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Epidemiological surveillance of porcine rotavirus (PoRV) strains was carried out in Chiang Mai Province,
Thailand, from 2002 to 2003, and eight rotavirus isolates could not be completely typed by PCR. Of these, six
were G3 and one was G4 and displayed a P-nontypeable genotype, while another isolate was both G and P
nontypeable. Analysis of a partial VP4 gene of all eight P-nontypeable strains revealed a high degree of amino
acid sequence identities (94.7% to 100%), suggesting that they belonged to the same P genotype. Comparison
of the amino acid sequences of two representative strains (namely, strains CMP178 and CMP213) with those
of 27 other known P genotypes revealed a high degree of amino acid sequence identity with those of P[13]
porcine rotavirus reference strains HP113 and HP140, which were recently isolated in India. However, amino
acid sequence comparison with non-P[13] rotavirus strains revealed relatively low identities, ranging from
58.2% to 84.8% for full-length VP4 sequences and 35.1% to 80.6% for VP8* sequences. Phylogenetic analysis
revealed that CMP178 and CMP213 clustered together in a monophyletic branch with P[13]-like genotypes
HP113 and HP140 which was clearly separated from the other lineages of P[13] or P[22] strains. Altogether,
these findings indicate that PoRV strains CMP178 and CMP213 should be considered the P[13]-like VP4
genotype, a rare genotype that has been identified only in pigs. This study provides additional evidence of
increasing genetic diversity among group A rotaviruses in nature.

Group A rotaviruses are the most important etiologic agents
of severe diarrhea in young children and young animals world-
wide. In developing countries, these severe diarrhea cases lead
to an estimated 454,000 to 705,000 deaths annually among
children under 5 years of age (32). Group A rotaviruses are
members of the Reoviridae family with nonenveloped icosahe-
dral particles. The mature virion is formed by three concentric
layers of proteins that enclosed a genome of 11 segments of
double-stranded RNA. Rotaviruses are classified according to
the genetic and antigenic diversity of the two outer capsid
proteins, VP4 and VP7. These proteins independently induce
type-specific neutralizing antibodies and form the basis of the
dual classification of group A rotaviruses into the P (protease
sensitive) and the G (glycoprotein) serotypes, respectively
(5, 17).

Rotaviruses express extensive antigenic and genomic diver-
sities. To date, at least 15 G genotypes and 26 P genotypes have
been identified from humans and a variety of animal species (5,
22, 26, 28, 30, 35, 36). Most recently, several groups of inves-
tigators have proposed a novel genotype, P[27], which was
isolated from diarrheic piglets (18, 25, 38). Generally, rotavi-
ruses of the same G genotypes share at least 90 to 91% VP7
amino acid sequence identity (11, 12, 13, 16). Rotavirus strains
sharing �89% VP4 amino acid sequence identities are consid-
ered to belong to the same P genotype, while those sharing

VP4 amino acid sequence identities of �89% belong to differ-
ent genotypes (2, 5, 7). Moreover, the VP8* trypsin-cleavage
product of VP4 coding for amino acids (aa) 13 to 250, includ-
ing the greatest sequence divergent region (aa 71 to 204),
correlates well with VP4 genotype specificity (20, 21).

Several epidemiological studies have demonstrated that
among porcine rotaviruses (PoRVs), G3, G4, and G5, are the
most common G genotypes and usually associate with the P[6]
or P[7] genotype (5, 23, 39, 40). In addition, other G and P
types, such as G1, G2, G6, G8, G9, and G10 and P[13], P[19],
P[23], P[26], and P[27], have also been identified in various
geographical settings (1, 3, 5, 9, 10, 16, 18, 27, 29, 33, 34, 37, 39,
40, 41). Accordingly, a comprehensive genotypic characteriza-
tion of the rotavirus strains circulating in domestic animal
populations, especially pigs, is important to define the extent of
rotavirus diversity.

Rotavirus strains bearing P[13] genotype specificity are host
restricted. The P[13] rotavirus genotype is commonly detected
among pigs and has not been identified from other animal
sources or humans (5, 7, 39, 16). Nevertheless, only a few
studies have reported on the distribution of the P[13] geno-
types circulating worldwide. Most recently, genome character-
ization of two PoRV strains, HP113 and HP140, isolated from
eastern India revealed that their VP4 sequences were similar
to those of P[13] genotypes, while their VP7 sequences were
closely related to those of the G6 genotype reference strains
(7). In our study, eight strains of P[13] in combination with
either G3, G4, or G5 were isolated from diarrheic piglets
raised in several farms in Chiang Mai, Thailand. The VP4
genes of these strains were most closely related to those of
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P[13]-like PoRV strains HP113 and HP140. These findings
affirm the evidence that rotavirus strains bearing the P[13]
genotype are frequently detected in pigs.

MATERIALS AND METHODS

Fecal specimens and rotavirus detection. A total of 250 fecal specimens were
collected from diarrheic piglets on six different farms in Chiang Mai, Thailand,
in 2002 and 2003. The specimens were evaluated for the presence of group A
rotavirus by enzyme-linked immunosorbent assay (ELISA) with a polyclonal
antibody against group A rotavirus as the capture antibody (15). The samples
that were positive for group A rotavirus by ELISA were investigated further for
their G and P genotypes by multiplex reverse transcription-PCR (RT-PCR), as
described elsewhere (4, 6, 9, 10, 11, 24, 31, 40).

RNA extraction and RT-PCR genotyping. Viral double-stranded RNA was
extracted from a 20% fecal sample suspension with a QIAamp viral RNA mini
kit (Qiagen, Hilden, Germany), according to the manufacturer’s protocol. For G
typing, the VP7 gene was reverse transcribed and amplified by using the con-
sensus primer pair Beg9-End9 (11). Then, the G type was determined by using
different pools of primers currently reported to be specific for human and animal
G types (G1 to G6 and G8 to G11) (4, 10, 11, 40). For P typing, the consensus
primer pair Con2-Con3 was used to generate a 876-bp fragment (VP8*) of VP4,
and the P type was determined by using different pools of primers currently
reported to be specific for human and animal P types (P[1], P[3] to P[11], P[14],
and P[19]) (6, 9, 24, 31, 40).

Nucleotide sequencing. Rotavirus strains that failed to be genotyped by mul-
tiple sets of primers were further investigated by nucleotide sequencing. The
full-length VP7 (1,062-bp) and partial VP4 (876-bp) genes of these strains were
reverse transcribed and were amplified by using the primer pairs Beg9-End9 (10)
for VP7 and Con2-Con3 (8) for partial VP4 genes. In addition, the full-length
VP4 genes of two representative strains, CMP178 and CMP213, were also am-
plified by using reverse primer 170 (nucleotides [nt] 2344 to 2368; 5�-GGTCAC
AWCCTCTAGMMRYTRCTTA-3�) (26) in combination with forward primer
VP4-5F (nt 1 to 23; 5�-GGCTATAAAATGGCTTCDCTCAT-3�). The PCR
amplicons were purified with a QIAquick PCR purification kit (Qiagen) and
sequenced in both directions by using a BigDye Terminator cycle sequencing
kit (Applied Biosystems, Foster City, CA) on an automated sequencer (ABI
3100; Applied Biosystems). For sequencing of the full-length VP4 genes, four
additional primers were used as internal sequencing primers. The nucleotide
positions and sequences of these primers (5� to 3�) were as follows: forward
primer P28F650, nt 685 to 704, CTTCCACCAATGCAGAATAC; for-
ward primer P28In1, nt 1262 to 1283, CGGATTATGTATCTCTTAACTC;
forward primer P28In2, nt 2007 to 2027, GGAGAAATTCATACCAAATAG;
and reverse primer P28In3, nt 375 to 396, CACTAGGTTAACTTGTTGA
CCG.

Sequences and phylogenetic analysis. The nucleotide sequences were assem-
bled and analyzed by using Bioedit software packages (14). The sequences were
compared with those available in the GenBank database by use of the BLAST
program in order to determine their genotypes. Phylogenetic and molecular
evolutionary analyses were conducted by using the MEGA program (version 3.1)
(19). A phylogenetic tree was elaborated by both the parsimony and the distance
methods and by supplying statistical support with bootstrapping over 100 repli-
cates.

Nucleotide sequence accession numbers. The full lengths of the VP7 and VP4
gene sequences of strains CMP178 and CMP213 described in this study have
been deposited in the GenBank sequence database under accession numbers
DQ515961 (VP7) and DQ536362 (VP4) for CMP178 and DQ786576 (VP7) and
DQ786578 (VP4) for CMP213.

RESULTS

G and P genotypes. Of a total of 250 fecal specimens tested,
43 (17.2%) were positive for group A rotavirus by ELISA.
Characterization of their G and P genotypes by multiplex RT-
PCR revealed that 29 isolates were G3, 1 was G4, 4 were G8,
2 were G9, and 7 were G nontypeable. These seven G-non-
typeable strains were further characterized by nucleotide se-
quence analysis, and six were identified to be G3 and 1 was G5.
The P genotype was also characterized; and 20 were P[6], 10
were P[7], 5 were P[19], and 8 were P nontypeable. Among

these P-nontypeable strains, six were found in combination
with G3 (strains CMP213, CMP214, CMP215, CMP225,
CMP234, and CMP239), one was found to carry G4 genotype
(strain CMP077), while another one was found to be both G
and P nontypeable (strain CMP178). Therefore, representative
strains CMP178 and CMP213 were selected and their full-
length VP4 and VP7 gene sequences were characterized fur-
ther.

VP7 sequence analysis. The deduced amino acid sequences
of strains CMP178 and CMP213 were compared with those of
representative strains of 15 other known G genotypes. The
VP7 amino acid sequence of CMP178 was the most closely
related to the amino acid sequences of G5 rotavirus strains,
with the amino acid sequence identities ranging from 92.3% to
93.2%, while the VP7 amino acid sequence of CMP213 was the
most closely related to the amino acid sequences of the G3
genotypes (94.4% to 96.8%) (Table 1). The data indicated that
CMP178 belongs to the G5 genotype and also confirmed that
CMP213 has the G3 genotype. Phylogenetic analysis of the
deduced amino acid sequences corroborated the results of the
analysis of the VP7 sequences by demonstrating that CMP178
and CMP213 clustered with the reference strains of the G5 and
G3 rotaviruses, respectively (Fig. 1).

TABLE 1. Comparison of the VP7 deduced amino acid sequence
identities of strains CMP178 and CMP213 with the amino acid

sequences of 15 known G genotypes

Strain (origin)a G genotype

% VP7 amino acid
identityb

CMP178 CMP213

Wa (human) 1 78.2 80.7
Hu/5 (human) 2 72.3 74.1
YO (human) 3 84.6 94.4
AU-1 (human) 3 84.6 95.4
P (human) 3 85.5 95.1
CP-1 (bovine) 3 85.5 96.8
PP-1 (bovine) 3 85.5 96.8
A131 (porcine) 3 85.8 94.7
A138 (porcine) 3 84.9 96.0
4F (porcine) 3 86.1 95.0
Gottfried (porcine) 4 74.5 77.2
OSU (porcine) 5 92.3 86.0
JL49 (porcine) 5 92.6 86.3
H-1 (equine) 5 92.9 86.3
A46 (porcine) 5 92.6 86.7
134/04-15 (porcine) 5 93.2 86.3
NCDV (bovine) 6 81.5 83.5
PO-13 (avian) 7 58.9 56.7
B37 (bovine) 8 78.2 82.5
116E (human) 9 80.9 83.5
B223 (bovine) 10 78.8 81.1
YM (porcine) 11 88.3 86.7
L26 (human) 12 79.4 80.7
L338 (equine) 13 77.6 80.7
CH3 (equine) 14 78.5 84.2
Hg18 (bovine) 15 77.6 77.2

a The GenBank accession numbers of the VP7 genes are as indicated for the
following strains: Wa, K02033; Hu/5, A01028; YO, D86284; AU-1, D86271; P,
AB118024; CP-1, AF448852; PP-1, AF427124; Gottfried, X06386; OSU, X04613;
JL49, AY538665; H-1, AF242393; A46, L35054; 134/04-15, DQ062572; NCDV,
M12394; PO-13, D82979; B37, J04334; 116E, L14072; B223, X57852; YM,
M23194; L26, M58290; L338, D13549; CH3, D25229; and Hg18, AF237666.

b Boldface data indicate percentages of the highest sequence identity that
CMP178 and CMP213 shared with the corresponding reference genotypes.
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VP4 sequence analysis. In order to determine the P geno-
types of all eight P-nontypeable PoRV strains, their partial
VP4 amplicons (876 bp), which had been generated by the
consensus primer pair Con2-Con3, were first subjected to nu-
cleotide sequencing. Comparison of the partial VP4 amino
acid sequences of these strains revealed high degrees of amino
acid sequence identity (94.7% to 100%) among themselves
(data not shown), suggesting that they all belong to the same P
genotype.

Analysis of the full-length VP4 amino acid sequences re-
vealed that both representative strains, CMP178 and CMP213,
were almost identical (98.4% amino acid identity; data not
shown). In addition, when the amino acid sequences of
CMP178 and CMP213 were compared with those of 27 known
P genotypes (Table 2), the highest level of amino acid se-
quence identity was found to be with P[13]-like PoRV strains
HP113 and HP140 (88.1% and 87.2% for the VP8* portion
and 92.2 and 92.4% for the complete VP4 sequences for
CMP178 and CMP213, respectively). In contrast, they showed
somewhat lower levels of VP8* amino acid sequence identity
with other P[13] reference strains, strains MDR-13, JP35-7,

JP13-3, ICB2212, ICB2219, and A46, ranging from 79.2% to
83.7% amino acid identity for CMP178 and 79.2% to 83.2%
amino acid identity for CMP213. Additionally, they also
showed lower levels of amino acid sequence identity with P[22]
lapine rotavirus reference strains 160/01, 229/01, 308/01, and
3489/3, ranging from 77.9% to 81.0% for CMP178 and 78.4%
to 81.0% for CMP213. Therefore, all eight isolates were con-
sidered to be P[13]-like viruses since they had the highest level
of sequence identity with P[13] PoRV strains and revealed
remarkably lower levels of amino acid sequence identity with

TABLE 2. Comparison of the VP4 and VP8* deduced amino acid
sequence identities of strains CMP178 and CMP213 with the

amino acid sequences of 27 known P genotypesa

Strain (origin) P
genotype

% Amino acid identityb

VP4 VP8*

CMP178 CMP213 CMP178 CMP213

RF (bovine) P[1] 76.9 77.1 59.8 59.3
SA11 (simian) P[2] 78.1 78.2 60.5 60.9
RRV (simian) P[3] 77.3 77.3 59.7 59.7
RV-5 (human) P[4] 68.8 68.8 51.4 51.4
UK (bovine) P[5] 70.5 71.0 53.9 55.1
Gottfried (porcine) P[6] 71.5 71.8 54.3 54.7
OSU (porcine) P[7] 77.7 78.0 62.6 63.0
Wa (human) P[8] 69.1 69.1 51.8 51.8
K8 (human) P[9] 65.9 66.0 49.8 49.3
69M (human) P[10] 76.3 76.7 57.2 57.6
B223 (bovine) P[11] 58.2 58.2 35.1 35.1
H-2 (equine) P[12] 74.8 74.8 58.0 57.2
MDR-13 (porcine) P[13] 87.5 87.9 79.2 79.2
JP35-7 (porcine) P[13] or

P[22]?
—c — 81.9 83.2

JP13-3 (porcine) P[13] or
P[22]?

— — 81.9 83.2

ICB2212 (porcine) P[13]? — — 83.2 82.3
ICB2219 (porcine) P[13]? — — 82.3 81.4
A46 (porcine) P[13] 89.3 89.7 83.7 83.2
HP113 (porcine) P[13] 92.2 92.2 88.1 87.2
HP140 (porcine) P[13] 92.4 92.4 88.1 87.2
PA169 (human) P[14] 68.1 68.3 51.8 52.2
Lp14 (ovine) P[15] 76.7 76.9 59.3 59.7
EB (murine) P[16] 72.4 72.7 52.6 52.2
993-83 (bovine) P[17] 59.9 59.9 60.0 60.0
L338 (equine) P[18] 74.6 75.0 56.4 56.8
4F (porcine) P[19] 71.8 71.8 52.6 52.6
EHP (murine) P[20] 74.1 74.5 57.2 57.6
Hg18 (bovine) P[21] 75.1 75.8 55.4 58.0
160/01 (lapine) P[22] — — 80.6 80.6
229/01 (lapine) P[22] — — 79.7 79.7
308/01 (lapine) P[22] — — 77.9 78.4
3489/3 (lapine) P[22] — — 81.0 81.0
A34 (porcine) P[23] — — 61.8 62.2
TUCH (rhesus

macaque)
P[24] 77.6 77.7 61.8 61.8

Dhaka6 (human) P[25] 66.1 66.0 51.4 51.0
134/04-15 (porcine) P[26] 84.7 84.8 69.2 69.2
CMP034 (porcine) P[27] 71.0 71.0 57.1 56.0

a The GenBank accession numbers of VP4 genes are as indicated for the following
strains: RF, U65924; SA11, M23188; RRV, M18736; RV-5, M32559; UK, M22306;
Gottfried, M33516; OSU, X13190; Wa, M96825; K8, D90260; 69M, M60600; B223,
D13394; H-2, L04638; MDR-13, L07886; PA169, D14724; Lp14, L11599; EB,
U08419; 993-83, D16352; L338, D13399; 4F, L10359; EHP, U08424; Hg18,
AF237665; 160/01, AF526374; A34, AY174094; TUCH, AY596189; Dhaka6,
AY773004; 134/04-15, DQ061053; and CMP034, DQ534016.

b Boldface data indicate percentages of the highest sequence identity that
CMP178 and CMP213 shared with the corresponding reference genotypes.

c —, no full-length VP4 sequence is available in the GenBank database.

FIG. 1. Phylogenetic tree of the full-length VP7 amino acid se-
quences displaying the relationships between PoRV strains CMP178,
CMP213, and representative strains of all the VP7 genotypes recog-
nized to date. The following abbreviations are used to identify the
species of strain origin: hu, human; eq, equine; po, porcine; bo, bovine;
av, avian.
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other reference strains of non-P[13] rotavirus (35.1% to 81.0%
for both CMP178 and CMP213). Phylogenetic analysis sup-
ported the amino acid sequence alignments by showing that
strains CMP178 and CMP213 clustered in the same branch
with strains HP113 and HP140. Of note, although strains
CMP178 and CMP213 were closely related to PoRV strains
HP113 and HP140, they were rather distantly related to other
P[13] PoRV strains and formed a distinct lineage (Fig. 2).

Taken together, the eight strains of P[13] PoRV described in
this study comprised six strains of G3P[13] genotype and one
strain each of the G4P[13] genotype and the G5P[13] geno-
type.

DISCUSSION

The eight strains of PoRV described in the present study
were isolated from diarrheic piglets on several farms in Chiang
Mai, Thailand, during epidemiological surveillance in 2002 and
2003. The initial characterization of the G and P genotypes of
these strains by PCR by the use of multiple specific primer sets
reported previously (6, 9, 24, 31, 40) revealed that six were G3,

one was G4, and the other one was G nontypeable, while all
were P nontypeable, as determined by PCR-based genotyping.
We therefore further characterized those nontypeable strains
by sequencing their VP7 and partial VP4 (VP8*) genes. The
amino acid sequence of the VP8* fragment of these strains
showed high degrees of identity, ranging from 94.7% to 100%,
suggesting that they all belong to the same P genotype. In
contrast, when the VP8* amino acid sequences of these strains
were compared with those of the existing 27 P genotypes, only
a low level of identity (35.1% to 88.1%) was observed (Table
2). In order to verify whether these strains belong to a novel P
genotype or a variant strain of an existing known P genotype,
the entire VP4 amino acid sequences were analyzed. Compar-
ison of the full-length VP4 amino acid sequences of two rep-
resentative strains, CMP178 and CMP213, with those of pre-
viously reported 27 P genotypes revealed sequence identities
that ranged from 58.2% to 92.4% (Table 2). The high levels of
amino acid identity were shared with two strains of PoRV
recently isolated in India (7), strains HP113 and HP140, at
92.2% and 92.4%, respectively. On the basis of full-length VP4
amino acid sequence analysis, our strains most likely belong to
the P[13] genotype. Phylogenetic analysis of the full-length
amino acid sequences of the VP4 genes of strains CMP178 and
CMP213 supported the sequence alignment data. CMP178
and CMP213 clustered tightly together with strains HP113 and
HP140 in a single branch separated from other P[13] PoRV
strains (Fig. 2).

Although strain CMP178 was initially identified as a G- and
P-nontypeable strain by PCR-based genotyping, it was identi-
fied as a P[13] genotype strain (Table 2) that associated with
the G5 genotype (Table 1) as a G5P[13] strain by amino acid
sequence analyses of the VP4 and VP7 genes. Alignment of the
G5-specific primer (SG 5) sequence (40) with the VP7 nucle-
otide sequence of CMP178 revealed four point mutations in
the primer binding region (nt 180 to 200) at positions 183 (A
to T), 186 (G to A), 187 (C to A), and 196 (G to A) (data not
shown). These point mutations may lead to the failure of the
binding of primer SG 5 at the target sequence in the VP4 gene
of strain CMP178. This may explain why CMP178 was initially
identified as G nontypeable by PCR-based genotyping. Addi-
tionally, CMP178 was also initially identified by PCR as P
nontypeable, even though it was later identified as being of the
P[13] genotype by VP4 sequence analysis, because no primer
specific for P[13] has previously been reported in the literature.

Strain CMP213 was initially identified by PCR-based geno-
typing, and it was confirmed by VP7 sequence analysis (Table
1) to be genotype G3 with a P-nontypeable genotype and was
later identified by VP4 sequence analysis to have the P[13]
genotype (Table 2). On the basis of these data, CMP213 has a
G3 genotype that exists in association with the P[13] genotype.
In addition, among the P[13] strains of PoRV isolated in this
study, one was found to have P[13] in combination with a G4
genotype (strain CMP077).

Altogether, the strains of PoRV isolated in the present study
were P[13] in combination with several G types, including G3,
G4, and G5. This finding implies multiple reassortment events
and shows the diversity of the P[13] PoRV strains circulating in
the pig population in Chiang Mai, Thailand.

FIG. 2. Phylogenetic tree of the partial VP4 amino acid sequences
displaying the relationships between PoRV strains CMP178, CMP213,
and selected strains of the 27 P genotypes recognized to date. The
following abbreviations are used to identify the species of strain origin:
hu, human; eq, equine; po, porcine; bo, bovine; av, avian; pi, pigeon;
mu, murine; si, simian; ov, ovine; la, lapine.
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