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In the present investigation we molecularly characterized nontypeable rotavirus strains previously identified
during surveillance in New Delhi, India. The majority of strains were demonstrated to belong to genotype G1
(54.5%) or P[8] (77.8%) on the basis of nucleotide sequencing of fragments from their VP7 and VP4 genes. The
other genotypes detected included G2, G8, G9, G12, and P[4]. A G8P[6] strain, strain DS108, was detected for
the first time in northern India. The VP7 gene of DS108 was most homologous with the VP7 gene of a bovine
G8 strain, strain A5 (98.9%), indicating its bovine parentage. In contrast, the VP4 gene had a high degree of
nucleotide sequence homology (92.9% to 99.1%) with the VP4 genes of human P[6] strains. The VP6 gene and
nonstructural genes (NSP1 to NSP3 and NSPS5) were most homologous with the VP6 gene and nonstructural
genes of human rotaviruses belonging to the DS1 genogroup. Interestingly, the NSP4 gene of DS108 clustered
within genotype E6 that until now had only two representative strains, both with G12P[6] specificity (strains
RV176-00 and N26-02). Together, these results indicate that G8 strain DS108 belongs to the DS1 genogroup
and could be the result of the acquisition of the VP7, VP4, and NSP4 genes by a human G2P[4] strain from
more than one donor, similar to the evolution of G12P[6] strain RV176-00. The present study highlights the
importance of characterizing multiple genes of nontypeable rotavirus strains to detect novel strains and get a

more complete picture of rotavirus evolution.

Rotaviruses (RVs) are the most important etiological agents
of severe dehydrating diarrhea in children, claiming approxi-
mately 611,000 lives each year (27). Group A RVs belong to
the family Reoviridae and possess a genome of 11 segments of
double-stranded RNA. The two major surface proteins, the
VP7 (G type) glycoprotein and protease-cleaved protein VP4
(P type), form the basis of a dual classification system for RV.
To date, 23 G types and 31 P types have been identified (35,
39). Worldwide surveillance studies have reported on the con-
tinued predominance of G1 to G4 and G9 RV strains (2, 34).
Additionally, G12 RVs were recently reported in neonatal and
diarrheal children at high prevalence rates on the Indian sub-
continent and may be emerging globally (30, 32, 36, 38). Some
RV genotypes may be common in particular regions or coun-
tries and may be detected only sporadically elsewhere; for
example, G5 is predominant in Brazil and G8 is predominant
on the African continent (5, 7, 10, 22).

RV infection in India accounts for both high rates of mor-
tality and high rates of morbidity, leading to approximately
400,000 hospitalizations each year (2, 15). A study recently
conducted by Mendelsohn et al. observed that RV is the cause
of considerable economic burden in India and suggested that
an appropriate effective RV vaccine may provide significant
economic savings (24). Two live oral vaccines—Rotateq, a
human-bovine pentavalent vaccine, and Rotarix, a G1P[8§]
monovalent human rotavirus vaccine—have already been li-
censed (33, 40). In India, 116E, a monovalent vaccine candi-
date with GYP[11] specificity, has successfully completed a
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phase II clinical trial; and efficacy studies will be starting
shortly (3).

In anticipation of a vaccine program for India, we have
conducted surveillance in Delhi, India, to monitor the locally
circulating RV strains. We recently reported on the high prev-
alence of G1, G2, and G9Y rotaviruses in Delhi and the emer-
gence of genotype G12 (36). In addition, approximately 9% of
the strains were partially or completely nontypeable. To deter-
mine the nature of these nontypeable strains, we characterized
them molecularly by sequence analysis in the present study.
We report on the detection of a variety of strains that were not
typeable due to variations in the primer binding regions of the
VP4 and VP7 genes as well as the characterization of a novel
GS8P[6] strain.

MATERIALS AND METHODS

Fecal specimens. Sixteen RV specimens from our previous study that were
nontypeable for either the G or the P genotype or for both the G and the P types
and for which a sufficient amount of stool sample remained were characterized
(36). Of these, seven specimens were characterized by sequencing of the VP7
gene alone, five specimens were characterized by sequencing of the VP4 gene
alone, and four specimens were characterized by sequencing of both the VP7 and
the VP4 genes. Additionally, the structural (VP4 and VP6) and nonstructural
(NSP1 to NSP5) genes of strain DS108 were also sequenced.

RNA extraction and RT-PCR. Genomic RNA was extracted from 10% fecal
specimens by the Trizol method (Invitrogen Corp, Carlsbad, CA), according to
the manufacturer’s instructions. Reverse transcription-PCR (RT-PCR) was per-
formed with a One-Step RT-PCR kit (Qiagen GmbH, Hilden, Germany), ac-
cording to the manufacturer’s protocol. The VP7 and VP4 genes were amplified
by using previously reported consensus primers (6, 8, 31). The amplification of
other structural and nonstructural genes was performed with primer pairs re-
ported in earlier studies (13, 23).

Sequence determination. Sequences were determined from the amplicons
generated following PCR. The amplification product was purified by the Gene-
Clean purification method (Q-biogene, Cambridge, United Kingdom) and se-
quenced on an automated sequencer (36). Phylogenetic analysis was performed
with Mega software, version 3.1, based on the neighbor-joining method (37).
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TABLE 1. Partial and/or complete nontypeable human rotavirus
strains characterized during the study

Serial Rotavirus

o, strain G genotype* P genotype”
1 Dan139 G1 P[6]
2 Dan240 G2 P[4]
3 Dan318 G9 P[8]
4 Dan323 G1 P[8]
5 Dan381 G12 P[8]
6 Dan385 G1 P[6]
7 DS108 G8 P[6]
8 Dan092 G2 P[4]
9 Dan157 Gl P[8]
10 Dan370 G2 P[4]
11 Dan480 Gl P[8]
12 Dan481 G9 P[8]
13 Dan103 G1 P[8]
14 Danl114 G1 P[8]
15 Dan250 G9 P[8]
16 Dan279 G1 P[8]

“The G and P genotypes assigned during the study following gene sequencing
are indicated in boldface.

Bootstrapping was statistically supported with 1,000 replicates, and percent boot-
strap support was indicated by the value at each node. Values less than 80% were
omitted, and the bar indicates the variation scale. All reference sequences were
obtained from the GenBank/EMBL database.

Nucleotide sequence accession numbers. The gene sequences described in the
present study have been deposited in the GenBank database under accession
numbers FJ827592 to FI827609 and FJ861654 to FJ861662, inclusive.

RESULTS

In our recent RV surveillance study conducted from 2000 to
2007, we observed a high prevalence of genotypes G1, G2, and
G9. However, the most notable finding of the study was the
emergence of G12 RVs in combination with various P geno-
types, thus confirming their potential to undergo rapid evolu-
tion. Additionally, significant numbers of nontypeable RV
strains (3.2% G-nontypeable strains, 3.4% P-nontypeable
strains, and 2.8% G- and P-nontypeable strains) were also
detected. Hence, in the present study we characterized these
nontypeable RV by nucleotide sequencing.

Detection of G1 and P[8] genotypes among the nontypeable
strains with consistent mismatches in primer binding region.
Among the partially nontypeable RV strains, seven G-non-
typeable strains were sequenced; and of these, three were
genotype G1 and one each belonged to genotypes G2, G8, G9,
and G12. The VP4 gene sequencing data for five P-nontype-
able strains revealed three genotype P[8] strains and two
strains with P[4] genotype specificity. However, among the four
RV strains nontypeable for both the G and the P genotypes,
three were G1P[8] and one was G9P[8]. Genotypes G1 and
P[8] comprised 54.5% and 77.8% of the G- and P-nontypeable
strains, respectively, that were identified by nucleotide se-
quencing (Table 1). The nucleotide sequence alignment of the
six G1 RV strains showed three consistent mismatches at nu-
cleotides (nt) 14 (C-A), 17 (T-T), and 19 (C-A) from the 3" end
of the genotyping primer (Fig. 1A). Additionally, a fourth
mismatch at nt 11 (A-C) was observed in five of these six G1
samples, while the sixth one had a mismatch at nt 3 (A-C).
Similarly, one G2 strain and two G9 strains also had a single-
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nucleotide mismatch at nt 19 (T-G) and 5 (T-G), respectively,
from the 3’ end of the respective genotyping primers (data not
shown). Five of seven partially typed VP4-nontypeable strains
identified as P[8] by sequencing had nucleotide mismatches at
nt 7 (A-C), 9 (A-A), 10 (G-T), and 12 (T-C) from the 3" end
(Fig. 1B). Additionally, four of these samples also had a mis-
match at nt 8 (T-G) and two had a mismatch at nt 1 (C-A).

Detection of a G8P[6] RV strain for the first time in north-
ern India. A G8 RV strain (strain DS108) was detected for the
first time in the year 2000 from northern India, during the
present study. The nucleotide sequence of the VP7 gene of
DS108 had a high level of identity (98.9%) with that of strain
99-19774, isolated in 1997 from a diarrheal child in south India.
Phylogenetic analysis revealed that strain DS108 was in the
same cluster (lineage G8d) as bovine G8 strain AS and two
other human strains, strains EGY2295 and MP409, with 96.6,
93.9, and 90.2% nucleotide sequence identities, respectively
(Fig. 2A). The nucleotide sequence similarities with other hu-
man and bovine G8 RVs ranged from 82.0% to 89.3%. Phy-
logenetic analysis of the VP8* subunit of the VP4 gene dem-
onstrated that it clustered with human P[6] RV strains within
lineage I (Fig. 2B). The VP4 gene of DS108 demonstrated a
high level of nucleotide sequence identity with the G12P[6]
strains detected within the Indian subcontinent (98.6% to
99.1%) and with a G9P[6] strain, strain US1205 (99%). How-
ever, a relatively low level of identity (80.8% to 91.1%) with
porcine P[6] RVs was observed.

RY strain DS108 belongs to the DS1 genogroup. In order to
assign DS108 to a particular genogroup, the sequencing of
various other genes, structural gene VP6 and nonstructural
genes NSP1 to NSP5, was undertaken. Phylogenetic analysis

A

Gl primer (9T1-1) 5’ CATTATTTGCTTTGACAAGA 3’

Clinical Specimens (Danl03) 5 & sreisie sisrelie s Bois Loy
(Danl114) C..A..T.A.
(Dan279) C..A..T.A.
(Dan323) C..A..T.A.
(Dan385) C..A..T.A.
(Dan139) «eCeveveees..A..T.A.

B

P[8] primer (1T-1) 57’ GCACGTTATCCAAGTAGA 3’

Clinical Specimens (Danl03)  ...... CGAT.C......
(Danl57)  ...... CGAT.C..vvw.
(Dan279)  ...... C.AT.C......
(Dan480) A..... CGAT.C......
(Danl14) A..... CGAT.C......

FIG. 1. (A) Nucleotide mismatches observed in the VP7 gene of six
genotype Gl isolates within the primer (9T1-1) binding region. Re-
verse complementary sequences of the G1 primer (9T1-1) were used
for alignment. Nucleotides that match the primer sequence are de-
noted by dots. (B) Nucleotide mismatches observed in the VP8* sub-
unit of the VP4 gene of five genotype P[8] isolates within the primer
(1T-1) binding region. Reverse complementary sequences of the P[8]
primer (1T-1) were used for alignment. Nucleotides that match the
primer sequence are denoted by dots.
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FIG. 2. (A) Phylogenetic analysis of VP7 gene (nt 45 to 1015) from human and animal G8 RVs. The tree constructed was rooted with porcine
G5 RV strain OSU. (B) Phylogenetic analysis of the VP8* subunit of the VP4 gene (nt 58 to 833) from human and animal RVs with P[6] genotype
specificity. Strains in italics represent animal RVs. The tree constructed was rooted with P[7] genotype RV strain OSU. (C) Phylogenetic analysis
of the VP6 gene (nt 799 to 1101) of group A RVs. The tree constructed was rooted with RV strain OSU, which has IS genotype specificity.

demonstrated that the VP6 gene clustered with lineage 12,
typical of DS1 genogroup strains, and shared complete nucle-
otide sequence identity with RV strains NR1, RV161-00, and
RV176-00 (Fig. 2C). Comparisons of the nonstructural genes
(NSP1 to NSP3 and NSP5) with the corresponding genes of the
other RV strains that were obtained from GenBank and se-
quenced revealed a very high level of identity with G8 strains
(strains DRC86 and DRCS88) and G12 strains (strains
RV161-00 and RV176-00) (Table 2). Altogether, the high de-
gree of nucleotide sequence homology of the structural gene
(VP6) and nonstructural genes (NSP1 to NSP3 and NSP5) of
DS108 with the RV reference strains belonging to the DS1
genogroup indicate that DS108 belongs to that genogroup.

E6 genotype specificity of NSP4 gene of strain DS108. In-
terestingly, the NSP4 gene of RV strain DS108 was highly
homologous to the cognate gene of recently detected G12P[6]
RV strains RV176-00 (99.5%) and N26-02 (99.1%). The
NSP4 genes of both RV176-00 and N26-02 were previously
considered to belong to NSP4 genotype C; however, accord-
ing to the new classification system for all 11 RV gene
segments, they represent a separate genotype, genotype E6,
in which the NSP4 gene of strain DS108 also clustered (Fig.
3). The amino acid sequences of these three representative
strains of genotype E6 were compared with those of other
NSP4 genotype strains. Certain amino acid residues were
found to be conserved within this genotype. They were the
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FIG. 2—Continued.

presence of methionine (at amino acid [aa] 10) and aspar-
agine (at aa 11) within the H1 hydrophobic domain, arginine
(at aa 115) in the enterotoxin domain, isoleucine (at aa 139)
and glutamic acid (at aa 140) in the VP4 binding domain,
and aspartic acid (at aa 161) in the single-shelled particle
binding domain (data not shown).

DISCUSSION

v
1

II

RYV surveillance studies regularly conducted worldwide aim
to monitor the prevalence of predominant genotypes and iden-
tify rare and emerging strains that may become important in
the future. Such studies are particularly important in countries
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FIG. 2—Continued.

such as India that are considering the introduction of an RV
vaccine program (3). In this regard, we recently reported a high
prevalence of genotype G1, G2, and G9 RV strains with the
emergence of the G12 genotype in Delhi, India (36). However,
during that study, low but significant numbers of nontypeable
RV strains were detected in comparison to the numbers of
nontypeable RV strains detected on previous studies (2). This
prompted us to characterize these nontypeable strains to iden-
tify novel strains and further ascertain the diversity of the RVs
within the local population.

The VP7 and VP4 gene sequencing data for the nontypeable
RVs identified common G genotypes (G1, G2, G9, and G12)
and P genotypes (P[4] and P[8]). Nucleotide sequence analysis
of these partially sequenced genes clearly demonstrated con-
sistent multiple-nucleotide mismatches with the type-specific
primer. The nucleotide mismatches observed between the G1
VP7 gene and type-specific primer 9T1-1 were identical to
those observed in a previous study; however, the percentage of

genotype G1 strains that could not be typed was much lower (5,
28, 29). Similarly, five of seven samples initially nontypeable
for the VP4 gene that turned out to have the P[8] genotype had
identical mismatches in the type-specific primer (primer 1T-1),
as was observed in other studies (5, 12, 19). However, for the
two remaining samples of genotype P[8], the partial VP4 gene
sequences obtained did not yield the sequence of the primer
binding region. Altogether, this finding suggests that the use of
alternative sets of G1 and P[8] type-specific primers in the
primer pool is essential for future RV surveillance studies.
Additionally, the sequences of the other nontypeable strains
that could not be assigned a genotype revealed either a single-
nucleotide mismatch (G2 and G9) or were completely homol-
ogous to the sequence of the type-specific primer (G12).
Their unsuccessful typing previously could be attributed to a
failed PCR.

The highlight of the study was the detection of a novel
G8P[6] RV strain with a DS1-like genogroup and an atypical
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. ol = NSP4 gene from Delhi, India. G8 RVs were first detected in
; JL: é % E :5> % g ;31 g & E g B 93 B 93 B > > é g diarrheal children in Indonesia and were subsequently de-
& = t tected in cattle (21, 25). A retrospective analysis reported in
& O oM BT B s DD N 1995 demonstrated that the bovine Cody strain of neonatal calf
g a So<-EdEnpeeclxnnac § g diarrhea virus (NCDV-Cody) isolated in Nebraska in 1968,
s |mERREE> & o328 " g which was initially thought to be the virulent counterpart of the
2 8 &8 3 5877 S || Z  attenuated NCDV strain (NCDV-Lincoln, G6P[1]), bore a
g N |5 g G8P[1] specificity (20). That report as well as a recent report
£ 4 S indicates that the bovine G8 serotype has been circulating
2 = ;‘D- among cattle in the United States for more than three decades
& _N & (4). The G8 genotype has also been sporadically detected in
g T T S v Vv % Z § several countries in combination with genotyp§§ P[1], P[4],
T SRRV SR AR A SO A AR AN N AR A NN g [ 8 P[6], P[8], and P[14] (1, 5, 11, 22, 26, 41). In addition, G8 RVs
=S < g & have been associated with both of the widely prevalent geno-
z © g groups, genogroups Wa and DS1 (7, 23). Sporadic cases of G8
2 o < RVs have been reported among children with RV gastroen-
§ 2222222227 % % teritis in India since 1990 (9, 14, 16-18).

;T 5 z However, studies involving the in-depth characterization of
g a these G8 RVs from India are limited. A previous study from
% E Z‘-? E 2 E ;Uu ';Uu (2 E g = south India involving the sequencing of some genes (VP4,
8 o3 ’g Qa " ) VP7, NSP1, NSP3, and NSP4) of two G8P[1] strains detected

g - 522 indicated that the strains were a result of reassortment be-
= IR tween human and bovine RV strains (14). In another study
2 § from south India that detected a G8P[8] strain (strain 99-
= g 19774), only the VP7 gene was sequenced, and it was found to
K g be highly homologous to that of bovine strain A5 (16). There-
o 0 ® ® © ® % g 2 U% fore, to update the knowledge on the evolution of G8 RV and
A AN %-§ ] to determine the extent of diversity within the circulating G8
=8 e RVs in India, sequencing of the structural genes (VP4, VP6,
@ U§ and VP7) and nonstructural genes (NSP1 to NSP5) of strain
o ] DS108 was done.
S22338333333 %: z The VP7 gene sequence of strain DS108 was highly homol-
3 zZ ogous to that of strain 99-19774, detected in south India (16).
= The phylogram generated from the sequences obtained clus-
% 2 g EI,U z 2 7<° % ;Uc 2 E § g tered all the Indian G8 RVs together with bovine strain A3,
P\U“E rcllan 5 g Q9" % indicating that the VP7 gene of DS108 had a bovine donor
S5 s&E”°° Z w (14). However, the high percentage of nucleotide sequence
< =< 5 é %_ identity with a human strain of the P[6] genotype suggested
g . P that DS108 may have undergone further reassortment. Thus,
~ 3 sequencing of other genes became more important, as it was
< z essential to understand the genetic makeup of DS108 because
g = strains with similar G-P combinations had become predomi-
§ S § § E 5 é é é 5 § i Eﬁ g nant in the Democratic Republic of Congo (22). They were con-
@ E o sidered to have evolved as a result of reassortment between the
a ; human G2P[4] strains and strains donating their VP7 and VP4
a e gene segments (22). This notion was strengthened by the se-
CTITTTITTITITTIT| S & quencing data for other structural gene VP6 and nonstructural
QenELhbbb== g 8 genes NSP1 to NSP3 and NSP5. High degrees of homology were
¢ 5 observed with the strains belonging to the DS1 genogroup,
e, ; LIz 2 3 ;Uu ';Uu g ? < % specifically, with Bangladeshi G12P[6] strains RV176-00 and
N T oo b " g RV161-00 and G8P[6] strains DRC86 and DRCSS8 from the
% LRER z 3 Democratic Republic of Congo (22, 30).
Q e £ % @ However, on the contrary, the NSP4 gene of strain DS108
’% « g clustered in the E6 lineage instead of the E2 lineage, which is
- o represented by DS1-like strains, such as DRC86 (22). This
< g indicated that DS108 may have a different evolutionary path
=) = than DRCS86. The E6 lineage was previously considered to be
LEERTESIIRED 28 °§ distantly related to NSP4 genotype C, and to date, only two RV
womhaEaEhbNe g S strains with G12P[6] specificity (strains RV176-00 and N26-02)
8 B represent this lineage (30). This is the first report of the asso-
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FIG. 3. Phylogenetic analysis of the NSP4 gene (nt 52 to 686) of group A RVs. The tree constructed was rooted with E1 genotype RV

strain OSU.

ciation of a G8 RV strain with the E6 lineage. Therefore,
altogether the evolution of DS108 seems to be somewhat sim-
ilar to the evolution of first-generation G12P[6] strain RV176-00
from Bangladesh, with which all its genes except VP7 share
maximum homology, indicating that both strains have evolved
from a common parent with different VP7 donors.

In conclusion, the present study documents the first detec-
tion of a G8 strain in Delhi along with the frequent detection
of sequence variations in strains with the same G and P geno-
types. This highlights the need for continued surveillance to
detect such novel RV strains that may emerge in the local
community and also regularly update our typing method with
addition of new primers.
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