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ABSTRACT Most cases of severe acute gastroenteritis (AGE) in neonates and cattle are caused by Group A Rotavirus
(RV). Faecal samples were obtained from 150 calves from dairy farms in Pant Nagar, Uttarakhand, India, for the current
investigation. RNA-PAGE analysis was used to test them all. In this investigation, amplicons based on the VP6 gene (227
bp) and the VP7 gene (208 bp) were utilised to identify Group A rotaviruses in the positive samples. There is a growing
amount of evidence demonstrating that reassortment and transmitting between different species of Rotavirus (RV) occur
in the natural world. Recognising RV dynamics and the methods by which RVs develop, pass the species barrier, transfer
genes during reassortment, and evolve through point mutations or recombinant genetics requires an examination of the
dominance of rotavirus G and P types in human and bovine communities.
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INTRODUCTION

The Rotavirus (RV) belongs to Reoviridae,
consisting of RNA as their genetic material, and
is prone to their characteristic high level of ge-
nomic mutations (Abad and Danthi 2020). Among
the nine RA groups (A- I), Group A is the major

causative agent for severe acute gastroenteritis
(AGE) in neonatal humans and cattle worldwide
(Kapikian et al. 1986). AGE accounts for the death
of 1 in 9 children, and its death rose to 2195 daily
even after severe prolonging precautions (Alter
et al. 2015). Almost 40 percent of these deaths
have been putatively linked with RA, and most
occur in low-income countries (Changotra and
Vij 2017). Mutated strains have an important part
in the predisposing of diarrhoea, in addition to
societal risk factors such as poverty, malnutri-
tion, limited access to health services, and vitamin
deficiencies.

Six structural and six non-structural proteins
are encoded by the virus’ double-stranded RNA
(Bukrinskaya 1982; Saravanan et al. 2022). Except
for the 11th segment, all are monocistronic that
code for NSP6. This segmented genome aids in
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the reassessment of double-stranded genome
generation from individual strands of two virus-
infected cells. This assortment capability is the
principal reason for RV genetic diversity and viral
evolution (Lauring et al. 2013). VP4 and VP7 are
expressed by 4 and 9 segments, correspondingly.
VP4 is the spike protein that assists in viral en-
trance into host cells and has been found to con-
tribute in rotavirus haemagglutination, neutrali-
sation, virulence, and protease-enhanced infec-
tivity (Gouvea and Brantly 1995). VP7, on the other
hand, determines the antigenic nature of the virus
and is a major factor in antigen neutralisation.

Group A rotaviruses are classified as P or G
based on their VP 4 and VP 7 genes. The RA
strains with more than 89 percent or more similari-
ties in their VP 6 and VP 7 nucleotides are grouped
as P and G types, respectively (Hoshino and Kapiki-
an 1996). Molecular biology has uncovered 30 P
genotypes and 21 G genotypes (Santos and Hoshi-
no 2005). They have peculiar species distribution
and species barrier, but due to the reassortment
nature, occasionally, unusual P and G genotypes
occurred from the integration of human and ani-
mal RA, especially from pigs and cattle (Papp et al.
2013). Hence, the RA of cattle serves as the reser-
voir for the genetic variability of human rotavirus-
es. New RA strains have been continuously re-
ported worldwide (Badaracco et al. 2013). The pre-
disposition and continuous surveillance of the
strain variation in animals are used to detect the
novel circulating genotypes for developing new
human vaccines.

Objective

For elucidating the novel strain circulation,
the researchers retrospectively investigated the
prevalence of the antigenic and molecular rela-
tionship that exists among each strain, a combi-
nation of typing methods (RNA-PAGE, conven-
tional RT-PCR assay, and ELISA) based on a va-
riety of genes (VP4 and VP7) provide a means of
characterising rotaviruses (Esona et al. 2010).

MATERIAL  AND  METHODS

Specimen Collection and dsRNA Isolation from
Bovine RV

All the glassware and plastic materials were
procured from Borosil (India) or Corning (USA)

and Axygen (USA), and Tarson (India), respec-
tively. Chemicals and reagents were bought from
Biolabs (New England), Amresco (USA), SRL (In-
dia), Fermentas (USA), and Genei (India). Faecal
samples from diarrhoeic bovine (cattle) calves (0-
3 months), irrespective of either sex, were the
source of the virus in the present study. Calf sam-
ples (150) were gathered from dairy farms in Pant
Nagar, Uttarakhand, India (Fig. 1). The samples
were gathered in a sterile plastic bag for stool
collections and sent to the lab on ice for long-
term storage at -20 degrees Celsius. To clarify the
samples, they were centrifuged at 12,000 rpm for
30 minutes at 4°C after being diluted with phos-
phate buffer saline (PBS, pH 7.2, 10%). After ex-
tracting viral nucleic acid from 1 ml of the super-
natant, the remaining volume was frozen at -20
degrees Celsius for later use. Reverse transcrip-
tion (RT), nested PCR (RT-PCR), and semi-nested
PCR (SNP-PCR) are all acronyms for the same
thing, that is, polymerase chain reaction (RT-PCR).

RNA Extraction from the Samples

Using a phenol:chloroform procedure, as re-
ported by Herring et al. (1982), dsRNA of rotavi-
rus was recovered from faecal solution. Alterna-
tively, RNA was extracted using Trizol (SRL), as
described by Rio et al. (2010), with certain modifi-
cations. Extracted RNA was run on RNA-PAGE
according to the methods outlined by Laemmli
(1970) and Herring et al. (1982) for the identifica-
tion of rotavirus’ 11-segmented dsRNA (Herring
et al. 1982). The samples were analysed by en-
zyme-linked immunosorbent assay (ELISA) us-
ing an ELISA kit purchased from Bio-X-diagnostics
(BIO K 343/2). The test kit has a sensitivity of be-
tween 77 percent and 97 percent, and a specificity
of between 90 percent and 100 percent.

Analysis Using ELISA Kit

Antigen capture ELISA kit (Digestive Bio K
071®, Bio-X Diagnostics, Belgium) was used to
analyse faeces. Laboratory tests conducted by
the manufacturer found a sensitivity of 77 per-
cent to 97 percent, and a specificity of 90 percent
to 100 percent. By use of an ELISA reader (Bio-
StackReady ® BioTek® Power Wave Reader XS),
the OD was measured at 450 nm. The absorbance
value of the sample was subtracted from the ab-
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sorbance value of the negative control, and sam-
ples were considered positive if the resultant val-
ue was more than 0.150 Elisa units (EU). All 150
faecal samples were subjected to RT-PCR target-
ing the VP6 gene. The genes used for RT-PCR
analysis and their respective primers are shown
in Table 1.

RESULTS

Typical Migration Patterns Showed the
Presence of Mixed RV Strains

The present study aimed to isolate the rotavi-
rus strains from 150 cattle calves using multiplex
semi-nested PCR assay from Pant Nagar, Uttarak-
hand, India. Of the 150 samples analysed, 26
(17.33%) were found to be positive for the rotavi-
rus genome on RNA PAGE (Fig. 2a-b). RNA-PAGE
has been considered a powerful tool for studying
the epidemiology of RVs and genetic variations.
With a distinctive migratory pattern of 4:2:3:2 on
silver staining, all the positive samples (B1-B26)
demonstrated the presence of 11 segmented ge-
nomes. Based on the 5th and 6th segments, two
different electrophoretic patterns were found in
the RVA samples. In the first electrophoretic mi-

gration (Type A), the four segments (I - IV) mi-
grated separately, as seen in Fig. 3 (Lane 5, 6, 7, 8,
and 9, B3, B20, B14, B10, and B11, respectively).
In type B, segments II and III were co-migrated
(Fig. 3: Lane 1, 2, 3, 4, and 10; B9, B18, B13, B16,
and B7, respectively). In all the samples (Fig. 3),
class III segments (7 and 8) moved as a single
segment. B9 showed a mixed migration pattern
due to the characteristic co-infection of the mixed
classes. ELISA was used to confirm the presence
of rotavirus in the samples along with RNA PAGE.
Thirty-three bovine samples (50.77%) out of 65
samples were positive for rotavirus antigen. Com-
paratively, the sensitivity was higher in ELISA
than RNA PAGE in the present study (Table 2).

Category A is a prominent human pathogen
among the nine rotavirus groups (A-J), and its
ratio is a crucial determinant in anticipating hu-
man infections. In the current work, the VP6 and
VP7 genes were used to determine the presence
of Group A rotaviruses among the samples test-
ed, resulting in 227bp (Fig. 4a) and 208 bp (Fig.
4b) amplicons, respectively. The RNA PAGE pos-
itive samples were among the 65 total samples
that underwent a second ELISA check for the
presence of rotavirus antigen (Supplementary
Table 1). 33 (50.77%) bovine samples out of 65

Fig. 1. Sampling site of calves were collected from different dairy farms in Pantnagar, India (a) Map
showing Uttarakhand, (b) Map shown the Pantnagar, (c) Sampling sites
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Table 1: Primers used for partial length VP6 gene

Gene Primers Sequences (5’-3’) Location Expected References
amplicon

VP6 VP6-F TTTGATCACTAAYTATTCACC 1130-1150 227 bp Iturriza-Gomara et
(GARV-D) al. (2002)
VP6-R GGTCACATCCTCTCACTA 1339-1356
(GARV-F)

VP6 VP7-F GATATAACAGCTGATCCAACAAC 845-877 208 bp Gouvea et al. (1990)
(Partial
Length)

VP7-R GGTCACATCATACAATTCT 1044-1062
VP7(Full VP7-F GGCTTTAAAAGAGAGAATTTCC 1-28 1062bp Gouvea et al. (1990);
Length) GTCTGG Iturriza-Gomara et al.

(2004);  Isegawa et al.
(1993)

VP7-R GGTCACATCATACAATTCTAATCTAAG 1062-1036
VP7-G3 CGTTTGAAGAAGTTGCAACAG 689-709 373bp
VP7-G6 GATTCTACACAGGAACTAG 481-499 581bp
VP7-G8 GTCACACCATTTGTAAATTC 178-197 884bp
VP7-G10 ATGTCAGACTACARATACTGG 666-686 396bp

VP4 VP4-F TTCATTATTGGGACGATTCACA 1064-1085 863 Gentsch et al. (1992);
(Bov4
Com 5) Isegawa et al. (1993)
VP4-R CAACCGCAGCTGATATATCATC 1897-1918
(Bov4
Com 3)
VP4-P1 TTAAATTCATCTCTTAGTTCTC 1505-1526 453
VP4-P5 GGCCGCATCGGATAAAGAGTCC 1704-1725 661
VP4-P11 TGCCTCATAATATTGTTGGTCT 1377-1398 334

Fig. 2a. TEM of stool suspension of Human sample (H7) positive for rotavirus, 150,000X. b. TEM of faecal
suspension of Bovine sample (B18), positive for rotavirus, 150,000X
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were positive for rotavirus antigen (Table 3). Fur-
ther, they were tested with partial VP7 gene am-
plification, and only 17 samples (40.47%) showed
the amplified product (Table 4). In 33 samples,
every four samples (12.90% each) showed G3 and
G10 genotypes, respectively. Nine samples (29.03%)
showed mixed G genotypes.

For genotyping of P-type, partial length VP4
primers and their cocktails, such as P [1], P[5], and
P[11] primers, were used to analyse the P sero-

Fig. 3. RNA PAGE showing different electropherotypes and Migration pattern of Bovie Rota Virus (BRV).  Lane N-
Negative control, Lane 1- 10 BRV, Type A - Lane 5,6,7,8 and 9 (Segments 1,2, 3 and 4 migrated separately), Type B
- Lane 1,2,3, 4 and 10 (segments 2 and 3 co-migrated)

Table 2: Comparative analysis of ELIZA and RNA PAGE of rotavirus samples collected from the cattle farms
around Phatnagar, India

S. No. Method of analysis Host No. of sample(s) screened Positive sample(s) Prevalence (%)

1 RNA-PAGE Cattle 150 26 17.33
2. ELISA Cattle 65 33 50.77

Table 3: Prevalence G genotypes in bovine samples

G-genotypes

Genotype No. out of 17 Prevalence
 bovine samples  (%)

G3 4 23.52
G10 4 23.52
G3G10 2 11.7
G6G10 2 11.7
G3G6G10 7 41.17
Untypeable 7 out of 33 22.58
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types among the samples. Of them, 13 (30.95%)
samples showed 863 bp amplicon, and the (Fig.
4e) remaining 22 1’8 samples did not produce any
PCR product with the primers specific for partial
length VP4 gene. Out of 33 bovine samples, P
typed, P[1], and P[11] were seen in only 5 (16.12%)
samples each, and only six samples (19.35%)
showed mixed P genotypes (P[1]P[11]). Among P
genotyped 16 samples, both P[1] and P[11] were
the most predominant P types, as found in 5/16
(31.25%) samples each. Six samples (37.5%)
showed mixed (P[1]P[11]) type, and the rest of them
were untypeable. This study conforms with the
earlier report by Gulati et al. (1999), who reported
P[11] in 94 percent of the samples genotyped. In-
terestingly, his study also reported P[1] in a single
sample out of 36 P-typed samples.

Combination of P and G Genotypes and
Region-Wise Genotypic Distribution

In the bovine samples G3P[11] was seen in 2/
13 (15.38%) samples, G10P[1] in 1/13 (7.69%) sam-
ples, G3P[1] [11] in 1/13 (7.69%) samples, G10P[1]
[11] in 2/13 (15.38%) samples, while 2/13 (15.38%)
samples had a mixed G type with P[1], 3/13 (23.07%)
mixed G type with P[11] and 2/13 (15.38%) mixed
G type with P[1]P[11] combinations. From Uttara-
khand, among 17 bovine samples G typed, 4 sam-
ples (23.52%) showed mixed G3 and G10, while

nine samples (52.94%) showed G3G10 and
G3G6G10.

DISCUSSION

The current research aimed to characterise the
novel genotypes from G and P groups of the ro-
taviral family using the RT-PCR method. The
present study showed that the presence of non-
typeable strains of groups G and P confirmed the
possibility of emerging novel genotypes in cat-
tle. The rotaviruses change their genome due to a
lack of proofreading activity during their genom-
ic replication. They also attract continuous sur-
veillance and typing to assess their severity in
animals and humans (Saran et al. 2015; Saran et
al. 2019; Burrell et al. 2017; Vellingiri et al. 2020).
Hence, the confirmatory evaluation of cattle ro-
taviruses is a useful preventive measure against
huge economic losses and the livestock industry
(Geletu et al. 2021).

Given surveillance of Rotavirus strains, 150
bovine viral samples from different cattle forms
around Pant Nagar, India, were analysed and char-
acterised in the present study. The extracted dsR-
NA from samples were electrophoresed using
agarose, and a typical migration pattern, that is,
4:2:3:2 (Class I, II, III, and IV of 11 segments), was
absorbed for Group A confirmation. Similarly,
Basera et al. (2010) also reported RNA migration
patterns from cattle isolates. The present study
also showed that nearly half of the many tested
samples (13 out of 31 samples) showed mixed G
and P genotypes such as G3G6G10P[11] (23.07%)
followed by 2/13 (15.38%) each of G3P[11],
G10P[1]P[11], G3G10P[1]P[11] and G3G6G10P[1],
while 7.69 percent (1/13) samples had G6P[1] and
G3 P[1]P[11] combination. Again, this is different
from what Gulati et al. (1999) said about the Indi-

Table 4: Prevalence of P genotypes in bovine samples

                           P-genotypes

Genotype No. out of 16 Prevalence (%)

P[1] 5 31.25
P[11] 5 31.25
P[1]P[11] 6 37.50
Non-typeable 17 out of 33 48.38

Table 5: Prevalence of G and P type combinations in bovine samples

S. No. P and G genotype No. out of 13 Prevalence (%) Sample Id.

1 G3P [11] 2 15.38 B1, B2
2 G10P [1] 1 7.69 B6
3 G3 P [1]P[11] 1 7.69 B25
4 G10 P [1]P[11] 2 15.38 B10, B11
5 G3G10P [1]P[11] 2 15.38 B8, B9
6 G3G6G10P [1] 2 15.38 B14, B16
7 G3G6G10P [11] 3 23.07 B17,B20, B20
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Fig. 4. a. RT-PCR of partial length VP6 gene of Bovine rotavirus. Lane M: GeneRulerTM 1Kb plus DNA Ladder (MBI,
Fermentas); Lane 1:- B1; Lane 2:- B2
Lane 3:- B3; Lane 4:- B4; Lane 5:- B20; Lane 6:- Negative; Lane 7:- B25; Lane 8:- Negative Control
b. RT-PCR of partial length VP7 gene of Bovine rotavirus. Lane M: GeneRulerTM 100 bp plus DNA Ladder (MBI, Fermentas);
Lane 1:- Negative; Lane 2:- B14; Lane 3:- B15; Lane 4:- B16; Lane 5:- B17; Lane 6:- B18; Lane 7:- Negative Control
c. RT-PCR of full length VP7 gene (Bovine and Human). Lane M: GeneRulerTM 100 bp plus DNA Ladder (MBI, Fermentas);
Lane 1:- B14; Lane 2:- B15; Lane 3:- B17; Lane 4:- B18; Lane 5:- H1; Lane 6:- H2; Lane 7:- H7; Lane 8:- H8; Lane 9:- Negative
Control
d.  Multiplex PCR for genotyping of VP7 gene in Bovine rotavirus. Lane M: GeneRulerTM 100 bp plus DNA Ladder (MBI,
Fermentas); Lane 1:- B14; Lane 2:- Negative; Lane 3:- B8; Lane 4:- B25; Lane 5:- B18
e.   Figure 4e: RT-PCR of partial length VP4 gene of bovine rotavirus; Lane M: GeneRulerTM 100 bp plus DNA Ladder (MBI,
Fermentas); Lane 1:- B5; Lane 2:- B6; Lane 3:- B14; Lane 4:- B16; Lane 5:- B23; Lane 6:- B25; Lane 7:- Negative Control
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an bovine population. They said that G10P[11]
(81%) was the most common combination of G
and P types, followed by G6P[1] (3%) and G6P[11]
(3%). The RNA-PAGE positive, positive samples
were again analysed using ELISA, and compara-
tively, ELISA appeared to be more effective in
detecting RVs than RNA PAGE. Similarly, the pub-
lished works also suggested the effectiveness of
ELISA over the RNA-PAGE analysis (Manuja et
al. 2010; Dash et al. 2011; Soltan et al. 2016; Lorestani
et al. 2019). However, the present study contradicts
the early findings where RNA PAGE detected more
positive samples than ELISA. In the meanwhile,
research by Dash et al. (2011) showed strong cor-
relations between RNA PAGE and ELISA, and all
RNA PAGE-positive samples were also ELISA-
positive. Because calves and children were sam-
pled between the ages of 0 and 3 months, it is
possible that the reduced prevalence of rotavirus
identified in the current research is attributable to
the age factor. It has been shown that calves
younger than one month are most vulnerable to
BRV infection. All of the 70 samples taken from
clinically asymptomatic calves were negative for
RVs, which may be related to the fact that they
were taken in the early winter.

This bovine group A rotavirus prevalence is
lesser than what was initially reported (Fukai et
al. 1999). Joshi et al. (2019), on the other hand,
revealed that after RNA-PAGE analysis of 36 di-
arrheic faecal specimens from calves, there was
no RV infection from Maharashtra. All 26 BRVs
found by RNA PAGE throughout the investiga-
tion were known A rotaviruses, with a migration
pattern of 4:2:3:2 (class I-IV), and all samples had
a lengthy electropherotype as shown by migra-
tion of fragment 10th and fragment 11 of the ge-
nome. Contrary to Jindal et al.’s (2000) results,
which exclusively found short electropherotypes
in bovine calves, none of the isolates had the
short electropherotype (Jindal et al. 2000). Ac-
cording to a recent research by Manuja et al.
(2010), who used viral isolation as the gold stan-
dard, RNA-PAGE and RT-PCR were respectively
66.7 percent and 71.4 percent accurate.

Group A rotavirus was identified using RT-
PCR of the VP6 gene partial length with VP6-F
and VP6-R primers. In the current study, amplifi-
cation of the VP6 gene fragment yielded the pre-
dicted amplicon size of 227 bp. Of 42 ELISA-pos-
itive samples, 39 (92.85%) samples showed an

amplicon of 227 bp in 1 percent agarose gel. Three
samples (B7, B12, and H4) did not produce any
PCR product with the primers specific for the par-
tial length VP6 gene. Ten percent (12/128) of sam-
ples from dairy and beef calves were positive for
group A rotavirus when tested with an immuno-
card that detects group A rotavirus VP6 (Rod-
riguez-Lomas et al. 2011). Untypable G and P
strains were found in this research, which may
indicate the emergence of novel genotypes. Since
protection against infection and severe illness is
thought to be type specific, rotavirus monitoring
and typing are still critical.

CONCLUSION

Overall, the present study’s results indicated
a changing pattern of circulation of bovine RVA
in India. During the investigation, the detection
of human RVA G1 and G3 types as well as bovine
RVA G3 and G10 types provide crucial informa-
tion about the rising trend of these G serotypes
circulation in the examined locations.

RECOMMENDATIONS

The findings add additional evidence of in-
terspecies RV transmission and reassortment in
the wild. Understanding RV ecology as well as
how RVs grow, cross species boundaries, trans-
fer genes during reassortment, and evolve as a
result of single-point mutations or genetic recom-
bination, it is crucial to examine the distribution
of rotavirus G and P in bovine and human com-
munities. The research comes to the final conclu-
sion that creating a unique vaccine to prevent
human and bovine RV-caused diarrhoea will be
essential to combine them into growing G types,
increasing protection. It is now becoming clear
that in order to keep up with the ongoing devel-
opment of these viruses, the reagents and tech-
niques utilised must be periodically reviewed and
improved.
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