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ABSTRACT. Only two strains (Shintoku and porcine-like WD534tc) of group C rotavirus (GCR) from cattle have been reported to date.  A
GCR designated the Yamagata strain was the only pathogen detected in an outbreak of adult cow diarrhea accompanied by a decrease
in milk production.  The nucleotide sequences of the VP6 and VP7 genes from strain Yamagata were determined.  Comparative sequence
analysis showed that the sequence identities between strains Yamagata and Shintoku were markedly high in both VP6 gene (98.1%) a nd
VP7 gene (93.5%), and that these strains belonged to the same clusters which were distinguished from GCRs from different host sp ecies
in phylogenetic trees of these genes.  These results suggested strongly that cattle species is one of the natural hosts of GCR infection,
and that GCRs are a cause of adult cow diarrhea.
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Rotaviruses are members of the family Reoviridae and a
major cause of viral diarrheas in humans and animals [11].
At present, rotaviruses are assigned to 6 groups (A to F)
based on antigenic and genomic analyses [3, 16].  Each
group possesses its own group antigen and shows particular
double-stranded RNA electrophoretic migration pattern,
which is characteristic to each group.  The majority of group
A rotaviruses (GARs) are differentiated based on the origin
of host species (such as human rotavirus, bovine rotavirus
and equine rotavirus) although natural GAR cross-species
infection and disease have been identified [11, 13, 18].  A
similar distinction may exist for other rotavirus groups,
although limited numbers of non-GAR strains have been
characterized due to the difficulty in propagating most non-
GARs in cell culture [3, 16].

Group C rotaviruses (GCRs) were first recognized as a
causative agent of diarrhea in piglets [1], after which several
reports identified an association between porcine GCRs and
diarrhea in nursing and post-weaning pigs [3, 16].  Human
GCRs have been associated with sporadic cases and out-
breaks of diarrhea in several countries [3, 12].  In cattle,
GCR antibodies in sera have been detected in several coun-
tries [2, 19].  We previously isolated the GCR Shintoku
strain from adult cow diarrhea in Japan [23], and found that
this strain could be distinguished from porcine and human
GCRs by antigenic and genetic analyses [8–10, 20, 21].
However, no other reports on the detection of GCR from
cattle have appeared, except for the WD534tc porcine-like
strain, which is genetically and antigenically more closely
related to a porcine GCR than to strain Shintoku [4].  In the
present study, we detected a GCR (designated the Yamagata

strain) from feces of adult cows in an outbreak of diarrhea
with a decrease in milk production in Japan.  We also con-
ducted a comparative sequence analysis of the VP6 and VP7
genes from strain Yamagata to clarify the genetic relation-
ship of strain Yamagata among GCRs.

An outbreak of diarrhea in adult cows occurred at a dairy
farm with 122 lactating Holstein cows in Yamagata Prefec-
ture, Japan.  On April 25, 2002, a number of lactating cows
suddenly developed diarrhea, with all lactating cows on the
farm doing so within several days.  The diarrheal feces were
liquid and brownish, but not bloody.  All affected cows
recovered from the diarrhea within 3 to 5 days, and no diar-
rhea was seen from May 5.  A significant decrease in daily
milk production on the farm was observed from the day fol-
lowing the first finding of diarrhea and continued for one
week.  The lowest production (about 10% reduction) was
observed on the third day of the first finding of diarrhea.
The affected cows showed no respiratory symptoms.  Non-
lactating young cattle at the farm showed no clinical signs,
including diarrhea.  Further, no outbreaks of diarrhea were
observed in neighborhood dairy farms at that time.

Samples of diarrheal feces were collected from 3 affected
cows.  These samples were examined for viruses by electron
microscopy (EM), RNA-polyacrylamide gel electrophoresis
(RNA-PAGE), reverse transcription-polymerase chain reac-
tion (RT-PCR), and sequencing of PCR products.  They
were also tested for GAR and adenovirus using antigen
detection kits (Dipstic-Rota and Dipstic-Adeno; Eiken,
Tokyo, Japan), for Salmonella species and Escherichia coli
using standard techniques, for pathogenic factors (LT, ST,
VT, ENV, and eaeA) of Escherichia coli by PCR [7], and
for Coccidium species and Cryptosporidium species by a
sucrose floatation method.  For EM, 20% fecal suspensions
were stained with 2% ammonium molybdate.
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Viral RNA was extracted from the feces using the Sepa-
Gene RV-R (Sanko Junyaku, Tokyo, Japan) according to
the manufacturer’s instructions and used for RNA-PAGE
and RT-PCR.  For RNA-PAGE, electrophoresis was con-
ducted in 10% polyacrylamide gels, and gels were stained
with a silver stain kit (Bio-Rad, Tokyo, Japan).  For GCR
detection by RT-PCR, the full-length VP7 gene was ampli-
fied with a primer pair corresponding to the 5’ and 3’ ends
of strain Shintoku VP7 gene [20].  RT-PCR for GAR, group
B rotavirus (GBR), bovine viral diarrhea virus (BVDV) and
bovine coronavirus (BCV) detections were performed as
described previously [5, 22, 24, 25].  For amplification of
the full-length VP6 gene of GCR, a primer pair correspond-
ing to the common 5’ and 3’ ends of VP6 gene was used [9].
The PCR products for GCR VP6 and VP7 genes from one
sample were sequenced directly by cycle sequencing with
an auto sequencer (ABI PRISM 310; Applied Biosystems,
Tokyo, Japan).  The 5’ and 3’ end sequences comprising 18–
24 nucleotides (nt) were derived from the primer sequences.
Sequence data were analyzed by the Clustral W method
using the Lasergene software (DNASTAR, Madison, WI,
US).  An unrooted phylogenetic tree was constructed using
the neighbor-joining method [17], and drawn with the Tree-
View program [14].

Rotavirus-like particles were observed in the feces from 1
of 3 affected cows by EM, but no other viruses were
observed.  All samples were negative for GAR and adenovi-
rus by the antigen detection kits.  The EM-positive sample
displayed the typical GCR RNA electropherotype (4–3-2–2
pattern) that was closely similar to that of GCR strain Shin-
toku (Fig. 1).  This and one other sample were positive for
GCR by RT-PCR.  In contrast, all samples were negative for
GAR, GBR, BCV, and BVDV in the RT-PCR.  These
results confirmed that the rotavirus in the feces was GCR,
and we designated this virus as the Yamagata strain.  All
samples were negative for Salmonella species, Coccidium
species, Cryptosporidium species, and pathogenic factors of
Escherichia coli.

The VP7 gene of GCR strain Yamagata was 1063 nt in
length and contained a single ORF encoding 332 amino
acids (aa) (DDBJ database accession number: AB108681).
The sequence of the VP7 gene from strain Yamagata was
then compared with those of the published cognate genes
from 1 bovine, 3 porcine, and 6 human GCR strains.  A high
level of sequence identity was observed between the Yama-
gata and bovine Shintoku VP7s (93.5% in nt and 96.1% in
aa) (Table 1).  By contrast, the VP7 sequence identities
between strains Yamagata and porcine or human GCR were
low (73.9–76.1% in nt and 72.6–75.0% in aa).

The strain Yamagata VP6 gene was 1352 nt long and con-
tained one ORF encoding 395 aa (DDBJ database accession
number: AB108680).  Table 2 shows the VP6 sequence
identities of strain Yamagata with 7 published GCR strains.
As with the VP7 gene, the VP6 gene of strain Yamagata was
most closely related to that of bovine GCR strain Shintoku,
with identities of 98.1% in nt and 99.5% in aa (Table 2).

Phylogenetic tree analysis indicated that the VP6 genes of

strains Yamagata and Shintoku belonged to the same clus-
ter, as did their VP7 genes.  In addition, the VP6 genes were
separated into 3 clusters, with each cluster coinciding with
the species of origin (Fig. 2).

More than a decade ago, we reported one outbreak of
adult cow diarrhea associated with GCR strain Shintoku
infection [23].  In that case also, a decline in milk production
was observed in diarrheal cows, but detailed information
about this could not be obtained.  Since that finding, no fur-
ther reports on outbreaks of GCR-associated diarrhea in cat-
tle have appeared.  Thus, little clinical or epidemiological
information on GCR infection in cattle is available.  In the
present case, GCR designated strain Yamagata was the only
enteropathogen detected from fecal samples of affected
cows, suggesting that GCR strain Yamagata might be asso-
ciated with the present disease.  The disease findings resem-
bled those of the previous GCR infection, and were
characterized by acute onset of liquid diarrhea in adult cows

Fig. 1. Comparison of the electrophoretic migration patterns of
rotavirus dsRNA. Lane 1: GCR strain Yamagata; Lane 2: GCR
strain Shintoku; Lane 3: GAR strain OSU. Migration is from
top to bottom. 
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accompanied by a decline in milk production.  Diarrhea
spread rapidly within the farm with very high morbidity, but
no mortality was observed.  In contrast, non-lactating young
cattle at the same farm did not show diarrhea.  These charac-
teristics are closely similar to those of BCV infection [15]
and also bovine GBR infection [6, 22], which in turn indi-
cates the possibility that GCR infection may have been
overlooked clinically in adult cow diarrhea.  Thus, labora-
tory diagnosis including GCR-testing is needed to define the
etiological role of GCR infection in adult cow diarrhea.  The
reason why GCR-associated diarrhea was observed only in
adult Holstein cows in both of the present and previous
cases is unknown, but lactation might be associated with
GCR infection or appearance of diarrhea.

Although GCR antibodies in cattle sera have been
detected in several countries with a prevalence of 24–56%
[2, 19], to date only GCR strains Shintoku and WD534tc
have been detected in cattle.  Strain Shintoku was geneti-
cally distinguished from other GCRs from different host
species based on sequence analysis [8–10, 20].  In addition,
strain Shintoku was antigenically distinguished from other

Table 1. VP7 nucleotide and amino acid sequence identities of strain Yamagata
with other published GCR strains 

Identity with Yamagata VP7 (%) 

Straina) Species of origin Nucleotide Amino acid

Shintoku Bovine 93.5 96.1 
Cowden Porcine 76.1 74.7
WH Porcine 75.5 75.0 
HF Porcine 73.9 72.6
88–220 Human 74.2 73.5
OK450 Human 74.2 73.5 
Bristol Human 74.7 73.5
208 Human 74.7 72.9
Moduganari Human 75.1 73.8
Jajeri Human 74.8 73.8

a) The accession numbers of the nucleotide sequences of VP7 genes used are
Shintoku, U31750; Cowden, M61101; WH, U31749; HF, U31748; 88–220,
M61100; OK450, D87544; Bristol, X77257; 208, AB008671; Moduganari,
AF323979; and Jajeri, AF323982.

Table 2. VP6 nucleotide and amino acid sequence identities of strain Yamagata
with other published GCR strains 

Identity with Yamagata VP6 (%)

Straina) Species of origin Nucleotide Amino acid

Shintoku Bovine 98.1 99.5 
WD534tcb) Porcine? 81.6 87.8
Cowden Porcine 82.9 91.6
Bristol Human 81.9 88.9
208 Human 81.7 88.6
Moduganari Human 81.9 88.4 
Jajeri Human 81.7 88.6

a) The accession numbers of the nucleotide sequences of VP6 genes used are
Shintoku, M88768; WD534tc, AF162434; Cowden, M94157; Bristol, X59843; 208,
AB008672; Moduganari, AF325805; and Jajeri, AF325805.
b) This strain was detected from cattle feces but was thought to be originally from
pigs because it was genetically and antigenically closely related to the porcine GCR
strain Cowden, and pathogenic to pigs but not cattle [4].

Fig. 2. Unrooted phylogenetic tree showing the relationship of
GCR VP6 genes. The boostrap values in 1000 pseudoreplicates
for major lineages are shown as percentages. The accession
numbers of the nucleotide sequences used refer to the footnote
of Table 2. 
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GCRs by virus neutralization tests [21].  Furthermore, strain
Shintoku was pathogenic to calves in a challenge test [19].
In contrast, strain WD534tc was antigenically and geneti-
cally closely related to the porcine GCR strain Cowden.
Further, strain WD5434tc was pathogenic to pigs but not to
calves [4].  Thus, it was considered that the natural host spe-
cies of strain WD534tc was pigs rather than cattle [4].

In the present study, a close relationship between strains
Yamagata and Shintoku was observed genetically by RNA-
PAGE and comparative sequence analysis of VP6 and VP7
genes.  These results strongly suggested that strains Yama-
gata and Shintoku have evolved from a very recent common
ancestor.  Furthermore, strains Yamagata and Shintoku
belong to the same VP7 genotype which may constitute a
single VP7 serotype on the basis of the VP7 sequence iden-
tities [20].

In conclusion, cattle species is one of the natural hosts of
GCR infection, and strains Yamagata and Shintoku can be
called bovine GCRs.  GCRs might be a causative agent of
adult cow diarrhea.  The reason for the discrepancy between
the moderate prevalence of GCR antibodies and the small
number of reports on GCR detection in cattle may relate to
the fact that rotaviruses are generally not investigated in
adult cows rather than to any putative asymptomatic status
of most GCR infection in cattle.  Studies on the prevalence
of GCR antibodies among different age groups in cattle are
needed to clarify whether the risk of GCR infection in cattle
is age-related.
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