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We determined nucleotide sequences and inferred 
amino acid sequences of viral protein (VP) 4, VP6, VP7, 
and nonstructural protein 4 genes of a porcine rotavirus 
strain (SKA-1) from Japan. The strain was closely related 
to a novel group of human rotavirus strains (B219 and J19).

Rotaviruses, a member of family Reoviridae, are a major 
etiologic agent of acute gastroenteritis in humans and 

animals worldwide. Rotaviruses are classifi ed into 7 groups 
designated A–G (1–3). Group A rotaviruses cause severe 
diarrhea in infants and children, and is estimated to be 
associated with 527,000 childhood deaths annually. They 
are also responsible for diarrhea in young mammals and 
birds of various species. Group B rotaviruses were fi rst 
detected in a large water-borne outbreak of diarrhea among 
adults in the People’s Republic of China, and were recently 
found in Bangladesh, India, and Myanmar. They have also 
been detected in cows, pigs, and rats. Group C rotaviruses 
cause sporadic and epidemic gastroenteritis in children 
and adults. They have also been detected in pigs, cows, 
and other animals. Group E rotaviruses were detected in 
pigs, and group D, F, and G rotaviruses were detected in 
chickens.

The complete nucleotide sequence of the genome of 
an avian group D rotavirus strain has been reported (4). 
However, little information on rotavirus groups E–G has 
been reported (1–3,5,6).

Human rotavirus strains J19 and B219, which are 
not classifi ed into group A, B, or C, have been detected 
in China and Bangladesh (7–11). Strain J19, which was 
detected during a large epidemic of diarrhea in adults in 
China in 1997, has been propagated in human embryo 
kidney cells (7,8). Complete nucleotide sequences of all 
11 RNA segments of strain J19 have been determined 
(9). In addition, the complete nucleotide sequence of the 
genome of Bangladesh strain B219 has been determined 

(10,11). Comparative sequence analysis showed that these 
2 rotavirus strains are part of a novel group of rotaviruses.

We determined complete nucleotide sequences of the 4 
RNA segments encoding viral protein 4 (VP4), VP6, VP7, 
and nonstructural protein 4 (NSP4) of a porcine rotavirus 
strain (SKA-1) from Japan (12) by using cDNA products 
obtained by a single-primer amplifi cation method (13,14). 
Sequence data showed that SKA-1 is closely related to the 
novel group of human rotaviruses (J19 and B219).

The Study
A fecal specimen was obtained from a piglet 

experimentally infected with strain SKA-1, which was 
fi rst isolated from a pig with diarrhea in Tottori Prefecture, 
Japan. RNA was extracted from a 20% fecal suspension 
in phosphate-buffered saline by using the ISOGEN-LS 
Kit (Nippon Gene Ltd., Toyama, Japan). Cloning was 
performed according to the method described by Lambden 
et al. (13) with some modifi cations (14). During single-
primer amplifi cation, several DNA bands were detected that 
appeared to correspond to RNA segments of a rotavirus.

DNA was purifi ed by using a Wizard SV Gel and a 
PCR Clean-Up System (Promega, Madison, WI, USA) 
and cloned into the PCR-TOPO vector by using a TOPO 
TA Cloning Kit (Invitrogen, Carslbad, CA, USA). Six 
clones for each of the segments were selected and used 
for sequencing. Sequence analysis and comparisons 
were performed by using GENETYX-WIN software 
(GENETYX, Tokyo, Japan) and MEGA software (www.
megasoftware.net/).

We selected 4 genes encoding VP4, VP6, VP7, and 
NSP4 for sequence analysis. Sequence data were obtained 
for comparative sequence analysis among group A and 
nongroup A rotaviruses. There was little identity for any of 
the 4 genes between SKA-1 and group A or C rotaviruses. 
In contrast, nucleotide and amino acid sequences of the 
4 genes of SKA-1 showed relatively high identities with 
those of a novel group of rotavirus strains (J19 and B219). 
The VP6 gene, which is associated with group specifi city, 
of SKA-1 showed highest identities among the 4 genes with 
those of the novel group human rotaviruses: 72%–73% at 
the nucleotide level and 76%–77% at the amino acid level. 
VP6 also showed relatively high identities with those of 
group B rotaviruses: 52%–53% at the nucleotide level and 
36%–40% at the amino acid level (Table). The other 3 
genes (VP4, VP7, and NSP4), also showed high identities 
with those of the novel group of human rotaviruses, 
although identity values were lower than those for the VP6 
gene (Table).

Lengths and nucleotide sequences of the 5′ and 3′ 
noncoding regions of the 4 genes of SKA-1 were similar to 
those of the novel group of rotaviruses. Using the VP7 gene 
as a reference, we identifi ed sequences of the 5′ noncoding 
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region of VP7 as 5′-GGAACTTTAAAGCC-3′ for strain 
SKA-1, 5′-GGCAATTTGAAGCC-3′ for the novel group 
of human rotaviruses, and 5′-GGCAATAAA-3′ for group 
B rotaviruses. Phylogenetic analysis of the 4 genes also 
showed that SKA-1 is closely related to the novel group of 
human rotavirus strains (J19 and B219) (Figure).

Conclusions
Although group A rotaviruses have been extensively 

studied, nongroup A rotaviruses have not been extensively 
studied. In particular, there is little information on group 
D, E, F, and G rotaviruses. A novel group of human 

rotaviruses (J19 and B219) are not related to any other 
groups of rotaviruses.

Rotavirus strain SKA-1 was detected in a fecal 
specimen from a piglet with diarrhea in Japan, and was 
isolated in MA-104 cells in 1999. Its group specifi city was 
suggested to be group B on the basis of reverse transcription 
PCR results with a group B–specifi c primer. However, our 
sequence analysis showed that the porcine SKA-1 strain is 
different from group B human and porcine rotaviruses.

Nucleotide and amino acid sequences of SKA-1 did 
not show identities with those of group A or C rotaviruses, 
although they showed some relatedness to those of group 
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Table. Identities of nucleotide and amino acid sequences of VP4, VP6, VP7, and NSP4 of porcine rotavirus strain SKA-1 with those of 
group B and a novel group of rotaviruses* 

Strain Species Group 
% Identity of nucleotide (amino acid) sequences 

VP4 VP6 VP7 NSP4
J19 Human Novel 59.3 (52.0) 72.9 (76.8) 64.4 (56.3) 62.1 (36.1) 
B219 Human Novel 58.3 (51.7) 72.2 (76.5) 64.6 (55.9) 62.3 (35.2) 
Bang 373 Human B 48.6 (29.5) 52.5 (37.3) 48.4 (21.8) 48.4 (17.3) 
WH-1 Human B 48.8 (29.0) 52.7 (37.9) 48.9 (21.8) 49.3 (16.8) 
ADRV Human B 49.1 (28.6) 52.7 (36.9) 49.1 (21.8) 49.4 (16.8) 
RUBV226 Bovine B 47.8 (29.8) 52.4 (39.2) NA NA
DB176 Bovine B 47.3 (29.9) 52.4 (39.4) 50.7 (21.4) NA
Nemuro Bovine B NA 52.6 (38.2) 49.6 (20.2) NA
Po/PB-F18 Porcine B NA NA (21.4)† NA
*VP, viral protein; NS, nonstructural protein; NA, not available. GenBank accession nos.: SKA-1 VP4, AB576625; SKA-1 VP6, AB576626; SKA-1 VP7 
AB576627; SKA-1 NSP4; AB576628. 
†Nucleotide sequence of the noncoding region of this strain was not available. 

Figure. Phylogenetic trees for A) viral protein (VP) 4, B) VP6, C) VP7, and D) nonstructural protein 4 genes of group A, B, and C 
rotaviruses, a novel group of human rotaviruses, and porcine rotavirus strain SKA-1. Scale bars indicate nucleotide substitutions per site.
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B rotaviruses. However, high identities were observed 
between SKA-1 and a novel group of human rotaviruses. 
In addition, there are similarities in the 4 genes analyzed 
in this study between SKA-1 and the novel group of 
human rotaviruses: 1) nucleotide sequences and nucleotide 
numbers of noncoding regions at the 5′ and 3′ ends are 
similar to each other; 2) lengths of nucleotide and deduced 
amino acid sequences are similar to each other; and 3) 
phylogenetic analysis showed that these viruses are in the 
same cluster.

Except for porcine strain SKA-1, there has been no 
report of animal rotaviruses being classifi ed into a novel 
group of human rotaviruses. A survey of the prevalence 
of antibodies against SKA-1 among humans and animals, 
including pigs, would be useful. A classifi cation system for 
nongroup A rotaviruses has not been established because 
1) information on nucleotide sequences of group D, E, F, 
and G rotaviruses is lacking; 2) no expressed reference 
VP6 proteins are available; 3) reference strains of group 
D–G rotaviruses have not been adapted to cell culture; 
and 4) it is not known whether fecal samples or RNA or 
extracted RNA of group E–G strains are available in any 
laboratories. On the basis of serologic characterization and 
sequence analysis, a classifi cation system for nongroup A 
rotaviruses, which includes the novel group of human and 
porcine rotaviruses such as J19, B219, and SKA-1, should 
be established.
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