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Abstract The aim of this study has been to determine the

incidence of diverse human rotavirus strains circulating in

Thailand between October 2004 and April 2006 by means

of molecular characterization. Pediatric patients aged

between 2 months and 5 years diagnosed with acute diar-

rhea (n = 307) in Bangkok and Buriram, Thailand were

tested for human rotavirus A (RV-A) by RT-PCR. A total

of 130 specimens (42.3%) were found RV-A positive and

126 were characterized by direct sequencing of the capsid

glycoproteins VP7 and VP4. BLAST/FASTA analysis and

phylogenetic analysis revealed genotypes G1P[8] (85.7%),

G2P[4] (2.4%), G2P[8] (0.8%), G3P[8] (1.6%), G9P[8]

(8.7%), and the uncommon strain G3P[19] (0.8%). Varying

sites of polymorphism over time imply dependence on

geographical location along with seasonal variation of

relative incidence and distribution of rotavirus types. Thus,

continuous molecular monitoring of human rotavirus epi-

demiology is essential for adjusting vaccine development.
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Introduction

Rotavirus infections are the major cause of acute diar-

rhea in humans and animals throughout the world.

Global surveillance performed from 2000 to 2004 indi-

cated that rotavirus causes 39% (range 29–45%) of

childhood diarrhea hospitalizations, and 611,000 (range

454,000–705,000) deaths of children worldwide [1].

Rotaviruses belong to the Reoviridae family and com-

prise a non-enveloped, triple-layered protein capsid

enclosing 11 segments of double stranded RNA. They

are classified into groups A–G, but only groups A, B,

and C have been identified in humans [2]. To distinguish

between types within group A, two classification systems

have been established to define the G types based on

glycoprotein VP7, and the P types based on the protease-

sensitive protein VP4 [3]. At least 15 G types and in

excess of 27 P types have been distinguished, of which

at least 10 G types and 11 P types have been found in

humans [4–6].

In recent years, rotavirus genotyping by reverse tran-

scription-polymerase chain reaction (RT-PCR) and direct

sequencing has provided valuable information about the

genetic diversity of rotaviruses circulating worldwide, and

has led to the discovery of much greater strain diversity

than had previously been acknowledged based on sero-

logical typing methods. Molecular methods have allowed

the detection of rotavirus types such as G5, G6, G8, G9,
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G10, G12, P[6], P[9], and P[11] not previously found in

human infections [7–9].

Rotavirus is the principal pathogen responsible for

about one-third of children hospitalized with diarrhea in

Thailand. Prior to 2000, G1 had been the predominant

serotype in Thailand, although occasionally other serotypes

such as G4 and G2 were found. A review of nine studies

performed in Thailand between 1982 and 1997 revealed

that the rotavirus serotype distribution was 37.8% for G1,

21.8% for G2, 2.5% for G3, 7.0% for G4, and 0.4% for G9

serotypes [10]. Serotype G9 is becoming more common in

Thailand. Surveillance conducted in different geographical

areas of Thailand during 2001–2003 demonstrated that the

prevalence of G9, G2, G4, G1, and G3 was 54.8, 17.2, 5.3,

0.8, and 0.1%, respectively [11]. In a recent study in

Bangkok, G1 was predominant during 1998–1999 and

2004–2006, whereas G2 was more prevalent during 2002–

2004 [12].

Re-assortment among co-circulating strains contributes

considerably to the overall genomic diversity of rotavi-

ruses. The gene segments encoding VP7 and VP4 can

segregate independently during re-assortment and thus,

different G- and P-type combinations can be found in

co-circulating rotaviruses. Interspecies transmission and

more importantly, exchange of genetic material between

animal and human strains through re-assortment can lead to

the emergence of novel rotavirus strains of epidemiological

significance. Surveillance of rotavirus types in different

parts of the world is essential to monitor the emergence of

new types or of new G/P combinations, which may emerge

over time. The efficacy of any future rotavirus vaccine may

depend on the predominant natural strain types [13]. Prior

to vaccine introduction into target populations, it is

essential to gather epidemiological and molecular surveil-

lance data of rotavirus infection in each individual country.

The objectives of this study have been to characterize

and determine the incidence of human rotavirus strains

circulating in Thailand.

Materials and methods

Study population

The study protocol was approved by the Ethics Committee

of the Faculty of Medicine, Chulalongkorn University and

the Buriram Provincial Hospital, Buriram, Thailand. The

parents of all pediatric patients were informed as to the

study details and their written consent was obtained before

specimen collection.

The specimens comprised 307 fecal samples from 161

boys and 146 girls aged between 2 months and 5 years

admitted with acute diarrhea to the Department of

Pediatrics, Faculty of Medicine, Chulalongkorn University

and Hospital (n = 192, from October 2004 to April 2006)

and the provincial hospital of Buriram (n = 115, between

October 2005 and January 2006), a province 410 km to the

northeast of Bangkok. The specimens were kept at -70�C

until further examination.

Rotavirus RNA detection

Fecal specimens were diluted 1:10 in PBS (phosphate

buffered saline), centrifuged, and the supernatant was

analyzed for rotavirus RNA by RT-PCR. Briefly, RNA was

extracted from 50 ll of each diluted specimen by the

guanidium-isothiocyanate method as described elsewhere

[14], and subsequently reverse transcribed into cDNA

using primer End 9: 50 GGTCACATCATACAATTCTAA

TCTAAG 30 (nt 1062–1036) for the VP7 gene and Con2: 50

ATTTCGGACCATTTATAACC 30(nt 887–868) for the

VP4 gene. The resulting cDNA was PCR amplified using

primer Beg9: 50-GGCTTTAAAAGAGAGAATTTCCGT

CTGG-30 (nt 1–28) [15] as a sense primer and End 9 as an

antisense primer for the VP7 gene. For the VP4 gene, Con3

50 TGGCTTCGCTCATTTATAGACA 30 was used as a

sense primer and Con2 as an antisense primer [16]. For

both genes, the PCR was performed in a model 9600

thermocycler (Perkin Elmer Cetus, Norwalk, CT) as fol-

lows: initial denaturation at 95�C for 3 min, followed by 30

cycles each of 1 min at 95�C for denaturation, 1 min at

60�C for primer annealing, and 1 min at 72�C for extension

and concluded by a final extension step at 72�C for 10 min.

After electrophoresis in a 2% agarose gel stained with

Ethidium bromide, the expected 1062 and 876 bp-bands

for the VP7 and VP4 product, respectively, were visualized

on a UV trans-illuminator (Gel Doc 1000, BIO-RAD, CA).

Rotavirus sequencing

The PCR products were purified for sequencing by using

the Perfectprep Gel Cleanup Kit (Eppendorf, Westbuty,

NY) according to the manufacturer’s specifications and

purity was ascertained by gel electrophoresis in 2% aga-

rose. The concentration of purified DNA was determined

by measuring absorption at 260 nm with a UV spectro-

photometer (Shimadzu UV 160 A, Tokyo, Japan). Between

30 and 180 ng of each DNA sample was subjected to

double stranded sequencing using the dideoxy-nucleotide

chain termination method with the Big Dye Terminator

V.3.1 Cycle Sequencing Ready Reaction kit (ABI Foster-

city, CA) and 0.16 lM final concentration of sequencing

primers (Beg9 and End9 for amplicon VP7, Con2 and

Con3 for amplicon VP4) in a model 9600 thermocycler
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(Perkin Elmer Cetus, Norwalk, CT) as described previously

[12]. The extension products were subsequently purified

from excess unincorporated dye terminators by ethanol

precipitation according to the manufacturer’s specifications

(ABI Sequencing kit, ABI, Fostercity, CA) and subjected

to sequence analysis by the ABI Prism 310 Genetic Ana-

lyser. (ABI, Fostercity, CA).

All subsequent steps were performed according to the

ABI Prism 310 Genetic Analyser user’s manual. All

sequences were submitted to the GenBank database.

Rotavirus genotype and sequence analysis

The genotype(s) were determined by BLAST/FASTA

(http://www.ncbi.nlm.nih.gov) and phylogenetic analysis.

The sequences were edited and assembled by using programs

CHROMAS LITE v.2.0 (http://www.mb.mahidol.ac.th/pub/

chromas/chromas.htm) and SeqMan (DNASTAR, Madison,

WI). To investigate the relationship between rotaviruses

strains, the un-rooted tree topology based on multiple

alignments of the VP7 and VP4 nucleotide sequences and

those of known genotype from Genbank (VP7 genotypes

G1–G15 and VP4 genotypes P[1]–P[23]) was established by

the neighbor-joining method calculated with MEGA3.1

(http://www.megasoftware.net). Consistency of branching

was tested by bootstrap analysis of 1000 re-sampled data

using MEGA 3.1. Multiple protein translations and sequence

alignments were generated with BioEdit version 7.0.1

(http://www.mbio.ncsu.edu/BioEdit/bioedit.html).

All newly sequenced strains were grouped and com-

pared with the reference strains. Furthermore, we

compared the sequences with those obtained during our

previous comparative studies on genetic changes and

genotypes circulating during 1998–1999 [17], 2002–2004

[12].

Results

Rotavirus RNA detection

During the period of this study (October 2004–April 2006),

stool specimens of 130 (69 male, 61 female) out of 307

patients with acute diarrhea (42.3%) were found positive

for rotavirus RNA by RT-PCR. The prevalence of rotavirus

decreased with increasing age of the children tested. Direct

sequencing was performed on 126 rotavirus RNA positive

fecal specimens. The subtypes of 126 strains yielding

amplicons of 1062 and 876 bp in size representing the VP7

and VP4 genes were identified from their sequences. The

nucleotide sequences obtained from this study have been

submitted to the GenBank database under accession

numbers: VP4 sequences; DQ235956-75, DQ235977-85,

DQ235988-6000, DQ236002-09, DQ236011, DQ674935-

5009; VP7 sequences; DQ236013-17, DQ236019,

DQ236021, DQ236024, DQ236026-30, DQ236032-36,

DQ236038-41, DQ236043-44, DQ236048, DQ236050-71,

DQ236073-76, DQ674860-934.

Rotavirus genotype analysis

Upon BLAST/FASTA analysis, 108 strains were charac-

terized as G1P[8], 3 as G2P[4], 1 as G2P[8], 2 as G3P[8],

11 as G9P[8], and 1 as the uncommon strain G3P[19]

(Table 1). This uncommon strain (DQ674932) showed

87% and 86% aa identity with a rhesus and equine rota-

virus strain, respectively, by BLAST analysis. Figures 1

and 2 depict the phylogenetic relationships determined for

VP7 and VP4, which include previously published

sequences for comparison. These phylogenetic relation-

ships also demonstrate that the rotavirus strains determined

in the course of this study belonged to genotypes G1P[8],

G2P[4], G2P[8], G3P[8], G9P[8], and the rare G3P[19]

strain. For clarification, the regions of reconstruction con-

taining each genotype G1, G2, G3, G9 have been expanded

and shown separately (Fig. 3). Phylogenetic analysis of the

G1 sequences was compared with a selection of G1 VP7

sequences. The G1 RVs sequences circulating in Thailand

from 1999 to 2004 clustered in the same lineage and

showed 99–100% nt identity among groups by BLAST/

FASTA analysis. The samples in group G1 clustered in the

same lineage as some strains isolated in Italy during 2002–

2004 and provided the best match with isolate PA9/03

(DQ377597) with 98% nt identity by BLAST analysis. As

for G2, the studied sequences (DQ236015-16, DQ236069,

DQ236075) clustered with those of strains obtained in

Thailand during 2002–2004 (AY456232-37, AY456239,

AY456241-44, AY707784-6) and Italy in 2003

(DQ172853-56), which provided the best match of 98–

100% nt identity with strain 1-003 (DQ172853) and strain

32g2 (AY456236). As for G3, the sequences (DQ674933-4)

clustered with those of isolates from the northern part of

Thailand in 2004 (AY707793-4) and provided the best

match with strain CMH 055 displaying 99% nt identity. As

for G9, the sequences of sample group a and DQ236062

clustered in the same sub-lineage as the strains obtained

from Thailand between 1995 and 1997(AY866501-5) and

in 2003 (AY456227-31) which showed the best match of

98–99% nucleotide identity by BLAST/FASTA analysis

with strain 97CM86 and strain 62g9. The second sub-

lineage comprising sequences determined in this study

(DQ236060, DQ236064, and DQ036067) and the strains

from Hungary obtained during 1998–2001(AJ605303-11)

proved the best match with isolate BC4572/00 showing
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98% nucleotide identity. The VP7 sequence of an

uncommon strain (DQ 674932) by BLAST/FASTA anal-

ysis displayed the highest identity to a rhesus and equine

rotavirus strain (87% nt and 86% nt) and was characterized

as G3. Interestingly, upon sequence analysis of VP4, this

strain displayed the rare P[19] specificity, thus revealing

the uncommon G/P combination G3P[19].

Sequence analysis of VP7

Based on analysis of the partial VP7 nucleotide sequen-

ces obtained in this study, the amino acid sequence

identities between strains of each genotype group range

from 95.6–100% for G1, 95–99.5% for G2, 99.2% for

G3 and 98.7–100% for G9. Comparison of our strains

with reference strains showed identity ranges from

90.6–92.4%, 94.1–97.7%, 99.1%, and 87.5–99.4% for

groups G1, G2, G3, and G9, respectively. The identity

range between genotypes was 69–77%. In comparison

with the reference strains, multiple mutations were

predominant in the antigenically dominant VR regions of

the G1, G2, G3, G4, and G9 Thai strains, as shown in

Fig. 4.

Sequence analysis of VP4

The deduced amino acid sequences of the trypsin-cleaved

VP8* product of VP4 of the strains under examination

were compared with representative reference sequences of

isolate B4633-03 (DQ146641) for P[8], strain Dhaka116-

00 (DQ492659) for P[4]). The partial VP4 gene sequence

studied contains 789 nucleotides; comparing our sequences

with the reference strains, the best match for the P[4] strain

is Dhaka116-00 (DQ492659) demonstrating 98.1% nt

identity and the best match for P[8] is isolate B4633-03

(DQ146641) with 99% nt identity. The P[8] samples

examined were also identical to P[8] specimens circulating

in Thailand over the previous years and proved similar to

P[8] RVs circulating in other countries with 98–99% nt

identity by BLAST. The P[8] lineage shared by the G1, G2,

G3, and G9 types showed 99–100% nt identity by BLAST

anslysis.

The uncommon strain was classified as P[19] genotype

by BLAST/FASTA analysis and phylogenetic analysis,

which showed 95% nucleotide identity with the reference

isolate RMC321 (AF523677). Amino acid comparisons

between VP8* and P[19] (AF523677), P[3] (AJ311735),

and P[8] (DQ674936) are shown in Fig. 5. In addition,

some polymorphisms were found in P[4] at amino acid

positions I35V, R51G, R111H, I120V, I130V, N133S,

Table 1 Rotavirus genotypes from strains obtained 1998–1999 and 2002–2006 in Bangkok and Buriram, Thailand

Year Typing method No. of strain tested No. (%) of genotype

G1 G2 G3 G4 G9 Unclassified Reference

1998–1999 Sequence 42 35 (83.3) 0 (0) 0 (0) 0 (0) 0 (00) 7 (16.7) [18]

2002–2004 Sequence 36 2 (5.6) 25 (69.4) 0 (0) 0 (0) 9 (25) 0 (0) [19]

2004–2005 Sequence 51 36 (70.6) 4 (7.8) 0 (0) 0 (0) 11 (21.6) 0 (0) This study

2005–2006 Sequence 75 72 (96.0) 0 (0) 2 (2.6) 0 (0) 0 (0) 1 (1.4) This study
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Fig. 1 The phylogenetic relationships determined for VP7, including

previously published sequences as follows: D16343 for G1;

AB118023 for G2; AY707794 for G3; AF480280 for G4; L35079

for G5; AF162435for G6; X56784 for G7; AF545860 for G8; and

L14072 for G9; AY855063 for G10; AY773003 for G11; AB186120

for G12; D13549 for G13; AY750923 for 14 and AF237666 for G15
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N150D, and V199I and in P[8] at positions V35I, K75T,

L77P, V91I, V106I, I108V, I113D, N, Q114P, T120N,

E150D, K162R, D195G, V, I199T, K245T, and V249I.

Conservation of the trypsin cleavage site and the proline

residues has been observed in this study and with most

rotavirus strains [20].

Discussion

The predominant human rotavirus strain detected in

Thailand between November 1998 and August 1999 was

genotype G1 (83.3%) [17], whereas between November

2002 and March 2004, G2 prevailed (69.4%) [12]. This

study revealed an 85.7% frequency of G1P[8], 2.4% of

G2P[4], 0.8% of G2P[8], 1.6% of G3P[8], 0.8% of

G3P[19], and 8.7% of G9P[8]. The distribution of pre-

dominant G serotypes apparently depends on the year of

infection and the G1 rotavirus strain was predominant

during a 2–3 year cycle, whereupon other types prevailed

[10, 17]. This was similar to the results of a 4-year

survey on rotavirus infection conducted from 1996 to 2000,

which revealed a changing G genotype distribution

pattern in Japan with a decrease of G1 and increase of G9

and G2 [19].

Coinciding with a global emergence, the prevalence of

G9 rotavirus has increased in Thailand during 1998–2005.

The G9 serotype was first isolated in 1989 from children in

Chiang Mai, a province in the North of Thailand [18, 21].

The serotype G9 strain emerged as the third major serotype

after G1 and G2 with a frequency of 16.2% among speci-

mens collected in Chiang Mai between 1996 and 1997 [22].

During 2000–2001, genotype G9 was identified in 91.6%

of the strains tested in this province [23]. G9 genotype has

also been reported as a common genotype causing diarrhea

in children in India [24].

Strains of the same lineage were detected during dif-

ferent years, even after long-time intervals. This may

suggest continuous circulation across various geographical

regions and re-emergence of previous strains at a new

location [25]. The VP7 gene of both G9 strains in this study

and G9 from the previous study [12] clustered in a sub-

lineage different from the lineage containing strains

obtained from the northern part of Thailand during 1995–

1997, but all clustered in the P[8] branch (Fig. 2). The

uncommon strain isolated in this study belonged to G3

according to BLAST/FASTA analysis, but showed up as an

unusual strain by phylogenetic analysis sharing 87% amino

acid identity with a rhesus strain (AF295303) and 86%

with an equine strain (AY750924). This virus may have

arisen from multiple, independent re-assortment events

involving rhesus or equine rotavirus genes. It is thought

that different lineages may be under varying selective

pressure and evolve at alternate rates, reaching an evolu-

tionary stasis when completely adapted to their host [26,

27]. The results presented here are consistent with other

epidemiology studies [28–30], which have indicated that
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Fig. 2 The phylogenetic relationships determined for VP4, including

previously published sequences as follows: D13395 for P[1]; M23188

for P[2]; M18736 for P[3]; M58292 for P[4]; M22306 for P[5];

M33516 for P[6]; X13190 for P[7]; M21014 for P[8]; D90260 for

P[9]; M60600 for P[10]; D13394 for P[11]; L04638 for P[12];

L07886 for P[13]; D14724 for P[14]; L11599 for P[15]; U08429 for

P[16]; D16352 for P[17]; D13399 for P[18]; D38052 for P[19];

U08424 for P[20]; AF237665 for P[21]; AF526376 for P[22]; and

AY174094 for P[23]
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since the mid 1980s, unclassified serotypes have been

emerging globally.

Between 1989 and 2004, the global distribution of the

P and G types of rotavirus group A among children

worldwide amounted to G1P[8] 64%, G3P[8] 3%, G4P[8]

9%, G2P[4] 12%, G2P[8] 2.5%, and G9P[8], representing

4.1% of global infection [31]. An unclassified strain of

rotaviruses with long electropherotype which predominated
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QD 32 606 2

a
YA 68 056 C4 M

YA 68 056 C3 M
YA 68 056 C5 M
YA 68 056 C2 M
YA 68 056 C1 M

JA 06 035 7
JA 06 035 3
JA 06 035 6
JA 06 135 1
QD 32 606 4
QD 32 606 7
QD 32 606 0
JA 06 035 4
JA 06 035 9
JA 06 135 0
JA 06 035 8
JA 06 035 5
1L 04 27 9G
YA 77 003 3 11G
FA 61 342 5 G6
YA 58 605 3 01G

BA 11 208 3 G2
FA 84 820 0 G4

YA 57 290 3 41G
3L 05 97 5G
YA 07 977 4 G3
QD 76 394 2

FA 45 685 0 G8
BA 81 216 0 21G

1D 53 94 1G 3
FA 32 667 6 51G

5X 76 48 7G

0.0 5

f:D 268476Q ,D ,378476Q ,188476QD 388476QD

g:DQ 068476 16- ,DQ 368476 27- , 478476QD 08- , ,288476QD 488476QD 78- , 988476QD 13-

1G

ocnU mm no rts a ni

QD 32 206 1
QD 32 206 9
QD 15 792 C9 M
YA 56 375 7 21g 00 4
c
YA 56 375 7
FA 81 681 m3 oo

b
YA 66 152 6 21g 00 4
YA 66 152 6
QD 15 892 C1 M
QD 15 892 C0 M
d
e
QD 15 892 C2 M
QD 73 957 5
f
QD 73 067 0
QD 73 067 1
QD 73 957 9
QD 73 957 3
QD 73 957 2
QD 73 957 8
QD 73 957 6
QD 73 957 4
QD 73 957 1
QD 73 957 7
g
QD 76 884 8
FA 84 820 0 G4

FA 61 342 5 G6
BA 11 208 3 G2

YA 58 605 3 01G
FA 45 685 0 G8

YA 57 290 3 41G
YA 07 977 4 G3
3L 05 97 5G
1L 04 27 9G

BA 81 216 0 21G
1D 53 94 1G 3

YA 77 003 3 11G
QD 76 394 2

FA 32 667 6 51G
5X 76 48 7G

0.0 5

ocnU mm no rts a ni

YA 54 326 6
YA 54 326 7
YA 54 426 3
YA 54 326 3
YA 54 326 9
YA 54 326 2
YA 54 426 1
YA 54 326 4
YA 54 326 5
YA 54 426 2
YA 54 426 4 002 3
QD 32 706 5
QD 32 106 6
QD 32 606 9
QD 71 582 4
QD 71 582 5
QD 71 582 3
QD 71 582 6
YA 07 877 C4 M
YA 07 877 C6 M
YA 07 877 C5 M
QD 32 106 5
QD 71 582 2
QD 71 582 1
QD 71 482 8
QD 71 482 7
QD 71 582 0
QD 71 482 9

BA 11 208 3 G2
FA 84 820 0 G4
YA 58 605 3 01G
FA 61 342 5 G6
FA 32 667 6 51G

5X 76 48 7G
1L 04 27 9G
BA 81 216 0 21G
YA 77 003 3 11G
YA 57 290 3 41G
QD 76 394 2
YA 07 977 4 G3
3L 05 97 5G
FA 45 685 0 G8

1D 53 94 1G 3
QD 35 104 P8 cRO ni e

1.0

2G

Fig. 3 Phylogenetic reconstruction of HRVs strains isolated in Thailand between 1998 and 2006, based on VP7 sequences. G1, G2, G3, and G9

refer to genotypes characterized by reference strains
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VR1     VR2     VR3    VR4 VR5(A)
10     20  30 40     50 65    75  90     100

aâ.position :    :    :    :   : :    :    : :    :    :  : :    :
D16343      ILIFLISIILLN    SVTRIMDY    FLLITVALFALTRAQNY TVYTNSTQEEVF    TEASTQTNDGDWKDSL
DQ236013     ............    ...Q....    ....F.......K.... ...S.....G..    .......S..E.....
DQ236014     ............    ........    ....F....V..K.... ...S...R....    .......S..E.....
DQ236021     ............    ...Q....    ....F.......K.... ...S.....G..    .......S..E.....
DQ236029     ............    ...Q....    ....F.......K.... ...S.....G..    I......S..E.....

G1    DQ236039     ..........F.    ...Q....    ....F.......K.... ...S.....G..    .......S..E.....
DQ236054     ............    ........    ....F.......K.... ...S...R....    .......S..E.....
DQ674861 ..........F.    ....M...    S...S............ AA.A.....GI. ..........E.....
DQ674862     ............    ........    ....F....V..K.... ...S...R....    .......S..E.....
DQ674885     ..........F.    ....M...    S...S............ AA.A.....GI.    ..........E.....
DQ674888     ..........F.    ....M...    S...S............ AA.A.....GI.    ..........E.....

AB118023     ILTILISIILLN    TITNTMDY    FLLLIALISPFVRTQNY AVYTNSTSGEPF    AEAKNEISDDEWENTL
DQ236015     ............    ........    ................. ..........S.    .......A........

G2    DQ236016     ......F.....    ........    .......M......... ..........S.    T........N......
DQ236069     ......F.....    ........    .......M......... ..........S.    T........N......
DQ236075     ......F.....    ........    .......M......... ..........S.    T...............

AY707794     VLTFLISVILLN    SLTRIMDF    FLLIIVILSPLLNAQNY TPYTNSTREEVF    TEAATEINDNSWKDTL
G3    DQ674933     ............    ........    ................. ............    ................

DQ674932 ---------- -------- ----------------- ------------ V..KN....G..T...
AY750924     ..I....I....    ...IM...    ..F.........K.... .A.I...Q..M. I...............
DQ478582     I......F....    ........    ..F...V.....K.... .A.A.F.Q..A.    ................
AF295303     .......L....    ....M...    ..F.V.......K.... .A.A...Q..T.    ................
DQ256503     ............    ....M...    ...V......F...... V..A...Q.KT.    .....Q..........

L14072      VLTFLISIILLN    SVTSAMDF    FLLIIVVVSPFVKTQNY TAYTNSSQQETF    IEASTQIGDTEWKGTL
DQ236060     I.......V...    .L......    ...L..IA......... A..A........    T............D..

G9    DQ236062     I.......V...    .L......    ...L..IA.S....... ...A........    T............D..
DQ236064     I......TV...    .L......    ...L..IA.S....... ...A........    T............D..
DQ236067     I.......V...    .L......    ..SL..IA.S....... ...A........    T............D..

VR6 VR7(B) VR8(C)  VR9
120    130   145     210   220      235

aâ.position  : :    :     :    : :    :    : :
D16343 KEYSSIVDFSVDPQ    LMKYDQSLELDM    QTTNVDSFEMVAENEKL HKINLTTT
DQ236013     ....N.........    ......N.....    .........T....... ........
DQ236014     ....N.........    ......N.....    .........T....... ........
DQ236021     ...LN.........    ......N.....    .........T....... ........
DQ236029     .D..N.........    ......N.....    .........T....... ........

G1    DQ236039     ....N.........    ......N.....    .........T....... ........
DQ236054     ....N.........    ......N.....    .........T....... ........
DQ674861     .............. ......N.....    ................. ........
DQ674862     ....N.........    ......N.....    .........T....... ........
DQ674885     ..............    ......N.....    .........I....... ........
DQ674888     ..............    ......N.....    ................. Y.......

AB118023     KDYNDINTFSVNPQ    LMRYDNTSELDA    KTTDVNTFEIVASSEKL HKINISIN
DQ236015     ......T...M...    ............    .....D........... .......S

G2    DQ236016     ...S..T...I...    ............    .....D.......C... .......S
DQ236069     ...S..T...I...    ............    .....D.......C... .......S
DQ236075     ...S..T...I...    ............    .....D........... .......S

AY707794     KDYTDIASFSVDPQ    LMKYDATLQLDM    LTTDTNTFEEVATAEKL HKLNVTTN
G3    DQ674933     ..............    ............    ................. ........

DQ674932     .E.Q..........    I...QSD.....    ...N.D....I..N... ..I.IN.A
AY750924   .E............   ....NE...... ....VS....I......    ...D...T
DQ478582     .E..N.........    ......N.....    .A.NAA.......D... ...D....
AF295303     .E............    ............    .....A........... ...D...A
DQ256503     ..............    ......A.....    ................. ...S..P.

L14072      KEYTDIASFSIDPQ    LVKYNSTLELDM    TTTNTATFEEVATNEKL HKLDVTTN
DQ236060 ..............    .M..D.......    I............S... ........

G9    DQ236062     ..............    .M..D.......    I............S... ........
DQ236064     ..............    .M..D.......    I............S... ........
DQ236067     ..............    .M..D.......    I............S... ........

Fig. 4 The studied strains compared with the representative reference strains from GenBank database revealed distinctive amino acid

substitutions in VR1 to VR9 of G1, G2, G3, and G9
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in the outbreak of infantile gastroenteritis in India during

1987–1988 displayed G9P[19] specificity [32]. Most of that

strain’s nucleotide sequences including VP6 and NSP4

were intimately related to porcine rotaviruses and were still

circulating during subsequent epidemiological studies

conducted within the same population from 1989 to 1992

[33, 34].

Amino acid comparison between VP7 of the Japanese

G1 strain KU and the Thai G1 strain (between 1998 and

2006) is shown in Fig. 4. The amino acid sequences of

rotavirus strain G1 were nearly identical except for 3-point

mutations discovered in 10 strains of this study (2005) at

positions Q28R, A46V, and Q72R. On the other hand, G2

amino acid sequence alignment with prototype HRV ref-

erence strain DS-1 (AB118023) showed five amino acid

changes of S15F in VR1, I44M in VR3, D96N in VR5,

N122S in VR6 and V281, which are fairly typical for the

Thai strain.

The amino acid sequences of the G3 strains in this study

are almost identical, but the uncommon strain proved

similar to a rhesus and equine strain. In a previous study in

India, a child has been reported infected with both simian

         10           20           30           40           50
  ....|....|   ....|....|   ....|....|   ....|....|   ....|....|

AF523677 VDLSDEITSI GSEKTQSTTI NPGPFAQTSY APVNWGHGEI NDSTTVEPVLP19
DQ674935 .......V.. .......... .......... .......... ..........
DQ492659 ...H...EQ. ......NV.V ........R. .......... ..........
DQ235985 ...H...EQ. ......NV.V ........R. .......... ........I.P4
DQ146641 ...Y...EQ. ......NV.V ........R. .......... ........I.

P8
P3

DQ674982 ...Y...EQ. .L....NV.V ........R. .......... ........I.
AJ311735 TNI...VNE. .TK..TNV.V ........G. ...D.....L P...L.Q.T.

  ....|....|   ....|....|   ....|....|   ....|....|   ....|....|
         60           70           80           90          100

AF523677 DGPYQPVAFK PPNDYWILVN SNSNGVVLEG TNNTDVWVAI ISIEPNVNSEP19 DQ674935 .......... .......... .......... ...I...... ..........
DQ492659 ......TT.. ......L.IS ..TD...Y.S ...S.F.T.V .AV..H.SQT

P4 DQ235985 ......TT.. ......L.IS ..TD...Y.S ...S.F.T.V .AV..H.SQT
DQ146641 ......TT.T ..T.....I. ..T....Y.S ...S.F.T.V .AV..H.DPV
DQ674982 ......TT.T ..T.....I. ..T....Y.S ...S.F.T.V .AV..H.DPVP8

P3 AJ311735 ......TSLN L.V...M.IA PTRE.K.A.. ..T..R.F.C VLV....QNI

          110          120          130          140          150
  ....|....|   ....|....|   ....|....|   ....|....|   ....|....|

AF523677 SRQYSLFGVN KQITVVN-TS NKWKFMEMFR NNSNAEFQHK RTLTSSTKLV
DQ674935 .......... .......-.. .......... .......... ..........
DQ492659 N...V...E. ..FN.E.-S. D....F...K GS.QSD.SNR .....NNR..

P19

P4 DQ235985 N...V...E. ..FN.E.-S. D....F...K GS.QSD.SNR .....NNR..
DQ146641 D...NV..E. ..FN.R.-D. D....L.... GS.QND.YNR .....D.R..P8 DQ674982 D...NV..E. ..FN.R.-D. D....L.... GS.QND.YNR .....D.R..
AJ311735 Q...V.D.Q. V.LQ.S.DS. TS...ILFIK LT..GTYTQY S..STPH..CP3

            160          170          180          190          200
  ....|....|   ....|....|   ....|....|   ....|....|   ....|....|

AF523677 GILKHGGRLW TYHGETPNAT TDYSTTSNLN EISVTTYAEF YIIPRSQESKP19
DQ674935 .......... .......... .......... .......... ..........
DQ492659 .M..Y...V. .F.....R.. ..S.N.AD.. N..IIIHS.. ..........P4
DQ235985 .M..Y...V. .F.....R.. ..S.N.AD.. N..IIIHS.. ..........
DQ146641 ....Y...I. .F.....R.. ..S.N.A... G..I.IHS.. ..........

P8
P3

DQ674982 ....Y...I. .F.....R.. ..S.N.A... G..I.IHS.. ..........
AJ311735 AWM.RDN.VY W.Q.A....S ES.YL.I.ND NSN.SSD... .L..Q..T.M

        210          220          230          240          250
  ....|....|   ....|....|   ....|....|   ....|....|   ....|....|

AF523677 CTEYINTGLP PIQNTRNVVP LSLTSRTVIH KRAQVNEDII ISKASLWKEMP19
DQ674935 .......... .......... .......... .........V ..........
DQ492659 .N....N... .......... ...S..SIQY R........T ...T......P4 DQ235985 .N....N... .......... ...S..SIQY R........T ...T......
DQ146641 .N....N... .......... ...S..SIQY T........T ...T......

P8
P3

DQ674982 .N....N... .......... ...S..SIQY T........T ...T......
AJ311735 ..Q...N... .......I.. VNII..QIKD I...M....V ...T......

        260
  ....|....| . 

AF523677 QYNRDIIIRF KP19
DQ674935 ......YS.L N
DQ492659 .......... .

P4 DQ235985 .......... .
DQ146641 .......... .

P8
P3

DQ674982 .......... .
AJ311735 .......... .

Fig. 5 The studied strains

compared with the

representative reference strains

from GenBank database

revealed distinctive amino acid

substitutions in VR4 of P[19],

P[8], P[4], and P[3]
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SA11-human re-assorted, G3P[8] and AU 32 G9P[8] rota-

virus strains [35]. Khamrin et al. also reported a re-assorted

strain of human rotavirus G3P[3], containing simian-like VP7

and caprine-like VP4 genes isolated from a child in Chiang

Mai [36]. These findings provide additional evidence for the

increasing genetic/antigenic diversity of group A rotaviruses

in nature which is crucial for understanding rotavirus

re-assortment [37].

Comparison between the amino acid sequences of the

G9 strains from our study conducted in 2002–2004 and the

reference strains 116E (L14072; vaccine strain in India

(phase I), WI61 and AU32 (prototype G9 strain of 1985)

[38] showed approximately 88% nucleotide identity.

Comparison between our study and the human reference

strain 95H115 which had re-emerged among rotaviruses

recovered from Japanese children hospitalized in 1995 (and

not evolved from AU32) [38] showed 98% identity.

Although the reference and study samples belonged to the

same strain, they still displayed low amino acid identity

with the prototype. This may be due to geographically

specific infection over time and the relative incidence and

distribution of rotavirus types varying between geograph-

ical areas during a rotavirus season and from one season to

the next, very similar to the molecular epidemiology of

influenza A virus. As shown in Fig. 4, during 2002 and

2003, the point mutations of interest relative to the above

references are found in VR3 at position P46S and in VR5 at

T101I, during 2003 and 2004, at positions F106 L and

A181T. The first amino acid change (aa 46) shown by this

alignment appears in all strains from 2002 to 2005 and hence,

may be typical for the Thai strain. The second amino acid

change is evident among strains from 2002 to 2004 but does

not appear among the more recent ones and thus, may depend

on the year of infection. The remaining two changes at F106L

and A181T have only been found among recent strains and

could imply mutations specific for the Thai strain, but still

require additional sequence studies in order to confirm that.

The glycosylation site at aa 69–71 in VR4 and peptide

cleavage site at aa 50 in VR3 are conserved in the G1, G2, and

G9 genotypes of the Thai strain from 1998–2006.

Surveillance of rotavirus types in different parts of the

world is essential to monitor the emergence of new types or

of new G/P combinations, which may predominate over

time. Since the vaccine can protect, to a lesser extent,

against rotavirus strains that do not share G or P epitopes

with the vaccine strains, understanding the differences

between the epidemiological features of rotaviruses in

developing and developed countries is essential for

designing optimal rotavirus immunization programs.
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