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D
iarrhea, the third leading killer of children in
India today, is responsible for 13% of all
deaths in children <5 years of age and kills an
estimated 300,000 children in India each year

[1]. Rotavirus is the leading cause of severe diarrhea in
Indian children under 5, and has been projected to cause
457,000 to 884,000 hospitalizations, 2,000,000
outpatient visits, and 122,000-153,000 deaths annually
[2]. The objectives of this paper are to review the
epidemiology of rotavirus in India, describe currently
available and candidate rotavirus vaccines, and examine
the potential impact and cost-effectiveness of a national
rotavirus vaccination program.

EPIDEMIOLOGY

Burden of Rotavirus Diarrhea

Nationally representative data on the incidence of severe
rotavirus disease in India are lacking. However, a recent

prospective birth cohort study in Vellore rigorously
characterized the burden of rotavirus infection among
children under 3 years of age [3]. The incidence of
rotavirus diarrhea was 0.25 (95% CI 0.22, 0.29) per
child-year in children under 3 and 0.49 (0.42, 0.58) per
child-year in children under 1. 48% of children
experienced at least one episode of rotaviral diarrhea by
age 3. In another cohort study in an urban slum
population in New Delhi [4], the overall annual incidence
of rotavirus hospitalizations in children <5 years of age
was 337/100,000; incidence for 1-year-olds was 1,270/
100,000 with low incidence in the first 3 months of life;
incidence for 2-year-olds was 534/100,000; and
incidence for 3-5 year olds was 12/100,000. This study
highlights the importance of young age in severe
rotavirus infections, but because the study looked at
incidence of hospitalization and not disease, these
numbers do not represent the true incidence of rotavirus
disease in India.
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symptomatic infections in non-neonates. Currently licensed vaccines are safe, and although the efficacy appears lower in
developing countries, given the extremely high incidence of diarrhea these could still be cost-effective interventions.

Conclusions: The epidemiology and burden of rotavirus diarrhea is fairly well characterized in India. Introducing rotavirus
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The contribution of rotavirus to diarrhea mortality is
typically inferred from diarrhea hospitalizations, which
are reasonably assumed to represent severe cases. The
proportion of all diarrhea hospitalizations caused by
rotavirus has been evaluated in numerous studies in India.
On average, 34% (inter study variation (ISV): 19-50%) of
all diarrhea hospitalizations are the result of rotavirus
infections [4-16] (Table I). The proportion of severe
diarrhea attributable to rotavirus has increased from an
average of 25% (ISV: 21-28%) in studies which were
completed prior to 2000 to over 38% (ISV: 19-50%) in
studies that were completed after 2005. A similar increase
has been seen globally. It is postulated that improvements
in sanitation and use of antimicrobials have had a greater
impact on preventing bacterial and parasitic gastroenteritis
(GE) than rotavirus [17]. The reasons for this discrepancy
are discussed later in the article.

The proportion of diarrhea cases attributable to
rotavirus is notably lower in outpatient studies and
community studies. A previous review found that rotavirus

accounts a median of 15% of community diarrheal cases in
India and 16% of diarrheal outpatients [18]. Two
additional studies, conducted in Pune and Vellore, found a
mean proportion of 12% (ISV: 7-16) [6, 10]. The higher
prevalence of rotavirus among hospitalized persons
suggests that rotavirus gastroenteritis is generally more
severe than that of other etiologies, an observation
corroborated by the Vellore cohort, where the proportion
of diarrhea cases due to rotavirus increased with increasing
disease severity, from 11.5% in the least severe cases to
67.4% in the most [3].

Neonatal infections

The prevalence of rotavirus in neonates is high in India,
ranging from 22% to 73% [19-23]. Neonatal infections
are commonly asymptomatic, with 69-95% not showing
overt signs of GE [21-24]. However, rotavirus infection
has been detected significantly more in neonates with
diarrhea than in those without (55.5% vs 44.4%,
P<0.001) suggesting that neonates are not entirely
immune to rotavirus GE [22]. Viral shedding can begin as
early as 2 days of age, generally peaks around 3-6 days
and resolves by 2 weeks of age; the likelihood of
acquiring an infection is related to length of stay in the
hospital after birth [19, 21,24]. Neonatal infections may
be protective against future rotavirus diarrhea, although
results are conflicting. This phenomena was first
observed in a cohort of infants in Australia, where
neonatal infection was not protective against subsequent
reinfection but was protective against severe symptoms
when reinfection occurred [25]. In a cohort in New Delhi,
infants with neonatal infections suffered 46% fewer
episodes of rotavirus diarrhea and 22% fewer episodes of
all-cause diarrhea in the first year of life [21]. Similarly,
in a cohort of Bangalore children followed for 2 years,
2% of neonatally infected children had rotavirus-
associated diarrhea, while 39% of those not neonatally
infected had symptomatic rotavirus infections
(P<0.001).[20]  However, a larger study in Vellore did
not find any association between neonatal infection and
either incidence or severity of future rotavirus or all-
cause GE [23]. The Bangalore and Vellore studies limited
their analyses to children infected with particular RV
types, strain I321 in Bangalore and G10P [11] in Vellore,
making it difficult to compare the two results. The role
that neonatal rotavirus infections play in disease
epidemiology remains unclear, although given the high
burden of rotavirus disease observed in India any
protective effect seems likely to be minimal.

Age distribution

Most rotavirus disease in India occurs in the first two
years of life. In hospital-based studies, 87% (ISV: 58-

TABLE I PROPORTION OF DIARRHEA CASES DUE TO ROTAVIRUS

Study Location Proportion Total Age Year
RV+ Diarrhea

Cases

Hospital Studies

Pune[5] 28.2% 945 <5 1992-1996

Pune[6] 28.3% 628 <5 1993-1996

Chennai[7] 22.5% 745 <3 1995-1999

Vellore[8] 21.0% 602 <5 1995-1999

Kolkata[9] 34.7% 266 <4 1998-2000

Delhi[4] 23.5% 584 <5 2000-2001

Vellore[10] 27.4% 343 <5 2002-2003

Kolkata and
Berhampur [11] 36.3% 545 <4 2003-2005

Lucknow[12] 19.2% 412 <3 2004-2008

Kolkata[13] 37.3% 668 <4 2005-2006

Delhi[14] 36.9% 862 <2 2005-2007

Nationwide[15] 39.2% 4243 <5 2005-2007

Manipur[16] 49.9% 489 <5 2005-2008

Summary 33.6% 11,332

Community Studies

Pune[6] 15.5% 489 <5 1993-1996

Vellore[10] 7.1% 351 <2 2002-2003

Summary 12.0% 840

RV+: Rotavirus positive; Before 2000: 26.1 %; between 2000-2005:
29.1 %; after 2005: 38.3%.
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95%) of all rotavirus cases in children under 5 yr
occurred by 18 months of age [4-8, 10, 12, 15, 26].
Additionally, rotavirus GE is uncommon in the youngest
children; only 13% (ISV: 10-25%) of rotavirus cases in
hospital studies were in children younger than 6 months
old. However, outpatient and community studies found a
higher proportion of cases (30%) in children under 6
months [6, 10].  The difference in age distribution
between settings is likely largely a function of severity: in
young children, infection with rotavirus may be
attenuated by the persistence of maternal antibodies and
thus, severe disease is less common.

Seasonality

While some studies in India have found no association
between rotavirus infection and time of year [10,16],
most have observed an increase in rotavirus-associated
diarrhea during the winter months, October to February,
throughout the country [4,5,7,12,15,27,28]. The
observed proportion of rotavirus cases occurring in the
cooler season has ranged from 59% to 72%, with a
median of 64%. The northern, more temperate regions
may exhibit stronger seasonality [15]. Nevertheless,
studies in Kolkata [29], Pune [5], and Chennai [7] have
observed seasonal effects despite their tropical climates,
so the degree to which seasonality varies by geography
remains unresolved.

Serotype diversity

Rotavirus isolates from India are genetically
heterogeneous [4, 8-16, 30-35] (Web Table I). Such
genetic diversity is characteristic of Asia as a whole [36,
37], and phylogenetic analyses of the VP7 (G) and VP4
(P) genes from India show >95% homology with Asian
reference strains for most isolates [16,27,35], suggesting
that rotavirus strains circulating in India are part of a
larger Asian transmission pool. The distribution of
serotypes is similar in northern and southern areas of the
country and a few genotypes, namely G1P[8] and
G2P[4], often predominate in studies of non-neonates.
(Figs. 1, 2)

Neonates are infected with a more limited spectrum of
viruses. In each study, one strain seems to predominate
over other strains, although the particular strain varies
from study to study, with G9P [11] [19, 21], G10P [11] [20,
38], and G12P[6] [27] having been observed.
Interestingly, several of these isolates have genetic
homology with non-human rotavirus, suggesting human
and animal reassortant viruses play a large role in neonatal
infections [20,21,38].

Approximately 9% of all isolates are mixed infections.
The components of the mixed infections had a similar
distribution to the single-type infection distribution.
Additionally, roughly 13% of G types and 15% of P types
were classified as untypable. However, recent studies
employing direct sequencing have illuminated the
importance of point mutations at the primer binding sites in
causing failures of PCR detection and genotyping [14, 33].
Sequencing the genome of 16 previously untypable
rotavirus isolates found that the strains were a mixture of
common genotypes, including G1, G8, G9 and G12 and
P[4] and P[8], with point mutations at the primer binding
sites [33].

Treatment and Prevention

No specific treatment exists for rotavirus gastroenteritis,
and repeat infections are common in children [3].
Sanitation and hygiene improvements have had a
tremendous impact on diarrheal disease due to bacteria
and parasites but less of an impact on rotavirus disease.
This is evinced by the persistence of rotavirus in high
income settings and the previously noted increase in the
proportion of GE cases due to rotavirus, and is thought to
be due to transmission through person-to-person contact,
which persists even as fecal-oral transmission diminishes
[39]. Reduced osmolality oral rehydration solution
(ORS) effectively prevents and treats dehydration, and
also reduces diarrheal output [39], but the 2005 National
Family Health Survey found that nationally only 26% of
children with diarrhea receive ORS [40].  Unlike many
other diarrheal pathogens, the proportion of diarrhea

FIG. 1 Rotavirus P serotype diversity in Northern and Southern India.

Northern studies Southern studies Northern studies Southern studies
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caused by rotavirus does not vary widely between
developed and developing countries [41]. To date, the
only specific prevention strategy is immunization with
rotavirus vaccines.

ROTAVIRUS VACCINES

Currently, two rotavirus vaccines are available on the
international market (Box) Rotarix (GlaxoSmithKline,
Rixensart, Belgium) is a monovalent rotavirus vaccine
(RV1) created by attenuating a highly antigenic strain of
human G1P[8] rotavirus [42]. RotaTeq (Merck and Co.,
Whitehouse Station, USA) is a pentavalent vaccine
(RV5) created by reassorting G and P antigens from
human rotavirus, G1, G2, G3, G4 and P[1] with a bovine
rotavirus strain [43].  While efficacy data from India are
not yet available, both vaccines have been tested
extensively in a number of high and low income settings
which can be used predict the efficacy likely to be seen in
India (Table II) [39,44-46].  These vaccines are less
effective against medically attended rotavirus GE in
lower income settings, varying in low and lower middle
income countries from 74% to 49%, with lower efficacy
seen in the lowest income countries [47]. Efficacies
against severe all-cause GE have ranged from 56% to
25%, with a less clear cut impact between high and
middle and low income countries (Table II) [42, 47-50].
The efficacy of existing rotavirus vaccines in India are
likely to fall into the range for other low and middle
income countries. These vaccines appear to be cross
protective against non-vaccine strains [51], with similar
efficacy against vaccine and non-vaccine strains [47].
Vaccine efficacy, therefore, should be comparable
between countries with different serotype profiles, and be
minimally affected in serotype diverse countries such as
India.

In high and middle income countries, recent

introductions of RV1 and RV5 have had remarkable
impact on rotavirus disease despite limited uptake and
have provided both direct and indirect protection in the
under 5 population [51]. In the USA, a 42%-50% decrease
in GE hospital admissions was seen in children aged 3 to
23 months during 2008 rotavirus season, two years after
RV5 introduction, while only one-third of children <2
years had received one or more doses of RV5 [52].
Additionally, a 28%-45% reduction in GE hospitalizations
was demonstrated during the rotavirus season in children
age-ineligible to receive RV5, suggesting significant
indirect protection [52]. In El Salvador, the introduction of
RV1 was followed by a 76% decrease in the number of
hospitalizations due to rotavirus GE and a 32% reduction
in all-cause GE hospitalization within two years [46, 53].
Australia, which introduced both RV1 and RV5, saw a
74% decrease in the same timeframe [54].

Two post-marketing studies have examined the impact
of vaccination against mortality from diarrhea. After RV1
introduction, Mexico saw a 35% (95% CI: 29-39)

BOX:  ROTAVIRUS VACCINES CURRENTLY AVAILABLE OR UNDER DEVELOPMENT

Type Company Schedule Status

Live pentavalent human- Merck: Whitehouse Station, Three doses International use
bovine reassortant (RV5) USA (Rotateq®) given with DTP

Live attenuated human GlaxoSmithKline: Genval, Two doses, given with International use
rotavirus  (RV1) Belgium (Rotarix®) 1st and 2nd DTP

Live attenuated lamb Lanzhou Institute of Biological First dose given from 2 Licensed for use in
rotavirus (LLV) Products: Lanzhou, China to 36 months, yearly booster China

Serially passaged human Bharat Biotech International Under development Strains characterized.
neonatal rotavirus strain Limited: Hyderabad, India No phase 3 clinical trial

data  available

Bovine human reassortant Serum Institute of India and Under development No clinical trial data
rotavirus vaccine Shantha Biotechnics available

TABLE II EFFICACY OF RV1 OR RV5 AGAINST ROTAVIRUS

MANIFESTATIONS

Severe rotavirus gastroenteritis

Income level a Efficacy range Citations

High 96-84% [39, 44]

Upper middle 90-77% [39]

Lower middle 74-55% [39, 45, 46]

Lower 64-49% [39]

Hospitalization due to all cause gastroenteritis

Income status a Efficacy range Citations

High 56-30% [48-50]

Middle or lower 44-25% [42, 47]
a World Bank 2008 classification; RV1: monovalent and RV5:
pentavalent rotavirus vaccines.
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reduction in the rate of diarrheal deaths predominantly
during the usual rotavirus season among children age-
appropriate for the vaccine [55]. After RV1 introduction in
Brazil in 2006, 30% (95% CI: 19-41) and 39% (95% CI:
29-49) decreases in gastroenteritis mortality were noted in
2007 and 2008, respectively, when compared to the
mortality rates in 2004-2005 [56]. While suggestive of
substantial benefit, both studies were observational and
the results should be interpreted with caution.

Due to the association between intussusception and a
previously licensed live reassortant human-simian
vaccine, both RV1 and RV5 were under increased scrutiny
for adverse events following vaccination. During RV1 and
RV5 development, >50,000  infants were followed in
clinical trials of each vaccine to determine if there is an
increased risk of intussusception, but none was found [57].
Emerging data from post-marketing surveillance in
Australia and Mexico suggest a low level increased risk of
intussusception (about 1-2 cases per 100,000 vaccinated)
in the first week following vaccination [58]. While more
data are needed to fully understand intussusception risk
across a range of settings, at the level of risk observed, the
benefits of vaccination appear to greatly exceed the risks.
At the rate observed in Mexico, vaccination would result
in an additional 20-40 cases of intussusception, while
preventing an estimated 700 deaths and 12,000
hospitalizations from diarrhea [58]. Additionally, no
increased rate of serious adverse events such as fever,
vomiting, or diarrhea was noted for either vaccine [57].
Vaccine-associated disease has been noted in children with
severe combined immunodeficiency [59]. However, no
increase in adverse effects or mortality has been shown in
HIV-positive children in South Africa [57].

Based on the experiences of other developing
countries, a rotavirus vaccine introduced in India would be
expected to exhibit lower efficacy against rotavirus GE
than seen in high income countries, but still prevent a
significant proportion of all-cause GE mortality and
hospitalizations. A small increased risk of intussusception
would be far outweighed by the number of diarrhea deaths
prevented.

Candidate Rotavirus Vaccines in India

Several candidate rotavirus vaccines are under
development in India.  One candidate is based on a
neonatal rotavirus strain, 116E.  This strain is a natural
reassortant between a human rotavirus virus G9P[11]
strain with the VP4 protein from a bovine rotavirus strain
and was originally isolated from a neonate with an
asymptomatic rotavirus infection [60]. A recent
randomized double blinded placebo controlled trial for
this strain has demonstrated that the vaccine elicits a

strong immune response in Indian children and was not
associated with an increase in adverse events [61]. Phase
3 trials of the 116E vaccine in India are in progress and
will provide data regarding rotavirus vaccine efficacy in
India. If successful, this vaccine provides the possibility
of a locally developed and tested rotavirus vaccine for the
Indian and international markets.

Other vaccine candidates under development are
various constructs of the UK bovine strain-based
reassortant vaccine developed by the US NIH [62]. The
reassortant parent strains for the vaccine have been
licensed out to various manufacturers in India, Brazil, and
China.  Indian-manufactured UK reassortant vaccines are
currently in phase 1 or 2 clinical trials.

Challenges to rotavirus vaccine performance in
developing countries such as India

Live oral vaccines have had an inconsistent performance
in India and other developing countries.  For example,
oral polio vaccine (OPV) is less immunogenic and
requires more doses to protect children in India compared
with children in the developed world [63].  Similarly, the
effectiveness of currently available rotavirus vaccines
(RV1 and RV5) is also inversely correlated (Table II) to
the childhood mortality levels in the countries where the
clinical trials were performed [64].

Reasons that live oral rotavirus vaccines are less
efficacious in developing countries are not fully
understood. In developing countries, higher levels of
maternal rotavirus antibodies are passively transferred to
babies during gestation and persist in infancy and some
studies suggest that rotavirus vaccine neutralizing activity
in breast milk is higher in developing countries and may
reduce vaccine titer and adversely affect vaccine take[65],
although breastfeeding has not been shown to decrease the
efficacy of RV5 [66].   Furthermore, co-administration of
OPV and rotavirus vaccines results in a small decrease in
the antibody response against rotavirus for both RV1 and
RV5, although the decrease is not significant in several
studies after the full course of both vaccines [39]. Neither
of the currently available rotavirus vaccines appears to
interfere with polio immunity, as anti-polio antibodies
were similar regardless of if rotavirus vaccine was given.
Other reasons for poor vaccine performance could be a
higher prevalence of distinct medical conditions such as
tuberculosis, intestinal infections with other
microorganisms, and malnutrition.

Potential impact and cost-effectiveness of rotavirus
vaccines in India

Estimates derived from available Indian child mortality
data suggest that, at current immunization levels, a
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national rotavirus vaccination program in India would
prevent 27,000 to 44,000 deaths in children <5 years of
age annually [39, 67]. Rotavirus vaccine would prevent 1
case of severe gastroenteritis disease for every 11
children immunized, and prevent one death for every 470
children immunized [68]. The potential impact of
rotavirus vaccines in India is partially hindered by a
relatively low proportion of children who receive routine
immunizations, which in 2006 was 52% for the third dose
of the diphtheria, tetanus, pertussis vaccine [40]. If full
immunization with rotavirus vaccine were reached, an
additional 14,000 rotavirus deaths each year could be
prevented [39].  Improving the overall performance of the
immunization system is critical to the success of any
vaccine introduction.

The cost-effectiveness of a national rotavirus
vaccination program in India has been evaluated in two
separate studies, which reached similar conclusions [67,
68]. At a vaccine price of US $1.00 per dose, the price set
by Bharat Biotech [69], these models estimated an
incremental cost effectiveness ratio of $21.41 to $34 per
disability adjusted life year, which satisfies the WHO
criterion for a cost effective intervention.  Even at the
current UNICEF prices, rotavirus vaccination is
considered highly cost effective under WHO criteria [67].

Summary

Rotavirus diarrhea causes substantial mortality and
morbidity in young children in India with the greatest
burden among children <2 years of age. Two rotavirus
vaccines are currently available on the international
market.  Additionally, at least two candidate vaccines are
under development by Indian manufacturers and may be
nationally licensed within 3-4 years. Despite the
tremendous diversity of rotavirus strains in India,
rotavirus vaccines provide cross-protection and have
been shown to be effective against both vaccine and non-
vaccine strains.  At current coverage levels of routine
childhood immunizations, the introduction of rotavirus
vaccine in India could prevent up to one third of
rotavirus-related deaths [67]. Introduction of rotavirus
vaccine into the national immunization program of India
at an affordable price would be a cost effective way to
reduce the tremendous morbidity and mortality due to
rotavirus disease in Indian children.
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