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Background: The majority of neonatal rotavirus infections are
believed to be asymptomatic, and protection from subsequent infec-
tion and disease has been reported in neonatally infected children. In
this study, we present the results of a 4-year prospective surveillance
in the neonatal nurseries of a tertiary care hospital in south India.
Methods: Stool samples from neonates admitted for �48 hours
either with gastrointestinal (GI) symptoms or with nonenteric pa-
thology were screened for rotavirus. Careful assessment of clinical
data was carried out. G- and P-typing for all symptomatic rotavirus
positive cases and equal number of asymptomatic controls from the
same month was determined by reverse transcription polymerase
chain reaction.
Results: Rotavirus was detected in 43.9% of 1411 neonates, includ-
ing those with and without gastrointestinal disease. Rotavirus de-
tection was significantly higher among neonates with GI disease
(55.5%) than asymptomatic neonates (44.4%) (P � 0.001). Rotavi-
rus was seen in association with diarrhea, vomiting, feed intolerance,
necrotizing enterocolitis, hematochezia, gastroesophageal reflux,
and abdominal distension. Diarrhea was significantly more frequent
in neonates with rotavirus infection (P � 0.001) whereas uninfected
neonates developed significantly more feeding intolerance (P �
0.001). Significantly greater proportion of term neonates with GI
disease were positive for rotavirus than preterm neonates (P �
0.001). G10P�11� was the most common genotype associated with
both symptomatic and asymptomatic infections.
Conclusions: This study documents the high rates of rotavirus
infection in the neonatal nurseries and the continuing detection of
the G10P�11� strain associated with GI disease in Vellore.
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Rotavirus causes a range of clinical manifestations in
children less than 5 years of age, ranging from asymp-

tomatic infections and mild, watery diarrhea to severe

gastroenteritis with sometimes fatal dehydration.1–3 Clini-
cally, older children with rotavirus gastroenteritis requiring
hospitalization present with watery diarrhea, dehydration, vom-
iting, and fever.4,5 Although shedding of rotavirus in neonates
has been reported in several studies,6,7 the clinical presentation
of neonatal rotavirus infection seems to be very different from
that seen in older children. High rates of asymptomatic infec-
tions in neonatal nurseries have been described worldwide.8–10

Despite being predominantly asymptomatic, neonatal ro-
tavirus infections have received considerable attention because,
in some studies, natural infection in the neonatal period has been
shown to confer protection against subsequent severe disease.11

Hence, rotavirus vaccines based on the asymptomatic neona-
tal strains are being currently evaluated.12–14 Several factors
have been proposed to be responsible for the asymptomatic
infection seen in neonates including host features such as
physiologic immaturity of the neonatal gut, role of maternal
antibodies, and virulence characteristics of the unique neo-
natal strains.15

A distinctive feature of neonatal rotavirus infection is
the association of unusual strains that seem to be endemic to
maternity wards in some settings.6,16 Single rotavirus strains
have been shown to persist for long periods, contrasting with
the strain diversity seen among older children. The majority
of the neonatal strains described have a VP4 genotype of P�6�
seen with VP7 genotypes G1, G2, G3, G8, and G9.17,18 In India,
neonatal rotavirus infections with G9P�11� and G10P�11� geno-
types have been described.19–21

There are few reports of rotavirus associated with
diarrhea, vomiting, and weight loss in neonates.22,23 It has
been reported that symptomatic neonatal rotavirus infec-
tion may not present as watery diarrhea or dehydration, but
instead manifest as bloody mucoid stools, frequent stools, and
abdominal distension.24 In addition, association with necrotiz-
ing enterocolitis (NEC), intestinal perforation, pneumatosis in-
testinalis, and food intolerance have been documented.21,25,26

There have also been reports of NEC outbreaks associated with
rotavirus.27,28

Rotavirus infection with G10P�11� genotype associated
with gastrointestinal disease in almost two-thirds of infected
neonates was previously reported in Vellore, India.21 Follow-
ing this, we conducted a prospective study to understand the
epidemiology and clinical spectrum of rotavirus infection in
neonatal nurseries in India. The main objective of this study
was to use molecular genotyping tools to study the epidemi-
ology and clinical manifestations of neonatal rotavirus infec-
tion in the nurseries of a tertiary care hospital in Vellore,
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India, and compare clinical signs between rotavirus positive
term and preterm neonates.

MATERIALS AND METHODS

Study Hospital
The study was carried out exclusively in the neonatal

nurseries of the Christian Medical College, a 2100-bed ter-
tiary care hospital in Vellore, India, for a 4-year period from
January 2003 to December 2006. There are approximately
250 admissions each month in the 60-bedded neonatal nurs-
eries, of whom about 50% stay for longer than 48 hours.
Study Design. All neonates admitted in the neonatal nurseries
for over 48 hours with symptoms related to the gastrointes-
tinal (GI) tract were enrolled in the study. For every child
enrolled with GI symptoms, at least one control neonate
admitted for more than 48 hours with nonenteric pathology
was identified and enrolled in the study. The 48-hour time
period was taken as the cut off for screening as asymptomatic
colonization in neonatal nurseries is known to occur with
prolonged admission. Neonates with rotavirus positive stool
samples were clinically further evaluated and molecular tools
were used for the characterization of G and P types.
Case Definitions. Symptoms related to the GI tract were
defined as one or more of the following: diarrhea, vomiting,
gastroeosophageal reflux, GI bleed, NEC, pneumatosis intes-
tinalis, abdominal distension, and/or feed intolerance at any-
time during stay in the nursery. A neonate was defined to be
symptomatic if one or more of these symptoms were seen
before sample collection. A neonate was defined as asymp-
tomatic if no GI symptoms were seen from time of admission
until discharge from the nursery.
Clinical Data Collection. Careful scoring of clinical data was
carried out for all neonates enrolled in the study. Information
on gestational age, mode of delivery, reason for nursery
admission, clinical findings, and progress were collected.
Severity of disease in neonates presenting with symptoms of
acute gastroenteritis was assessed using the Vesikari scoring
system.29 Information was collected on duration of diarrhea,
maximum number of stools passed per day, duration and peak
frequency of vomiting, degree of fever, presence and severity
of dehydration, and treatment. The disease was considered
mild for scores 0–5, moderate for a score of 6–10, severe for
a score of 11–15, and very severe for scores of 16–20.

Additionally, radiologic findings in all symptomatic
rotavirus positive neonates in whom an abdominal radiograph
was requested by the neonatologist during the course of
admission were evaluated by a single pediatric radiologist
blinded to the clinical findings.
Laboratory Procedures. A stool sample was collected from
every neonate enrolled in the study and sent to the laboratory
on the same day for testing. All samples were screened for
rotavirus using an enzyme immunoassay (EIA) for detection
of VP6 antigen (Rota IDEIA, Dako Ltd., UK) according to
the manufacturer’s instructions. Rotavirus positive stool sam-
ples from all symptomatic neonates and an equal number of
positive samples from asymptomatic neonates during the
same month, if available, were taken for further characteriza-
tion. Viral RNA was extracted from 10% fecal suspensions

using the guanidine isothiocyanate-silica method described
by Boom et al,30 followed by complementary DNA (cDNA)
synthesis using random primers (hexamers; Pd(N)6, Pharma-
cia Biotech, Amersham, UK) and 400 units of Maloney
murine leukemia virus reverse transcription (M-MLV RT)
(Invitrogen, Life Technologies, UK). The cDNA was used as
template for VP7 and VP4 (G and P) typing PCRs, using
published oligonucleotide primers and methods as previously
described.31–35

Statistical Analysis. The data was analyzed using Epi Info
2002. �2, Fisher exact test tests, and Mann-Whitney U test
were performed to determine the significance of differences
observed between groups.

RESULTS
Rotavirus Infection in Neonatal Nurseries. A total of 1541
stool samples were collected from 1411 neonates enrolled in
the study from January 2003 to December 2006. Of these,
432 samples were collected from 375 neonates with signs of
gastrointestinal disease while 990 samples were collected
from 924 asymptomatic neonates. One hundred and twelve
neonates (119 samples) were removed from the final analysis
because of lack of complete clinical information.

Rotavirus was detected in the stool samples of 619
neonates (43.9%). Detection of rotavirus was significantly
higher among symptomatic neonates (208, 55.5%) than the
asymptomatic group (411, 44.4%) (P � 0.001). There were
no significant differences in sex, gestational age, and mode of
delivery between asymptomatic and symptomatic neonates.
The mean duration of hospitalization at the time of sample
collection was significantly higher for symptomatic neonates
than asymptomatic neonates (6.4 and 4.8 days, respectively,
P � 0.001), but the 24- to 48-hour time period between
development of symptoms and collection of samples contrib-
uted to this difference. Interestingly, rotavirus positive symp-
tomatic neonates had been admitted for shorter durations at
the time of sample collection (5.7 days) than rotavirus neg-
ative symptomatic neonates (7.3 days).

All children in the nurseries are less than 28 days old
and the majority of neonates (85.8%) in this study were born
in the same hospital, with more than 60% referred to the
neonatal nurseries directly from the delivery room. An addi-
tional 11% of cases had been transferred to the nurseries
within 48 hours of birth. There were no distinct temporal
patterns of rotavirus positivity although peaks of rotavirus
positivity were seen in January and December 2003 and
�50% of samples tested positive for rotavirus during these
months in 2004 and 2005.
Clinical Features. The clinical signs in rotavirus positive and
negative neonates with GI symptoms are summarized in
Table 1. The commonest GI symptoms seen in neonates were
feed intolerance (39.5%) and diarrhea (22.4%). Diarrhea was
significantly higher among rotavirus positive neonates (P �
0.001), while feed intolerance and abdominal distension were
significantly higher among rotavirus negative neonates (P �
0.004 and 0.006, respectively). The overall median Vesikari
score for disease severity among neonates with acute gastro-
enteritis indicated moderate disease that was not significantly
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different between rotavirus positive (median severity score 6)
and rotavirus negative neonates (median severity score 7, P �
0.95). Assessment of the components of the Vesikari score
showed that the mean duration of diarrhea was significantly
longer in rotavirus infected neonates than rotavirus negative
symptomatic neonates (2.04 and 1.29 days, respectively, P �
0.04). There were no significant differences in the number of
episodes of diarrhea in 24 hours, duration of vomiting and
fever between both groups. However, rotavirus negative ne-
onates had significantly more episodes of vomiting in 24
hours than rotavirus positive neonates (0.9 and 2.25 epi-
sodes/24 hours, P � 0.04). Although dehydration, diarrhea
and/or vomiting were seen in 124 neonates, these symptoms
served as primary reasons for nursery admission only in 7
neonates. All neonates in the study had received IV fluids for
treatment.

Clinical presentation of necrotizing enterocolitis was
seen in 62 neonates including 34 cases in the rotavirus
positive group and 26 in the rotavirus negative group. Other
gastrointestinal symptoms include hematochezia, vomiting,
dehydration, and gastroesophageal reflux. However, there
were no significant differences between the numbers of rota-
virus infected and uninfected neonates presenting with these
symptoms. Thirty-eight neonates each from the rotavirus
positive and negative groups had more than 1 GI symptom.

Data on status at discharge was available for 1291
neonates. There were 6 deaths in this population, none of
which were caused by diarrhea. It must be noted that the
number of deaths in this population may not be a reflection of
the actual number of neonatal deaths as there were discharges
against medical advice particularly among patients from the
lower socioeconomic status.
Rotavirus Infection and Gastrointestinal Disease in Preterm
Infants. Comparison of gastrointestinal disease in rotavirus
positive preterm and term infants showed significantly more
cases of rotavirus infection among term neonates (P �
0.001). However, there were no significant differences in
clinical presentation seen between both groups.

Radiologic findings between preterm and term neonates
with GI disease were also compared. Abdominal radiographs

were available for 137 infants including 84 preterms and 53
term neonates. There were no significant differences in ra-
diologic findings between preterm and term neonates. The
majority of neonates (84%) for whom abdominal radiographs
were not taken presented with diarrhea and/or vomiting. All
cases clinically diagnosed as NEC stage II and III correlated
with radiologic findings while correlation was seen in only
27% cases of NEC stage I. Most of these cases (82%) showed
signs of abdominal distension on radiologic examination.
Genotyping. Stool samples from all symptomatic neonates
and an equal number of asymptomatic rotavirus positive
samples from the same month were genotyped. This included
samples from 208 symptomatic neonates and 192 asymptom-
atic neonates. The difference in the number of samples
between the 2 groups was because there were more symp-
tomatic positives than asymptomatic positives during certain
months in the study period. There were no significant differ-
ences in genotypes and their distribution between the 2 sets of
samples (P � 0.9) (Table 2). The only G and P types causing
infections in neonates were G10 and P�11� respectively. The
only exception in the entire study was a sample from an
asymptomatic neonate that was typed as P�4�, with G type not
determined.

DISCUSSION
High rates of rotavirus infection were documented in

the neonatal nurseries of a tertiary care hospital in south India
with significantly higher rates of detection among neonates
presenting with gastrointestinal symptoms than asymptomatic
neonates. Rotavirus infections associated with gastrointesti-
nal disease was previously seen in 63% of infected neonates
from the same setting.21 Although the rate of symptomatic
infection described in this study is lower than in the previous
study, it should be noted that samples collected previously
were part of a possible outbreak of rotavirus infection in the
nurseries which can explain the higher number of symptom-
atic cases. The fact that rotavirus detection was significantly
higher among symptomatic neonates during a 4-year study
period is evidence for the association of rotavirus with gas-
trointestinal symptoms, even in nonoutbreak situations.

TABLE 2. Distribution of Genotypes in Symptomatic
and Asymptomatic Rotavirus Positive Cases

Genotype Symptomatic RV Pos (%)
(n � 208)#

Asymptomatic RV Pos (%)
(n � 192)#

G10P�11� 169 (81.3) 155 (80.7)
G10P�ut� 19 (9.1) 19 (9.9)
GutP�11� 4 (1.9) 3 (1.6)
GutP�4� 0 (0.0) 1 (0.5)
Untypable 16 (7.7) 14 (7.3)

All values inside parentheses indicate percentages.
*UT, untypable for VP7 or VP4.
†Samples from all symptomatic neonates were genotyped during each month of the

study period. An equal number of asymptomatic rotavirus positive samples, closest in
date to the symptomatic samples were then chosen for comparison. During some months
of the study period, there were fewer asymptomatic positive samples than symptomatic
samples. Hence, whereas 208 symptomatic samples were characterized, only 192 asymp-
tomatic controls were included for genotyping.

TABLE 1. Clinical Manifestations of Gastrointestinal
Disease in Rotavirus Positive and Negative Neonates

Symptoms of GI Disease in Rotavirus (RV) Positive and Negative
Neonates

Clinical Signs RV Positive (%)
(n � 208)

RV Negative (%)
(n � 167) P

Diarrhea 64 (30.8) 20 (12.0) �0.001*
Feed intolerance 68 (32.7) 80 (47.9) 0.004*
Vomiting 25 (12.0) 11 (6.6) 0.1
Abdominal distension 27 (13.0) 41 (24.6) 0.006*
Hematochezia 14 (6.7) 15 (9.0) 0.5
Gastroesophageal reflux 5 (2.4) 5 (3.0) 0.8
Dehydration 4 (1.9) 5 (3.0) 0.5
Necrotizing enterocolitis 34 (16.3) 28 (16.8) 1

Stage I 26 15
Stage II 3 7
Stage III 5 6

All values inside parentheses indicate percentages.
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The data on clinical manifestations showed that diar-
rhea was common in neonates infected with rotavirus. The
duration of diarrhea was significantly longer in rotavirus
infected neonates and is similar to findings in other studies
where frequent stooling was significantly higher among ro-
tavirus infected neonates.24 Rotavirus infection was also seen
in infants with other GI symptoms and highlights the impor-
tance of other gastrointestinal symptoms signs in neonatal
rotavirus infections. It is interesting to note that vomiting was
significantly lower in rotavirus infected neonates and high-
lights another difference between clinical presentations in
neonates in comparison with older children, in whom vom-
iting is a classic presentation of rotavirus infection. Data on
disease severity among children hospitalized with rotavirus in
Vellore indicate more severe disease in older children than in
neonates.31 However, the findings of moderate diarrheal dis-
ease in neonates in this setting are significant when consid-
ered in the context of existing beliefs that most neonatal
rotavirus infections are asymptomatic.

The mean duration of hospitalization with respect to
time of sample collection was significantly longer for symp-
tomatic neonates than for asymptomatic neonates. This would
probably indicate that longer duration of nursery stay may
have provided a greater opportunity for development of GI
symptoms. However, it must be noted that stool samples for
testing of rotavirus are usually collected from symptomatic
neonates about 24 hours after onset of symptoms. Hence, the
duration of hospitalization for symptomatic neonates at the
time of development of symptoms is likely to be similar to
that of asymptomatic neonates. More importantly, the fact
that rotavirus positive symptomatic neonates had been admit-
ted for shorter durations than rotavirus negative symptomatic
neonates indicates that longer duration of hospitalization may
not play a role in acquiring rotavirus infection in symptomatic
neonates.

An interesting finding of this study was that rotavirus
infection among term neonates with GI disease was signifi-
cantly higher than among preterm neonates. It is believed that
the physiologic immaturity of the neonatal gut plays a role in
the attenuated infection seen in neonates.15 It remains to be
determined whether the gut of term neonates being better
developed than preterm neonates, could result in the virus
replicating more efficiently and thereby causing GI symptoms
or whether lower rates of detection in preterm neonates is a
result of more stringent infection control practices adopted
for their care.

The study also highlights the remarkable contrast in the
strain diversity seen among neonates in comparison to older
children admitted to the same hospital with rotavirus gastro-
enteritis.31 G1, G9, and G2 were the most common G types
seen in combination with P�8�, P�4�, or P�6� among hospital-
ized children while G10P�11� has remained the only domi-
nant genotype causing neonatal infections in this setting. The
strain was first detected in neonatal nurseries in Vellore in
samples collected in 1999–200021 and continues to remain
the predominant genotype causing neonatal infections. These
findings support other reports of single rotavirus strains
circulating in neonatal nurseries for long periods of time.

In a study from Bangalore, where G10P�11� rotavirus
has been reported in neonatal nurseries since the early 1990s,
a significant reduction in rotavirus diarrhea among hospital-
ized children was reported after high rates of asymptomatic
neonatal rotavirus infection with G10P�11� (I321 strain) in
Bangalore in 1999–2000.36 However, our studies in a com-
munity-based birth cohort in an urban slum showed that
neonates infected with G10P�11� were not protected from
subsequent infection or disease.37 It remains to be seen
whether G10P�11� infection in the neonatal nursery at Vel-
lore, as opposed to in the community setting, will result in
protection from subsequent rotaviral diarrhea.

It is interesting to consider the characteristics of a strain
that can remain deeply entrenched in a specific environment,
such as the neonatal nursery. Inferring from the epidemiology
of this strain, it would seem that G10P�11� rotavirus is very
highly transmissible, but possibly less virulent than rotavi-
ruses of other genotypes, causing wide-spread infection but
limited disease in a susceptible population. Further studies on
the pathogenesis and immune response will provide key
insights into factors responsible for differentially causing
symptomatic and asymptomatic infections in neonates.
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