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Abstract

The most common cause of severe diarrhea in children under five is rotavirus infection. Pediatric
comorbidities are integral components that may affect the prognostic outcomes of rotavirus
gastroenteritis (RVGE). However, little is known about RVGE severity in the presence of comorbid
conditions in children under five years of age. This study aims to compare the clinical outcomes
of rotavirus diarrhea in children with and without co-morbidities. Children under five years of age
suffering from acute diarrhea and admitted to the Inpatient Department (IPD)/Intensive Care Unit (ICU)
were included. ELISA was used to identify the rotavirus antigen in stool samples obtained from each
of the study participants. The Vesikari severity score index was used to assess the degree of disease
severity. Out of the 76 participants recruited, rotavirus was detected in 13 (17.1%) cases. Comorbidities
were present in 42 (55.2%) of the study participants, and eight (10.5%) patients had RVGE. The most
common comorbidities observed were severe acute malnutrition (SAM) followed by malignancies. An
increased frequency of diarrhea, vomiting, and fever was observed among children under five years of
age with rotavirus diarrhea (p < 0.05). A significant difference in the severity of clinical manifestations
was observed among RVGE patients with comorbidities (p < 0.05). This study demonstrated that
rotavirus diarrhea was still common in hospitalized children under five years old, even though rotavirus
vaccination was added to the universal immunization program. The presence of comorbidities further
accelerated the deterioration of clinical conditions among RVGE patients highlighting the need for
additional measures to prevent rotavirus infection in children with comorbid conditions.
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INTRODUCTION

Rotaviruses continue to cause severe,
dehydrating diarrhoea in children under five years
old, and they are responsible for over 25 million
outpatient visits and over 2 million hospitalizations
annually worldwide.! In 2016, rotavirus diarrhoea
accounted for 28.8% (95% Ul, 25.0%-32.6%) of
fatalities in children under the age of five globally.?
According to the National Rotavirus Surveillance
Network, an overall rotavirus prevalence of
36.3% was reported among children younger
than five years of age hospitalized for diarrhoea
in India.?

Rotavirusinfectionis highly communicable.
Infected individuals excrete large amounts of the
virus in their stool, starting two days before the
onset of diarrhea and continuing for many days
after symptoms appear. In immunocompromised
hosts, the period of viral excretion are prolonged.*
Although the disease is self-limiting in many
cases, complications such as severe diarrhoea,
dehydration, electrolyte imbalance, and metabolic
acidosis have been reported among infants and
young children.* Rotavirus-induced diarrhea
plays a significant role in the development of
long-term nutritional deficiencies, including
stunting, wasting, malnutrition, and impaired
cognitive development. Rotavirus infection is an
independent risk factor for neonatal seizures, and
associated with the white matter injury.> Presence
of co-morbidities is an additional risk factor which
is to be considered while assessing the prognosis
of RVGE patients. Due to the immature immune
systems and lower antibody levels, premature
neonates are at a higher risk of developing severe
disease during the first month of life and early
infancy.? In a study conducted among children
with cancer undergoing extensive treatment with
chemotherapy, disease severity, complications
and length of hospital stay were reported to be
higher among RVGE cases. A greater percentage of
patients who tested positive for rotavirus required
tube feeding and parenteral nourishment.’
Malnutrition or secondary immunosuppression
due to high-dose chemotherapy in patients with
malignancy or after hematopoietic stem cell
transplantation impact both the gut's physiological
integrity and its microbial composition.® This
may increase susceptibility to enteric pathogens

including rotavirus and worsen the disease severity
and prognosis of RVGE.

In India, the Rotavirus vaccine (RVV)
was introduced into the Universal Immunization
Program (UIP) in March 2016. It was introduced
into Madhya Pradesh in a phased manner, with
the second phase commencing in early 2017, as
part of UIP. The present study was conducted after
RVV implementation to assess the clinical profiles
of rotavirus-infected children under five years old.
Pediatric comorbidities are integral components
that may affect prognostic outcomes of RVGE.
Accordingly, special management and decisions
regarding additional RVV doses in this special
group should be planned by healthcare providers
and policymakers. Our study aims to compare the
clinical outcomes of rotavirus diarrhea in children
under 5 years of age, focusing on those with and
without associated comorbidities.

SUBJECTS AND METHODS

Ethical considerations

The study was initiated after obtaining
due approval from the Institutional Human Ethics
Committee approval. Study participants were
recruited upon acquiring the parents' or guardians'
written informed consent.

Recruitment, clinical data collection and sampling
of study participants

This was a prospective, observational
study, conducted at the Department of
Microbiology and Paediatrics from June 2020 to
December 2021 at AlIMS Bhopal, which is a tertiary
care teaching hospital located in Central India.

Children <5 years of age suffering from
acute diarrhea and admitted to the Inpatient
Department (IPD) or Intensive Care Unit (ICU) of
our hospital were included. Acute diarrhea was
defined as the diarrhea (stools of a less formed
character than usual) within a 24 h period, less
than 7 days prior to hospital visit.°

Co-morbid conditions were considered
as any child suffering from malnutrition
(undernutrition or overnutrition), malignancies,
immunodeficiency diseases, children admitted in
ICU due to any other debilitating conditions, or any
other chronicillnesses. These cases were identified
based on clinical diagnosis and confirmation by
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diagnostic tests such as imaging (X-rays, CT scans,
MRIs), biopsies, or blood tests including CBC,
immunoglobulin levels and tumor markers for
childhood malignancies.

The detailed epidemiological and clinical
presentations of the study participants were
recorded on a predesigned case record form.
Details of the study participants, such as age, sex,
anthropometric measures, nutritional status,
rotavirus immunization status, and associated
morbidities were also noted. The modified
Kuppuswamy’s socioeconomic status scale
based on three parameters, that is, education,
occupation, and family income, was used to
score the socioeconomic status of the recruited
participants.’®

The Vesikari severity scoring index was
used to assess illness severity in the recruited
participants. The illness was graded as mild (score
<7), moderate (score 7-10), and severe (score >11)
based on the scoring system of clinical parameters
such as duration and frequency of diarrhea
and vomiting, body temperature, severity of
dehydration, and treatment modality required.™

To detect the rotavirus antigen, a stool
sample was collected from each participant in
a sterile screw-capped container before being
transferred to the virology laboratory of the
microbiology department. Ifimmediate transport
was not possible, the specimen was stored at 2-80
°C and transported to the laboratory under a cold
chain.

Rotavirus antigen detection
The samples were processed using the

PREMIER® Rotaclone (Meridian Bioscience Inc.,
Cincinnati, Ohio, USA) ELISA, according to the
manufacturer’s instructions. It was a solid phase
sandwich type ELISA directed against the product
of the sixth viral gene (VP6), a group specific
antigen for all known human rotaviruses. Results
were interpreted by both the methods as provided
with the kit instructions.

a). Byvisual determination: Any sample with blue
color more intense than that of the negative
was considered positive. Any sample with
color equal to or less intense than the negative
control was considered negative.

b). By spectrophotometric determination:
Specimens with absorbance units (A450)

greater than 0.150 was considered positive.
Specimens with absorbance equal to or less
than 0.150 was considered negative.
In case of discrepancies in results between
the two methods, results of spectrophotometric
method was taken into consideration.

Statistical analysis

The statistical program IBM SPSS 24 was
utilized to analyze the data. Descriptive statistics
were presented as percentages of all categorical
variables. Quantitative variables were expressed
as means and standard deviations. The correlation
was tested using the chi-square test, and a p-value
of less than 0.05 was deemed significant. An
independent sample t-test was used to identify
continuous variables that were significantly
different between children with and without
associated comorbidities.

RESULTS

Of the 76 participants recruited in the
study, rotavirus was detected as the cause of
acute infectious diarrhea in 13 (17.1%) cases.
Only 1 out of 10 rotavirus-vaccinated participants
developed rotavirus diarrhea. The average time
between the last dose of the vaccine and sample
collection was 10 months. We observed no
predisposition to rotavirus diarrhea based on age,
gender, socioeconomic status, or a history of RVV
(Table 1).

Comparing the clinical characteristics
of the recruited patients, we observed an
increased frequency of diarrhea, vomiting, and
fever among patients with rotavirus diarrhea.
However, there was no discernible difference in
the duration of diarrhea between those with and
without rotavirus diarrhea. The Vesikari Severity
score index was used to determine the degree of
diarrhea. Participants with rotavirus infection did
not differ significantly from those without rotavirus
infection in terms of disease severity (Table 2).

By analyzing the association of different
comorbidities among the recruited patients, we
found a similar distribution between the two
groups. The most common comorbidities observed
in our study were severe acute malnutrition (SAM)
followed by malignancies. Common malignancies
included B-cell lymphoma, acute lymphoblastic
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Table 1. Socio-demographic characteristics of study participants

Rotavirus Rotavirus Total p-value by
Positive (n) Negative (n) n (%) Chi-square test
Gender
Male 8 36 44 (57.9%) 0.77
Female 5 27 32 (42.1%)
Age
Upto 24 months 10 49 59 (77.6%) 0.94
25-60 months 3 14 17 (22.3%)
Rotavirus Vaccination Status
Vaccine Received 1 9 10 (13.1%) 0.52
3 doses 1 5
2 doses 0 2
1 dose 0 2
Vaccine Not Received 12 54 66 (86.8%)
Socioeconomic status
Lower class 1 3 4 (5.3%) 0.53
Upper lower 6 31 37 (48.7%) 0.84
Lower middle 4 22 26 (34.2%) 1.0
Upper middle 2 6 8 (10.5%) 0.61
Upper class 0 1 1(1.3%) 1.0
Total 13 63 76 -

leukemia, Burkitt’s lymphoma, neuroblastoma,
and Langerhans histiocytosis. Eight rotavirus-
positive cases were reported to have associated
morbidities, such as B-cell lymphoma (03), low
birth weight (02), SAM (01), SAM with acute kidney
injury (01), and SAM with thalassemia major (01)
(Figure).

Although rotavirus detection was similar
between patients with and without comorbidities,
we observed significant differences in the
frequency and duration of diarrhea, vomiting,
and fever among patients with comorbidities.
However, no significant differences were observed
in severity of dehydration (Table 3).

DISCUSSION

In this study, we reported a positivity rate
of 17% among hospitalized children under five
suffering from diarrhea without any predisposition
related to age, sex, socioeconomic status, or
history of rotavirus vaccination. The severity of
manifestations was higher among children with
rotavirus diarrhea (Table 1). We also reported an
increase inillness severity among patients suffering

from various comorbid conditions. Although
constrained by the small sample size, our results
showed comparable rates of rotavirus diarrhea in
children who received vaccination and in those
who did not, which suggests ineffectiveness of
vaccination in preventing rotavirus infection in
the group of hospitalized patients. This could
be attributed to either a potential change in the
distribution of serotypes among the circulating
rotavirus strains or the inability to mount a
protective immune response in relatively sick
children. Similarly, the severity of rotavirus
diarrhea was found to be higher in children with
comorbidities, which also suggests an effective
immune system in limiting viral pathogenicity in
infected children.

Our results are consistent with those
of related studies. A similar study conducted by
Chaudhry et al. in Madhya Pradesh, following the
introduction of the rotavirus vaccine, reported
a positivity rate of 18.8%, which is similar to the
findings of our study.® Additionally, Kumar et al.
observed a rotavirus antigen positivity rate of
14.58% at a tertiary healthcare referral hospital in
Western Uttar Pradesh, India, after the inclusion of
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Table 2. Details of clinical features among study participants

Rotavirus Rotavirus Total p-value by
Positive Negative (n=76) Chi-square
(n=13) (n=63) test
Presence of co-morbidities 08 34 42 (55.2%) 0.6
Clinical Features
Frequency of diarrhoea/day 477+258 349+139 3.71+1.70 0.04
Duration of diarrhoea (days) 485+2.85 395+133 4.11+1.70 0.09
Frequency of vomiting/day 3.0+x191 133+0.86 1.62+1.26 <0.001
Duration of vomiting (days) 262+138 1.17+038 1.42+0.85 <0.001
Fever (%) 6 (46.2%) 13(20.6%) 19 (25.0%) 0.05
Severity grading of diarrhoea by the Vesikari severity scoring index
Mild 3(11.5%) 23 (88.5%) 26 (34.2%)
Moderate 5(14.3%) 30(85.7%) 35 (46.0%) 0.16
Severe 5(33.3%) 10 (66.7%) 15 (19.8%)

Table 3. Comparison of clinical features among rotavirus-positive cases with and without co-morbidities

With Without p-value by
Comorbidity Comorbidity  Chi-square
(n=8) (n=5) test
Frequency of diarrhoea/day 6.50+0.92 2.0+1.73 <0.01
Duration of diarrhoea (days) 6+0.0 1.40+0.54 <0.01
Frequency of vomiting/day 4.25+1.28 1.0+0.0 <0.01
Duration of vomiting (days) 3.50+0.92 1.20+0.44 <0.01
Fever (%) 6 (75.0%) 0 0.02
Severity of dehydration (%) 6 (75.0%) 2 (40.0%) 0.29

the rotavirus vaccine in the Universal Immunization
Program (UIP) in the state.!? We observed low
immunisation coverage in our geographical region.
It may be attributed to the impact of the ongoing
COVID-19 pandemic during the study period,
which disrupted routine immunization efforts.
Another possible reason could be recall bias from
the parents of the recruited children regarding
rotavirus vaccination.

In agreement with our findings, previous
authors have reported a higher severity of
clinical manifestations in children with rotavirus
diarrhoea. In the present study, a statistically
significant association with clinical features such
as increased frequency of diarrhea, frequency
and duration of vomiting and fever was observed
among rotavirus-infected cases (Table 2). As
observed in the present study and reported in
previous studies,'*!* rotavirus gastroenteritis is
associated with fever and vomiting. In a similar
study conducted by Selvarajan et al., the severity
of diarrhea was found to be statistically significant

in children infected with rotavirus.' The variation
in the severity of rotavirus gastroenteritis reported
in different studies may be attributed to circulating
rotavirus serotypes in the particular geographical
areas.

We observed the presence of
comorbidities in approximately 10.5% of
participants with rotavirus diarrhea in our study.
Jain et al. found that 9% of children with SAM had
rotavirus infection. When compared with children
with severe diarrhea who were anthropometrically
normal, the difference was statistically significant
(p < 0.033).% Chissaque et al. conducted a study
on Rotavirus A infection in undernourished
children <5 years of age and reported a positivity
rate of 27.2% for rotavirus A infection.'” In a
study of virus-associated diarrhea conducted by
Ghosh et al. among immunocompromised cancer
patients, rotavirus infection was reported in 14%
of lymphoma cases.’ Dennehy et al. found that
infants with low birthweight (<2500 g) and RVGE
after the first few months of life had a higher
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Figure. Details of co-morbidities among study participants (n = 42)

chance of being admitted to the hospital (OR, 2.8;
95% Cl, 1.6-5.0).* Rotavirus-infected children with
comorbidities had a longer duration and increased
frequency of diarrhea and vomiting compared to
children without any comorbidities (p < 0.01).
Rayani et al. observed that vomiting, diarrhea,
and fever were significantly more common in
rotavirus-infected pediatric oncology patients
than in rotavirus-negative patients (p < 0.001). A
significant difference was observed in the severity
of dehydration in children with malignancy.”

The use of a standardized protocol,
including consistent transport methods and
laboratory confirmation of rotavirus diarrhea
at a single reference laboratory, has enhanced
the strength of the study. However, the study
has limitations of small sample size and also
failed to characterize the serotype and genotype
distribution of rotavirus cases. The detection
of other diarrheal pathogens was outside the
scope of the study and were not identified in the
rotavirus-negative cases.

CONCLUSION

This study demonstrated a higher
prevalence of rotavirus diarrhea in hospitalized
children under five years old, despite the rotavirus
vaccine being part of the universal immunization

program. The presence of comorbidities
accelerated the deterioration of clinical conditions
among RVGE patients. Therefore, early diagnosis
of rotavirus infection in acute diarrhea cases is
required for timely intervention, prevention of
further complications, and the spread of infection.
If validated in larger multicenter studies, this
finding hints at the need for additional measures
to prevent rotavirus infections in children with
comorbid conditions.
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