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a b s t r a c t
Introduction: The burden of infection in communities determines the spread of rotavirus infection and disease in susceptible populations. This study
reports rotavirus infection and disease in a community based birth cohort in Vellore.
Methods: Bimonthly surveillance and diarrheal stool were collected from 452 children enrolled at birth, of whom 373 completed three years of follow
up. Samples were screened for rotavirus by an ELISA and genotyped by reverse transcription polymerase chain reaction for VP7 and VP4 genes. Rotavirus
incidence rates were calculated using Poisson regression equations. Risk factors associated with symptomatic and asymptomatic rotavirus infections were
compared using multiple logistic regression.
Results: A total of 1149 episodes of rotavirus infections occurred in 94.4% children in the cohort. Incidence of rotavirus infection was 1.04 (0.97–1.1) per
child-year with 0.75 asymptomatic and 0.29 symptomatic infections per child-year. About 18% of the children were infected in the ﬁrst month, mainly with
the G10P[11] strain. Rotavirus infections were more prevalent during October–March, but seasonality was not as marked in rotavirus disease. Rotavirus
was associated with 15.1% of mild diarrhea, 38.9% of moderate/severe diarrhea and 66.7% of very severe diarrhea. Four common G types – G1 (26.8%),
G2 (16%), G10 (11.2%) and G9 (9.6%) were seen, with high rates of mixed infections and untypable samples. Male gender, presence of siblings and low
maternal education were associated with rotavirus disease.
Conclusion: This study demonstrates that rotavirus is the most common cause of gastroenteritis in the community, and indicates that since rotavirus
caused the greatest proportion of moderate and severe disease, targeted interventions such as vaccines are needed for rotavirus, in addition to health
education, sanitation and appropriate treatment to decrease diarrheal disease in communities.
© 2014 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).

1. Introduction
Since 1973 when it was ﬁrst described in humans [1], rotavirus
has been widely investigated in many hospital based studies. With
enteric pathogens that have a feco-oral route of transmission, it is
the burden of infection in the community that determines spread
of infection to susceptible populations and subsequent disease. A
limited number of community based studies have been carried out,
but most focused on disease and not infection [2]. Cohort studies on
incidence and the natural history of rotaviral infection have been
even fewer. [3].
Group A rotaviruses causes disease mainly in young children.
Adults occasionally develop subclinical infection and rarely have
symptoms. Asymptomatic infections occur at a higher rate among
neonates particularly in developing countries [4], and disease is
most common in children 4–24 months of age [5]. The epidemiology of rotavirus varies by setting [6]. Seasonality of infection is
prominent in temperate climates while a low prevalence is maintained throughout the year in tropical countries [7]. The mode of
transmission, though believed to be mainly feco-oral, is also pos-
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sibly airborne and person-to-person because infection occurs in
childhood irrespective of sanitary conditions [8]. Rotaviral gastroenteritis is usually accompanied by vomiting and fever and
results in severe disease among infants [9]. Rotavirus is excreted
in large numbers during diarrhea and the virus can remain infectious on inanimate surfaces, moist surfaces and hands. This report
describes rotavirus infection detected by stool testing in children
followed from birth to three years of age, with sampling during and
in the absence of diarrhea.
2. Methods
This study was conducted from 2002 through 2006 in three
contiguous slums in Vellore, India after approval by the institutional review board of the Christian Medical College, Vellore. The
study conduct, recruitment, and sample collection methods have
been published previously [10]. Brieﬂy, a birth cohort of 452 children was followed from birth till three years of age, analysis was
restricted to the 373 children who completed three years of followup. Surveillance of children for rotavirus infection was done by
screening bimonthly stool samples and diarrheal stool samples,
and clinical data were collected to record diarrheal severity using
the Vesikari score with scores <5 considered mild, 6–10 moderate,
11–15 severe and 16–20 very severe [11]. In case of a surveillance
sample, positive samples detected by ELISA (Dako Rota IDEIA, Ely,
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Table 1
Deﬁnitions used for rotavirus infection in a birth cohort in a South Indian urban
slum.
Term

Deﬁnition

Diarrhea

Diarrhea was deﬁned as 3 or more loose or
watery stools in a 24-h period or a change in
consistency and number of stools reported as
diarrhea by the mother in children less than 6
months of age
Detection of rotavirus in any stool samples
collected within seven days after or before the
diarrheal episode by enzyme-linked
immunosorbent assay (ELISA) or reverse
transcription polymerase chain reaction
(RT-PCR)
Detection of rotavirus in a surveillance sample
(out of range of the symptomatic rotavirus
infection deﬁnition) by ELISA
Detection of the same/different genotype
detected in a non-consecutive surveillance
sample
Detection of a different genotype in a
consecutive surveillance sample
Detection of rotavirus of a same genotype in a
consecutive surveillance sample which was 28
or more days after the previous positive sample

Symptomatic
rotavirus infection

Asymptomatic
rotavirus infection
Asymptomatic
rotavirus re-infection

UK) were genotyped by reverse-transcription polymerase chain
reaction (RT-PCR) for VP7 and VP4 ampliﬁcation while for a diarrheal sample, irrespective of the ELISA result, one sample per
episode was screened using RT-PCR for VP6 before genotyping [12].
The deﬁnitions for symptomatic and asymptomatic rotavirus infections used in this study are given in Table 1.
2.1. Statistical methods
Age-speciﬁc incidence and seasonality of symptomatic and
asymptomatic infections were studied. The incidence rates were
obtained by Poisson regression equations and frailty models
adjusted for clustering of disease/infection within a child. For
cumulative incidence of rotavirus infection, Kaplan–Meier estimates of median time to infection were calculated and compared
between children infected with rotavirus overall and with speciﬁc
genotypes. Factors inﬂuencing rotavirus infection as well as disease rates were studied using Poisson regression. To study the risk
factors for rotavirus infection, children who experienced rotavirus
infection in the ﬁrst year were compared to children who did
not experience rotavirus infection in the ﬁrst year using multiple
unconditional logistic regression. Covariates included age, gender,
social class, mother’s education, age of the mother, occupation of
the head of the household, family size, birth weight, birth order,
duration of exclusive and any breastfeeding, weaning, hygiene status, nutritional status at the age of 1 month. Similarly, factors
associated with risk of developing symptomatic rotavirus were
explored by comparing children who ever had a rotavirus diarrhea
with children who had rotavirus infection, but never developed
rotavirus diarrhea.
3. Results

Table 2
Distribution of the proportion of asymptomatic and symptomatic rotavirus infections by order of infection.
Order of infection
(nth infection)

Asymptomatic
infection

Symptomatic
infection

Overall

1
2
3
4
5
≥6

228 (64.8)
200 (68.3)
150 (74.6)
92 (80.0)
59 (84.3)
96 (81.4)

124 (35.2)
93 (31.7)
51 (25.4)
23 (20.0)
11 (15.7)
22 (18.6)

352 (100)
293 (100)
201 (100)
115 (100)
70 (100)
118 (100)

Total

825 (71.8)

324 (28.2)

1149 (100)

tomatic infections per child year. A steady fall in the proportion of
symptomatic rotavirus infections was seen with the increase in the
order of infection (Table 2).
3.2. Age and infection
When rotavirus infections in the cohort were distributed
according to age, the highest incidence was during the ﬁrst month,
followed by lower rates. Sixty-eight children were infected by one
month of age, accounting for 18.2% of the cohort and 6% of the total
rotavirus infections. The ﬁrst three months of infancy were different from the rest of the ﬁrst year because 74% (p = 0.01) of infections
were asymptomatic. A Kaplan–Meier estimate of the median (interquartile range, IQR) age to rotavirus infection was 8.3 (2.2–17.3)
months. In the ﬁrst two months of life, about 25% of the children
were infected followed by the next 6 months where the next quartile of children were infected. The third quartile took longer, about
9 months. By six months, 43% of the children were infected and 21%
had rotavirus diarrhea, 63% were infected and 37% had diarrhea at
the end of one year, 84% were infected and 45% had diarrhea by two
years and 94% were infected and 52% had diarrhea by three years.
3.3. Re-infections
Fifty-nine (16%) children had only one documented infection, 92
(24%) had two, 86 (23%) had three, 45 (12%) had four, and 70 (20%)
had ﬁve or more infections each. A total of 112 (30%) children had
one symptomatic rotavirus infection, 54 (15%) had two, 27 (7%)
had three or more symptomatic infections each. Survival analysis
of each order of infection showed that each subsequent infection
took longer than the previous one. Half the children had at least one
rotavirus infection by 8.3 months, two by 20.3 months and three
by 34.4 months.
3.4. Seasonality
As the data on incidence were obtained from a closed cohort, the
rates of infection were adjusted for the effect of age. A signiﬁcant
rise in rotavirus infections (p < 0.05) was observed during the cooler
months of October–March with incidence rates between 1.05 and
1.25, when compared to incidence rates of between 0.86 and 0.96,
in April–September. The cooler months had 34% more infections,
but the peaks were more prominent for asymptomatic infections
than for diarrhea.

3.1. Burden of disease
3.5. Rotavirus and disease
Of 1149 rotavirus infections identiﬁed on stool testing in 352
(94.4%) of children followed from birth to three years, 324 symptomatic infections occurred in 193 (52%) children, and led to 250
hospital/clinic visits. Of 352 primary rotavirus infections, 124 (35%)
were symptomatic. The incidence rate of rotavirus infection was
1.04 (0.97–1.1) infection per child year including a rate of 0.75
(0.69–0.82) asymptomatic infections and 0.29 (0.25–0.33) symp-

The proportion of rotavirus positives among surveillance stool
samples was 3.1% (825/27,008) and among diarrheal samples was
17.5% (324/1856). Rotavirus was associated with 15.1% of mild diarrhea, 38.9% of moderate/severe diarrhea and 66.7% of very severe
diarrhea. Of all rotavirus diarrheal episodes, 18.6% were moderate/severe and 4% of affected children were hospitalized. Of the
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Table 3
Clinical features of diarrhea experienced by the birth cohort (n = 373) from birth to three years of age.
Characteristics

Rotavirus (n = 324)
Median (iqr) age in months
Male - n (%)
Mean (sd) duration in days

No rotavirus (n = 1522)

10.4 (5–18)
830 (54.1)
4.1 (3)

Accompanying symptoms present – n (%)
Vomiting
Fever

88 (27.2)
80 (24.7)

Treatment required – n (%)
Intravenous ﬂuids
Hospitalization

4 (1.2)
12 (3.7)

Severity – n (%)
Mild
Moderate
Severe
*

p-Value*

Diarrheal episodes associated with

249 (76.9)
54 (16.7)
6 (1.9)

10.8 (5.4–21.1)
186 (57.4)
3.4 (2.7)

0.08
0.30
<0.001

209 (13.6)
237 (15.5)

<0.001
<0.001

7 (0.5)
31 (2.1)

0.17
0.26

1396 (91)
85 (5.5)
3 (0.2)

0.002

Wald statistic after adjustment for clustering.

diarrheal episodes which resulted in hospitalizations, 28% were
associated with rotavirus compared to 13% of diarrheal episodes
treated at home.
Rotavirus diarrhea presented more often with vomiting (27% vs
14%, p < 0.001) and fever (25% vs 16%, p < 0.001) than non-rotaviral
diarrhea (Table 3). Children with rotaviral diarrhea were taken to
hospital, needed intravenous rehydration and hospitalization more
frequently than children with non-rotaviral diarrhea, but these differences were not statistically signiﬁcant. Rotaviral diarrhea lasted
a little longer, 3 (2–5) days (p < 0.001), and the proportion that was
severe was greater in rotaviral diarrhea than non-rotaviral diarrhea
(p = 0.002). Vesikari score was 6 (5–9) for rotaviral diarrhea and 5
(4–7) for non-rotaviral diarrhea.

3.6. Risk factors for rotavirus infection and diarrhea
Of the 373 children in the cohort, 237 (63.5%) children
experienced at least one rotavirus infection in the ﬁrst year. A
comparison of the infected children with the non-infected children
demonstrated that developing rotavirus infection in the ﬁrst year
was associated with the mother’s educational status, religion and
birth order (Table 4). Month of birth was not associated with risk
of developing rotavirus infection.
Factors associated with risk of developing symptomatic
rotavirus were explored by comparing children who ever had a
rotavirus diarrhea with children who had a rotavirus infection
but never developed rotavirus diarrhea (Table 5). Of the 352 children who were eligible for the analysis, 193 children developed
rotavirus diarrhea at least once while the remaining 159 did not

develop rotavirus diarrhea but had one or more rotavirus infections.
The ﬁnal model showed that a child was more likely to develop
rotavirus diarrhea if male (odds ratio 1.6, p = 0.03), or had an illiterate mother (odds ratio 1.8, p = 0.04), and less likely if ﬁrst-born
(odds ratio 0.6, p = 0.09).
3.7. Molecular epidemiology
Genotyping results were available for 582 samples, 309 (53%)
from children who had an asymptomatic infection whereas the
other 243 (47%) were from children who had diarrhea. The most
common G:P combinations observed were G1P[8] (14%), G2P[4]
(11.5%), G10P[11] (7.4%), G9P[8] (6.5%), G1P[4] (4.6%), G1P[6]
(1.2%), G10P[4] (1.2%), and G9P[4] (1.0%). Other genotypes identiﬁed were G3, G4, G8, G11 and G12 and P[3], P[9], P[10] and P[25].
Mixed infections were identiﬁed in about 39 (6%) of samples. Both
G and P were untypable in samples from 88 (15.1%) infections. Of
the samples for which genotyping results could not be obtained,
the majority (80/88) were VP6 negative, indicating the ELISA result
was false positive.
The earliest infections were G10P[11] strains, which infected
neonates and were asymptomatic in about 60% of infections.
G10P[11] infections were higher in hospital born children, but
were also seen in neonates who were born in community clinics. Serotype-speciﬁc median age at primary infection and median
severity scores are presented in Table 6. Infections with G9 presented with more severe diarrhea (Vesikari median score of 7) and
these were usually followed by mixed infections, but the numbers of symptomatic infections was low and the association with
severity not statistically signiﬁcant.

Table 4
Multivariate logistic regression analysis of risk factors for rotavirus infection in the ﬁrst year of life (n = 373).
Covariates

Total no. of children

Children with rotavirus
infection in the ﬁrst
year n (%)

Unadjusted odds ratio

Adjusted odds ratio

p-Value

Religion
Muslim
Hindu
Christian

180
176
17

100 (56)
125 (71)
12 (71)

1
1.96 (1.26–3.04)
1.92 (0.65–5.68)

1
2.33 (1.44–3.75)
2.52 (0.81–7.82)

0.001
0.11

Education of mother
High school/college
Primary/middle school
Nil

158
109
106

100 (63)
66 (61)
71 (67)

1
0.89 (0.54–1.47)
1.18 (0.70–1.98)

1
1.19 (0.69–2.03)
1.81 (1.02–3.23)

0.54
0.04

Birth order
First born
Later born

118
255

82 (70)
155 (61)

1
0.68 (0.43–1.08)

1
0.64 (0.40–1.03)

0.07
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Table 5
Multivariate logistic regression analysis of risk factors for developing diarrhea when infected with rotavirus (n = 344).
Unadjusted odds ratio

Adjusted odds ratio

p-Value

73 (49)
57 (56)
63 (62)

1
1.32 (0.80–2.18)
1.73 (1.03–2.89)

1
1.30 (0.78–2.17)
1.82 (1.08–3.07)

0.31
0.4

181
171

89 (49)
104 (61)

1
1.61 (1.05–2.45)

1
1.59 (1.03–2.44)

0.03

113
239

69 (61)
124 (52)

1
0.69 (0.44–1.05)

1
0.66 (0.42–1.06)

0.09

Covariates

Total no. of children

Education of mother
High school/college
Primary/middle school
Nil

149
102
101

Gender
Female
Male
Birth order
First born
Later born

Children with rotavirus
diarrhea n (%)

A predominance of G1 rotavirus strains was observed throughout 2003, G2 seemed to emerge next with its peak in
January–March 2004 and G9 infections predominated in 2005. Rare
genotypes such as G4, G8, G11, G12 and G3 appeared through out
the study period. Mixed rotavirus infections were also observed
throughout, with more frequent occurrence as the age of the cohort
increased.
4. Discussion
A birth cohort of 373 children, with follow-up from birth till
three years of age, experienced 1149 rotavirus infections by stool
testing, an incidence of one rotavirus infection per child per year.
These data are similar to the Mexican cohort [13] of 200 children followed from birth till two years, which found an incidence
of one rotavirus infection and 0.3 rotavirus disease per childyear. A similar study in Guinea-Bissau [14] estimates an incidence
of 0.6 infections and 0.2 rotavirus diarrhea per child year. The
Guinea-Bissau study used ELISA testing of stool samples alone for
surveillance which would not have picked up low levels of viral
shedding, while the incidence in the Mexican cohort was calculated based on rotavirus infection detected using both stool as well
as serum samples.
In this cohort, rotavirus was associated with 17.5% of the diarrheal episodes, as the most common pathogen found in diarrheal
stool samples. Rotavirus was associated with 67% of the severe diarrheal episodes experienced by the cohort children, making it the
most important cause of severe diarrhea. Systematic reviews based
on studies from Africa [15] and Latin America [16] and WHO burden
of disease reports from different time-periods and countries [17]
have estimated the proportion of rotavirus among gastroenteritis
but mainly from hospitals. Studies in various community settings
globally have shown a proportion of 8.1% (4.0–12.2%) rotavirus
among diarrhea, lower than in this community [2]. This may be
because of the increased sensitivity of screening diarrheal samples by RT-PCR which would detect low viral loads. A review of

the burden of disease of Group-A rotavirus infections in India [18]
found few studies in a community setting in India. These studies
were mainly before 1992, used older testing strategies, and determined the rotavirus positivity rate to be 4–29% among diarrheal
disease and 2.4–12.3% among asymptomatic children.
The estimate of pathogenicity of rotavirus, represented by number of diarrheal episodes among all rotavirus infections, was 0.28
in this study. The Guinea-Bissau cohort [14] reported a proportion
of 0.40 and it was one in three infections for the Mexican cohort
[13]. The measure of pathogenicity is very sensitive to the accuracy
of detection of asymptomatic infections which usually have low
viral excretion and thus the estimate of Guinea-Bissau where neither serology nor molecular techniques were used could possibly
be overestimated.
Though rotavirus infects children throughout the ﬁrst three
years of life, in some developing country settings it displays an
afﬁnity toward neonates. In this study, 18% of the children were
infected in the ﬁrst month. This phenomenon has been reported
earlier in various studies [19–22] and in hospitalized settings
[23,24]. One explanation could be that a newborn, exposed to
an environment saturated with the virus, is more likely to get
infected or that neonates might be infected with speciﬁc strains that
could bind to receptors not expressed in the post-neonatal period
[25].
While rotavirus infections occurred throughout follow up, disease was seen mainly between the ages of 4–12 months. During
early infancy, the child seemed to be protected from developing diarrhea due to rotavirus, as evident from the proportionately
higher asymptomatic infections in the ﬁrst three months. Beyond
three months, rotavirus produced symptoms more often. As the
child crossed the age of one year, the proportion of rotavirus infections developing into disease decreased and stayed low until the
end of the follow-up. This was also demonstrated by Velazquez
et al. [26] where rotavirus associated diarrhea was found to peak
between 4 and 6 months and asymptomatic infections were more
frequent in the ﬁrst three months and beyond 10 months.

Table 6
Age at infection and severity of different G/P types in asymptomatic and symptomatic rotavirus infections in the birth cohort (n = 373).
Common G/P types

G1
G2
G9
G10
P[4]
P[6]
P[8]
P[11]
Mixed G/P
a

Asymptomatic infection

Symptomatic infection

N

Age at primary infection*

N

Age at primary infection*

n

Severity as Vesikari scorea

19
10
4
33
12

9.9 (5.6–17.1)
13.9 (10.0–15.6)
17.7 (12.3–27.6)
0.3 (0.2–0.5)
15.5 (11.6–19.3)

16
28
3

10.6 (7.4–23.9)
0.3 (0.2–0.5)
32.2 (8.2–34.9)

32
20
6
18
25
3
27
12
6

6.3 (3.9–9.8)
7.8 (5.5–11.8)
9.0 (4.9–12.7)
0.8 (0.3–3.8)
10.3 (7.0–13.9)
3.1 (1.1–10.4)
6.0 (2.9–11.5)
0.4 (0.2–1.4)
11.2 (7.7–24)

73
49
21
24
75
9
68
17
14

6 (5–9)
6 (5–11)
7 (5–9)
6 (5–10.5)
6 (5–11)
5 (5–6)
5 (5–8.5)
6 (5–10)
6.5 (5–9)

Median (inter-quartile range).
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Description of the natural history of rotavirus, especially of
asymptomatic infections is limited. The Kaplan Meier estimates
from the Mexican cohort [13] showed that 34% of the children were
infected by six months, 67% by one year and 96% by the age of
two years. The West African cohort found that 26% infected by six
months, 46% by one year and 74% by the age of two years [14]. While
the survival curves of these two cohorts were gradual and uniform,
the Vellore cohort displayed a steeper curve initially with a high
incidence rate and 43% infected by six months.
The late infancy window of a high rate of symptomatic rotavirus
infection has been reported previously in many studies [27–29].
This may occur following the waning of the maternal antibodies known to be protective against disease and preceding the
steady build-up of child’s immune system, or corresponding to
weaning, and increased levels of contamination. Overall, rotavirus
was associated with more severe diarrhea, thus the proportional
presentation increased with severity, low in community gastroenteritis, more in outpatients and highest in inpatients admitted with
gastroenteritis [2].
Rotavirus may re-infect a child with or without producing disease. Of the 352 children who were ever infected, 293 (83%) had
a re-infection at the end of three years. There was a higher rate of
re-infection (234/334, 70%) at the end of two years than described
in the other two cohort studies, 62% in Mexico [13] and 19% in
Guinea-Bissau [14]. Re-infections occurred at a slower pace and
developed lesser disease than primary infections. This ﬁnding is
in line with the other two cohorts where there was a significant reduction in severity with increase in order of infection,
although as demonstrated by analysis including serology, protection in the Indian cohort was much lower than reported in Mexico
[10,13].
Unlike temperate climates, tropical countries display mild
seasonality of rotavirus infections [30]. In this study, rotavirus was
prevalent all through the year although there were small peaks
during cooler months. A fallacious crude season speciﬁc incidence
rate, possibly due to contamination by the age effect of the birth
cohort may be unmasked to a certain extent by age adjusted estimates. With this adjustment, marked seasonality was found with
higher incidence of rotavirus infections during October–March and
less marked seasonality of rotavirus diarrhea in January–March,
the relatively cooler months of the year. In a closed cohort design,
it would not be appropriate to look for cyclical patterns due to the
aging of the cohort as well as the lower number of children at the
beginning and end of the study period.
With presence of any rotavirus infection in the ﬁrst year as
the dependent dichotomous outcome, religion, education of the
mother and birth order were found to inﬂuence rotavirus infection. It is likely that more Hindu families had working mothers,
with the children left with an elderly or very young caretaker, usually a sibling and were at higher risk of infection. Another possible
explanation would be nutrition including micro-nutrients, where
diet pattern of Muslims differ from that of Hindus.
It is established that education of the mother determines the
well-being of the family and is also reﬂective of the literacy status of
a society [31,32]. Nutrition and hygiene may be biological pathways
linking education and health. Maternal education was found to be
an important determinant of the risk of both rotavirus infection
and diarrhea, with children of educated mothers less likely to be
infected.
Another signiﬁcant covariate was gender with male children at
a higher risk for a symptomatic rotavirus infection. Some of these
factors may be more reﬂective of the risk of developing diarrhea
[33,34] in general rather than speciﬁcally rotavirus diarrhea. For
example, male gender and mother’s education were also found
to be associated with general gastrointestinal symptoms during
infancy [35].
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Malnutrition has been previously described in a study in Northern Ghana [36] where wasting was one of the risk factors for
rotavirus diarrhea. The association between infection and nutrition is considered to be synergistic [37]. We found that nutrition at
one year was associated with the rate of rotavirus diarrhea while
nutrition at one month did not, reﬂecting a possible effect of infection on nutrition but not vice versa. However, change in nutritional
status over time is possible and the association between nutrition
and infection needs in-depth analyses.
Lower socio-economic status and crowding have been described
in studies done in UK [38], Pakistan [39] and Ghana [36] as factors
affecting incidence of rotavirus diarrhea but were not found in this
study. This study population was in a generally poor neighborhood,
and may not have had a sufﬁcient range of data to display these
associations.
Duration of exclusive or partial breastfeeding did not seem to
inﬂuence rotavirus disease in the Vellore cohort. It is known that
breast milk contains high levels of anti-rotavirus secretory IgA and
other rotavirus speciﬁc antibodies, particularly in Indian mothers [40]. In the UK, exclusive breastfeeding was highly protective
against rotavirus diarrhea [41]. However, in Bangladeshi infants,
breastfeeding protected from severe diarrhea in the ﬁrst year but
not in the overall two year duration suggesting that breastfeeding
temporarily postponed, rather than prevented, rotavirus disease
[42].
Diarrhea due to mixed infections and G9 was relatively more
severe. Association of serotypes to severity seems to vary between
different communities and settings. While a report from an Indian
slum found G1 associated with more severe disease [43], Linhares
et al. [44] reported from Latin America that G9 was associated with
more severe disease. The increased pathogenicity of serotype G2
strains has been described [45,46], but other studies did not ﬁnd
any association of serotypes with severity [45,47]. Coinfection with
other pathogens is reported to be associated with more severe disease [48], but dual infections with rotavirus have not been shown
to inﬂuence severity [49]. G10P[11] was reported from India as
a neonatal strain associated with asymptomatic infections [50].
However, we found that 40% of the G10 infections in our population were associated with symptoms. Inference of pathogenicity
estimates has to be made with caution since they depend on the
detection of asymptomatic infections, but it must also be pointed
out that there are limited studies on asymptomatic infections in the
community.
Median age at ﬁrst infection was found to be earlier for
symptomatic infections compared to the asymptomatic infections.
Median age at ﬁrst symptomatic infection of different genotypes
revealed that there is a dominance of different genotypes at different ages. G10 was a neonatal infection, followed by G1 infection
with its peak at 6 months, then G2 infection at 8 months and G9
infection at 9 months. This pattern was reﬂected in the G type speciﬁc temporal distribution which depicted consecutive dominance
of different G types in the same order as described above along
with the aging of the cohort. The temporal distribution, with each
serotype predominating alternatively during each season, may also
be seen as the cyclical nature of rotavirus infections [26]. However,
the study period was not long enough to conﬁrm these yearly or
cyclical changes.
In conclusion, this cohort study demonstrates the importance of rotavirus as a cause of disease in young children in
India, and its contribution to severe disease. Rotavirus infection in the neonatal period in the community is rarely reported,
and the inﬂuence of such infections on subsequent vaccination with rotavirus vaccines needs to be elucidated. The
roles of early infections, and high rates of re-infections outside of a rotavirus season, speciﬁc genotypes in infection and
disease in different regions of the world also need further
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investigation to better understand virus circulation, transmission
and pathogenicity.
Conﬂict of interest
None declared.
References
[1] Bishop RF, Davidson GP, Holmes IH, Ruck BJ. Letter: evidence for viral gastroenteritis. N Engl J Med 1973;289(November (20)):1096–7.
[2] Parashar UD, Hummelman EG, Bresee JS, Miller MA, Glass RI. Global illness and
deaths caused by rotavirus disease in children. Emerg Infect Dis 2003;9(May
(5)):565–72.
[3] Matson DO. Protective immunity against group A rotavirus infection and illness
in infants. Arch Virol Suppl 1996;12:129–39.
[4] Haffejee IE, Windsor I, Moosa A. Asymptomatic rotavirus infections among normal Indian children in Chatsworth, Durban. S Afr Med J 1989;76(December
(11)):599–601.
[5] Haffejee IE. The epidemiology of rotavirus infections: a global perspective. J
Pediatr Gastroenterol Nutr 1995;20(April (3)):275–86.
[6] Desselberger U, Iturriza-Gomara M, Gray JJ. Rotavirus epidemiology and
surveillance. Novartis Found Symp 2001;238:125–47, discussion 47–52.
[7] Cook SM, Glass RI, LeBaron CW, Ho MS. Global seasonality of rotavirus infections. Bull World Health Organ 1990;68(2):171–7.
[8] Blacklow NR, Greenberg HB. Viral gastroenteritis. N Engl J Med 1991;325(July
(4)):252–64.
[9] Lieberman JM. Rotavirus and other viral causes of gastroenteritis. Pediatr Ann
1994;23(October (10)):529–32, 34, 35.
[10] Gladstone BP, Ramani S, Mukhopadhya I, Muliyil J, Sarkar R, Rehman AM, et al.
Protective effect of natural rotavirus infection in an Indian birth cohort. N Engl
J Med 2011;365(4):337–46.
[11] Ruuska T, Vesikari T. Rotavirus disease in Finnish children: use of numerical scores for clinical severity of diarrhoeal episodes. Scand J Infect Dis
1990;22:259–67.
[12] Kang G, Desai R, Arora R, Chitambar S, Naik TN, Krishnan T, et al. Diversity
of circulating rotavirus strains in children hospitalized with diarrhea in India,
2005–2009. Vaccine 2012;31:2879–83.
[13] Velazquez FR, Matson DO, Calva JJ, Guerrero L, Morrow AL, Carter-Campbell S,
et al. Rotavirus infections in infants as protection against subsequent infections.
N Engl J Med 1996;335(October (14)):1022–8.
[14] Fischer TK, Valentiner-Branth P, Steinsland H, Perch M, Santos G, Aaby P,
et al. Protective immunity after natural rotavirus infection: a community
cohort study of newborn children in Guinea-Bissau, west Africa. J Infect Dis
2002;186(September (5)):593–7.
[15] Cunliffe NA, Kilgore PE, Bresee JS, Steele AD, Luo N, Hart CA, et al. Epidemiology of rotavirus diarrhoea in Africa: a review to assess the need for rotavirus
immunization. Bull World Health Organ 1998;76(5):525–37.
[16] Kane EM, Turcios RM, Arvay ML, Garcia S, Bresee JS, Glass RI. The epidemiology of rotavirus diarrhea in Latin America. Anticipating rotavirus vaccines. Rev
Panam Salud Publica 2004;16(December (6)):371–7.
[17] Tate JE, Burton AH, Boschi-Pinto C, Steele AD, Duque J, Parashar UD, et al. 2008
estimate of worldwide rotavirus-associated mortality in children younger than
5 years before the introduction of universal rotavirus vaccination programmes:
a systematic review and meta-analysis. Lancet Infect Dis 2012;12(February
(2)):136–41.
[18] Ramani S, Kang G. Burden of disease & molecular epidemiology of group A
rotavirus infections in India. Indian J Med Res 2007;125(May (5)):619–32.
[19] Grillner L, Broberger U, Chrystie I, Ransjo U. Rotavirus infections in newborns:
an epidemiological and clinical study. Scand J Infect Dis 1985;17(4):349–55.
[20] Perez-Schael I, Daoud G, White L, Urbina G, Daoud N, Perez M, et al. Rotavirus
shedding by newborn children. J Med Virol 1984;14(2):127–36.
[21] Cicirello HG, Das BK, Gupta A, Bhan MK, Gentsch JR, Kumar R, et al. High prevalence of rotavirus infection among neonates born at hospitals in Delhi. India:
predisposition of newborns for infection with unusual rotavirus. Pediatr Infect
Dis J 1994;13(August (8)):720–4.
[22] Vethanayagam RR, Ananda Babu M, Nagalaxmi KS, Maiya PP, Venkatesh HA,
Purohit S, et al. Possible role of neonatal infection with the asymptomatic reassortant rotavirus (RV) strain I321 in the decrease in hospital admissions for RV
diarrhea, Bangalore, India, 1988–1999. J Infect Dis 2004;189(June (12)):2282–9.
[23] Sukumaran M, Gowda K, Maiya PP, Srinivas TP, Kumar MS, Aijaz S, et al.
Exclusive asymptomatic neonatal infections by human rotavirus strains having subgroup I speciﬁcity and “long” RNA electropherotype. Arch Virol
1992;126(1–4):239–51.
[24] Tufvesson B, Polberger S, Svanberg L, Sveger T. A prospective study of
rotavirus infections in neonatal and maternity wards. Acta Paediatr Scand
1986;75(March (2)):211–5.

[25] Ramani S, Cortes-Penﬁeld NW, Hu L, Crawford SE, Czako R, Smith DF, et al. The
VP8* domain of neonatal rotavirus strain G10P[11] binds to type II precursor
glycans. J Virol 2013;87(July (13)):7255–64.
[26] Velazquez FR, Calva JJ, Lourdes Guerrero M, Mass D, Glass RI, Pickering LK, et al.
Cohort study of rotavirus serotype patterns in symptomatic and asymptomatic
infections in Mexican children. Pediatr Infect Dis J 1993;12(January (1)):
54–61.
[27] Mata L, Simhon A, Urrutia JJ, Kronmal RA. Natural history of rotavirus infection in the children of Santa Maria Cauque. Prog Food Nutr Sci 1983;7(3–4):
167–77.
[28] Gurwith M, Wenman W, Gurwith D, Brunton J, Feltham S, Greenberg H. Diarrhea among infants and young children in Canada: a longitudinal study in three
northern communities. J Infect Dis 1983;147(April (4)):685–92.
[29] Samantaray JC, Mohapatra LN, Bhan MK, Arora NK, Deb M, Ghai OP, et al.
Study of rotavirus diarrhea in a north Indian community. Indian Pediatr
1982;19(September (9)):761–5.
[30] Jagai JS, Sarkar R, Castronovo D, Kattula D, McEntee J, Ward H, et al. Seasonality of rotavirus in South Asia: a meta-analysis approach assessing associations
with temperature, precipitation, and vegetation index. PLoS One 2012;7(5):
e38168.
[31] Victora CG, Huttly SR, Barros FC, Lombardi C, Vaughan JP. Maternal education
in relation to early and late child health outcomes: ﬁndings from a Brazilian
cohort study. Soc Sci Med 1992;34(April (8)):899–905.
[32] Desai S, Alva S. Maternal education and child health: is there a strong causal
relationship? Demography 1998;35(February (1)):71–81.
[33] Lira PI, Ashworth A, Morris SS. Low birth weight and morbidity from diarrhea and respiratory infection in northeast Brazil. J Pediatr 1996;128(April
(4)):497–504.
[34] Sur D, Gupta DN, Mondal SK, Ghosh S, Manna B, Rajendran K, et al. Impact
of zinc supplementation on diarrheal morbidity and growth pattern of low
birth weight infants in Kolkata, India: a randomized, double-blind, placebocontrolled, community-based study. Pediatrics 2003;112(December (6 Pt
1)):1327–32.
[35] Gladstone BP, Muliyil J, Jaffar S, Wheeler JG, Lefevre AM, Iturriza-Gomara
M, et al. Infant morbidity in an Indian slum birth cohort. Arch Dis Child
2007;93(6):479–84.
[36] Binka FN, Anto FK, Oduro AR, Awini EA, Nazzar AK, Armah GE, et al. Incidence
and risk factors of paediatric rotavirus diarrhoea in northern Ghana. Trop Med
Int Health 2003;8(September (9)):840–6.
[37] Scrimshaw NS. Historical concepts of interactions, synergism and antagonism
between nutrition and infection. J Nutr 2003;133(January (1)):316S–21S.
[38] Sethi D, Cumberland P, Hudson MJ, Rodrigues LC, Wheeler JG, Roberts JA, et al.
A study of infectious intestinal disease in England: risk factors associated with
group A rotavirus in children. Epidemiol Infect 2001;126(February (1)):63–70.
[39] Khan A, Ahmed A, Khalid S. Diarrhea due to rotavirus and probability of sewage
contaminations. J Islam Acad Sci 1992;5(2):142–4.
[40] Moon SS, Wang Y, Shane AL, Nguyen T, Ray P, Dennehy P, et al. Inhibitory effect
of breast milk on infectivity of live oral rotavirus vaccines. Pediatr Infect Dis J
2010;29(October (10)):919–23.
[41] Molyneaux PJ. Human immunity to rotavirus. J Med Microbiol
1995;43(December (6)):397–404.
[42] Clemens J, Rao M, Ahmed F, Ward R, Huda S, Chakraborty J, et al. Breast-feeding
and the risk of life-threatening rotavirus diarrhea: prevention or postponement? Pediatrics 1993;92(November (5)):680–5.
[43] Bahl R, Ray P, Subodh S, Shambharkar P, Saxena M, Parashar U, et al. Incidence of
severe rotavirus diarrhea in New Delhi, India, and G and P types of the infecting
rotavirus strains. J Infect Dis 2005;192(September (Suppl. 1)):S114–9.
[44] Linhares AC, Verstraeten T, Wolleswinkel-van den Bosch J, Clemens R, Breuer T.
Rotavirus serotype G9 is associated with more-severe disease in Latin America.
Clin Infect Dis 2006;43(August (3)):312–4.
[45] Bern C, Unicomb L, Gentsch JR, Banul N, Yunus M, Sack RB, et al. Rotavirus
diarrhea in Bangladeshi children: correlation of disease severity with serotypes.
J Clin Microbiol 1992;30(December (12)):3234–8.
[46] Cascio A, Vizzi E, Alaimo C, Arista S. Rotavirus gastroenteritis in Italian children: can severity of symptoms be related to the infecting virus? Clin Infect Dis
2001;32(April (8)):1126–32.
[47] Nakagomi O, Nakagomi T, Arisawa K. A lack of signiﬁcant association between
the electropherotype or G-serotype of the infecting strain and disease severity
of rotavirus gastroenteritis. Arch Virol 2006;151(October (10)):1947–60.
[48] Roman E, Wilhelmi I, Colomina J, Villar J, Cilleruelo ML, Nebreda V, et al. Acute
viral gastroenteritis: proportion and clinical relevance of multiple infections in
Spanish children. J Med Microbiol 2003;52(May (Pt 5)):435–40.
[49] Nielsen NM, Eugen-Olsen J, Aaby P, Molbak K, Rodrigues A, Fischer TK. Characterisation of rotavirus strains among hospitalised and non-hospitalised
children in Guinea-Bissau, 2002 A high frequency of mixed infections with
serotype G8. J Clin Virol 2005;34(September (1)):13–21.
[50] Dunn SJ, Greenberg HB, Ward RL, Nakagomi O, Burns JW, Vo PT, et al. Serotypic
and genotypic characterization of human serotype 10 rotaviruses from asymptomatic neonates. J Clin Microbiol 1993;31(January (1)):165–9.

