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Rotavirus and acute diarrhoeal disease in children
in a southern Indian coastal town*
C. K. J. PANIKER,1 S. MATHEW,2 & M. MATHAN3

Rotavirus wasfound by electron microscopy in the stools of 70.7% ofa representative
sample (368) ofthe 3355 children with acute diarrhoea admitted to hospital over aperiod of
16 months in Calicut on the west coast ofIndia. Theprevalence ofthe virus was high (nearly
100% of cases examined) in the periodfrom November to January and lowest in May just
before the onset ofthe monsoon. Prevalence was high (75.11%) in infants agedfrom 6 to 23
months, but was considerably lower in those under 6 months ofage (34.8%o). The manage-
ment ofcases and theplanning ofcontrol measuresfor this disease are discussed in the light
of knowledge of the high prevalence of rotavirus.

Acute diarrhoeal diseases continue to be an impor-
tant cause of morbidity and mortality in children,
particularly in developing countries. Etiological
diagnosis may not be essential in the treatment of
individual patients, but a knowledge of the relative
importance and seasonal prevalence of the different
pathogens in different regions is essential for the
proper management of outbreaks and the planning
and implementation of control measures.

In recent years, rotavirus has been recognized as
one of the most important causes of childhood
diarrhoea (1-3). The epidemiology of rotavirus
diarrhoea has been studied extensively in developed
countries in the temperate zones, but there are only a
few studies from developing countries in tropical
areas (4 - 9). 1

Acute diarrhoeal disease in children assumes epi-
demic proportions during the "winter" season, from
November to February, in north Kerala on the west
coast of India, in the area that extends from about
150 km north to 150 km south of Calicut, which is the
largest city in this region. Although it is estimated that
tens of thousands of children are affected each year,
attempts to identify a bacterial cause for these epi-
demics have been unsuccessful. In February 1976, ten
bacteriologically negative faecal samples tested
during an epidemic in Calicut were found to contain
rotavirus in large numbers (10). A prospective study
was therefore started to assess the role and seasonal
distribution of rotavirus in childhood diarrhoea in
this region, and the results are reported in this
paper.
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MATERIALS AND METHODS

Subjects
Children with acute diarrhoea who were admitted

to the paediatric diarrhoea ward of the Institute of
Maternal and Child Health, Medical College, Cali-
cut, between October 1976 and February 1978,
formed the subjects for the study. Samples were
collected only from children under 60 months of age.
Patients with frank bloody diarrhoea or chronic diar-
rhoea were excluded. No samples were available
during August 1977, as the ward was closed.
To serve as controls, stool samples were collected

from children without diarrhoea who had been
admitted to the paediatric surgery ward for elective
operations. Stools from the mothers of a few children
admitted with diarrhoea were also examined.

Methods
Stool samples were obtained before any antimicro-

bial therapy was started. Samples were collected by
passing a short, sterile, lubricated, soft rubber
catheter through the anus to obtain the liquid stool in
a sterile glass bottle. Microscopic examination was
made for intestinal parasites and cultures were
examined for established bacterial pathogens.
Enterotoxigenic Escherichia coli and Campylobacter
fetus were not looked for. After bacteriological exam-
ination, the rest of the sample was frozen at - 20 IC
until it could be processed for electron microscopy.
An approximately 10o suspension of 0.3 - 0.5 g of

thawed faeces in phosphate-buffered saline was
vigorously homogenized on a vortex mixer for
2 - 3 min. The suspension (usual volume 3 - 5 ml)
was centrigfuged in a refrigerated machine at
10 000 g for 30 min. The supernatant was carefully
decanted into another tube and centrifuged again at
90 000 g for 90 min. The fluid was then poured out
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and the pellet was resuspended in 1 or 2 drops of dis-
tilled water, placed on a Parlodion-coated grid and
negatively stained with 3% ammonium molybdate.
The grids were examined with a Phillips EM 200
electron microscope.

RESULTS

During the 16 months of the study, a total of 3355
children were admitted to the hospital with acute diar-
rhoea. The monthly numbers admitted ranged from
51 in September 1977 to a maximum of 520 in January
1978, with an average of 210 per month. Stool
samples were examined from 368 children (11% of the
total admissions).

Prevalence of rotavirus
Rotavirus was found in 260 (70.7%) of the samples

tested and was present during each of the 16 months,
the frequency of occurrence ranging from 26.7% in
May 1977 to a maximum of 100% during November
1976 (Fig. 1).

In 343 cases, reliable information was available
regarding the duration of diarrhoea at the time of
collection of faeces. The frequency of virus detection
was similar on all days until the 5th day of diarrhoea.
In two cases, rotavirus was present on the 16th and
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Table 1. Prevalence of rotavirus in children of different
age groups'

Age No. Positive for rotavirus
(months) tested

No. %

0-5 23 8 34.8
6-11 129 97 75.2
12-17 94 72 76.6

18-23 62 45 72.6

> 24 57 37 64.9

Total 365 259 70.9

a Children whose age was not clearly recorded are
excluded.

18th day of illness. Rotavirus was found most com-
monly in the 6 - 23 month age group (75.1 %). It was
much less frequent in infants under 6 months of age
(34.8%) (Table 1). The youngest patient in whom
rotavirus was found was aged 2 months and the oldest
54 months. Rotavirus was detected with equal
frequency in both male and female children.

Other viruses

Adenovirus, astrovirus, calicivirus, coronavirus,
and small round viruses (23 - 27 nm) were detected in
72 stool samples (19.6%V), 46 of which were rotavirus-
positive and 26 rotavirus-negative (Table 2). No
seasonal lpattern was evident for these viruses, except
that in May 1977 adenoviruses were identified in 9 of
30 stool samples examined, all of which were negative
for rotavirus.

Bacterial pathogens
Pathogenic bacteria could be isolated from only 46

samples (12.5%) (Table 3). Enteropathogenic E. coli
were the most frequent (7.3% of the samples
examined), followed by Shigella spp. (2.9%) and
Aeromonas hydrophila (1.6%); Salmonella typhi-
murium and Vibrio parahaemolyticus were each iso-
lated from one case. Bacterial pathogens were iso-
lated from 25 rotavirus-positive cases and from 21
rotavirus-negative cases.

1978 Parasites

Fig. 1. Relative humidity, monthly rainfall, and maxi-
mum and minimum temperatures from October 1976 to
February 1978 at Calicut, together with the monthly
proportions of stool samples positive for rotavirus by
electron microscopic examination. The ward was closed
in August 1977.

The overall rate of parasitic infection was 36.4%
(Table 4). There was little difference between the
prevalence of parasitic infection between rotavirus-
positive and negative groups. Parasitic infection was
rare below the age of 12 months, only 3 infants having
been found to harbour roundworms.

1976 1977
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Table 2. Number of rotavirus-positive and negative
samples with viruses other than rotavirus

Virus Rotavirus Rotavirus
positive negative

Coronavirus 24 11

Adenovirus 7 10

Calicivirus 11 1

Small round viruses 3 3

Astrovirus 1 1

Total 46 26

Table 3. Number of rotavirus-positive and negative
samples with bacterial pathogens

Bacteria Rotavirus Rotavirus
positive negative

Enteropathogenic E. co/i 15 12

Shigella flexneri 1 7

Shigella dysenteriae 1 0

Shigella sonnei 1 1

Salmonella typhimurium 1 0

Aeromonas hydrophila 6 0

Vibrio parahaemolyticus 0 1

Total 25 21

Table 4. Number of rotavirus-positive and negative
samples with intestinal parasites

Parasite Rotavirus Rotavirus
positive negative

Roundworm 70 17

Whipworm 15 8
Hookworm 5 4

Giardia lamblia 11 4

Total 101 33

Clinical data
The degree of dehydration was assessed only clini-

cally. A rough estimate could be obtained from the
need for intravenous rehydration. Of the 368
patients, 233 (60.6%) required intravenous fluids,
while 145 (39.4%) were given only oral fluids. Intra-
venous fluids were administered in 160 rotavirus-
positive cases (61.5%) and 63 rotavirus-negative

patients (58.3%). The mean duration of diarrhoea in
children with rotavirus (6.7 days) was not signifi-
cantly different from that in children without rota-
virus (6.1 days). Vomiting was present in 313 cases
(85.1 %). It was more frequent (238 cases) in the rota-
virus-positive group (91.5%) than in the rotavirus-
negative group (75 cases, 69.4%). Fever was present
in 193 cases (52.4%): 122 of the rotavirus-positive and
71 (65.7%) of the rotavirus-negative patients. Yellow
watery stools were passed by the majority (81.4%) of
the rotavirus-positive and the rotavirus-negative
patients (81.4% and 85.9%, respectively) and no
significant differences in colour or consistency were
found.
There were only 6 deaths in this series, a case

fatality rate of 1.6%. Three rotavirus-positive cases
died; only one of these died of dehydration, while
another had signs of encephalitis and the third died of
nosocomial Pseudomonas septicaemia. Of the three
rotavirus-negative fatalities, one died of dehydration,
while one had associated encephalitis and one
myocarditis.

Stoolsfrom children without diarrhoea
Rotavirus was not found in any of the stool samples

collected during the diarrhoea epidemic season from
31 children without diarrhoea. Two samples yielded
enteropathogenic E. coli on culture.

Stoolsfrom mothers
Stool samples from mothers of 7 children admitted

with diarrhoea were examined; 5 of the children were
rotavirus-positive and 2 negative. Rotavirus was pres-
ent in the sample from only one mother. She had mild
diarrhoea one day before her child developed diar-
rhoea. The child was admitted to hospital on the
fourth day of illness and was rotavirus-positive.

DISCUSSION

The present prospective study clearly shows that
rotavirus is the commonest etiological agent found in
preschool children hospitalized with diarrhoea in this
region of the tropics with a high rainfall. The overall
detection of rotaviruses in 70.7% appears to be the
highest so far recorded in any prospective study with
figures ranging from 16% in Australian aboriginals
(11) to 55% in Glasgow (12). This high prevalence of
rotavirus in children with diarrhoea at Calicut has
now been documented in four successive years from
November 1976 (10), the 1977 - 78 period covered in
this report, and January 1979 (unpublished data).

Seasonal variations in the prevalence of rotavirus
diarrhoea are well recognized. In London and Wash-
ington (13, 14) the virus was detected only during
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winter and was absent or uncommon during the
warmer months of the year. In Birmingham
(England), Torontd, Melbourne, and Guatemala the
virus could be detected throughout the year but with a
higher prevalence in winter months (1, 7, 15, 16). In
another region of southern India, Vellore, 480 km to
the east of Calicut and 130 km from the east coast of
India, rotavirus was not detected during the dry
summer extending from February to June in
1974- 75 but was detected in the period from July to
January, the cooler part of the year (17).
The reasons for the seasonal variations in rotavirus

diarrhoea are not understood. Is it related only to the
temperature variations or do other factors such as
rainfall and relative humidity also play a role? Studies
in hospitalized children in Central America, with
climatic conditions similar to those of Calicut demon-
strated a pattern similar to that reported in this paper
(7). Further prospective and carefully controlled
studies of the epidemiology of rotavirus diarrhoea in
communities in different geographical areas will be
essential to an understanding of this problem.
The findings reported here, along with those of

other studies in India (10, 17, 18) and other tropical
developing countries (4 - 9) establish that rotavirus is
a major cause of diarrhoeal disease in preschool
children. These reports show differences in the occur-
rence of rotavirus diarrhoea in different parts of the
tropics and also, in some studies, in the year-to-year
prevalence of the virus (8).

In this study, as in other reports (19, 20), no clinical
features could be found to distinguish rotavirus diar-

rhoea from that caused in children by other agents.
Vomiting appeared to be more common and fever less
common in children in whom rotavirus was detected.
Oral rehydration was equaly successful in cases of
diarrhoea with and without rotavirus. In our study,
the age groups with high prevalence of rotavirus
diarrhoea, the duration of virus shedding in the stool,
and other features were similar to those reported from
other parts of the world.
None of the healthy children excreted rotavirus.

Rotavirus was detected in the stool of 1 of the 7
mothers tested of children with diarrhoea, and, since
she developed diarrhoea on the day before her child,
she may have transmitted the infection. The role of
adults in the maintenance of infection in the commu-
nity has been discussed by other workers (21).
Other enteric viruses were detected with equal

frequency in the stools of children with and without
rotavirus. While the significance of these viruses can-
not be determined, the occurrence of adenoviruses
in 9 of 30 children during the month of May 1977,
the month with the lowest prevalence of rotavirus,
suggests that these may be playing a causal role as
suggested by other workers (12). Recognized bac-
terial pathogens were isolated in only 12.5% of all
cases but their isolation was higher in rotavirus-
negative cases.

Appreciation of the role of viruses in childhood
vdiarrhoea should lead to a decrease in the wasteful use
of antibiotics and to greater emphasis being placed on
oral rehydration in the management of this
condition.
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RtSUMI2

ROTAVIRUS ET MALADIE DIARRHEIQUE AIGUE CHEZ LES ENFANTS
DANS UNE VILLE C6TItRE DU SUD DE L'INDE

Une enquete prospective a 6te effectu&e pendant 16 mois
en vue de d6terminer la fr6quence d'agents pathogenes dans
les selles d'enfants admis aVec une diarrh6e aigue dans le
service hospitalier d'un college m6dical situ6 sur la cote
ouest de l'Inde dans une r6gion ou les pr6cipitations sont
importantes. Les selles de 11% de la totalit6 des enfants
atteints de diarrh6e (3355) hospitalis6s pendant cette periode
ont 6t6 mises en culture pour permettre la recherche des
bact6ries pathogenes, et examin6es en microscopie electro-
nique pour la recherche de virus intestinaux. Des rotavirus
etaient pr&sents dans 260 (70,7%) des 6chantillons de selles
et se rencontraient pendant tous les mois de l'ann6e. Cepen-
dant, leur fr6quence 6tait maximale pendant les omois

d'hiver>>, de novembre A janvier, et minimale en mai juste
avant le d6but de la mousson. La fr&quence des rotavirus
etait la plus faible chez les enfants de moins de 6 mois.
Aucun signe clinique specifique en correlation avec l'infec-
tion A rotavirus n'a pu etre identifie. La rehydratation orale
etait aussi efficace dans les diarrh6es a rotavirus que dans les
autres diarrh6es. Les differences r6gionales dans l'epidemio-
logie de la diarrhee A rotavirus en Inde meridionnale sont
examinees. Le traitement des cas est discute et, si l'on tient
compte de la frequence de l'infection A rotavirus, l'utilisa-
tion des antibiotiques chez les enfants atteints de diarrh6e
devra s'en trouver restreinte.
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