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INTRODUCTION
Diarrhoea is the most important cause of morbidity and mortality 
in under-five children in developing countries. According to WHO, 
diarrhoea is the “passage of loose or watery stools atleast three 
times in a 24 h period”, with emphasis on stool consistency rather 
than frequency [1]. Globally 1.7 billion children are affected by 
diarrhoea out of that more than half millions of children die every 
year [2]. UNICEF estimates that 480,000 young children die due to 
diarrhoea across the globe, accounting for 9% of all deaths among 
children under five years [3]. The National Family Health Survey 
shows that the prevalence of childhood diarrhoea has increased 
from 9-9.2% from 2016-2020 in India. Diarrhoea is the third most 
common cause of under five mortality [4].

Rotavirus is the leading cause of acute diarrhoea, and is responsible 
for about 40% of all hospital admissions due to diarrhoea among 
children under five years worldwide [5].

Hospitalisation rates are high (40-50%) in rotavirus infection among 
diarrhoea children under five years in WHO surveillance countries 
that have not introduced rotavirus vaccine [6]. India holds the second 
place among countries with the greatest number of rotavirus deaths 
as a proportion of All Global rotavirus Deaths in Children under five 
years [6]. Indian Rotavirus Strain Surveillance Network data has 
emphasised the need for region specific genotyping information to 
study rotavirus epidemiology and to monitor strain variation after 
vaccine introduction [7]. Variation has been observed in serotypes 
and genotypes of rotavirus in different geographical regions during 
a particular rotavirus infection season and also in different seasons. 
Serotypes are the classification within each group based on 
neutralisation assays which measures reaction of antibody against 
two outer capsid antigens VP7 and VP4. This assay differentiates 

VP7 as G types, as VP7 is a Glycoprotein and VP4 as P type, as VP4 
is a protease sensitive protein. Currently there are 27G serotypes 
and 35P serotypes in group A rotavirus [8, 9]. Reverse transcriptase 
PCR is the commonly used technique for VP4 and VP7 genotyping. 
Globally, G1-G4 and P1A [8] and P1B [4] are the most common G 
and P types that cause disease in humans [10,11].

India began a phased introduction of the RotavacR vaccine in 
national immunisation program starting in 2016. Currently, available 
rotavirus vaccines are effective in reducing the disease burden, but 
correct understanding of local epidemiology of rotavirus infection is 
important for rotavirus immunisation. With the advent of rotavirus 
vaccination there is significant reduction in the prevalence of 
rotavirus diarrhoea with reduction in hospitalisation of 70 to 80% 
in the first year after introduction of rotavirus vaccine and reduction 
in childhood diarrhoea deaths of around 30-55% have been 
observed [12].

Considering the severity of rotavirus infection and its associated 
mortality and morbidity in children under five years, this study 
was undertaken to determine the serotype-specific prevalence of 
rotavirus causing diarrhoea in children under five years after the 
advent of rotavirus vaccination programme and to ascertain factors 
associated with rotavirus infection in them.

MATERIALS AND METHODS
This cross-sectional hospital-based study was conducted in 
Department of Paediatrics, Government Medical College, Chennai, 
Tamil Nadu, India from November 2017 to August 2018. The 
study was commenced after approval from the Institutional ethics 
Committee, of a tertiary care Medical College hospital (Protocol ID 
no 02/2017 meeting held on 14.11.2017).
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ABSTRACT
Introduction: Rotavirus is the leading cause of severe, life 
threatening gastroenteritis in infants and young children. 
As rotavirus strains vary between geographic areas, region 
specific genotyping information is highly vital to study rotavirus 
epidemiology and to monitor strain variation after vaccine 
introduction.

Aim: To estimate the prevalence of rotavirus diarrhoea and 
strains causing the infection among children younger than five 
years of age and to study the clinical profile of rotavirus diarrhoea 
to ascertain factors associated with rotavirus infection in them.

Materials and Methods: This hospital-based cross-sectional 
study was carried out on 150 children under five years with 
diarrhoea in the Department of Paediatrics, Government Medical 
College, Chennai, Tamil Nadu, India from November 2017 to 
August 2018. The clinical severity was assessed by using Vesikari 
score. By using PremierTM Rotaclone ELISA Kit rotavirus antigen 
was detected. Positive samples were tested for RNA identification 

by Reverese Transcriptase-Polymerase Chain Reaction (RT-PCR). 
The IBM Statistical Package for the Social Sciences (SPSS) 
version 22 was used for statistical analysis.

Results: The prevalence of rotavirus diarrhoea was 17.3% and 
positive samples belonged to G3 type. Prevalence of rotavirus 
diarrhoea among the vaccinated children was less when 
compared to unvaccinated children (p-value 0.034). Clinical 
severity score (Vesikari score) indicated that patients infected 
with rotavirus had severe disease as compared to rotavirus 
non infected patients (p-value 0.011). The duration of hospital 
stay was longer in rotavirus-positive children as compared to 
rotavirus-negative children (p-value <0.001).

Conclusion: This study highlights the serotype specific 
prevalence of rotavirus diarrhoea in under five children. Rotavirus 
has been found to have more severe and prolonged illness 
among unimmunised under five children; thereby, reinforcing 
the need for routine rotavirus vaccination.
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was performed by using Premier Rotaclone kit for the detection of 
rotavirus antigen in faecal samples. Samples which were positive 
by ELISA were sent for RT-PCR to University of Madras, Taramani. 
Rotavirus molecular level RNA detection was done by rotavirus-A 
Real-time PCR assay.

STATISTICAL ANALYSIS
The IBM SPSS version 22 was used for statistical analysis.
Categorical data was expressed as rates, ratios and percentages. 
Continuous data was expressed as mean±standard deviation. For 
normally distributed parameters the mean values were compared 
between study groups using Independent sample t-test (2 groups). 
For non normally distributed parameters, Medians and Interquartile 
range (IQR) were compared between study groups using Mann 
Whitney u test (2 groups). Categorical outcomes were compared 
between study groups using Chi-square test. A p-value <0.05 was 
considered statistically significant.

RESULTS
In this study, 26 children tested positive for rotavirus, among the 150 
children who were evaluated, which accounted for a prevalence of 
17.3%. Majority of the rotavirus-positive children (61.53%) were in 
the 7-12 months age group. In this study, 55.33% of the children 
with diarrhoea were boys and 44.67% were girls and the boy to 
girl ratio was 1.2:1. Among the children with rotavirus infection, 
13 (50%) were girls and 13 (50%) were boys [Table/Fig-3].

inclusion criteria: One hundred and fifty children aged less than or 
equal to five years with primary diagnosis of acute diarrhoea (>three 
unformed stools in any 24-hour period of fewer than seven days 
duration) were included in the study. 

exclusion criteria: Children with dysentery, prolonged diarrhoea 
more than 14 days, diarrhoea developing after hospitalisation 
due to other causes and children with a previous history of 
immunosuppressive therapy like steroids, chemotherapy and children 
with immunodeficiency syndromes were excluded from the study.

Children fulfilling the selection criteria were identified and their legal 
guardians were briefed about the nature of the study in local language 
and a written informed consent was obtained [Table/Fig-1].

Parameters 1 point 2 points 3 points

Diarrhoea

Maximum number of 
stools per day

1-3 4-5 ≥6

Duration 1-4 5 ≥6

vomiting

Maximum number of 
episodes per day

1 2-4 ≥5

Duration (days) 1 2 ≥3

Temperature 37.1-38.4o C 38.5-38.9oC ≥39oC

Dehydration Nil 1-5% ≥6%

Treatment - Rehydration Hospitalisation

[Table/Fig-2]: Vesikari clinical severity score.
Mild: 0-5; Moderate: 6-10; Severe:11-15; Very severe: 16-20

age (in months)

rotavirus infection

p-valuePositive (n=26) negative (n=124)

Median (IQR) 11 (7, 13.25) 12 (8, 24.75) 0.299

Up to 6 months 3 (11.53%) 26 (20.96%)

0.205

7 to 12 months 16 (61.53%) 43 (34.67%)

13 to 24 months 4 (15.38%) 24 (19.35%)

25 to 36 months 1 (3.846%) 18 (14.51%)

37 to 48 months 1 (3.846%) 6 (4.838%)

49 to 60 months 1 (3.846%) 7 (5.645%)

Gender

Female child 13 (50%) 54 (43.5%)
0.547

Male child 13 (50%) 70 (56.5%)

[Table/Fig-3]: Association of rotavirus infection with age and gender in children 
with diarrhoea.

[Table/Fig-1]: Flow diagram of enrollment of study participants.

Sample size calculation: Sample size was calculated using Epi 
Info software. With a prevalence of rotavirus infection of 39% 
observed in multicentre surveillance by Kang G et al., [13] and with 
an error margin of 8% to calculate 95% confidence interval the 
number of samples estimated was 142. Hence a sample size of 
150 was planned.

Study Procedure
After a written informed consent, a detailed history and examination 
of the child was done and recorded on a predesigned proforma. 
Vesikari Clinical Severity Scoring System which included parameters 
like diarrhoea, vomiting, fever, dehydration, duration of diarrhoea 
and vomiting and treatment status was used to categorise 
according to severity [14]. The parameters were scored based 
on the severity of the symptoms in each category. This included 
the number of episodes of diarrhoea, episodes of vomiting, 
highest body temperature recorded, duration of diarrhoea and 
severity of dehydration and treatment plan. The seven parameters 
were subdivided into thirds according to an equally divided 
severity distribution (i.e., bottom third=one, middle third=two, top 
third=three). The scores for each of the seven parameters were 
added to arrive at the final score between 0-20 which was used to 
classify the severity [14]. An episode was considered to be mild for 
Vesikari scores 0-5, moderate for scores 6-10, severe for scores 
11-15, and very severe for scores 16-20 [Table/Fig-2].

Stool sample was collected by placing the child on a non absorbemt 
sterile sheet and sample was collected using a spatula contained in 
the sterile leak proof stool collection container. After collecting stool 
sample it was sent immediately to the hospital laboratory where the 
sample was placed at -20°C in deep freezer. Enzyme immunoassay 

Majority of the children with diarrhoea had a fever (69.3%). Other 
common complaints were vomiting (64%), increased thirst (26%), 
perianal excoriation (16%), and lethargy (11.3%). In this study, 88.5% 
of children with rotavirus infection had fever when compared to 65.3% 
of the children without rotavirus infection. In this study, 23.07% 
of rotavirus-positive cases were not breastfed when compared 
to 16.93% of rotavirus-negative cases. Among the children with 
rotavirus infection, 6 (23.07%) children had malnutrition. Among 
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rotavirus-negative cases, 18 (14.51%) children had malnutrition 
(p=0.279).

Among the children with rotavirus infection, 3 (11.53%) children had 
received rotavirus vaccine while 40 (32.25%) of vaccinated children 
did not have rotavirus infection (p=0.034). All children had received 
RotavacR vaccine as per the National immunisation schedule. 
Among children with rotavirus infection, one child had received 
single dose, another child had received two doses and one child 
had received three doses of RotavacR vaccine [Table/Fig-4].

Among children who received rotavirus vaccine, the median (IQR) 
Vesikari score was 5 (5,7) in rotavirus-positive cases and it was 
9 (6,11) in rotavirus-negative cases (p=0.115). However in the 

Clinical presentation 

rotavirus infection

Chi-
square

p-
value

Positive 
(n=26)

negative 
(n=124)

vomiting
Yes 20 (76.9%) 76 (61.3%)

2.280 0.131
No 6 (23.1%) 48 (38.7%)

Fever
Yes 23 (88.5%) 81 (65.3%)

5.412 0.020
No 3 (11.5%) 43 (34.7%)

Perianal 
excoriation 

Yes 8 (30.76%) 16 (12.90%)
5.105 0.024

No 18 (69.23%) 108 (87.09%)

Dehydration

Severe 
dehydration

3 (11.53%) 5 (4.032%)

5.308 0.070Some 
dehydration 

8 (30.76%) 22 (17.74%)

No dehydration 15 (57.69%) 97 (78.22%)

breast 
feeding

Yes 20 (76.92%) 103 (83.06%)
0.549 0.459

No 6 (23.07%) 21 (16.93%)

malnutrition
Yes 6 (23.07%) 18 (14.51%)

1.172 0.279
No 20 (76.92%) 106 (85.48%)

rotavirus 
vaccine

Yes 3 (11.53%) 40 (32.25%)
4.512 0.034

No 23 (88.46%) 84 (67.74%)

[Table/Fig-4]: Clinical presentation and risk factors of children with diarrhoea.

Parameter 

rotavirus vaccine

Yes no

rotavirus infection rotavirus infection

Positive negative 
p-

value Positive negative 
p-

value

Median Vesikari 
score (IQR)

5 (5,7) 9 (6,11) 0.115 13 (10,15) 9 (7,12) <0.001

[Table/Fig-6]: Comparison of Vesikari score between vaccinated and unvaccinated 
children with diarrhoea.

The mean Vesikari score of children with rotavirus infection was 
11.81±3.93 and it was 11.81±3.93 in children without rotavirus 
infection (p=0.001). Among the children with rotavirus infection, 
46.15% of children had severe disease and 19.23% had very 
severe disease; while among children without rotavirus infection 
only 30.64% were severe, and 4.83% were very severe disease 
(p=0.011).

The mean duration of diarrhoea in children with rotavirus infection 
was 3.69±1.26 days and 2.94±1.32 days in children without 
rotavirus infection (p=0.008). In the study group, 127 children were 
hospitalised. The duration of hospital stay was >7 days in 48% of 
cases with rotavirus infection and 12.74% of cases without rotavirus 
infection (p<0.001) [Table/Fig-5].

vesikari score

rotavirus infection
Chi-

square
p-

valuePositive (n=26) negative (n=124)

Mean (SD) 11.81 ± 3.93 9.22 ± 3.42 0.001

Mild disease 3 (11.53%) 19 (15.32%)

11.11 0.011
Moderate disease 6 (23.07%) 61 (49.19%)

Severe disease 12 (46.15%) 38 (30.64%)

Very severe disease 5 (19.23%) 6 (4.838%)

Duration of hospital stay

Mean (SD) 3.69±1.26 2.94±1.32 0.008

<4 days 7 (28%) 58 (56.86%)

16.22 <0.0014-7 days 6 (24%) 31 (30.39%)

>7 days 12 (48%) 13 (12.74%)

[Table/Fig-5]: Clinical pattern of diarrhoea in children.

Only 12 samples were positive by rotavirus-A Real-time PCR. 
Remaining samples did not amplify which may be due to degradation 
of RNA while transportation or low viral load at the time of specimen 
collection. Also inconsistency between the two tests may result 
from false positivity of the antigen tests and false negativity of the 
nucleic acid test. Causes of false positivity of the antigen test may 
include cross-reactivity with other microorganisms, interference and 
non specific reactivity. Causes of false negativity of the nucleic acid 
test may include RNA degradation due to the prolonged storage 
of specimens and variations of the RNA viruses that could not be 
detected by the primers that were used.

Polymerase Chain Reaction was done for 12 samples for the G 
(VP7) genotyping and P (VP4) genotyping detection. All 12 samples 
were of G3 type [Table/Fig-7]. while there was no amplification 
during P genotyping [Table/Fig-8].

[Table/Fig-7]: Representative gel picture for G typing for rotavirus.
Figure of rotavirus-A G (VP7) Genotyping shows the picture after Agarose gel electrophoresis to 
observe pattern of the bands in PCR method. Lane 1- 100 bp ladder, Lane 2, 5- Positive samples 
(G3 type), Lane 3,4- Negative samples, Lane 6- Negative control, Lane 7- Positive control

[Table/Fig-8]: Representative gel picture for P typing for rotavirus.
Figure of rotavirus-A P(VP4) Genotyping shows the picture after Agarose gel electrophoresis to 
observe pattern of the bands in PCR method. 
Lane 1- Positive control, Lane 2-4- Negative samples, Lane 5- 100 bp ladder

DISCUSSION
In the present study, rotavirus diarrhoea was observed in 17.3% of 
children. Other studies revealed a prevalence of 22.6% and 24% and 
a higher proportion was seen among hospitalised patients [15,16]. 

unvaccinated group, there was a significant difference in the Vesikari 
score between rotavirus-positive and negative cases (p<0.001) 
[Table/Fig-6].
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Mehendale S et al., observed a rotavirus positivity rate of 39.6% as 
part of the Expanded Indian National rotavirus Surveillance Network 
study conducted between 2012 and 2014 [17]. The variation in the 
prevalence rates of rotavirus diarrhoea may be attributed to the 
methods of detection (latex slide agglutination test is less sensitive 
to ELISA), difference in climatic conditions and socio-demographic 
determinants.

In this study, prevalence of rotavirus infection was equal in both the 
genders, and similar results were obtained by Saravanan P et al., 
[15]. However, contrary findings were reported from Karnataka with 
a 20% higher prevalence in males [18].

In the present study, a peak infection was observed in 7-12 months 
old children (61.53%). It is reported that rotavirus diarrhoea occurs 
at an early age in developing countries with 80% below one year. 
[19] In contrast, in developed countries prevalence is common in 
second year of life [20]. The National Rotavirus Surveillance Network 
involving 28 hospital sites across the four geographical regions of 
India between 2012 and 2016 found highest rotavirus detection 
rates in children aged 6-23 months (41.8%), and 24.7% in children 
aged <6 months [21].

Clinical severity score revealed severe disease in rotavirus diarrhoea 
(p=0.011) and similar findings were observed by Pol SS et al., [22] 
However, a hospital-based cross-sectional study by Muendo C et 
al., found similar distribution of severe diarrhoea among all children 
(rotavirus-positive and negative) [23].

In the present study, 28.7% children were vaccinated and 
their rotavirus positivity rate was significantly lower (6.9%) as 
compared to unimmunised (21.49%) (p=0.034). These findings 
are consistent with study by Jain P et al., which showed that 
vaccine recipients were less likely to have rotavirus diarrhoea [24]. 
However, Bhatnagar S and Srivastava G, found positivity rate was 
comparable in rotavirus vaccinated and unvaccinated children 
[25]. In this study similar disease severity scores were recorded in 
rotavirus-positive and negative children in the vaccinated group. 
In the unvaccinated group, significantly higher severity score was 
found in the rotavirus-positive children. This was consistent with 
the findings by Jain P et al., [24].

Earlier reports from other countries have described rise in the 
circulation of strains other than the vaccine strains after the 
introduction of mono (G1P[8]) or pentavalent (G1, G2, G3, G4 
and P[1]) vaccines [26]. In this study, all the positive samples were 
G3 strains.

A study conducted in Indian children below five years between 
2012 and 2016 by Giri S et al., revealed G1P [8] (49.9%) and G2P 
[4] (9.8%) were the two most common genotypes. The common 
genotypes detected in the southern sites were G1P [8] (56.3%), 
G2P [4] (9.1%), G9P [4] (7.6%), G9P [8] (4.2%), and G12P [6] 
(3.7%) [27]. The National rotavirus Surveillance Network study from 
September 2012 to August 2016 found genotypes G1P [8] (52.9%), 
G9P4 (8.7%) and G2P4 (8.4%) [21].

The G3 rotavirus is one of the most common rotavirus strain reported 
worldwide [28]. A variant of G3 referred to as “new variant G3” 
was reported from Japan during 2003-2004 [29]. Ummair M et al., 
showed that G3P [8] (18.3%) was the most common genotype [30]. 
Similarly in a study by Shaheen M et al., in Egypt from May 2015 
to April 2016, G3 was the most circulating rotavirus strain among 
the 56 characterised G types [31] In this study, positive samples 
showed no amplification during P typing. In a study by Cunliffe NA 
et al., [32] 26% of G genotype and 32% of P genotype could not 
be typed. It has been observed that genotypic prevalence varies 
from place to place and rotavirus shows rapid strain variations. 
Hence it is important to know the genotype information pertaining 
to particular region.

Limitation(s)
The limitations of the study are that it was done in a single centre 
with limited sample size. Also, as the study was done only a year 
after introduction of the rotavirus vaccine the vaccine coverage in 
the study population was low. Though there was a difference in 
infection rates among vaccinated children, the inclusion of more 
numbers of vaccinated children in the study population would have 
facilitated better understanding of the trend of rotavirus infection in 
the postvaccination period.

CONCLUSION(S)
Rotavirus is the leading cause of severe, life-threatening 
gastroenteritis in children even after implementation of vaccination. 
Rotavirus shows an unusual genomic diversity worldwide. During 
the rotavirus outbreaks, multiple strains which show combination 
of several G and P types are seen. This study highlights that 
rotavirus diarrhoea caused by G3 strain accounts for a significant 
proportion of diarrhoeal diseases in children less than five years. 
The main clinical presentation of rotavirus infected patients was 
diarrhoea associated with vomiting and fever. Rotavirus infected 
children had severe disease and longer duration of Hospitalisation 
when compared to rotavirus uninfected children. Immunisation is 
an important preventive strategy as evidenced by fewer rotavirus 
infections and less severe disease in immunised children.
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