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INTRODUCTION



It has long been recognized that diarrheal disease is a leading cause of
morbidity and mortality, especially in developing countries and acute
infectious gastroenteritis is one of the commonest causes of childhood illness
throughout the world. In 1982, Snyder and Merson published the first estimate
of global morbidity and mortality from diarrheal disease based on active
surveillance data collected from longitudinal studies of children. The study
estimated the total annual number of acute diarrheal episodes for children
under five years old in Africa, Asia (excluding China), and Latin America
alone to be 744 million and the total annual number of deaths from acute
diarrheal iliness for children under five years of age all over the world was
estimated to be 4.6 million for 1980 (1). An update -of this study reported a
decline in diarrheal mortality over time with 3.3 million deaths per year from
diarrhea. But diarrheal morbidity continued to be endemic with an estimated 1

billion episodes of diarrhea occurring in children per year, globally (2).

Since then, diarrheal disease control programs have been established all over
the world, with_ oral rehydration therapy as the keystone. Yet, diarrhea
remains one of the commonest ilinesses of children, and one of the major
causes of infant and childhood mortality in developing countries. Malnutrition
is a major factor contributing to this. A well-nourished child suffering from
acute diarrhea is likely to have an excellent outcome with the use of oral
rehydration therapy. But diarrhea in a severely malnourished child poses a
major and quite different clinical challenge. The outcome in these children,
even with the use of oral fluids, is much less certain. Several studies have
linked malnutriton to the high incidence of diarrhea. (3). And since
malnutrition continues to prevail in developing countries, so does diarrhea.
Another factor contributing to the unchecked spread of diarrhea is poor
hygiene and sanitation. Coupled with ignorance and poverty, it makes the
developing countries a virtual breeding ground for diarrheal diseases.
Diarrheal diseases thus assume phenomenal proportions in developing

countries and demand immediate action for their control.
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Despite the magnitude of this problem, infectious agents like E.coli,
Salmonella, Shigella, Campylobacter, protozoa and other parasites could be
implicated in only upto 35% of diarrhea cases while in 65% of cases, such
agents could not be isolated. (4). This scenario continued till the early 1970s
until the discovery of the Norwalk virus by Kapikian et al in 1972 (5) followed
by the discovery of rotavirus in 1973 by Bishop ef al. (é). Within five years of
its discovery, rotavirus was recognized as the most common cause of severe
vomiting and diarrhea in infants and young children worldwide, accounting for
approximately one third of cases of severe diarrhea requiring hospitalization
(7,8,9). Rotaviruses cause childhood diarrhea not only in humans, but also in
birds like chickens, turkeys and in animals like calves, piglets, foals, dogs,
cats, deers, rabbits and mice (10). Rotavirus is, thus, ubiquitous in nature.

However, rotaviruses infecting this wide range of birds and animals belong to
different strains and each strain is specific for a species. Over time, though,
there were instances where an animal rotavirus was found fo be infecting
humans. Rotaviruses affecting humans were once thought to be limited to
one antigenic family termed Group A, whereas other antigenic groups (B-G)
were thought to be strictly zoonotic. In 1982, however, an epidemic of Group
B rotavirus affected millions of persons in China (including adults, children,
and neonates) (11), and since then outbreaks have recurred, although
affecting fewer persons. Studies of immunoglobulin pools ‘from Shanghai
suggest that the Chinese population had been exposed to this pathogen in
the past (12). Since Group B rotavirus is a common diarrheal pathogen for
swine, and since all rotaviruses have a segmented genome capable of
antigenic changes through reassortment of genes, it may be possible that this
human Group B epidemic arose by a reassortment that allowed the swine
virus to propagate in the human gut. Group C rotaviruses are also primarily
swine pathogens but have been detected among humans in all parts of the
world. Outbreaks have occurred in Japan and England, but the importance of
Group C rotaviruses in endemic disease is unknown (13,14). The Group B



epidemic was not known to have spread beyond China until Krishnan T et a/
reported the detection of this virus in Calcutta in 1999 (15). Therefore, it
becomes necessary to monitor the epidemiology of rotavirus infection in a
population. This would not only enable us to foresee a possible epidemic of
unusual rotavirus gastroenteritis but also to ascertain the prevalent strains
with a view towards vaccine production.

Rotavirus infects virtually all children by five years of age. Some of these
infections are severe and many children are infected more than once,
although severity of disease decreases with each infection (16). Studies of
natural rotavirus infections indicated that initial infection protects against
subsequent severe diarrheal disease, although subsequent asymptomatic
infections and mild disease still occurred (17,18). Thus, immunization early in
life, which mimics a child’s first natural infection, is not expected to prevent all
subsequent disease but to prevent cases of severe rotavirus diarrhea and its
sequalae (e.g. dehydration, physician visits, and hospitalizations).

Research to develop a safe and effective rotavirus vaccine began in the mid-
1970s when investigators demonstrated that previous infection with animal
rotavirus strains protected laboratory animals from experimental infection with
human rotaviruses (19). Several trials of live, oral vaccines demonstrated that
they were safe and could prevent diarrhea in young children (20,21,22,23).
However, the efficacy of these vaccines varied. Then exploiting the inherent
property of rotaviruses to reassort their genome, multivalent vaccine
candidates were developed (24). On August 31%, 1998, a tetravalent rhesus-
based rotavirus vaccine was licensed in the United States for vaccination of
infants (25). This vaccine was produced incorporating a rhesus rotavirus
strain along with three human-rhesus reassortant strains. These three strains
were obtained from the ones found to most commonly infect humans. Post-
licensure studies, however, reported several cases of intussusception and the
vaccine was hence withdrawn (26).



Because the clinical features of rotavirus gastroenteritis are nonspecific,
confirmation of rotavirus infection in children with gastroenteritis by laboratory
testing of fecal speciméns is necessary for reliable rotavirus surveillance (27).
The most practical method. taking into consideration accuracy and time
required for the test is antigen detection by enzyme immunoassay. But this
method is expensive. Another practical method that is also inexpensive is
antigén detection by latex agglutination. This method, however, may
compromise on accuracy. Other techniques including electron microscopy,
reverse transcription-polymerase chain reaction, nucleic acid hybridization,
polyacrylamide gel electrophoresis and culture are mainly used in research
settings. Thus there is a lack of an appropriate diagnostic tool. A definitive
viral diagnosis can reduce indiscriminate use of antibiotics, eliminate
necessity for other tests in search of causative agents and remove
uncertainty, allowing the physician to make proper prognosis and remain alert
to potential complications.

Taking all these points in consideration we undertook the present study.



OBJECTIVES



Taking into consideration the lack of a systematic surveillance and good data,
we undertook the present study to gauge the severity of the problem posed
by rotavirus infections in Mumbai.

The study was planned keeping the following aims and objectives in mind:

To determine the prevalence of rotavirus infection in pediatric cases of
diarrhea.

To study the prevalence of enteric bacteria in pediatric cases of diarrhea.
To compare three methods for detection of rotaviruses, namely latex

agglutination, polyacrylamide gel electrophoresis and virus isolation in cell
cultures.
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HISTORY

Major strides have been taken in elucidating the etiological agents of diarrhea
in infants and young children in whom gastroenteritis or infantile diarrhea is
frequently a serious disease requiring hospital treatment to correct
dehydration. Prior to the 1970s, not a single viral agent could be implicated as
an important etiological agent of infantile diarrhea. Moreover, bacterial and
parasitic agents known at that time failed to fill this etiologic void. The advent
of tissue culture technology encouraged research on henceforth-
undiscovered viruses. A number of animal viruses were discovered in the
1960s using tissue culture technigues.

The epizootic diarrhea of infant mice (EDIM) virus that causes diarrheal
disease in suckling mice was discovered in 1963 (28). The EDIM virus was
observed by electron microscopy in the intestinal tissue of infected mice.
Immediately afterward, Malherbe et al reported the isolation of a 70-nm virus
with similar morphology (29). This virus, being morphologically similar to
reovirus particles, did not serologically cross-react with reovirus (30). This
virus was isolated in vervet monkey kidney cell culture and was obtained from
a rectal swab from a healthy vervet monkey and was designated as SA11
(simian agent 11). Then in 1967, O (Offal) agent was described by Malherbe
and Strickland-Cholmley as being very similar to SA11 (31). This virus was
isolated in vervet monkey kidney cell culture from the mixed washings of
intestines of cattle and sheep. In 1969, the presence of another 70-nm virus
was demonstrated in stool from calves with severe diarrheal iliness. It was
also demonstrated that this virus caused disease when passaged serially in
calves. In 1971, this virus designated neonatal calf diarrhea virus (NCDV),
was successfully cultivated in primary fetal bovine cell cultures by Mebus et a/
(32). NCDV though similar to reoviruses was shown to be distinct
antigenically (33).



After many years of lack of success of conventional virus isolation techniques
for incrimination of viruses as causes of infantile enteritis, the use of electron
microscopy led to the recognition of new agents.

The Norwalk virus was detected by immune electron microscopy from
infectious stools in 1972 by Kapikian et a/ (5). This 27-nm virus was
associated with outbreaks of a self-limiting form of gastroenteritis affecting
primarily adults and older children; these illnesses only rarely led to
déhydration, and although this virus was associated with mild gastroenteritis
in infants and young children, it was not identified as the cause of severe
diarrhea in this age group (34).

Close on the heels of this discovery came the discovery of rotaviruses.
Bishop et al first discovered rotaviruses with the électron microscope in 1973
(6). They observed these virus particles in the duodenal mucosa from children
with acute non-bacterial gastroenteritis and based on the morphology, size
and location of the particles, deduced that it belonged to the orbivirus group
and was closely related to the reovirus group. Shortly afterward, several
studies identified this virus in feces by electron microscopy (35,36,37,38) and
in a short period, rotaviruses were recognized as the major viral etiologic
agents of severe diarrhea of infants and children in both developed and
developing countries (39,40). Rotaviruses were found to be morphologically'
similar to the viruses mentioned above and were also shown to share a group
antigen with them (7,39,41,42). Rotaviruses, which are ubiquitous agents,
infecting virtually all children by 24 months of agé, have consistently emerged
as the single most important etiologic agents of severe diarrhea of infants and
children in both the developed and developing countries.



MORPHOLOGY

Rotaviruses have a distinct morphologic appearance. Studied under an
electron microscope, three types of particles can be observed. Complete
particles measure ~70nm and resemble a wheel with short spokes and a well-
defined smooth outer rim. Owing to this appearance, it acquired the name
rotavirus (from the Latin rofa, meaning wheel) (43). The complete particles
are also called smooth particles because it has a well-defined, smooth
circular appearance. They have a distinctive double-layered icosahedral
protein capsid that consists of an outer and an inner layer. Within the inner
capsid is a third layer, the core that contains the virus genome. The complete
infectious particles, thus, have three layers. They were earlier thought to have
only two layers and were hence called double-shelled particles. Double-
layered particles previously called single-shelled particles, lack the outer shell
and are described as rough particles because their periphery shows
projections of the inner capsid. Single layered core particles usually lack
genomic RNA and are seen infrequently.

Several studies have given insights about the structural features of
rotaviruses (44,45,46).

NOMENCLATURE and CLASSIFICATION

Based on common morphologic and biochemical properties, rotaviruses are
classified within the family Reoviridae. The general properties of rotaviruses
are:

They are triple layered 65-75nm icosahedral particles with a double stranded
RNA genome that is segmented into eleven segments, each segment coding
for one protein. (Table A)

The genus Rotavirus is further divided serologically into a number of groups
and further into multiple serotypes within each group. Early serologic studies



Table A. Rotavirus proteins

Genome Protein Location in Function
segment product virus particles
1 VP1 Inner core RNA polymerase?
2 VP2 Inner core RNA binding
3 VP3 Inner core Guanylyltransferase
4 VP4 Outer capsid Hemagglutinin,
neutralization antigen,
protease-enhanced infectivity,
virulence,
putative fusion region,
cell attachment
5 NSP1 (NS53) | Nonstructural Slightly basic, zinc finger,
' RNA binding
6 VP6 Inner capsid Hydrophobic trimer,
subgroup antigen
7 NSP3(NS34) | Nonstructural Slightly acidic, RNA binding
8 NSP2(NS35) | Nonstructural Basic, RNA binding
VP7 Outer capsid RER integral membrane
glycoprotein neutralization antigen ,
bicistronic gene,
two hydrophobic NH;-terminal
regions
10 NSP4(NS28) Nonstructural RER transmembrane glycoprotein,
role in morphogenesis, three
hydrophobic NH,-terminal regions
11 NSP5(NS26) Nonstructural Slightly basic, rich in serine and

threonine, RNA binding




revealed that rotaviruses from birds and a variety of mammals possessed a
common group antigen so these viruses were classified as different serotypes
within the same group. A serogroup has viruses that share cross-reacting
antigens detectable by a number of serological tests like
immunoflourescence, ELISA and immune electron microscopy (47,48,49).
Rotaviruses which are serologically unrelated and carrying their own distinct
group antigen are classified as separate groups. There are seven such
groups named group A to group G. Group A, B, and C rotaviruses are
currently associated with diarrhea in both humans and animals, while group
D, E, F, and G rotaviruses have been found only in animals to date.

Within each group, rotaviruses are classified into serotypes defined by
reactivity ‘of viruses in plaque reduction neutralization assays using
hyperimmune serum prepared in antibody-negative animals (50,51). It was
assumed that all assays detected the same or similar specificities, and hence
the term “serotype” was applied to the differences defined by these assays.
However, some animal viruses reacted like members of the “serotype 1” of
human rotavirus (52). This was surprising, since animal rotaviruses had been
found to have neutralization specificities different from those observed in
humans (53). Studies of reassortant viruses eventually showed that
“serotype” designation was distinct from the neutralization specificity and that
different genes coded for these two specificities (54) and the specificity coded
by the sixth gene (VP6) was referred to as the subgroup, and the
neutralization specificity coded by the ninth gene (VP7) as serotype. Thus,
strains of animal and human origin may fall within the same serotype. 14 VP7
serotypes have been identified. Neutralization assays can measure reactivity
of antibody with the two outer capsid-neutralizing antigens (VP4 and VP7).
However, in most cases the predominant reactivity measured is with the
glycoprotein VP7. In some cases, a rotavirus strain does not react clearly
when being classified. This is usually because although the two viruses being

compared have similar VP7, they possess distinct immunologic forms of VP4.



A binary system of classification of rotaviruses has been proposed in which
both serotypes of VP4 and VP7 are named (50,55).

GENOME

The rotavirus genome contains eleven segments of double stranded RNA
which range in molecular weight from 2 X 10%o 2.2 X 10° Dalton (56,57,58).
All these eleven segments are contained within the virus core capsid. The
RNA segments are said to fall into four classes based on length
measurements by electron microscopy and gene sequencing. Also,
polyacrylamide gel electrophoresis (PAGE) of these RNA segments is used to
number them in order of their migration, with the slowest RNA segment
designated gene 1, and so on. Group A rotaviruses have four large segments,
two medium sized segments, three smaller segments and two smallest
segments. In some human rotavirus strains, the 11" RNA segment migrates
more slowly than usual, and is thus located between the 9" and 10" segment
forming a “short” pattern which is characteristic of almost all antigenic
subgroup 1 human rotaviruses (59,60). Similarly, a “long” 10" and 11"
segment pattern of human rotaviruses is characteristic of almost all subgroup
2 human rotaviruses. Several “super-short” patterns of RNA migration have
also been observed in which the 11" segment migrated even more slowly
than the “short” pattern rotaviruses (61,62). Since initially rotaviruses could
not be propagated in cell culture, comparison of the migration patterns of
'RNA during PAGE was an important technique for characterization of strains
(63,75). The term electropherotyping was applied to this method of
differentiating strains (75). A wide variety of electropherotypes was observed
in human rotaviruses and all these differed from those observed in animal
rotaviruses. However, the electrophoretic pattern was found to be unrelated to
antigenic specificity as defined by serotype.--Studies- indicate that viruses of
the same serotype exhibit different electropherotypes and viruses of the same
electropherotype belong to different serotypes (64,65,66).
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PROPAGATION IN CELL CULTURE

Various animal rotaviruses like SA11 and the O agent grow readily in cell.
culture (29,31). However, the human rotaviruses are rather fastidious agents
that were not grown efficiently in tissue culture until relatively recently (67,68).
Initially, human rotaviruses were observed to induce an abortive infection of
cells in culture; viral antigens were produced, but infectious virus could not be
passaged serially. The first human rotavirus to be grown efficiently and
reproducibly in cell culture was mutant of the Wa human rotavirus (69). This
strain was grown to relatively high titer through passages in primary cultures
of African green monkey kidney cells. Efficient growth of the mutant required
pretreatment of virus with trypsin. The infectivity of most rotaviruses is
enhanced by, and in some cases is dependant on, trypsin treatment (70). It
was found that trypsin did not increase levels of infectious virus by dispersion
of aggregates or affect the efficiency or rate of attachment of virus to cells.
Trypsin is thought to convert a noninfectious fraction of the virus into
infectious virus by allowing this fraction to uncoat in the infected cell. It is
possible that trypsin present in the intestine of the host may contribute to the
increase of the severity of disease (70). Sato K et al then isolated three
strains of human rotavirus in cultures of MA104 cells, which is a stable cell
line derived from embryonic rhesus monkey kidney (71). With minor
modifications, the method of Sato K et al was adopted for isolation of
rotaviruses in cell culture (72,73). Susceptibility of MA104 cell line and that of
a human colon carcinoma cell line (HT-29) to infection by different rotaviruses
was compared (74). HT-29 cells appeared to be more sensitive to human
rotavirus infection, whereas Ma104 cell line was found to be more susceptible
to animal rotavirus replication. Human rotavirus has also been recently
propagated in a human colon carcinoma cell line (CaCo-2) and although the
cells did not show any cytopathic effect, virus particles were detected in the
cell cytoplasm by immunoflourescence staining (75).
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PHYSICOCHEMICAL PROPERTIES:

Rotavirus particles are infectious so long as they are enveloped in the outer
capsid i.e. infectivity depends on the presence of the outer capsid (76).
Calcium chelating agents like EDTA and EGTA remove the outer capsid and
in turn cause the virus particle to lose infectivity (77,78). Rotavirus infectivity
is stable within the wide pH range of 3 to 9 (77,79,80). Virus infectivity is also
stable for months at 4° to 20°C when stabilized by CaCl, (81). Rotaviruses
are also stable to ether but repeated freezing and thawing diminishes their
infectivity (82,83). Disinfectants like phenols, formalin, chlorine and ethanol
inactivate virus infectivity (82,84).

PATHOLOGY AND PATHOGENESIS

Rotaviruses have limited tissue tropism, infecting only the villus epithelium of
the small intestine. Shortening and atrophy of the villi. takes place, along with
mononuclear cell infiltration in the lamina propria. Mitochondrial swelling and
sparse and denuded microvilli were also observed (83,84). The various
pathological effects were observed in experimental animals that developed
diarrheal illness (84,85). A study comparing the severity of infections in
malnourished and well-nourished animals reported that malnutrition increased
the severity of symptoms and mucosal damage (88).

CLINICAL FEATURES

Rotavirus produces a spectrum of responses that vary from subclinical
infection to mild diarrhea to severe and occasionally fatal dehydrating
disease. The incubation period of rotavirus diarrheal disease has been
estimated to be less than 48 hours (89). In experimental animals, the
‘incubation period can be as short as 19 hours (90). The incubation period is
influenced to some extent by the dose of virus and by the age of the child. In
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a newborn, many cells may not need to be destroyed before diarrhea sets in.
The duration of virus excretion in neonates is found to vary from 1 to 9 days
(91,92). Occasionally, virus excretion does persist longer. A study found that
vomiting was more frequently associated with rotavirus diarrhea than with
non-rotavirus diarrhea (93). This led to greater dehydration. Rotavirus
diarrhea started later than the vomiting but lasted longer than non-rotavirus
diarrhea. Diarrhea is usually most profuse on the second or third day of
disease, and diminishes fairly quickly thereafter, although a few children may
continue to excrete rotavirus and have mild diarrhea for longer periods
(94,95).

EPIDEMIOLOGY
MORBIDITY AND MORTALITY

Although high morbidity is attributed to rotavirus infections, the mortality is low
in the developed countries. The large proportion of morbidity that rotaviruses
are responsible for even in the developed nations is demonstrated by a study
in Germany. Rotaviruses were found to be the leading cause of diarrhea in
hospitalized pediatric patients and were detected in 31% of the cases (96). A
study carried out all over the United States which involved 99 laboratories
reported that 20% of pediatric diarrhea patients tested positive for rotavirus.
This study was carried out by the CDC during the years 1989-90 as a
National Rotavirus Surveillance System to monitor national patterns in the
epidemiology of rotavirus (97). Another laboratory based surveillance for
rotavirus in the United States carried out from July 1997 to June 1998 by the
CDC found the rotavirus positivity among pediatric diarrhea patients to be
23% (98). In the U.S. alone, 1 million cases of diarrhea‘occur annually and up
to 150 deaths in children (99,100,101,102). This high morbidity but low
mortality can be attributed to the effective replacement of fluids and
electrolytes lost during the infection. These means of rehydration solutions
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are used more routinely in the developed countries, but in the developing
countries, rotaviruses are usually the leading cause of life-threatening
diarrhea in infants and children.

Rotaviruses have been proved to be the major causative agent of diarrheal
diseases in developing countries where such diseases are prevalent. A study
in Cairo, Egypt, determined that rotaviruses accounted for 34% of fatal
diarrhea cases (103) demonstrating the importance of rotaviruses in severe
dehydrating diarrheal iliness in the developing countries, while in Kenya, a
recent study implicates rotavirus in 16.1% of diarrhea cases (104). A short
study in South Africa identified rotavirus as the causative agent in 12.8% of
pediatric diarrhea patients (105). A study carried out over a period of 13
months in western Saudi Arabia reported the occurrence of rotavirus in 46%
of specimens that were collected from infants and young children suffering
from diarrhea (106). In Brazil, rotaviruses were implicated in 19% of diarrhea
cases (107). Human rotavirus was detected in 39% of diarrheal stool samples
examined in China (108). In Bangkok, 18% of pediatric diarrhea patients were
found to be infected by rotavirus (109). A study in Bangladesh found that
rotaviruses were the most frequently detected pathogen in children with
diarrheal disease. 46% of the study subjects were found to be rotavirus
positive (110). These studies demonstrate the magnitude of rotavirus diarrhea
all over the world.

In India, several studies indicate that rotavirus is an important etiologic agent
of diarrhea in infants and young children. A study in rural Northern India was
carried out for a year wherein more than 900 children below 71 months of age
were followed prospectively (111). 2.3% of the children suffering from
persistent diarrhea were found to be infected with rotavirus. Another study
was conducted in rural, semi-urban and urban communities at Chandigarh
from 1988 to 1991. Stools were collected from children with diarrhea and it
was found that 11.5% of total diarrheal episodes were caused by rotavirus
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(112). A very low prevalence of 1.07% was found in children studied in a rural
area near Calcutta (113). In 1994, four hundred Delhi children below the age
of three years and suffering from acute watery diarrhea were studied over a
period of a year (114). Rotavirus antigen was detected in 6% of the stools,
which is much lower than earlier studies. Even during the peak season for
rotaviruses, rotavirus antigen was detected only in 13% of the cases. A
similar study in 1992 in Delhi among hospitalized children suffering from
gastroenteritis had reported that rotavirus was detected in 15.28% of the
patients (115). A similar rate of incidence of rotavirus was found in an earlier
study of pediatric diarrhea patients in northern India (116). The etiologic role
of rotavirus in acute diarrheal iliness in children under five years of age was
studied by Nath G et al over a period of one year in an urban slum community
in Varanasi (117). Rotavirus was detected in 17.7% of 376 children with
diarrhea. In south India, rotaviruses were detected in 17.8% of the specimens
examined (118). This study was carried out from August 1983 to July 1985
and the subjects were 916 children under three years of age. Another two-
year study from 1981-1982 was undertaken in Pune to determine the role of
viruses in the causation of diarrhea in hospitalized children (119). Of the 426
children included in the study, rotavirus was detected in 28.6%. While in
Mumbai, a study carried out from 1984 to 1986 reported that rotavirus was
detected in 23% of pediatric diarrhea patients (120).

TRANSMISSION

Rotaviruses being viruses belonging to the gastrointestinal tract appear to be
transmitted mainly by the fecal-oral route. However, the respiratory route of
transmission of rotaviruses is not ruled out (121,122). This theory gains
credence from circumstantial evidence like the acquisition of rotavirus
antibodies in the first few years of life in all settings regardless of hygienic
standards (7,123) and the occurrence of respiratory symptoms in a few
patients with rotavirus diarrhea (124). A study utilized the mouse model of
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rotavirus infection to investigate the experimental transmission of rotavirus by
respiratory droplets (125). Efficient transmission of rotavirus infection by
means of aerosols was documented in all exposed animals. Gastrointestinal
ilness was also demonstrated proving that rotavirus infection can be
transmitted by aerosol droplets under experimental conditions.

Rotaviruses are shed in large amounts by infected persons. A person with
rotavirus diarrhea may excrete approximately 1 trillion infectious particles/mi
of stool (126) and since rotaviruses are resistant to physical inactivation, they
are transmitted efficiently. Also, rotaviruses are amazingly stable in the
environment. Calf rotavirus present in feces was found to retain its infectivity
even after being kept at room temperature for seven months (127,128). A
young infant who is infected but who is not in contact with other infected
infants and young child(en may have acquired the infection from an older
sibling or parent with subclinical infection (129) since rotaviruses are known to
be shed in high concentrations even before onset of disease and also after
cessation of diarrhea (130,131). All these factors ensure that most infants and

young children are infected by rotavirus at Iéast once.
TEMPORAL DISTRIBUTION

Rotaviruses are known to display a seasonal pattern of infection, with
epidemic peaks occuring during the cooler months of the year. This pattern is
well documented in various studies (127,132). Inpatients as well as
outpatients ‘have exhibited this pattern consistently. Thus, a maximum of
rotavirus infections occur during the months of December, January, and
February and were virtually absent from July through October. This pattern,
however, is more obvious in the developed countries and several studies
report the occurrence of rotavirus infections throughout the year. Also peaks
of infection during the rains and the summer have been observed in other
settings (132).
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AGE, SEX, AND SOCIOECONOMIC STATUS

Since preliminary infection with rotavirus confers immunity on the child,

further episodes of rotavirus diarrhea are less severe and hence rotavirus
gastroenteritis severe enough to require hospitalization occurs most

frequently in infants and young children from approximately 6 months to 2
years of age (133,134). Infants under 6 months of age, though protected by
maternal antibodies, are shown to experience the second highest frequency
of rotavirus gastroenteritis. This age group has also shown to have the
highest frequency of illness by some studies (135). In India, 96.7% of victims
of rotavirus have been reported to be 6-24 months old (136). However,
neonates who shed the virus show a low frequency of clinical iliness (137).

It has also been shown that susceptibility to rotavirus infection is gender
biased. It was observed that rotavirus was more prevalent in boys than in giris
(138,139).

Malnutrition plays an important role in increasing the severity of clinical
manifestations of d\iarrhea in general (3) and hence also of human rotavirus
infections (140). Repeated diarrheal infection leads to malnutrition and vice
versa. The factor of malnutrition is associated closely with lower
socioeconomic status and hence there is an increased occurrence of
rotavirus infections in children belonging to the lower strata of society. Other
factors also associated with lower socioeconomic status are poor hygiene and
sanitary conditions, which also promote the spread of the infection. Also,
since the level of literacy in this class is low, ignorance leads even mild
infections to progress to severe gastroenteritis and dehydration due to lack of
proper diagnosis and treatment.
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DIAGNOSIS

Rotavirus infection leads to clinical manifestations that are associated with
diarrhea in general. Since they are not sufficiently distinctive, diagnosis
cannot be based on these alone. Epidemiologic pattern of disease and the
signs and symptoms exhibited by the patient méy suggest the diagnosis, but
laboratory confirmation is required. Diagnosis requires detection of virus or
viral antigen or a serologic response. Rapid diagnosis of rotavirus illness
provides the physician useful information for formulating prognosis and may
prevent unnecessary use of antibiotic therapy and prolonged hospitalization.
It also allows for timely institution of appropriate infection control measures
and for gathering of epidemiological and clinical information which is vital for
vaccine development.

For the detection of rotavirus from clinical specimens it is important to collect
the specimens during the period in which rotavirus is being shed. Specimens
from the first to about the fourth day of iliness are ideal for virus detection.
However, shedding of the virus may continue for up to 3 weeks, depending on
the duration of symptoms. Viral shedding usually continues during the course
of diarrhea, but diarrhea can continue for an additional 2 to 3 days (141).

When discovered, rotavirus was observed by an electron microscope (6).
Since rotaviruses have a distinctive morphologic appearance, electron
microscopy (EM) has high specificity. It was hence initially employed for the
detection of rotaviruses. Early studies on rotaviruses were also carried out
using EM. Although EM has remained a research tool more than a diagnostic
one, when only a few samples are to be examined for rotavirus, EM is the
most rapid technique. Direct EM examination of stools permits detection of
rotavirus in 80% to 90% of the virus positive specimens (142), but if the
specimen is centrifuged and the pellet is examined after staining with a
suitable method, EM is as efficient as any other method for rotavirus detection
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from a stool sample (143). It also has the added advantage of being able to
detect non-group A rotaviruses (144). Immune electron microscopy is not
necessary for the detection of rotaviruses because of their distinctive
appearahce, which can be readily identified without the use of an immune
serum.

Many assays have been developed for the detection of rotaviruses from stool
specimens. fhese include immunological techniques like ELISA, counter-
immuno-electro-osmophoresis, reverse passive hemagglutination assay, and
latex agglutination. A variety of techniques like IEM, CF, IF, IAHA, ELISA,
neutralization, HI, and inhibition of reverse passive hemagglutination are used
for measuring the serologic response to rotavirus infection (145). Molecular
biology techniques used for detection of rotaviruses include electrophoresis of
rotavirus RNA in gel, and PCR. These techniques are also useful for the
detection of non-group A rotaviruses. Cell culture can also be used with
reasonable efficiency for the detection of rotaviruses.

Of the above-mentioned techniques, most are used mainly as research tools
as they are cumbersome to perform, involve long procedures and expertise,
or require reégents that are expensive. Only some of the techniques are .
suitable as diagnostic aides to be used by laboratories in all parts of the
world. Commercial antigen-detection kits for rotavirus permit rapid viral
diagnosis. Only small amounts of stool are required for these tests, and
samples may be frozen before testing. These kits vary widely in range of
sensitivities  (70-100%) and specificities {50-100%) (146,147). These kits
mainly are enzyme immuno assays and latex agglutination tests. The ELISA
kits are too expensive to be used as an everyday diagnostic tool in
developing countries like India. Latex aggiutination kits are more widely
available and inexpensive. In this test, latex particles are coated with anti-
rotavirus antibody. Stool specimen is prepared in given buffer and added to
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one drop of latex particles coated with anti-rotavirus antibody. This
suspension is mixed and rotated and observed for agglutination.

Another method for the detection of rotaviruses that is much more accurate is
electrophoresis. Rotavirus multiplies in the gut with such efficacy that, during
infection, its genome dominates the RNA content of stool. When this RNA is
extracted from the stools and run on a gel, an electric field causes the
separate rotavirus genes to m{grate in characteristic patterns. The presence
of these patterns is diagnostic of rotavirus infection. Pattern variations also
provide insight into strain differences. The term electropherotyping was
applied to this method of differentiating strains (ﬁ48). Because human
rotaviruses could not initialy be propagated in tissue culture,
electropherotyping became an important laboratory and epidemiologic
technique for characterization of strains (149). Polyacrylamide gel
electrophoresis (PAGE) detection of rotavirus from stool is highly specific,
sensitive and inexpensive means of virus detection with the added ability to
detect both group A and non-group A rotaviruses (150).

TREATMENT

Gastroenteritis caused by rotavirus is a self-limiting syndrome and as such
requires no treatment to stop the infection from progressing. The
manifestations of the infection however, require treatment, which is mainly the
replacement of fluids and electrolytes lost by vomiting and diarrhea. To treat
severe dehydration, intravenous fluid administration has been used
successfully for many years. In other cases oral rehydration salts solutions
are effectively used. Since administration of rehydrating fluids parentally is not
always possible in all parts of the world, the efficacy of oral fluid replacement
therapy has been evaluated by many studies (151,152). Oral rehydration
therapy with electrolyte solutions containing either glucose or sucrose has
been shown to, be highly effective for treatment of rotavirus gastroenteritis
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(153). The WHO has described the concentration of various salts in the oral
glucose electrolyte solution that has been found to be effective (154). This
solution was compared with another WHO preparation that was augmented
with alanine. Their effect was studied in 3-48 month old children with mild
dehydration that was associated with rotavirus infection. The alanine-fortified
solution was absorbed more readily but the reduction in diarrheal stool output
or duration of diarrhea was not significant and hence it was not preferred over
the previously recommended formula (155). Some studies have even
compared rice based solutions with glucose-based oral rehydration solutions
in infants and young children suffering from mild dehydration due to diarrhea
caused by various pathogens including rotavirus (156). Both were found to be
effective with minor differences in total stool output and retention of fluids.
Thus even a simply formulated oral rehydration salts solution is adequate
treatment for a child suffering from dehydration due to rotavirus infection.
However, if the patient does not respond favorably to the oral rehydration
regimen or if the patient is severely dehydrated or in shock, intravenous fluids

become a necessity.
PREVENTION AND CONTROL

All the data collected about the epidemiology of rotavirus infections all over
the world indicate that the prevention of rotavirus disease is necessary.
Improved environmental hygiene (i.e., food, water, and sanitation), although
essential in outbreak management, may be ineffective in endemic control of
gastroenteritis céused by rotavirus, perhaps because person-to-person
transmission is the principal mechanism for the spread of infection. Because
improvements in environmental hygiene may not be accompanied by
reductions of endemic rotavirus diarrhea, immunization may play an important
role in control of the disease. Since natural infection does not protect the child
completely against subsequent reinfection or associated mild disease,
prevention of rotavirus disease can be achieved by means of a vaccine,
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which should ideally prevent severe rotavirus gastroenteritis during the first 2
years of life. Progress has been made in developing various vaccine
candidates, each of them, however, has some drawback.

Following the discovery and recognition of rotavirus as an important human
enteropathogen, work towards the development of rotavirus vaccines was
begun in the USA and Europe. The first candidate rotavirus vaccine was
studied in-clinical trials in Finland, Yogoslavia, Italy, Switzerland, Austria and
the UK (157). Efficacy trials in Finland of a live oral bovine rotavirus vaccine
showed that protection was acquired against disease rather than infection;
better protection against severe than mild disease (157), i.e. it had low
efficacy in prevention of disease. This vaccine was also found to be weakly
immunogenic in infants in developing countries (158). A review of rotavirus
vaccine trials in Finland observes that the maximal protective efficacy against
any rotavirus gastroenteritis in subjects with demonstrable vaccine
immunogenicity was approximately 75% and to achieve similar protection in
all vaccinees, efforts should be focused on enhancing the immunogenicity of
oral rotavirus vaccines (159). A tetravalent rhesus-based rotavirus vaccine
was licensed in the United States for vaccination of infants (25). But this
vaccine was found to cause intussusception in several bases and was hence
withdrawn (26). Thus despite extensive experience with rotavirus vaccines,
the vaccines and the need for such vaccines still require further assessment.
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METHODS



STUDY SUBJECTS

In this 'study, 225 patients and 25 control subjects were included.

The study subjects were admitted in the pediatric wards of Lokmanya Tilak
Memorial Hospital, Sion, K.E.M.Hospital, Parel, and Kasturba Hospital for
Infectious Diseases, Mumbai Central. All subjects were infants and children

under 5 years of age.
SPECIMEN COLLECTION

PATIENTS

Stool samples were collected from children suffering from diarrhea and
admitted in the pediatric wards of the hospitals. Children were excluded if
they had an associated complicating iliness. The samples were collected on

the day of admittance.

CONTROLS

Control patients were children admi&ed to these hospitals with other illnesses
and who showed no symptoms of gastroenteritis. Stools from these children
were collected on any day after admittance to the hospitals.

The clinical features and personal history of all patients including controls was
recorded. These include features like age, sex, family income, nature of
current illness etc. The specimens were collected in sterile 15ml containers
with wide mouths and screw caps. The specimens were labeled and stored at
4.°C until processed.
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DETECTION OF ENTERIC BACTERIA

The specimens were plated on basic and selective and differential media like
nutrient agar, MacConkey'’s agar and Salmonella-Shigella agar within an hour
of sample collection. The plates were observed for distinctive colonies. All the
isolates were subjécted to identification on the basis of their morphological,
cultural, and biochemical characteristics. Some of the tests included were
Gram'’s nature, colony characteristics, motility, utilization of various sugars
like glucose, lactose, sucrose, and mannitol, utilization of citrate and urea,
tests for production of Indole and PPA, the methyl red and Voges-Proskauer
tests, growth on KCN and oxidase test as per the standard protocol (160).
The media and reagents were prepared as per the standard protocol

DETECTION OF ROTAVIRUS

Detection of rotavirus was done using three methods, namely, latex
agglutination (LA), polyacrylamide gel electrophoresis (PAGE), and isolation
of the virus in cell culture.

LATEX AGGLUTINATION

Commercially available latex agglutination kit for the detection of rotavirus
manufactured by Sanofi Pasteur diagnostics was used. The kit was stored at
2-8°C as described. Itis a rapid test based on latex agglutination, intended to
detect rotavirus from feces in acute gastroenteritis.

The samples to be tested were kept at room temperature. The kit was also
removed from the fridge to allow the reagents to reach room temperature.
The stool specimens were mixed properly and the specimens were diluted
1:10 in dilution buffer and mixed well with vortex mixer for 1min. This
‘suspension was then centrifuged at 1,000 r.p.m. for 10 mins.
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Two separate drops of about 50ul were taken on disposable slide (provided in
the kit) with a micropipette. Contents of both latex reagent vials were well
suspended before use by gently rolling the vials. One drop of reagent 1 was
put on one of the sample drops with micropipette. Control suspension was
added on to the other drop. Mixture was carefully stirred by using fresh
wooden applicator for each drop. The drops were spread to cover the entire
area of circle of test slide for interpretation of results. The slide was
continudusly tilted back and forth and observed against dark background for
eventual development of precipitate. The detection of agglutination is done by
the naked eye.

The result was considered to be negative if no agglutination was observed in
the sémple drop containing reagent 1 within 2 mins. Result was considered to
be positive if agglutination was detected in sample drop containing reagent 1.
Agglutination was either complete resulting in granules and a clear
background, or partial when granules could be detected, but the background
remained opaque. If the results were doubtful and the test could not be
interpreted, the test was repeated. If agglutination was observed in the drop
containing control latex reagent, the particular specimen could not be studied
by this method as instructed in the procedure with the kit. These samples
were further tested by PAGE and cell culture.

POLYACRYLAMIDE GEL ELECTROPHORESIS (PAGE)

The method followed for PAGE is a modification of the protocols standardized
by AJ Herring et al (161) and SM Rodger et al (55). The modification was
carried out by Krishnan T, Div. of Virology, National Institute for Cholera and
Enteric Diseases, Calcutta. This method was considered to be the standard
method of detection for rotaviruses against which the other methods of
detection were compared. It was considered as the standard because of its
high specificity and sensitivity (150).
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The procedure for detection of rotaviruses by PAGE is separated into three
sections as follows:

A. Extraction of rotavirus dsRNA from fecal material.

B. Electrophoresis of dsRNA in polyacrylamide gels.

C. Silver-staining of dsRNA bands.

A. Extraction of rotavirus dsRNA from fecal samples

The stool samples were vortexed. In case of solid samples, a minimum
amount of phosphate buffered saline (PBS) was added to the samples and
the mixture was homogenized by vortexing. 0.5ml of the sample was added to
0.5ml of 0.1M sodium acetate buffer with 1% sodium dodecyl sulfate (SDS) in
an eppendorf tube. To this mixture was added 0.5ml of phenol-chloroform
mixture and vortexed. The tubes were then centrifuged at 10,000 rpm for 10
mins. The aqueous supernatant was collected in fresh eppendorf tubes and
refrigerated until tested by PAGE.

B. Electrophoresis of rotavirus dsRNA in PAGE

Bio-Rad electrophoresis apparatus was used for PAGE and a discontinuous
system of buffers was used. Separating gel mixture of 10% polyacrylamide
was prepared and this solution was poured within glass plates with
dimensions 14cm X 16cm. Spacers' that were 0.75mm thick separated the
glass plates. When the polyacrylamide was set, a 3% stacking gel solution
was prepared. This solution was poured over the separating gel till the glass
sandwich was filled. A comb was placed onto the glass sandwich. When the
gel was set, the comb was removed and the wells were washed with reservoir
buffer. Approximately 30ul of the extracted supernatants were loaded in the

wells. A current of 25mA was applied to each slab gel for 16hrs.

C. Silver staining
After the gel run was over, the spacers were removed from in between the
glass plates. The stacking gel was removed and discarded. Also, the bottom
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left corner of each gel was cut off for orientation of the gel. The gel was gently
lifted off the glass plate and placed in fixing solution in a glass tray. After
rocking the tray for 30mins., the fixing solution was drained off and the silver
stain was added. The tray was again rocked for 30mins., after which the stain
was drained off. The gel was then rinsed with double distilled water to make
sure that no traces of the silver stain were left behind. The developing
solution was then added and the tray was rocked till the RNA bands were
satisfactorily stained. To stop the reaction, the developing solution was
drained off and the sfopping solution was added. The bands were visualized
against white light.

CELL CULTURE

The cell line used for the isolation of rotavirus was MA-104. This is an
established cell line derived from the kidneys of embryonic rhesus monkeys.
The cell line was supplied by The National Center for Cell Sciences, Pune.

Inoculation of flasks for cell culture:

The cells from the surface of the flask were dislodged by trypsin treatment.
The medium from monolayer culture of cells in tissue culture flasks was
aspirated. 1ml of trypsin solution was added and the flask was rocked 4-5
times quickly back and forth so that the trypsin coated the cells in the flask,
and traces of medium and serum were diluted. The cells were not detached at
this stage. The trypsin solution was aspirated. The flask was then kept at
37°C in an incubator for 2-5 mins. Cell detachment was checked by tapping
the flask against the hand so that the small amount of fluid in the flask
sheared the loosely attached cells off the surface. If no cells were detached,
the flask was put back at 37°C for a few more minutes and the procedure was
repeated until the cells were éompletely detached from the flask. The cells
were then suspended in growth medium (MEM with 10% FCS) and triturated
gently to disrupt cell clumps. The cell number was determined by counting the
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cells using a hemocytometer and viability staining was done with trypan blue.
The cells were then diluted with growth medium to an approximate
concentration of 2 X 10* to 4 X 10%ml. Aliquots of the cell suspension were
then added to flasks containing growth medium. The cell suspension was
rotated and evenly distributed on the surface of the culture flasks. The flasks
were then incubated at 37°C until the formation of monolayers of cells. The

growth medium was changed twice a week.

Isolation of the virus:

The isolation of rotavirus was done in tissue culture flasks and the protocol
standardized by Kutsuzawa T et al was followed (73). The stool specimens
that were positive for rotavirus by PAGE were used for virus inoculation.

The stool specimens were brought to room temperature. A 10% suspension
in MEM of the specimens was then prepared. After centrifuging at 10,000rpm
for 10mins., the clear supernatant fluids were collected. These supernatants
were mixed with an equal amount of 20ug of trypsin per mi for 20 mins. at
37°C. This mixture was then diluted 1:20 with MEM before inoculation. Before
these samples were inoculated, confluent MA104 cell monolayers were
washed three times with MEM without serum. Excepting the controls, each
well was inoculated with 0.1 ml of the diluted mixture. The plates were then
incubated at 37°C for 60mins. The cultures were then washed three times
with MEM without serum and fed with MEM without serum and containing
0.5ug of trypsin per ml. The flasks were incubated at 37°C. Media were
changed every other day. The flasks were inspected everyday for the
occurrence of cytopathic effects (CPE). When CPE was observed, the culture
flasks were frozen, thawed, and then the culture lysates were centrifuged.
The supernatants were collected and tested for the presence of rotavirus by
PAGE. When no CPE was observed even after eleven days after inoculation,
cultures were lysed by freeze-thawing and‘supematents were obtained by
centrifugation. These lysates were trypsin treated as described above and
inoculated into fresh MA104 cell cultures. This procedure was carried out till
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passage 6. All cell lysates were then tested by PAGE after each passage for
rotavirus positivity regardless of the demonstration of CPE.

STATISTICAL ANALYSIS

All statistical analysis was done by using the chi square test with Yate’s
correction (continuity correction).
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Our study included a total of 225 pediatric diarrhea patients, which comprised
. |

the study group, and 25 pediatric patients who were not suffering from

diarrhea which comprised the control group.

The demograph__ic characteristics and symptoms of the group suffering from
diarrhea is shown in Table 1. 59.11% of the patients were males and 40.88%

were females.

12.44% of the patients were below the age of 6 months, 47.55% belonged to
the age group of 6-12 months, 16% were from the age group of 12-18
months, 9.33% from the age group of 18-24 months, and 14.66% were above
2 years of age.

36% of the diarrhea patients were passing 10-12 stools per day, while!64% of

the patients were passing 1-2 stools per hour.

29.33% of the patients vomited 1-2 times per day, 37.77% of the patients
. !

showed a vomiting frequency of 10-12 per day, and 12.88% of the ;patients

vomited 1-2 times per hour. 20% of the patients did not suffer from vohiting.

60.88% of the patients sufferéd from mild fever (upto 100°F), 21.77% of the
patients had moderate fever (100-101°F), while 4% of the patients had high
fever (>101°F). 13.33% of the patients did not suffer from fever.

Of these patients, 19.55% were admitted to the Lokmanya Tilak Memorial
Hospital, 23.55% were admitted to the King Edward Memorial Hosﬂ:ital, and
56.88% were admitted to the Kasturba Hospital for Infectious Diseasés.

\
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Frequency of

Frequency of vomiting

Gradation of fever

Sex Hospital diarrhea
Age Total
(months) 10 - 10 -
Male | Female | LTMH | KEM | KHID 12/ 1-2/ | Ab- | 1-2/ | 12/ | 1-2/ | Ab- | Mild | Mod- | High | No
day hour | sent | day | day | hour | sent erate fever
<6 17 11 12 6 10 28 11 17 - 18 2 - 8 17 8 3 -
6-12 65 42 19 24 64 107 47 60 - 40 34 12 21 77 28 2 -
12-18 21 15 3 8 25 36 16 20 - 6 10 11 9 23 7 2 4
18-24 11 10 3 4 14 21 3 18 - 2 ‘12 4 3 7 3 1 10
>24 19 14 7 11 15 33 4 29 - - 27 2 4 13 3 1 16
Total no. 133 92 44 53 128 225 81 144 -- 66 85 29 45 137 49 9 30
of
patients

—_ = venl®
Table i . Demo FQMC feris res and 6‘1 mPloms o‘% )pol’ enls
SU??erin% -5Zrom diarrheo.




DETECTION OF ENTEROPATHOGENS '

E.coli was detected in 38.22% of the diarrhea cases. Species of Vibrio and
Proteus were isolated from 8.0% and 4.0% of the cases respectively.
Rotavirus was detected in 16.0% of the diarrhea cases, and in none of the
controls. The detection of rotavirus was done by PAGE. All the dletected
cases of rotavirus belonged to group A. All these cases of rotavirus diarrhea
showed no growth of any bacteria. An etiologic agent could not be identified

in 33.77% of the cases. (Table 2)
Table 2. Enteropathogens detected from diarrhea patients:
Likely etiologic agent Percentage
detected Diarrhea cases (n=225)
Only E.coli 86 3822
Vibrio species 18 8.0
(with and without
E.coli)
Proteus species 9 4.0
(with and without
E.coli)
Rotavirus 36 16.0
No agent isolated 76 33.77

The bacterial isolates were identified by means of biochemical testL (Table
3).
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Table 3. Key for Identification of the Clinical Isolates

Genus/ Biochemical Reactions
Species
Mot| Glu | Lac [Suc {Man| Dul |Ind {MR | VP | Cit |Gel | Ure |[PPA| Oxl

Ecoli | + [AG|AG| AG|AG [AG | + + | - | - INL| - | |- --
P.retigeri | + Al -1@A)| A| -| +| +| -] +|NL[ + ||+ -
Pvulgarisi + |AG| - |AG| - | - | + | + | - + | @] + |+ -

Legend :

AG Acid and Gas

A Acid only

+ Positive

- Negative

Letters in parenthesis indicate variable results




The demographic characteristics and symptoms of the patients who [were
detected to be rotavirus positive are given in Table 4. 63.88% of these

patients were male and 36.11% were females.

8.33% of the rotavirus positive patients were under 6 months of age. 55{).55%
of patients suffering from rotavirus disease belonged to the age group of 6-12
months, 19.44% of the patients were from the age group of 12-18 months,
and 5.55% of the patients were from the age group of 18-24 months. 11.11%
of the patients were above the age of 2 years.

38.88% of these patients were passing 10-12 stools per day and 61.11% of
them were passing about 1-2 stools per hour.

27.77% of the patients vomited 1-2 times a day, 36.11% of the patients
vomited 10-12 times a day, and 11.11% of the patients vomited almost 1-2
times per hour. 25% of these patients did not exhibit the symptom of vomiting.

Mild fever was experienced by 58.33% of the patients from this jgroup,
19.44% of them had moderate fever, and 5.55% of the patients suffered from
high fever. No fever was experienced by 16.66% of the patients.

Of the 36 patients suffering from rotavirus disease, 22.22% were admitted to
the Lokmanya Tilak Memorial Hospital, 27.77% were admitted to the King
. Edward Memorial Hospital, and 50% of the patients were from the pediatric
ward of the Kasturba Hospital for Infectious Diseases.
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Frequency of - Frequency of vomiting ‘Gradation of fever
Sex Hospital diarrhea
Age Total
(months) 10 - 10 -
‘Male | Female | LTMH | KEM | KHID 12/ 1-2/ | Ab- | 1-2/ | 12/ | 1-2/ | Ab- | Mild | Mod- | High | No
day hour | sent | day | day | hour | sent erate fever
<6 2 1 1 0 2 3 1 2 - 2 -- - 1 - 2 1 -
6-12 13 7 5 6 9 20 8 12 - 3 7 2 8 16 2 1 1
12-18 4 3 0 3 4, 7 3 4 - 2 4 1 - 3 2 - 2
18-24 2 -- 0 1 1 2 1 1 -- -- 2 -- -- -- 1 - 1
>24 2 2 2 0 2 4 1 3 - 3 - 1 -- 2 - - 2
Total no. 23 13 8 10 18 36 14 22 -- 10 13 4 9 21 7 2 6
of
atients

Table 4. DemoaraPh{c

characleriglicg and 57m}> ems o’.l Poﬁenfs su'ﬁering

?rom roTavirus diarrhea.




All the samples from patients suffering from diarrhea were also tested by LA

for the presence of rotaviruses while only those samples which were positive

for rotavirus by PAGE were inoculated onto MA104 cells for the isolation of

the virus.

LA detected 33 cases of rotavirus diarrhea, of which 4 were false positive.

Also, 7 false negative results were obtained as compared to the resuits by
PAGE (Table 5).

In cell culture, only 19 of the 36 rotavirus samples could be isolated (Table 5).

CPE was observed in the form of obscure cell borders, cell fusion, rounding of

cells, and detachment. The growth of the virus in the cells was also confirmed

by running the RNA extracts from MA104 cell lysates on polyacrylamide gels.

Table 5. Correlation of results by PAGE, latex agglutination, and in vitro

isolation.
_ PAGE Cell False
Samples positive LA positive False False culture negative
(standard test) positive | negative | positive 8
Patients 36 33 4 7 19 17
Controls Nil Nil - - - -
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DISCUSSION



Diarrhea is by far the major killer among all diseases affecting children
worldwide. Acute diarrhea is a very frequent disease in developing countries
and is the first cause of death in infants under 2 years of age. The magnitude
of the impact of the diarrheic diseases on infantile morbidity and mortality
rates in developing countries is represented by the more than one billion of
episodes and approximately 3.3 millions deaths/year, respectively (2).
Despite the fact that acute diarrhea continues to be an important public heaith
problem in USA, the existence of an efficient and well established health
system and high levels of sanitary conditions, as well as adequate food
hygiene, have altogether been determinant factors for the drastic reduction in
the morbidity and mortality rates brought about by diarrheic diseases,
occurring since the beginning of the present century. The current hospital
mortality rates have been reduced to levels lower than 2% (162). On the other:
hand, in the majority of the developing countries of the Americas, Asia and
Africa, infantile mortality rates have always been associated with the
frequency of diarrheic disease. In those more severe cases that need
hospitalization, the risk of perpetuation of diarrhea is beyond the efficacy of
oral hydration, since food intolerance and nutritional aggravation are the most
frequent clinical complications. Persistence of diarrhea is most probably due
to food intolerance after an episode of acute diarrhea presumably induced by
an enteropathogenic agent. It is well known that persistence of diarrhea due
to food intolerance is associated to malabsorption of nutrients, a very
common cause of nutritional aggravation leading to severe malnutrition (163).
Persistent diarrhea and malnutrition are the major clinical components of food
intolerance as a consequence of the morphological and functional lesions that
occur on the small bowel mucosa causing malabsorption of the nutrients of
the diet. Thus enteric infection constitutes the triggering factor that generates
a vicious cycle represented by persistence of diarrhea, food intolerance and
severe protein-calorie malnutrition and malnutrition in its turn leads to
decreased immunity and hence increased susceptibility to infections. The
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presence of these major clinical complications is responsible for deaths in
hospitalized infants due to severe acute diarrhea in developing countries.

In the present study, the study subjects are pediatric patients admitted to
three municipal hospitals in Mumbai. Though all these hospitals are in central
Mumbai, they serve patients from all over the city. Hence our findings may
reflect the rate of incidence of rotavirus infections all over the city. But such a
conclusion cannot be drawn based on a study that has taken only 3 major
hospitals into consideration. Also, the patients admitted to these hospitals all
belong to the lower socio economic strata of society, with low literacy levels,
no source of potable water, and poor hygiene and sanitary conditions.
Hence, no differentiation in the occurrence or severity of disease could be
méde based on these factors. The factors that could be used to study the role
of the virus in causing diarrhea in children under 5 years of age, and those
that are taken into consideration in this study are the age and sex of the
affected children and the seasonality of the virus.

It was found that infection with rotavirus was more frequent among infants
and children less than two years old, with a maximum incidence among
children 13-15 months old (106). Other studies have also reported that
rotavirus gastroenteritis severe enough to require hospitalization occurs most
frequently in infants and young children from approximately 6 months to 2
years of age (89,164,165). Infants under 6 months of age have been
observed to experience the next highest frequency of such illness. In our
study, we found the maximum incidence of such disease in the age group of
6-12 months with 55.55% of the rotavirus diarrhea cases occurring in this
group. A maximum of cases might have occurred in this group as it is at this
age that maternal antibody has just been lost and any passing virus can
cause disease. However, the rate of incidence in this group is not significantly
higher than the occurrence of rotavirus disease in other age groups. Only
11.11% of rotavirus infections occurred in the age group above 24 months as
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compared to 88.89% of infections in the age group below 24 months.
However, these figures too are not significant (x% = 0.18, p>0.05) as the

number of diarrhea patients in the age group under 24 months was also large.

No significant sex—rélated differences in the incidence of diarrheal disease
was reported in a study by Bhan et af (111). While this observation was made
for diarrheal disease in general, a Delhi based study found rotavirus to be
more prevalent in boys than in girls (115). However, bearing in mind the
excess of male births over females, the greater general resistance of the
female, and the tendency in some communities to lavish more care and
attention on males than females, it might be likely that there is no genuine
difference between the susceptibility of the two sexes. In contradiction,
another study by Nath G et al reported that girls (24.1%) were more
susceptible to rotavirus infection amongst the diarrheal group in comparison
to boys (13.8%) (117). In our study, although we have found that 63.88% of
the rotavirus infections have occurred in males, the difference in the
occurrence of rotavirus infections in males and females is not significant (x? =
0.20, p>0.05).

In the present study, though there is a slight increase in rotavirus disease in
the winter months, it is not a significant one when compared to the number of
cases occurring in the summer (x? = 0.60, p>0.05). The increase of rotavirus
incidence in winter is significant when compared to the incidence of rotavirus
in the rainy season (x? = 4.07, p<0.05). Although the cases of diarrhea in the
rainy season were maximum, they had a different etiologic agent. When the
number of cases of rotavirus infections in winter was compared with those
occurring during the rest of the year, there was no significant difference (x? =
3.25, p>0.05). Considering that rotavirus disease is also called “winter
disease”, this is surprising. A striking and well-recognized feature of rotavirus
epidemiology is the annual peak of infection and illness in winter. But this is
the case only in the temperate zones. Data from 34 studies of the etiology of
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childhood diarrhea were compiled in order to investigate the seasonal
patterns of rotavirus gastroenteritis (132). This report found that the incidence
of rotavirus infections peaked in winter primarily in the Americas and that
peaks in the autumn or spring are common in other parts of the world. In the
tropics, the seasonality of such infections is less distinct and within 10
degrees latitude of the equator, some locations exhibited no trend.
Throughout most of the world, rotavirus is present all the year round, which
suggests that low-level transmission could maintain the chain of infection. A
study carried out in hospitalized children in Delhi reported a peak of rotavirus
infections in the early winter months (115). Diarrhea due to rotavirus was
found to be more prevalent during the cooler months of November to
February by another study carried out in an urban slum population (117).
More of rotavirus diarrheal episodes were observed to occur during the winter
season by Yaccha ef al in a study carried out in Chandigarh (112). Even in
Mumbai, a study has reported the increase in prevalence of rotavirus in cooler
months of the year (120). November and December are the cooler months of
the year when the maximum and minimum temperatures are low and humidity
is also low. It has been found that there are more ndmber of rotavirus cases
as described above in these months. However, in our study we have found no
significant increase in the occurrence of rotavirus disease during the winter
months. This finding is in concurrence with that reported by Desikan et al in
their study carried out in Bangladesh (166). This recent study has found no

seasonal variation in the incidence of infection.

Other organisms detected in the patients in our study were E.coli and species
of Proteus and Vibrio. A study by Bhan et al has reported the isolation of
various bacteria from the stool specimens of children suffering from diarrhea
(111). The children suffering from the disease were divided into two groups,
namely, those suffering from persistent diarrhea and those suffering from
acute diarrhea. Established enteric pathogens were isolated during the initial
illness in 46.4% of persistent and 55.4% of acute diarrhea episodes.
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Pathogens isolated during persistent episodes included enterotoxigenic
Escherichia coli (ETEC) (9.3%), Salmonella species (4.7%), as well as
campylobacter (4.7%), Shigella species (2.3%) and Entamoeba histolytica
(2.3%). Similar proportions of these pathogens were isolated also during
episodes of acute diarrhea. Multiple pathogens were isolated in 7% of the
persistent and 5% of the acute episodes. In a similar study carried out in
Kenya, bacterial diarrhea was found in 27.7% of diarrhea patients under
Syears of age (104). The bacterial pathogens included E.coli, Salmonella
species, and Shigella species. Intestinal parasites were found in 12.6% of the
cases. Rotavirus was found in 16.1% of the cases. In our study, we have
detected E.coliin a majority of cases (38.22%). However, since we were not
able to type the strains detected by us, it cannot be said whether the isolated
E.coli strains were the normal flora or were pathogenic. The other bacteria
isolated were Vibrio species (8.0%) and Proteus species (4.0%). Rotavirus
was detected in 16.0% of the samples. No mixed infection of rotavirus along
with any bacteria was observed. An astonishing 33.77% of the samples
showed no growth of any bacteria including normal flora of the
gastrointestinal tract. This might be due to the drug therapy that the patients
had undergone. Antibiotics like Ciprofloxacin, Ampicillin, Tetracyclin, etc. are
used as the first step of defense against enteropathogens. Indiscriminate use
of antibiotics even before consulting a physician may have led to the
complete destruction of the intestinal organisms. The etiologic agents in these
33.77% samples could be any of the other viruses causing gastroenteritis liké
adenoviruses, caliciviruses, coronaviruses, etc. Protozoa or parasites may
also be responsible for the intestinal disease of these patients.

The rate of incidence of rotavirus observed in this study is less than that of
23% observed by Desai et a/ in Mumbai a few years back (120). But it is still
high compared to some other areas in India and will continue to remain so
until living conditions improve (111,112,113,114).
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We found that the presenting symptoms of patients suffering from rotavirus
diarrhea and those suffering from diarrhea which was not due to rotavirus
were not distinctive. The frequency of diarrhea and vomiting as well as
gradation of fever exhibited by patients from both groups was almost similar.
Hence, diagnosis of rotavirus infection cannot be made on the basis of the
symptoms alone. An appropriate diagnostic method is necessary.

In a comparative study of various methods for detecting human rotaviruses
from stool specimens, Hendricks et al found that PAGE and EM were 100%
specific while the specificity of latex aggiutination was 81% (109). In this
study, 103 children were assessed for human rotavirus infection in Bangkok.
PAGE was found to be 90% sensitive, EM 84%, and latex agglutination 80%.
Another study by Chakravarti et al carried out in children below 2 years of age
reported the sensitivity of latex agglutination and PAGE to be 91.4% and 80%
respectively, the corresponding specificity was 98.18% and 100%,
respectively (167).

In our study we have found the rate of incidence of rotavirus to be 16.0% by
PAGE. Since all the detected rotaviruses belonged to group A, we can safely
assume that rotavirus infection in Mumbai as of yet is by the conventional
strain. However, the absence of any atypical rotaviruses should not stop us
from carrying out routine surveillance in order to keep a check on the strains
of rotavirus circulating in the community. We have considered PAGE to be the
standard one because its sensitivity is more than 90% and its specificity is
100% (150). Compared to this method, LA gave 4 faise positive results and 7
false negative results, thereby giving a sensitivity of 87.87% and specificity of
97.88%. LA cén therefore be used as a bedside method for preliminary
testing of stools for rotavirus. However, results from this test need to be
confirmed by another method. Also, viruses belonging.to groups B and C go
undetected by this method of diagnosis.

39



Another method of diagnosis that we have tested is isolation of the virus in
cell culture. 17 false negative results were obtained; therefore the sensitivity
of this method was calculated to be 52.77%. The specificity of this method
could not be checked as only samples that were positive for rotavirus by
PAGE were tested by this method. This method has proved to be
cumbersome as after every passage of the virus in cells, PAGE had to be
used to confirm the presence or absence of the virus as CPE is not always
visible and hence is not very useful as’a diagnostic tool. It is more suited to a
research setting. Various studies have reported the efficiency of rotavirus
detection by this method to be about 75% as compared to antigen detection
test procedures (71,168,169).

PAGE has been used to detect rotaviruses in many studies and PAGE of
rotavirus can provide information on variation in rotavirus strain prevalent in
the community. A surveillance of this type can keep a check on the
simultaneous co-circulation of multiple strains in the community, which may
lead to extensive gnomic variation in rotavirus strains. This information is vital
for vaccine development. Also in developing countries like India, where the
cost of diagnostic kits like EIAs is prohibitive, PAGE becomes a handy tool in
the hands of laboratory technicians. Besides being extremely sensitive and
specific, it is also inexpensive with no requirement for fancy reagents:
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SUMMARY

CONCLUSION



Since this study covers a period of only two years and is carried out in a
limited locality and socioeconomic strata of the city, it is only suggested that
rotavirus may be one of the commonest causes of acute gastroenteritis in
children younger than five years.

This study was carried out from March 1998 to January 2000. In this period,
of the total 225 diarrhea samples collected, 36 samples were found to be
positive for rotavirus by PAGE, giving rotavirus- positivity of 16%.

It was found that all the detected rotaviruses belonged to group A. No atypical

rotaviruses were observed.

The age group of 6-12 months was found to be most susceptible to infection
with 5§5.55% of the rotavirus cases occurring in this age group. Overall, the
age group upto 24 months was more susceptible (88.88%) than the age
group from 24 months to 5 years (11.11%).

Although rotavirus disease was recorded around the year, a slight seasonal
variation was observed. 47.22% of the observed infections took place during
the months of November to February.

E.coli was isolated from a majority of the 225 samples (38.22%). Other
bacteria identified belonged to the Vibrio and Proteus species. 49.77% of the
test samples showed no growth of bacteria out of which 16.0% tested positive
for rotavirus. No etiologic agent could be identified for the remaining 33.77%
of the patients.

Of the existing diagnostic methods, we found PAGE to be the most

appropriate method taking into consideration its cost effectiveness and

accuracy.
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Rapid progress towards the development of rotavirus vaccines has prompted
a reassessment of the disease burden of rotavirus diarrhea in developing
countries and the possible impact of these vaccines in reducing diarrheal
morbidity and mortality among infants and young children. Countries like India
should, therefore, have an active and systematic surveillance for detection
and epidemiological study of rotavirus infection.



APPENDIX

ISOLATION OF BACTERIA

Nutrient agar, MacConkey's agar, and Salmonella-Shigella agar were
obtained from HI media in powdered form and were prepared according to
instructions.

Reagents for biochemical tests were prepared according to standard protocol.

ISOLATION OF VIRUS

Minimum Essential Medium (MEM)

MEM powder with Earle’'s salts, L-glutamine and non-essential amino acids
(Gibco cat. no. 4150-034) was dissolved in 900ml of deionised water. 2.2 g of
NaHCO3 was added, Penicillin, Streptomycin, and Kanamycin solution was
added to a concentration of 200u/ml. pH was adjusted to 7.2 with 1N HCI and
1N NaOH. The volume was brought to 1000ml by adding water. The medium
was then filter sterilized using a membrane with a porosity of 0.22 microns.
The filtered medium was aseptically dispensed into sterile bottles and stored
at 4°C till use.

Trypsin solution

200 mg of Trypsin, 400mg of EDTA, and 100mg of glucose were dissolved in
180ml of PBS. The pH was adjusted to 7.5 by 1N NaOH. 0.02ml of 0.1%
Phenol red was added, and the volume was brought to 200 ml with PBS. This
solution was then filter sterilized and stored at 4°C.

Phosphate buffered saline (PBS)

NACI : 8g
KCI :0.4g
NazHPO4.2H,0 1 1.779
NaHz PO4,2H20 30.699
Glucose 29
Phenol red :0.01g

Make volume to 1000ml with distilled water and filter sterilize.
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ELECTROPHEROTYPING OF VIRUS

Sodium acetate buffer with 1% SDS (pH %.0)

0.1M glacial acetic acid : 60mi
Anhydrous sodium acetate :1.15g
SDS 129
Distilled water : 140ml

Phenol-chloroform mixture

Redistilied phenol - 100ml
Chloroform : 64ml
Isoamyl alcohol 1 2.679g
8-hydroxy-quinoline :0.25¢g

Separation gel buffer (4X)

Tris base :18.17g

Dissolve in distilled water and adjust pH to 8.8 with 12N HCI, and make final
volume to 100ml.

Stacking gel buffer (4X)

Tris base :6.6g

Dissolve in distilled water and adjust pH to 6.8 with 12N HCI, and make final
volume to 100ml.

Tris Glycine reseroir buffer (4X)

Tris base 1129

Glycine : 57.6g

Dissolve in distilled water and adjust pH to 8.3 with 12N HCI, and make final
volume to 1000ml.

Sample buffer (4X)

Stacking gel buffer . 7.5ml
Glycerol :2.5ml
Bromophenol blue - 10mg

- Acrylamide solution (30%)
Acrylamide : 30g
Methylene bisacrylamide :0.8g
Dissolve in 100ml distilled water.
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Separation gel (10%)
Distilled water
Separation gel buffer
Acrylamide solution
TEMED

2% ammonium persulfate

Stacking gel (3%)
Distilled water

Stacking gel buffer
Acrylamide solution
TEMED

2% ammonium persulfate

Fixing solution
Distilled water
Ethanol

Acetic acid

Silver stain
Silver nitrate
Distilled water

Developing solution
Sodium hydroxide
Distilled water

Stopping solution
Acetic acid
Distilled water

: 8.06ml
: 5.9mi

1 6.65ml
2 Sul
:0.3ml

:3.1ml

2 1.25ml
:0.5ml
: 5ul
:150ul

:170ml
: 20ml
:10ml

:0.37¢g
: 200ml

. 7.5g
1 200ml

- 10mil
- 190ml
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INTRODUCTION

In 1973, Bishop and colleagues observed by electron microscopy, in the duodenal
epithelium of children with diarrhoea, a 70 nm virus, subsequently designated
rotavirus (1). Before this discovery, a bacterial, viral, or parasitic agent could be
detected in only 10% to 30% of children with diarrhoea. Within five years, rotavirus
was recognized as the most common cause of severe vomiting and diarrhoea in
infants and young children worldwide, accounting for approximately one third of
cases of severe diarrhoea requiring hospitalization (2-4). Rotavirus infects virtually all
children by five years of age. Some of these infections are severe and many children
are infected more than once, although severity of disease decreases with each

infection (5).

In every population studied, rotaviruses account for 20-50 per cent of hospitalizations
for gastroénten'tis (6). In developing countries, rotavirus leads to an estimated 600,000
to 870,000 deaths each year, accounting for 20-25 per cent of all deaths due to

diarrhoea and 6 per cent of all deaths among children under 5 years of age (7).

Thus, the public health burden of infectious diarrhoea is substantial, world-wide and
especially in developing countries. However, systematic surveillance for rotavirus

diarrhoea has not yet been established in developing countries.

Rotaviruses are shed in high concentrations in the stools of infected children and are
transmitted by the oral-fecal route, both through close person-to-person contact and
through fomites (8). Rotaviruses also might be transmitted by other modes, such as
respiratory droplets (9). Because the clinical features of rotavirus gastroenteritis are
non-specific, confirmation of rotavirus infection in children with gastroenteritis
‘laboratory testing of fecal spe:cimens is necessary for reliable rotavirus surveillance
(10).

Rotaviruses affecting humans were once thought to be limited to one antigenic family
termed Group A, whereas other antigenic groups (B-G) were thought to be strictly
zoonotic. In 1982, however, an epidemic of Group B rotavirus affected millions of

1



persons in China (including aduits, children, and neonates) (11), and since then out
breaks have recurred, althbugh affecting fewer persons. Studies of immunoglobulin
pools from Shanghai suggest that the Chinese population had been exposed to this
pathogen in the past (12). Since ‘Group B rotavirus is a common diarrhoeal pathogen
for swine, and since all rotaviruses have a segmented genome capable of antigenic
changes through reassortment of genes, investigators have hypothesized that this
human Group B epidemic arose by a reassortment that allowed the swine virus to
propagate in the human gut (13). The group B epidemic was not known to have
spread beyond China until Krishnan T et al reported the detection of this virus in
Calcutta in 1999 (14). The detection of this strain in Calcutta calls for systematic
surveillance of rotavirus in India (15). Group C rotaviruses are also primarily swine
pathogens but have been detected among humans in all parts of the world. Outbreaks
have occurred in Japan and England, but the importance of Group C rotaviruses in
endemic disease is unknown (16, 17).

Because rotavirus infection is the leading cause of diarrhoeal mortality in the world
and because natural infection appears to induce immunity, rotavirus has been the main
focus of efforts at vaccine development. Within 10 years of its discovery in 1973,
trials were already under way. But the results have been inconsistent (18,19). These
inconsistencies may be due to differences between vaccine type and the strain of
rotavirus in the community. The present study was undertaken to report the
prevalence of rotavirus gastroenteritis among hospitalized children and to provide
basic epidemiological data like the association of the disease with risk factors such as
age, sex and seasons. It also aims to detect any novel or unusual rotaviruses and to

determine the prevalent rotavirus electropherotype in the children of Mumbai.

AIMS AND OBJECTIVES.

1. To determine the prevalence of rotavirus infection in paediatric cases of diarrhoea.

2. To study the prevalence of enteric bacteria in paediatric cases of diarrhoea.

3. Comparison of three methods for detection of rotaviruses, namely latex
agglutination, polyacrylamide gel electrophoresis and isolation of virus in cell

culture.



MATERIALS AND METHODS

Specimen collection :

Stool specimens were collected from children under 5 years of age and admitted for
diarrhoea in the paediatric wards of Lokmanya Tilak Hospital, Sion, K.E.M. Hospital,
Parel, and Kasturba Hospital for Infectious Diseases, Mumbai Central, on the day of
admittance. Control patients were children who were admitted to these hospitals with
other illnesses and who showed no symptoms of gastroenteritis. Stools from these
children were collected on any day after admittance to the hospitals. Information
regarding sex, age, date of admission, locality and family income was collected from
all subjects. The specimens were collected on the day of admission of the patients in
sterile 15.0 ml containers with wide mouths and screw caps. The specimens were

stored at 4°C until processed.

Detection of enteric bacteria:
The specimens were plated on selective and differential media within an hour of

sample collection. The bacteria were identified by standard biochemical tests (20).

Detection and clectropherotyping of rotavirus:

Detection of rotavirus was done using two methods, viz. latex agglutination (LA) and
polyacrylamide gel electrophoresis (PAGE). A commercially available latex
agglutination kit was used to detest rotaviruses from fresh samples as per the

instructions enclosed with the kit.

PAGE was used to detect as well as electropherotype the virus. RNA was extracted
from, stool and run along with positive controls on a 10% polyacrylamide gel kept at
a constant current of 25 mA for 16 hrs. using a modification of the original protocol
(21). The gels were silver stained and visualized against white light. Based on the

pattern of the bands obtained, the detected virus was grouped



Proposed plan of work:

Isolation of virus in cell culture: Cell line MA- 104 will be used for this purpose. It
will be maintained in Minimum Essential Medium with 10% foetal calf sen‘lm.Virus
will be inoculated on the cell line and isolated according to protocol standardized by
Wyatt et al (22).

RESULTS AND DISCUSSION

This study covers the period from March 1998, to January 2000. 225 diarrhoea stool
samples and 25 control stool samples were collected from paediatric patients admitted
to the three mentioned hospitals.

Rotavirus was detected in 36 samples by PAGE and in 33 samples by LA. Of the 25
controls, none tested positive for rotavirus by either method. PAGE was regarded as
the standard test for detection as its sensitivity is more than 90% and specificity is
100% (23). In addition, atypical rotaviruses (Groups B and C) can be detected. LA
gave 4 false positive results and 7 false negative results showing a sensitivity of
87.87%.

The prevalence rate of rotavirus infection in paediatric cases was found to be 16%. Of
the 36 rotavirus positive patients, 63.88% were males and 36.1 1% were females
which shows that male babies are more prone to rotavirus infection than female
babies (24). However, bearing in mind the excess of male births over females, the
greater general resistance of the female, and the tendency in some communities to
lavish more care and attention on, males than females, it might be likely that these
figures do not reflect any genuine difference between the susceptibility of the two
sexes. All the detected rotavirus belonged to Group A. No atypical virus was observed
proving that rotavirus infection of children in Mumbai as of yet is by the conventional

strain (Table 1).



Table 1. Prevalence of Rotavirus Diarrhoea Cases

—

Sex Total no. of Percentage | No. of rotavirus Percentage
Diarrhoea cases (n=225) diarrhoeg cases (n=36)
225 36
Male 133 59.11 23 63.88
Female 92 40.88 13 36.11

All 36 cases of rotavirus belonged to Group A.

The age group of 6-12 months was found to be most susceptible to infection with

55.55% of ‘the rotavirus cases occurring in this age group. This finding is in

accordance with those from other developing countries (25,26). Over all, the age

group up to 24 months was more susceptible (88.88%) than the age group from 24

months to 5 years (11. 11%). (Table II). This is because of decreased incidence of

disease with increasing age (10).



Table Il. Age-wise distribution of rotavirus diarrhoea cases diarrhoea cases

Age group (mths) Diarrhoea cases Roravirus Percentage
Diarrhoea Cases (n=36)
<6 28 3 833
6-12 107 20 55.55
12-18 36 7 19.44
18-24 21 2 5.55
>24 33 4 11.11
Total No. of patients 225 36

Although rotavirus disease was recorded around the year, a distinct seasonal variation
was observed. 47.22% of the observed infections took place during the months of
November to February. This confirms that rotavirus is endemic throughout the year

with a peak in the winter months. (Table III).



Table 111. Season-wise distribution of rotavirus diarrhoea casts

Seasons Total no. of cases | Rotavirus cases Percentage
© (n=36)
Rainy 89 9 + 25
(July — October)
Winter 74 17 47.22
(November — February)
Summer 62 10 27.77
(March — June)
225 36

Total

E.coli was isolated from a majority of the 225 samples (38.22%). Other bacteria
identified belonged to the Vibrio and Proteus species. An astonishing 49.77% of the
test samples showed no growth. (Table IV). This may be due to treatment of the
patients with antibiotics, which would destroy even the normal flora along with the
pathogens in the gastrointestinal tract. All the detected rotavirus cases were those

from which no bacteria could be isolated i.e. no co-infection of rotavirus with

bacterial pathogens was observed.




Table IV. Isolation of enteric bacteria from stools

Bacteria Diarrhoea cases | Percentage
i..solated n=225)
E.coli 86 38.22
Vibrio sp. 18 8.0

Proteus sp. 9 4.0
No growth 112 49.77

All the data are being statistically analyzed.

The study thus conclusively associates the risk factors like age, sex and seasons with
increased incidence of rotavirus infection. Also, socio-economic deprivation and poor
environmental sanitation are known to increase the incidence of this disease in
developing countries (27). However, since all the study subjects belonged to similar

socioeconomic strata, this factor could not be assessed.

Continuous surveillance of this infection is necessary in order to determine the

prevalent strains and patterns of infection in the community.
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