
	Clinical history
	Diagnostic test for identifying the causative agent
	Virus isolation
	Electron-microscopic examination
	Assays for HA and RDE activity
	Indirect immunofluorescence test
	Virus neutralization
	One-step growth
	N and S gene sequencing
	Nucleotide sequence accession numbers

	Results
	Diagnostic test for identifying the causative agent
	Virus isolation and electron-microscopic examination
	Indirect immunofluorescence test
	HA and RDE activity
	Cross-neutralization test
	One-step growth
	RT-PCR and sequencing

	Discussion
	Acknowledgements
	References


