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The majority of human rotavirus A are classified into two genetic
groups, which have distinct genotype constellations of all the ||
gene segments encoding viral proteins (G, P,I,R,C,M,A,N, T, E
and H) represented by prototype strains Wa and DS-I
respectively (Table I) [I]. In nature, genotype constellations
are stably maintained, and reassortment between them has rarely
been described. However, recently in Japan and Thailand, the
G| P[8] human rotavirus on the DS- | -like genotype constellation,
in which the outer capsid proteins were replaced with those of
the Wa-like virus with the DS-1-like genotype background, was
reported [2—5]. We also identified DS-1-like GIP[8] rotaviruses
in the Philippines and genetically analysed them to elucidate their
relatedness to previously reported rotaviruses and locally
circulating rotaviruses to gain insights into their origin and
evolutionary pathway.

Nucleotide sequence identity of DS-I-like GIP[8] strain TGO12-016 to other DS-I-like GIP[8] strains, G2P[4] and

GIP[8] strains

Country (place) and

Identity (%) to viral protein genes of strain TGO12-016

Strain and genotype (I to H) collection date VP7 VP4 VP6 VPI VP2 VP3 NSPI NSP2 NSP3 NSP4 NSP5

RVA/Human-wt/PHI/TGO12-016/2012/G1P[8]  Philippines (Palawan), 100° 100® 100® 100° 100°  100° 100" 100* 100" 100” 100*
12-R2-C2-M2-A2-N2-T2-E2-H2 August 2012

RVA/Human-wt/PHI/TGO12-004/2012/GIP[8]  Philippines (Palawan), 100 100"  100°  100° 100° 954  100° 99.9° 100* 100" 100°
12-R2-C2-M2-A2-N2-T2-E2-H2 July 2012

RVA/Human-wt/PHI/TGO12-012/2012/GIP[8] Philippines (Palawan), 99.9° 99.8° 981 945 974 998" 100° 97.4 99.9°
12-R2-C2-M2-A2-N2-T2-E2-H2 November 2012

RVA/Human-wt/PHI/TGO12-045/2012/GI1P[8]  Philippines (Palawan), 99.8° 99.9° 978 943 974 99.8° 100" 96.9 99.7° 100” 100*
12-R2-C2-M2-A2-N2-T2-E2-H2 November 2012

RVA/Human-wt/|[PN/HC12016/2012/G | P[8] Japan (Osaka), 99.1° 999" 979 945 973 99.5° 99.6° 97.0 99.7% 99.4 99.8"
12-R2-C2-M2-A2-N2-T2-E2-H2 April 2012

RVA/Human-wt/THA/PCB-180/2013/G I P[8] Thailand (Phechaboon), 98.6 989 98.1 944 973 995 99.7° 96.9 99.5% 99.2* 99.5%
12-R2-C2-M2-A2-N2-T2-E2-H2

RVA/Human-wt/PHI/TGO12-003/2012/G2P[4]  Philippines (Palawan), 658 839 99.6° 99.7° 995" 863 980 99.6 97.1 98.1 98.5
12-R2-C2-M2-A2-N2-T2-E2-H2 July 2012

RVA/Human-tc/USA/DS-1/1976/G2P[4] 650 850 858 894 948 928 922 85.1 98.0 89.5 95.8
12-R2-C2-M2-A2-N2-T2-E2-H2

RVA/Human-tc/USA/Wa/1974/G | P[8] 914 887
11-R1-CI-MI-AI-NI-TI-EI-HI

RVA/Human-wt/PHI/TGE12-045/2012/GIP[8]  Philippines (Leyte), 934 969

September 2012
RVA/Human-wt/PHI/TGP12-005/2012/GIP[8]  Philippines (Manila), 935 970

September 2012

The nucleotide sequences determined in this study were deposited in the GenBank database under accession numbers KP007 144-KP00721 |.
Two genes (NSP3 and NSP5) of TGO12-012 were not determined because of lack of sample.

?Sequence identity of >99%.
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(a) VP7 RVA/Human-wt/JPN/OH3385/2012/G1P[8]

| | RVA/Human-wt/JPN/HC12016/2012/G1P[8]
RVA/Human-wt/JPN/OH3493/2012/G1P[8]
RVA/Human-wt/JPN/OH3506/2012/G1P[8]

99| RVA/Human-wt/JPN/OH3625/2012/G1P[8]

A RVA/Human-wt/PHI/TGO12-045/2012/G1P[8]
VW RVA/Human-wt/PHI/TGO12-016/2012/G1P[8]
A RVA/Human-wt/PHI/TG0O12-012/2012/G1P[8]
o RVA/Human-wt/PHI/TGO12-004/2012/G1P[8]
RVA/Human-wt/JPN/91TA984/1991/G1P[8]
RVA/Human-wt/JPN/OH3514/2012/G1P([8]
RVA/Human-wt/JPN/OH3592/2012/G1P[8]
RVA/Vaccine/USA/Rotarix-A41CB052A/1988/G1P1A[8]

85)

DS-1-like G1P[8]
strains

87

100 V' RVA/Human-wt/PHI/TGE12-045/2012/G1P[8] G1

100'V RVA/Human-wt/PHI/TGP12-005/2012/G1P[8]

[ RVA/Human-tc/USA/Wa/1974/G1P[8]
100 RVA/Vaccine/USA/RotaTeq-WI79-9/1992/G1P7[5]

RVA/Human-tc/USA/DS-1/1976/G2P1B[4] :
RVA/Human-wt/CHI/TB-Chen/1996/G2P[4] :
1
1
1

100

RVA/Human-wt/AUS/WAPC703/2010/G2P[4]
90|| © RVA/Human-wt/PHI/TGO12-003/2012/G2P[4] |
O RVA/Human-wt/PHI/TGO12-007/2012/G2P[4] :
RVA/Avian/PO-13/G18P[17] (out group)

G2

0.05

(b) VPG
RVA/Human-wt/JPN/OH3625/2012/G1P[8]
o M RVA/Human-wt/IPN/HC12016/2012/G1P(8]

DS-1-like G1P[8]
strains

RVA/Human-wt/JPN/OH3493/2012/G1P[8]

1001l gy/A/Human-wt/JIPN/OH3385/2012/G1P[8]
RVA/Human-wt/JPN/OH3506/2012/G1P[8]

A RVA/Human-wt/PHI/TGO12-012/2012/G1P(8]
88! A RVA/Human-wt/PHI/TGO12-045/2012/G1P[8]
RVA/Human-wt/AUS/WAPC703/2010/G2P[4]

O RVA/Human-wt/PHI/TG012-003/2012/G2P[4]

1001 "R O RvA/Human-wt/PHI/TGO12-007/2012/G2P[4]

W RVA/Human-wt/PHI/TG0O12-016/2012/G1P[8]
%' @ RVA/Human-wt/PHI/TG012-004/2012/G1P[8]
RVA/Human-wt/BGD/RV161/2000/G12P[6]
—L RVA/Human-wt/COD/DRC88/2003/G8P[8]
RVA/Human-wt/CHI/TB-Chen/1996/G2P[4]
4100'—_RVA/Human-tc/USA/DS-1/1976/G2PlB[4]
— RVA/Human-wt/JPN/OH3514/2012/G1P[8]
1001—— RVA/Human-wt/JPN/OH3592/2012/G1P8]

100

RVA/Avian/P0-13/G18P[17] (out group)

| — |
0.05

Phylogenetic dendrograms of rotavirus genes (a) VP7, (b) VP6, (c) VP3 and (d) NSP2 constructed by neighbour-joining methods with MEGA.5
program. Variation scale is described at bottom. Percent bootstrap support is indicated at each node (values <80% are omitted). Solid circle, triangle
and inverted triangle indicate DS-|-like G1P[8] rotaviruses detected in Philippines; solid square indicates DS-1-like GI1P[8] rotavirus in Japan; inverted

open triangle indicates typical Wa-like rotaviruses in Philippines; open circle indicates typical DS-1-like rotaviruses in Philippines.
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(c) vP3

W RVA/Human-wt/PHI/TGO12-016/2012/G1P[8]

88l A RVA/Human-wt/PHI/TG0O12-045/2012/G1P[8]
100 A RvA/Human-wt/PHI/TGO12-012/2012/G1P[8]
B RVA/Human-wt/JPN/HC12016/2012/G1P[8]
RVA/Human-wt/COD/DRC88/2003/G8P(8]
RVA/Human-wt/AUS/WAPC703/2010/G2P[4]
RVA/Human-wt/BGD/RV161/2000/G12P[6]
RVA/Human-wt/CHI/TB-Chen/1996/G2P[4]
@ RVA/Human-wt/PHI/TGO12-004/2012/G1P[8]
O RVA/Human-wt/PHI/TGO12-007/2012/G2P[4]

0.1

(d) NSP2

@ RVA/Human-wt/PHI/TGO12-004/2012/G1P[8]
81 W RVA/Human-wt/PHI/TG012-016/2012/G1P[8]
80 O RVA/Human-wt/PHI/TG012-003/2012/G2P[4]
991l O RvA/Human-wt/PHI/TGO12-007/2012/G2P[4]
RVA/Human-wt/AUS/WAPC703/2010/G2P[4]
A RVA/Human-wt/PHI/TGO12-045/2012/G1P(8]
99| A RVA/Human-wt/PHI/TG012-012/2012/G1P(8]
B RVA/Human-wt/JPN/HC12016/2012/G1P[8]
RVA/Human-wt/BGD/RV161/2000/G12P[6]
RVA/Human-wt/COD/DRC88/2003/G8P[8]
RVA/Human-wt/CHI/TB-Chen/1996/G2P[4]
RVA/Human-tc/USA/DS-1/1976/G2P1B[4]

96

100[

0.05

(continued).

Stool specimens were collected from 45 children admitted
with acute diarrhoea in Palawan, Philippines, in 2012. Rota-
viruses were detected and genotyped by reverse transcriptase
PCR [6]. Twenty-five specimens (56%) were rotavirus posi-
tive, including seven GIP[8] and || G2P[4]. Four GIP[8] and
two G2P[4] specimens were subjected to direct sequencing
for all gene segments. Sequence data were phylogenetically
analysed (Fig. 1), and pairwise sequence identity was obtained.
Our results revealed that all the rotavirus strains, including
GIP[8], had a DS-I-like genotype constellation. Four DS-I-
like GIP[8] strains were found to be genetically diverse
(Table I). Strain TGO12-016 had identical gene sequences to
strain TGO 12-004, except for the VP3 gene. Several genes of
TGOI12-016 (VP7, VP4, VP3, NSPI and NSP3—NSP5) showed
high sequence identities (>99%) to those of TGO12-045 and
TGO12-012 (except for NSP3 and NSP5 genes), as well as to
DS-I-like GIP[8] strains identified in other countries,
whereas other genes, such as VP6, VPI, VP2 and NSP2,
exhibited lower identities. Strains TGO12-012 and TGOI2-

DS-1-like G1P[8]
strains

L 10010 RVA/Human-wt/PHI/TG012-003/2012/G2p(4) |
RVA/Human-tc/USA/DS-1/1976/G2P1B[4] 1 M2
RVA/Avian/P0O-13/G18P[17] (out group)

DS-1-like G1P[8]
strains

N2

RVA/Avian/PO-13/G18P[17] (out group)

045 were considered identical to strains HCI2016 and
PCB-180. VP6, VPI, VP2 and NSP2 genes of strains TGOI2-
016 and TGOI12-004 showed >99% identity to those of
G2P[4] strain TGO12-003, suggesting that these gene seg-
ments of DS-1-like GIP[8] strains might have been derived
from a locally circulating G2P[4] strain. In contrast, none of
the gene segments of strains TGOI12-012 and TGO12-045
clustered with those of local G2P[4] strain TGO12-003.

We identified three distinct types, suggesting that various
reassortants were generated in Palawan. Six genes of all DS- | -like
G IP[8] strains had high sequence identity, implying that they had
possibly originated from the same rotavirus. Although genetic
information was not sufficient because only a few rotavirus
strains were analysed in the present study, two possibilities are
conceivable for the diversity in DS-1-like GIP[8] viruses in the
Philippines: first, various intergenogroup reassortants were
generated in the Philippines, and a single strain has spread to
other Asian countries; second, a single DS-1-like GIP[8] rota-

virus strain was transmitted from any other Asian country to
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Palawan, where further reassortment occurred between this
strain and local G2P[4] viruses. Although the origin is still not
clear, intergenogroup reassortment has been more frequently
reported in developing countries [7—9]. Therefore, it may be
easily speculated that the DS-l-like GIP[8] rotavirus was
generated in one of the Southeast Asian countries, including the
Philippines, and was subsequently spread to other Asian coun-
tries. Continuous monitoring is necessary to identify the emer-
gence and spread of novel reassortant viruses.
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