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Abstract.  Rotavirus is the leading cause of childhood diarrhea worldwide, causing an estimated 600,000 deaths each year. 
To assess the potential benefits of a national rotavirus immunization program in India, we analyzed 40 published studies of 
rotavirus that were conducted between 1976 and 1997 and included a total of approximately 13,000 Indian pediatric inpatients. 
Pediatdc studies featuring 100 or more patients and lasting at least 12 months in duration and all neonatal studies were 
analyzed. Rotavirus was detected in a median of 18% of pediatric patients and 28% of neonates surveyed. Fifty percent of 
all children hospitalized with rotavirus by age 5 were hospitalized by the age of 6 months, 75% by the age of 9 months, and 
almost 100% by the age of 2 years. Rotavirus was most prevalent (31%) in children between 7 and 12 months of age, followed 
by children between 1 and 2 years of age (20%), and children <7 months of age (13%). VP7 genotypes G1 and G2 were most 
commonly isolated although significant heterogeneity of serotypes was observed. P[11], G9 strains were most frequently 
isolated among neonates. In 1998; approximately 98,000 childhood deaths were caused by rotavirus. These data underscore 
the urgent need for safe and effective interventions against rotavirus such as vaccines. The significant diversity of rotavirus 
strains and young age of hospitalization pose unique challenges to the formulation of a rotavirus immunization program in 
India, but raise the possibility of utilizing a neonatal vaccine to provide effective coverage. 
[Indian J Pedlatr 2001; 68 (9) : 855-862] 
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Severe dehydrating diarrhea is a major cause of childhood 
morbid i ty  and morta l i ty  th roughou t  the deve lop ing  
world. ~ Rotavirus is the leading cause of severe diarrhea 
in children under five years of age, causing approximately 
600,000 deaths  each year.  2 Because the incidence of 
ro tav i rus  infec t ion  is s imilar  among  ch i ld ren  in 
industrialized and developing countries, improvements in 
hygiene  and access to safe wate r  and food may  not  
s igni f icant ly  r educe  the p reva l ence  of ro tav i rus .  
Immunization offers one of the most promising and direct 
routes to reducing the prevalence of rotavirus disease, but 
significant challenges to instituting national rotavirus 
i m m u n i z a t i o n  p r o g r a m s  exist.  This r ev iew of the 
ep idemiology  of rotavirus  in India examines several 
impor tan t  issues facing by pol icymakers  and others  
aiming to introduce rotavirus vaccines in India. In order 
to assess the potential  benefits of a national rotavirus 
immuniza t ion  program,  an upda ted  est imate of the 
disease burden of rotavirus in India is provided. The age 
distribution of children with severe rotavirus disease is 
examined to help establish an appropriate timetable for 
vaccination. Fur thermore ,  characteristics of neonatal  
rotavirus disease in India are also examined. Lastly, in 
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order to document the overall level of strain diversity in 
the environment, studies are reviewed to determine the 
most common circulating genotypes of rotavirus. 

METHODS 

Papers were included in this study based on a MEDLINE 
search of entries dating from 1973 using the keywords  
" ro tav i rus"  and "India".  Addi t ional  references were 
obtained from citations in these papers  and th rough  
discussions with experts in the field. Studies that focused 
on pat ients  hosp i ta l ized  for ro tav i rus  disease were  
selected and categorized as either pediatric or neonatal 
studies,  based on the age of the popu la t ion  s tudied.  
Among papers focused on pediatric inpatients, we limited 
our analysis to those lasting at least 12 months in duration 
and featuring at least 100 children. We excluded studies 
that did not use a recognized diagnostic technique as the 
basis for ro tavi rus  detect ion.  Because of the l imited 
number  of studies on neonata l  rotavirus,  we did not  
exclude any neonatal studies based on these criteria. 

Studies were then grouped by geographic region as 
well as by city, and the prevalence of rotavirus infection 
was analyzed in each group. Using pooled data from a 
subset of the pediatric inpatient studies that provided this 
information, we examined the cumulative frequency and 
median prevalence of rotavirus infection in children of 
different age groups. 
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To examine  the charac te r i s t i cs  of c i rcu la t ing  
rotaviruses in India, we analyzed studies that assessed the 
G- and P-genotypes (VP7 and VP4 genotypes) of strains 
i so la ted  f rom ped ia t r i c  or neona ta l  inpa t ien t ,  and 
determined the most commonly isolated strain or strains. 

Using data  f rom pub l i shed  s tudies  of ch i ldhood  
diarrhea and statistics compiled by the UNICEF and 
WHO, in conjunct ion with the results from our  own 
review of pediatric inpatient studies, we estimated the 
total burden of rotavirus-associated deaths in India. 

RESULTS 

Pediatric Inpatient Studies 
A total of 30 studies that met the criteria for inclusion 
were analyzed (Table 1). Geographically, these studies 
represented in variety of regions within India : 13 were 
from North Indian states, 6 from eastern states, 3 from 
western states and 8 from southern states. The studies 
were conducted between 1976 and 1997 and included a 
total pa t ient  populat ion of 12,164 children. Ten of the 
studies lasted 12 months; the longest spanned 84 months. 
All but  two of the studies employed an enzyme linked 
immunosorbent  assay (ELISA) as the pr imary  or sole 
method of detection of rotavirus in the stool, while others 
used polyacrylamide gel electrophoresis (PAGE), a latex 
agglutination test or reverse-transcription PCR (RT-PCR) 
as well. A majority of the studies screened hospitalized 
children less than 5 years of age, while a small number  
focused on children under 3. Rotavirus was detected in a 
med ian  18% (inter quar t i le  range [IQR], 15-23%) of 
patients hospitalized for severe diarrhea. 

Age of Children Hospitalized Due to Severe Rotavirus 
Infection 
Nine studies that contained detailed information on age 
were used to compile a cumulative frequency plot of the 
age distribution of children hospitalized with rotavirus 
(Fig. 1). Fifty percent of all children hospitalized with 
rotavirus by five years of age were hospitalized by the age 
of 6 months, 75% by the age of 9 months, and almost 100% 
by the age of 12 years. 

Elelven studies that p rov ided  age-specific rates of 
rotavirus infection were used to estimate the median 
prevalence of rotavirus in children of different ages (Fig. 
2). Rotavi rus  was most  p reva len t  (31%) in chi ldren 
between 7 and 12 months of age, followed by children 
be tween  the ages of 1 to 2 years (20%), and children 
<7months of age (13%). 

Neonatal Studies 
We reviewed 6 studies from three geographic regions that 
examined neonatal rotavirus infections (Table 2). These 
s tudies  were  conduc ted  be tween 1978 and 1993 and 
included a total of 878 neonates from 10 hospitals in 4 
cities. A majority of the studies investigated neonates less 
than 2 weeks of age. Most of these studies, as with the 

ped ia t r i c  s tudies ,  used  an ELISA as the p r i m a r y  
d iagnos t ic  m e t h o d  for the de t ec t ion  of ro tav i rus .  
Rotavirus was identified in the stools of a median 28% of 
neonates. 

Rotavirus Genotypes 
A total of 7 pediatric and 3 neonatal papers  contained 
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Fig. 1. Cumulative Frequency Distribution of Hospitalizatios for 
Rotavirus Diarrhea by Age. 
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Fig. 2. Rotavirus prevalence among inpafients by age group. Medi- 
an rate of rotavirus infection in various age groups. Bars 
represent minimum and maximum of studies surveyed. 

detailed data about the genotypes of rotavirus strains 
isolated from patients in the study (Table 3). The most 
commonly  repor ted  VP7 genotypes  were G1 and G2 
while the most common VP4 genotype was P[4]. There 
was great orerall diversity in the rotavirus strains as well 
as a s ignif icant  p r o p o r t i o n  of ch i ld ren  with mixed 
rotavirus infections. Genotype G9, P[11] was the most 
common strain detected in each of the 3 neonatal studies 
surveyed. 

Estimates of Rotavirus-associated Mortality in India 
To estimate the annual mortality from rotavirus in Indian 
children, we used data from the UNICEF State of the 
World's Children 2000 report (h t tp : / /www.unicef .org /  
sowc00) and WHO. Based on India's 1998 birth cohort of 
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24,671,000 infants and the 1998 under-5 mortality rate of 
105 per 1000, a total of 2,590,000 deaths in children under 
5 is estimated to have occurred in 1998. According to 
World Health Organization estimation approximately 
21% of under-5 deaths in India are attributable to severe 
diarrhea,  leading to an estimate of 544,000 diarrhea-  
associated deaths in chi ldren unde r  5. Based on our  
finding that rotavirus was detected in a median of 18% of 
children hospitalized with diarrhea and assuming that 
this proportion is similar to the percentage of diarrhea- 
associated deaths attributable to rotavirus, we estimate 
that in 1998, rotavirus caused approximately 98,000 deaths 
in India. 

DISCUSSION 

The f indings of this review clearly demons t r a t e  the 
t remendous  morbidi ty  and mortality, associated with 
severe rotavirus disease in Indian children. Rotavirus was 
de tec t ed  in a med ian  of 18% of Ind ian  ch i ld ren  
hospitalized with severe diarrhea. Based on our estimate 
of close to 100,000 annual deaths caused by rotavirus, 1 in 
every 250 chidlren born in India will die from rotavirus by 
the age of 5 years, and India accounts for approximately 
17% of the world's estimated rotavirus-associated deaths. 

While this assessed disease burden of rotavirus is great, 
for several reasons it is likely underest imated the true 
magnitude of the problem. First, it does not include the 
burden of moderate to severe rotavirus diarrhea that often 
requires hydration therapy either in the hospital or on 
outpatient basis. Second, it does not include the adverse 
consequences of malnutrition and underweight that often 
result from rotavirus diarrhea in a young child. Finally, 
the indirect and intangible burdens of the loss of caretaker 
productivi ty and the physical and emotional suffering 
caused by  a severe il lness in a y o u n g  child are not  
assessed. The true magnitude of the burden of rotavirus is 
p r o b a b l y  subs tan t ia l ly  g rea te r  than  wha t  we have  
assessed, underscoring the need for interventions against 
this pathogen. 

Oral rehydrat ion therapy (ORT) is one of the most 
effective interventions against dehydrating diarrhea and 
is believed to have been a major cause of the decline in the 
global burden of this disease over the past two decades2 
In India, according to the recent National Family Health 
Survey, only about 30% of children have adequate access 
to ORT and coverage  rates have  not  i m p r o v e d  
significantly in recent years. Given that a majority of 
Indian children live in rural areas where increasing access 
to ORT is particularly difficult because of economic and 
social constraints, interventions that can adequately reach 
this population are particularly needed. Immunization is 
one such intervention that has been shown to reach a 
large segment of the rural popula t ion in India, and a 
rotavirus vaccine that reaches the poorest Indian children 
could offer an effective measure to reduce the burden of 
rotavirus diarrhea. 

Our findings highlight several distinctive features of 
the e p i d e m i o l o g y  of ro t av i rus  in India.  The age 
dis t r ibut ion of chi ldren hospi ta l ized  with ro tav i rus  
indicates that severe rotavirus disease occurs at an early 
age in Indian children and neonatal rotavirus infections, 
although often asymptomatic, are common. While infants 
less than one year  of age account  for only 50% of all 
ro t av i rus  hosp i t a l i za t ions  in the Uni ted  S t a t e s )  
approximately 80% of all rotavirus hospitalizations occur 
in infants. The divers i ty  of rotavirus  strains in India 
appears  to be m ark ed ly  grea ter  than  that  obse rved  
elsewhere. Compared to the U.S., for example, where the 
four main genotypes G1-4 account for the large majority 
of circulating strains a significant proportion of rotavirus 
infections in India were caused by serotype G9, mixed 
serotypes ,  or non- typeab le  serotypes .  Fur the rmore ,  
s ignif icant  d ivers i ty  of strains even  wi th in  a single 
community was observed and some studies documented 
the presence of unusual rotavirus strains that appear to be 
natural reassortants of human and bovine rotaviruses. 
While the reasons for this unusual diversity of strains are 
unknown, it may be related to the year round circulation 
of high titers of rotavirus and the consequent evoluation 
of strains through natural reassortment. ~ 

The distinctive epidemiology of rotavirus in India 
raises important considerations for planning strategies for 
ro tav i rus  immuniza t ion  in India.  The y o u n g  age of 
children with severe rotavirus disease suggests the need 
for an accelerated immuniza t ion  schedule ,  pe rhaps  
featuring vaccination of infants in the earliest months of 
life. A strategy based on an accelerated immunizat ion 
raises add i t i ona l  ques t ions ,  h o w e v e r ,  abou t  the 
immunogenicity and efficacy of vaccines in very young 
infants. Especially given that neonatal infections appear to 
be common in Inda, care must  be taken while testing 
vaccines to take into account the effect of the presence of 
p re -ex i s t ing  i m m u n i t y  f rom a neona ta l  r o t av i ru s  
infection. The presence of maternal rotavirus antibody in 
early infancy might also diminish the immune response to 
vaccination. Clearly, this area demands a greater focus, 
especially in light of the fact that immunizat ion in the 
neonatal period or early infancy may offer an effective 
and appropriate intervention in this setting. The great 
diversity of rotavirus strains indicates that to be effective 
in India, vaccines would have to be formulated to provide 
protection against a broad range of strains. Towards this 
end, some have proposed the use of neonatal rotavirus 
strains as the basis for a rotavirus vaccine in India. 

In 1998, the first ro tav i rus  vaccine,  a t e t rava len t  
preparation containing rotavirus serotypes G1-G4, was 
licensed for immunization of infants in the United States. 
Subsequent ly ,  in 1999, this vaccine was w i t h d r a w n  
fol lowing reports  of in tussuscept ion among  vaccine 
recipients. Several other rotavirus vaccines, including 
those based on neonatal rotavirus strains, are currently 
under development and may be available for use within 
the next few years. 3~,7 Some of these candidate vaccines 
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are be ing  i nd igenous ly  d e v e l o p e d  in India.  Clear ly ,  the 
s a f e t y  a n d  e f f i cacy  of  t he se  v a c c i n e s  wi l l  h a v e  to be  
c a r e f u l l y  e v a l u a t e d  b e f o r e  t h e y  a re  i m p l e m e n t e d .  In 
countries like India, where  the disease bu rden  of rotavirus  
is great, the potent ial  risks from any rotavirus  vaccine will  
have  to be  w e i g h e d  aga ins t  the  po ten t i a l  benef i t s  f rom 
p r e v e n t i o n  of seve re  r o t a v i r u s  d i sease .  In a d d i t i o n ,  a 
ro tav i rus  vaccine for Ind ia  wi l l  have  to be  a f fordab le  to 
t h e  h e a l t h  s y s t e m  a n d  a d d r e s s  t h e  d i s t i n c t i v e  
e p i d e m i o l o g i c a l  f e a t u r e s  of  r o t a v i r u s .  A p p r o p r i a t e  
imp lemen ta t i on  of a safe and  effective ro tav i rus  vaccine 
could  lead to a major reduct ion in the t r emendous  disease 
b r u d e n  of ro tavi rus  in Ind ian  children.  
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