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Introduction 
 

Acute diarrhoeal disease or gastroenteritis 

continues to be a significant clinical problem 

throughout the world. As a major cause of 

hospitalization and child deaths globally, the 

diarrhoeal diseases account for approximately 

one in six deaths among children younger 

than five years. In India about 334 000 annual 

deaths among children are attributable to 

diarrhoeal diseases (Parashar et al., 2004; 

Black et al., 2010; Million Death Study 

Collaborators, 2010). Group A Rotavirus 

infection is the most common cause of severe  

 

 

 

 

 
 

 

gastroenteritis in children <5 years of age 

worldwide and accounts for five per cent of 

all deaths among children in this age group 

(WHO, 2009).  

 

Rotaviruses are members of the family 

Reoviridae. The genus rotavirus is classified 

into seven different serogroups (A-G), on the 

basis of the antigen specificity of the capsid 

proteins in the virus, as well as on the basis of 

the electrophoretic mobility of the 11 RNA 

segments of the viral genome. Of the seven 

International Journal of Current Microbiology and Applied Sciences 
ISSN: 2319-7706 Volume 6 Number 10 (2017) pp. 1231-1242 
Journal homepage: http://www.ijcmas.com 
 

Group A rotavirus is the leading cause of severe diarrhoea in children worldwide. So, there 

is need to document the prevalence of local strain(s) circulating in different regions for 

successful implementation of vaccine program. A total of 162 stool samples were analyzed 

from April 2012 to March 2013in Ludhiana and Bathinda districts of Punjab by ELISA, 

RNA-PAGE and RT-PCR. G and P genotyping was done by RT-PCR using genotype-

specific primer sets targeting VP4 and VP7 genes. RNA PAGE, RT-PCR and ELISA 

showed a positive prevalence rate of 6.17%, 8.02% and 9.25%respectively. RT-PCR 

showed perfect agreement with other two diagnostic techniques as per Diagnostic Test 

Agreement. In G genotyping G1 (66.66%) showed high prevalence followed by G2 

(33.33%). P [6] was the main predominate type in P typing, followed by P[4] and a mixed 

type P[4,6]. Three strains got sequenced and deposited in Gene bank with accession 

numbers, KJ873130, KJ873131 and KJ854380. This study shows that RT-PCR is a 

promising technique for the detection of group A rotavirus. Existence of mixed strain 

diversity suggested us for continuous rotavirus strain surveillance for successful 

implementation of vaccine program in children. 
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rotavirus serogroups, only groups A-C are 

known to zoonotic importance (Broor et al., 

2003). Among all groups group A rotavirus is 

the major cause of gastroenteritis in infants 

and young children, and in neonates of farm 

animals (Kapikian et al., 2001).  

 

Rotaviruses (RVs) have two independent 

neutralization antigens on the outer capsid, 

VP7 and VP4, which establish G and P types, 

respectively. In extensive genomic studies, 14 

P genotypes and 26 G genotypes have been 

established for rotaviruses of humans and 

animals (Martella et al., 2006). The major 

human G types G1, G2, G3, G4, and G9, 

which, combined with the P types P[8], P[4] 

and P[6] account for more than 80 per cent of 

rotavirus-associated gastroenteritis episodes 

worldwide (Gentsch et al., 2005).  

 

As the virus is excreted in large numbers in 

the faeces, it can be diagnosed easily by 

electron microscopy which is one of the most 

specific tests. The other most widely used 

methods currently are latex agglutination, 

ELISA and polyacrylamide gel 

electrophoresis (PAGE) (Herring et al., 1982; 

Herrmann and Blacklow, 1995). 

 

The detection by PAGE followed by silver 

staining is a highly specific technique, but 

lacks sensitivity as a minimum of 3-4 ng of 

viral RNA is needed for detection (Herring et 

al., 1981). Newer techniques like dot blot 

hybridization using radio labeled cDNA 

probes, reverse transcriptase- polymerase 

chain reaction (RT-PCR), Real-Time PCR, 

and automated nucleotide sequencing are now 

being used as confirmatory methods for 

detecting rotavirus in stool samples (Broor et 

al., 1995; Wilde et al., 1990; Husain et al., 

1995). A multiplex, semi-nested RT-PCR 

method is currently being used for identifying 

G and P genotypes of rotavirus (Gouvea et 

al., 1990; Gentsch et al., 1992).  

 

The age old traditions of livestock animals 

and human beings living in the same 

household and socio-economic conditions in 

India, leads to interspecies transmission of 

rotaviruses. This contributes to the generation 

of diversity of rotaviruses infecting humans 

(Vesikari et al., 1984). Objectives of the study 

were to estimate the prevalence of rotavirus 

infection and to identify the G and P 

genotypes prevailing in a Punjab region, with 

an overall goal of providing information to 

the health authorities for effectively 

implementation of rotavirus vaccine program 

in India. 

 

Materials and Methods 

 

Sample collection and extraction of 

rotavirus dsRNA from faecal sample 

 

A total of 162 stool samples were collected 

from diarrhoeal (150) and non-diarrhoeal (12) 

cases of children between a day old to five 

year of age from various laboratories and 

private pediatric hospitals of Ludhiana and 

Bathinda districts of Punjab during the period 

from April 2012 to March 2013. The samples 

were collected in sterile stool collection vials, 

properly labelled and immediately transferred 

to the laboratory under chilled conditions and 

stored at -20
o
C. Trizol extraction method 

(TRIzol (R) reagent Ambion) as per the 

manufacturer’s protocol, was used for 

extraction of dsRNA of rotavirus from faecal 

samples. The isolated RNA was then used for 

further downstream applications. 

 

Detection of Group A rotavirus from faecal 

samples  

 

Three methods viz., RNA-PAGE, ELISA and 

RT-PCR were standardized for the detection 

of group A rotavirus. All the positive samples 

by RT-PCR were further subjected to 

genotypic characterization for G and P typing 

by seminested PCR typing assay.  
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Detection of Group A rotavirus RNA by 

RNA-PAGE  
 

The RNA extracted from the faecal sample 

was subjected to ribonucleic acid-poly 

acrylamide gel electrophoresis (RNA-PAGE) 

as per the procedure described by Laemmli 

(1970) and Herring et al., (1982) with 

concentration of separating gel of 7.5% and 

stacking gel of 5% at 150 V on vertical slab 

gel electrophoresis apparatus.  

 

The gel was silver stained as per the method 

described by Bassam et al., (1991) 

photographed and stored in 10% ethanol. 

 

Detection of Group A rotavirus by ELISA  

 

All the faecal samples were screened for the 

presence of rotavirus antigen by using 

Ridascreen® Rotavirus Test, A commercial 

enzyme immunoassay kit, procured from R-

Biopharm AG, Germany as per the 

manufacturer’s instructions. The optical 

densities were read at 450 nm in microplate 

reader (Nano quant Infinite M 200 PRO).  

 

Detection of Group A rotavirus by reverse 

transcription-polymerase chain reaction 

(RT-PCR) 
 

The RNA was transcribed into cDNA using 

reverse transcriptase enzyme with VP7 gene 

specific primers (Forward GAT CCG AAT 

GGT TGT GTA ATC CAA T Reverse AAT 

TCG CTA CGT TTT CTC TTG G) and 

amplified using same primers as described by 

Husain et al., (1995) in a thermalcycler 

(Eppendorf Germany). The resultant PCR 

products were analysed by agarosegel 

electrophoresis with 4µg/ml concentration of 

Ethidium bromide. The PCR product size 

(304 bp) was determined by comparing with a 

standard molecular weight marker (100 bp 

DNA ladder) and digitally recorded by gel 

documentation system (G:BOX, SYNGENE). 

Characterization of rotavirus 

 

The positive isolates obtained by RT-PCR 

were subjected to G and P genotyping as per 

the details given below.  

 

G genotyping  

 

The cDNA was synthesized and amplified 

using RT-PCR with VP7 gene specific 

primers Beg9 End9 in a thermalcycler as 

described by Gouvea et al., (1990). Briefly, a 

1062 bp (full-length) gene segment nine, 

encoding the VP7 glycoprotein of Human 

group A rotaviruses was amplified.  

 

This was followed by two semi-nested PCR 

by using G type specific primers, as per 

described by Gouvea et al., (1990) and 

Gouvea et al., (1994a).  

 

P genotyping 

 

Through RT-PCR, cDNA was synthesized 

and amplified by using VP4 gene specific 

primers Con3Con2 as described by Gentsch et 

al., (1992) in a thermalcycler, (Eppendorf, 

Germany). PCR product size of 876 bp 

encoding VP4 gene of human group A 

rotavirus was amplified and followed with 

two semi-nested PCR by using P type specific 

primers as described by Gentsch et al., (1992) 

and Gouvea et al., (1994 b).  

 

Sequencing of selected genotypes of 

rotavirus  

 

Some of the selected amplified PCR products 

of VP7 and VP4 genes of Human rotaviruses 

were got sequenced. The nucleotide sequence 

data were deposited in GenBank (Accession 

no: KJ873130, KJ873131 and KJ854380) 

using the National Center for Biotechnology 

Information (NCBI, Bethesda, MD) Sequin 

5.15 submission tool http:/ 

www3.ncbi.nlm.nih.gov.  
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Statistical analysis 

 

Comparative statistical analysis of the 

detection methods used for group A rotavirus, 

namely RNA-PAGE, RT-PCR, and ELISA 

was performed using Diagnostic test 

agreement employing a software Win 

Episcope 2.0 version. The comparative 

statistical analysis was performed to ascertain 

the best technique for detection of group A 

rotavirus. The kappa value was measured to 

find agreement between positive and negative 

results of these the three detection techniques 

at 95 % confidence level. The confirmation 

was done on the basis of kappa value, with 

the kappa value less than zero indicating no 

agreement, 0-0.20 as slight, 0.21-0.40 as fair, 

0.41-0.60 as moderate, 0.61-0.80 as 

substantial, and 0.81-1 as almost perfect 

agreement. 

 

Results and Discussion  

 

Detection and comparative prevalence of 

Group A rotavirus  

 

All 162 stool samples of children between a 

day old to five year of age were screened for 

group A rotavirus by RNA-PAGE, ELISA 

and RT-PCR, all the non-diarrhoeal samples 

were found negative for rotavirus by these 

three detection techniques. The overall 

prevalence of group A rotavirus in children as 

observed by electropherotypic analysis is 

found to be 6.17% i.e. out of 162 samples ten 

samples were positive (Fig. 1). Maximum 

samples (8) showed long electropherotype 

pattern, whereas two displayed short E-types. 

The results are in co-ordination to the findings 

of Das et al., (2002) who collected samples 

from Infectious Diseases Hospital, Kolkata 

and found 7.3% prevalence rate. Whereas 

Broor et al., (1993) detected (10.5%) 

perevalence of rotavirus type A from 25-

month study period. Dash et al., (2012) and 

Kaur (2011) found 20.9 % and 28.29% 

prevalence rate of group A rotavirus in north 

India respectively. Possibly the reason for 

high prevalence, may be due to the fact that 

they collected more samples, under one year 

of age and this age is more susceptible to 

disease.  

 

Maximum samples eight out of ten (80%), 

showed long electropherotype pattern and two 

(20%) samples show short electropherotype in 

our study and it is supported by majority of 

the earlier studies, in which long pattern 

seems to be dominant (Esona et al., 2003; 

Urbina et al., 2004; Kaur, 2011). 

 

Prevalence of group A rotavirus in children 

by RT-PCR is found to be 8.02% (13/162) 

(Fig. 2). The results are in line with another 

study conducted by Husain et al., (1995) who 

collected 450 faecal samples from children 

with acute diarrhoea from Delhi and detected 

63 (14%) samples positive with group A 

rotavirus by RT-PCR. In contrast to our study 

Kaur (2011) detected 36.59% prevalence rate 

from Punjab. Reason of less prevalence rate 

in present study could be that maximum 

sampling is done during summer season and 

more samples are collected from 1.5- 5 year 

of age group, age and season play important 

role in prevalence so, we got less prevalence 

rate. 

 

On screening of all stool samples by ELISA, 

9.25% (15/162) prevalence rate of group a 

rotavirus antigen is detected. In India previous 

studies shows a lot of variation (4.3% to 

41.46 %) in the prevalence of rotavirus by 

ELISA (Chakravarti et al., 1992; Yachha et 

al., 1993; Sarvanan et al., 2004; Kaur, 2011; 

Mathew et al., 2014).  

 

The variation in these studies from the present 

study can be attributed to the age group, 

season of sample collection as well as the 

sensitivity and specificity of ELISA technique 

used. 
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All three techniques PAGE, RT-PCR and 

ELISA were compared on the basis of their 

positive and negative results by a statistical 

method, namely Diagnostic test agreement.  

 

The RT-PCR showed more correlated results 

with RNA-PAGE and ELISA. The analysis of 

data revealed that RT-PCR is more accurate 

than ELISA and RNA-PAGE for the 

detection of group A rotavirus. Other studies 

also indicate that PCR is the best 

confirmatory detection technique for group A 

rotavirus in faecal samples (Wilde et al., 

1990; Husain et al., 1995; Slovis et al., 2014).  

 

The detection by PAGE followed by silver 

staining is a highly specific technique, but 

lacks sensitivity as a minimum of 3-4 ng of 

viral RNA is needed for detection (Herring et 

al., 1981). Moreover ELISA is very sensitive 

technique but false positive results are very 

common in ELISA assays due to complex 

sample matrix, which can increase the 

probability of cross-reactions. 

Season, age and gender-wise prevalence in 

children  

 

The prevalence of rotavirus diarrhea among 

children shows a marked seasonal variation. 

Out of a total 56 samples screened during the 

winter period (November to February), nine 

are found positive for group A rotavirus, 

which accounted for 16.07% of the total 

cases. A prevalence of 5.8% is recorded in the 

months of July to October, corresponding to 

rainy season. A total of 37 samples are 

collected in hot and dry summer season 

between March and June and all are found 

negative. Thus, analysis of season in relation 

to rotavirus infection from Punjab revealed a 

significant association of the occurrence of 

infection with cooler months. The results of 

the present study are comparable with 

previous studies (Saravanan et al., 2004;Bahl 

et al., 2005; Kang et al., 2009; Kaur, 2011), 

who have reported the pre-dominance of 

human rotavirus infection during cooler 

months in India. 

 

Fig.1 RNA-PAGE showing electrophoretic migration of human group A rotavirus genome. (A) 

Lane S - Positive Control; Lane N - Negative Control; Lane H1, H2, H3, H4 - Positive Diarrhoea 

Samples. (B) Shows 11 Segments of the Double Stranded RNA of Group A Rotavirus, Separated 

on RNA-PAGE 

 

 
(A)      (B) 
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Fig.2 RT-PCR amplification of conserved part of VP7 gene of human group A rotavirus with 

~304 bp amplicon. From Left to Right: Lane L - 1000 bp Plus DNA Ladder; Lane R - Positive 

Control; Lane R1, R2, R3, R4, R5 - Positive Diarrhoeal Samples; Lane N - Negative Control 

 

 
 

Fig.3 PCR amplification of VP7 gene of human group A rotavirus with ~1062 bp Amplicon. 

From Left to Right: Lane L - 1000bp Plus DNA Ladder; Lane G1, G2, G3, G4 - Positive 

Diarrhoea Samples; Lane G - Positive Control; Lane N - Negative Control 
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Fig.4 PCR amplification of VP4 gene of human group A rotavirus with ~ 876 bp amplicon. Left 

to Right: Lane L - 1000 bp plus DNA ladder; Lane P1, P2, P3, P4, P5 - Positive Diarrhoea 

Samples, Lane P - Positive control; Lane N - Negative control 

 

 
 

Fig.5 PCR based G genotyping showing G1 with  ̴749 bp and G2 with ~652 bp; Lane L - 1000 

bp Plus DNA Ladder; Lane H1, H2 - Positive for G1 Type; Lane H3 - Positive for G2 type; Lane 

N - Negative Control 
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Fig.6 PCR Based P genotyping showing P[4] with ~483 bp and P[6] with ~423 bp. Lane L - 

1000bp Plus DNA Ladder; In 3rd Multiplex, Lane H3 - Positive for P[4] Type; Lane N - 

Negative Control; In 4
th

 Multiplex, Lane H1, H2, H3- Positive for P[6] Type;  

Lane N - Negative Control 

 

 
 

Table.1 Age-wise distribution of Group A rotavirus in children 

 

S. 

No. 
Age Groups No. of 

Samples 

Screened 

No. of 

Samples 

Positive 

% Positive for 

Group A 

Rotavirus 

1 Day old to 3months 25 2 8 

2 3-6months 17 3 17.64 

3 6-9months 15 3 20 

4 9-12months 16 2 12.5 

5 12-15months 19 1 5.26 

6 15-18months 22 1 4.54 

7 18-24months 20 1 5 

8 2-5 years 28 - - 

 

The correlation of rotavirus gastroenteritis 

with the age of the subject is studied by 

grouping the children of different age into 

eight groups, as depicted in (Table 1). The 

peak incidence of rotavirus gastroenteritis is 

found in six to nine months age group, in 

which 20% had rotavirus diarrhoeic episodes, 

followed by the 3-6 month age group with an 

incidence 17.64%, day old to three month 

(8%) positive samples. All samples are 

negative beyond two year. Thus children 

below 1 year of age are found to be more 

susceptible to rotavirus infection and it may 

be due to lack of fully developed immune 

system. The results of the present study are in 

agreement with other previous reports 

(Sarvanan et al., 2004; Bahl et al., 2005; 

Kang et al., 2009). 

 

In the present study, out of a total of 162 

samples, rotavirus is detected in 8.8% (8/91) 

males and 7.04% (5/71) females stool samples 
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are detected positive for rotavirus. The 

possible reason for this might be that more 

number of samples are collected from male 

children, but some researchers also support 

our study (Saravanan et al., 2004; Banerjee et 

al., 2006; Junaid et al., 2011). 

 

Molecular characterization of group A 

rotavirus in children 

 

A total of nine (69.23%) positive samples out 

of 13 are available in sufficient quantity for 

further analysis (G and P typing). Six samples 

are successfully amplified with both VP7 

(Fig. 3) and VP4 (Fig. 4) gene based primers, 

whereas rest of the samples (n = 3) are not 

amplified which could be due to either non – 

specific inhibition of PCR by the components 

of faecal matrix that are carried through the 

extraction procedure or non – typeable with 

available primers (Xu et al., 1990; Ushijima 

et al., 1994; Steele et al., 1995). 

 

The six samples which could be amplified by 

nested multiplex PCR, exhibited different 

combinations of G and P genotypes. G1P [6] 

is seen in three samples and rest of three 

samples are G1P [4], G2P [6] and G2P [4, 6]. 

Mixed genotype (G2P [4, 6]) is observed in 

one sample out of six samples. High 

incidence rate is showed by G1 (66.66%) that 

is four out of six samples whereas incidence 

rate of G2 is 33.33% (Fig. 5). In P typing, P 

[6] showed more incidence four out of six 

samples, rest of two samples are P [4] and 

mixed type P [4,6] (Fig. 6). Hence G1 and P 

[6] are the predominant types in this study.  

 

In coordination to our study Das et al., (2002) 

report G and P types from Eastren India: G1 

(38%), G2 (24%), G4 (12.6%), and mixed 

(7%), only two P types were predominant in 

Kolkata P [8] (37%) and P [4] (26%). The 

other types observed are P [6] (6%), mixed P 

types (19%) and 13% untypeable strains. The 

mixed P types consisted of P[4]P[8], 

P[6]P[8], and P[4]P[6]P[8] in this study. In 

another study G1, G2, and G9 are observed 

by Sharma et al., (2008) to be widely 

circulating genotypes in Delhi, with overall 

incidences of 25.8%, 24.9%, and 14.4%, 

Among the P types, P [4], P [6], and P [8] 

accounted for 19.3%, 22.4%, and 34.8% of 

the total rotavirus-positive samples, 

respectively. Some earlier studies shows 

similar trends in India with G1 as the most 

predominant type followed by G2 (Ramani 

and Kang, 2007; Samajdar et al., 2008).  

 

From the above study it can be concluded that 

RT PCR is the most promising technique for 

the detection of group A rotavirus. Group A 

rotavirus infection is more prevalent during 

winter months and children below one year 

age are high susceptible for rotavirus 

infection. Existence of mixed strain diversity 

suggested us for continuous rotavirus strain 

surveillance for successful implementation of 

vaccine program in India. 
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