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Abstract

Background: Rotavirus (RV) is associated with diarrhea in children under 5 years old. It leads to severe dehydration. RV infection
is the third cause of hospitalization and death in children under 5 years old.
Objectives: This study aimed to assess the frequency of RV infection in hospitalized children under 5 years old with diarrhea during
2021-2022.
Methods: In this cross-sectional observational study, a total of 190 stool samples from hospitalized children with diarrhea were
collected in Mofid Children’s Hospital in Tehran from December 2020 to March 2021. RV infection was detected by an enzyme-linked
immunosorbent assay (ELISA). Chi-square tests were performed to determine the difference in age and gender group, time, and
symptoms.
Results: The overall prevalence of RV infection was 28.5% and higher in boys (68.5%), children aged ≤ 12 months (44.4%), and children
with mixed feeding (33.3%); it is more common in winter. Vomiting (79.6%), fever (87.03%), and non-exudative stool (88.8%) were
observed in most children with RV, but there were no significant differences in children with and without RV.
Conclusions: Due to the prevalence of RV among children under 5 years of age, establishing a national RV registration system and
control programs, like vaccination, seems to be considered.
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1. Background

Rotavirus (RV) is a highly contagious and easily trans-
mitted infection and the leading cause of diarrhea in chil-
dren under 5 years of age worldwide (1). According to the
World Health Organization (WHO), there are more than 25
million outpatient visits and more than 2 million hospi-
talizations for RV infections each year (2). According to a
study, 66.7% of diarrhea-related deaths in children younger
than 5 years are due to RV infection (1).

RV enters the mouth and then the intestine through
contaminated hands. Infection of the small intestinal ep-
ithelial cells leads to severe diarrhea (3). It often leads to
severe dehydration, which is responsible for one-third of
hospitalization and death due to the infection (1). RV and
its complications and mortality can be a public health is-
sue (1), especially in developing countries where before the
age of 12 months, three-quarters of children experience
their first course of RV diarrhea. Severe RV gastroenteri-
tis is more common in children 6 to 24 months of age, ac-
cording to the WHO report (2). Studies showed a similar

RV prevalence, about 30% to 50% worldwide, among hos-
pitalized children with diarrhea. However, it seems that
more than 90% of children with fatal RV infections live in
low-income countries (4). According to the literature, RVs
are responsible for 20% of deaths from diarrhea in children
under 5 years old in developing countries (5). In Iran, the
prevalence of RV was estimated at 39.9% between 1986 and
2011 (5).

Chemically, RV multiplies in the cells of the intestinal
villi. This proliferation reduces the intestine’s ability to
absorb salt and water. Clinically, fever, nausea, and diar-
rhea are the first symptoms of RV infection. Then, abdom-
inal muscle cramps and recurrent watery diarrhea appear,
which may last 3 to 8 days. Also, dehydration is the most
widely recognized cause of death from RV, as it is more typ-
ical than bacterial infections (3, 6). Reinfection is common
in RV infections, but the severity of subsequent infection
decreases with each infection because of the immune re-
sponse. RV is a seasonal infection and is more common in
winter (6, 7).
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There is no specific treatment for RV except fluid and
electrolyte replacement to prevent complications. Also,
RV vaccination is recommended to prevent morbidity and
mortality (1, 6, 8).

Despite the production and introduction of the RV vac-
cine, there are some problems regarding its use and ef-
fectiveness, such as the cost of its preparation, genetic
diversity of different populations, health programs, and
pathogenicity of the virus. Obtaining information about
the epidemiological characteristics, disease burden, and
frequency of RV infection is the first prerequisite for find-
ing appropriate solutions to these problems.

2. Objectives

This study aimed to investigate the frequency of RV in-
fection in hospitalized children ≤ 5 years with diarrhea
during 2021 - 2022.

3. Methods

This cross-sectional observational study was per-
formed on children under 5 years old hospitalized for
acute diarrhea (liquid or semi-liquid evacuations 3 or
more times within 24 hours, and/or 2 times vomiting
within 24 hours lasted for up to 14 days) in Mofid Chil-
dren’s Hospital in Tehran Province, Iran, from December
2020 to March 2022. Due to the fact that the most common
symptoms of RV are fever, nausea, and diarrhea, these
3 symptoms were investigated in this study. A pediatric
infectious disease specialist or pediatrician was the fo-
cal point of the project and oversaw the enrollment of
children in the study.

Children older than 5 years, children with diarrhea
whose fecal samples were collected more than 48 hours af-
ter admission (due to nosocomial infection), and children
with incomplete forms and prolonged diarrhea (more
than 14 days) were excluded. Despite the importance of fe-
cal consistency in this study, it should be noted that chil-
dren with exclusive breastfeeding have watery stools.

Demographic and nutritional information, symptoms,
the number of hospitalization days for diarrhea treatment,
and intensive care unit (ICU) hospitalization reports were
recorded at admission and discharge in a questionnaire.
Mixed feeding was recorded when supplementing breast-
feeding with infant formula had done, while varied nutri-
tion was considered when children ate a wide variety of
different foods from the different food groups. All chil-
dren in the study were divided into the exudative (the exis-
tence of blood or ≥ 3 leukocytes per high-power field in 4
or more fields) and non-exudative (lack of blood and leuko-
cytes in the high-power field on a stained microscopic

slide) groups in terms of stool samples. At the first con-
tact with the patient, 5 to 10 mL of the stool sample was
collected and instantly sent to the laboratory of the hos-
pital research center for examination by a Rotavirus anti-
gen kit (ProSpecT Rotavirus Test Oxoid, UK). The specimens
were stored in a refrigerator at 2 - 8°C for up to 7 days until
the RV test.

This study is part of the results of the ROTAVICH project
that was done by the Pediatric Infections Research Center,
Research Institute for Children’s Health, Shahid Beheshti
University of Medical Sciences, Tehran, Iran (registration
number: 2021/1133866-0) according to the WHO program
for “Enhancing Rotavirus Surveillance System & Analytic
Reporting.” The study was approved by the Ethics Com-
mittee of Shahid Beheshti University of Medical Sciences
(code: IR.SBMU.RICH.REC.1400.020).

All data were analyzed using SPSS 26 (SPSS Inc., Chicago,
Ill, USA). Numbers and percentages were used to describe
nutritional status variables, enzyme-linked immunosor-
bent assay (ELISA) results, age groups, gender, stool type,
and seasons. The chi-square test was used to determine the
correlation between variables. P values less than 0.05 were
considered statistically significant.

4. Results

In total, 300 children under 5 years old with diarrhea
referred to Mofid Children’s Hospital from December 2020
to March 2022 enrolled in this study. Unapproved samples,
due to low quality, inappropriate samples, and those with
incomplete medical records (110 samples), were excluded
from the study. Finally, 190 samples of stool samples were
tested by ELISA for RV. The age and gender distribution of
the study samples are presented in Table 1. In addition,
57.4% (n = 109) of children were boys, and 42.6% (n = 81)
were girls.

According to Table 1, 36% (n = 69) of children aged ≤ 12
months (40% boys and 31% girls), followed by 13 - 24 months
(30%, n = 57), 25 - 36 months (18%, n = 34), 37 - 48 months 7% (n
= 14), and 49 - 60 months (9%, n = 16). Thus, the longest hos-
pital stay belonged to ≤ 12 months, and the shortest one’s
belonged to the 37 - 48 months age group.

The median of hospitalization days was 3 days (34%),
and the average hospital stay for the infected children was
2 - 3 days. The average number of hospitalization days was
between 3 - 4 days, most of which were for 2 and 3 days, and
there was no difference between the 2 groups.

4.1. RV Status, Stool Types, and Age/Gender Groups

Of the 190 children with acute diarrhea, 28.5% (n = 54)
were positive for RV-ELISA; 68.5% of boys and 31.5% of girls
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Table 1. The Results of the Rotavirus Enzyme-Linked Immunosorbent Assay in Hospitalized Children by the Age Group a

RV-ELISA
Result

Total
Age Group (mo)

P Value
Gender Group

P Value
Stool Type

≤ 12 13 - 24 25 - 36 37 - 48 49 - 60 Girl Boy Exudative b Non-
exudative

c

P Value d

Negative 134 (70.5) 45 (33.6) 40 (29.9) 27 (20.1) 9 (6.7) 13 (9.7) 64 (47.8) 70 (52.2) 34 (25.6) 99 (74.4) 0.032

Positive 54 (28.5) 24 (44.4) 15 (27.8) 7 (13.0) 5 (9.3) 3 (5.6) 0.036 17 (31.5) 37 (68.5) 0.04 6 (11.3) 47 (88.7)

Unknown 2 (1.0) 0 (0) 2 (100)

Total 190 69 (36.3) 57 (30.0) 34 (17.9) 14 (7.4) 16 (8.4) 81 (42.6) 109 (57.4) 40 (21.3) 148 (78.7)

Abbreviations: RV, rotavirus; ELISA, enzyme-linked immunosorbent assay.
a Values are expressed as No. (%).
b Exudative: The existence of blood and/or ≥ 3 leukocytes per high-power field in 4 or more fields.
c Non-exudative: lack of blood and leukocytes in the high-power field on a stained microscopic slide.
d Chi-square test, P ≤ 0.05.

had RV-ELISA positive (RV+) results. The ELISA result was un-
known in 1% of children (n = 2). In terms of the age group,
the highest prevalence of RV+ was observed in ≤12 months
(44.4%, n = 24), followed by 13-24 months (27.8%, n = 15). The
lowest prevalence of RV+ was observed in 49-60 months
(5.6%, n = 3).

Based on the findings, the stool form was semi-liquid in
91.7% of cases and watery in 7.3%. Table 1 shows a compari-
son of the stool type between the 2 groups. By stool types,
88.7% of the RV+ group had non-exudative stools, while
74.4% of the RV– group had non-exudative stools. Also, ex-
udative stools were observed in 11.3% of the RV+ group and
25.6% of the RV– group. No significant difference was found
between the 2 groups regarding the stool type (P ≤ 0.07).

Details of data about the ELISA results for RV infection
based on age, gender, and stool forms in symptomatic pa-
tients are presented in Table 1.

4.2. RV and Nutritional Status

The nutritional status of children admitted with acute
diarrhea in different age groups referred to Mofid Chil-
dren’s Hospital is shown in Table 2. As can be seen, chil-
dren over 36 months are placed in the same group as 49 -
60 months because they eat family meals. Of the 190 hospi-
talized children, 23.3% (n = 44) had exclusive feeding, and
40.6% (n = 28) were under 1 year old. According to the find-
ings, 33.7% (n = 64) of children used mixed nutrition.

The highest (33.3%, n = 18) and lowest (18.5%, n = 10) posi-
tive RV ELISA results were for infants with mixed and exclu-
sively breastfeeding or varied nutrition, respectively.

4.3. RV Status and Symptoms

Based on the findings, in the last 4 weeks, fever and
cough were reported in 82.3% (n = 158) and 18.8% (n = 36) of
hospitalized children (n = 190), respectively. At admission,
86.3% (n = 164) had a fever. In other words, 85.8% (n = 115) of
the RV– group (n = 134) and 87.03% (n = 47) of the RV+ group

(n = 54) had a fever. There was no significant difference be-
tween the prevalence of fever at admission in the positive
and negative RV ELISA groups.

Also, 75.7% (n = 144) of hospitalized children had vom-
iting. It included 73.9% (n = 99) of the RV– group and 79.6%
of the RV+ group (n = 43). No significant difference was
observed between the 2 groups. The comparison of symp-
toms at admission between the 2 groups is shown in Figure
1. The average number of diarrhea episodes in 24 hours was
5 to 6 times.

4.4. RV Status and Seasons

The distribution of RV outbreaks in different seasons
is shown in Table 3. The number of hospitalized children
with diarrhea and RV-positive was highest in winter 2020
(38.90%) and lowest (5.60%) in summer. The prevalence of
RV was similar in spring and autumn (22.20%). The high-
est prevalence of RV– was in autumn (39.60%) and lowest
in summer. In terms of the prevalence of diarrhea in sea-
sons, a significant difference was observed between the 2
groups (P = 0.006).

4.5. Treatment of RV

The findings showed that 13.5% of children received ce-
fixime before hospitalization, and 40% received antibiotics
at the hospital, most of which were ceftriaxone. At the visit,
there was moderate to severe dehydration in 93% of chil-
dren.

4.6. RV ELISA Results and Outcome Status

In the RV– group, 98.5% (n = 132) were discharged with
complete recovery, and 1.5% died by other causes than diar-
rhea. None of the diarrhea caused by RV infection resulted
in death. All children in the RV+ group (n = 54) were recov-
ered and discharged.
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Table 2. The Nutritional Status of Children Admitted with Acute Diarrhea in Different Age Groups

Variable Total (N)
Nutritional Status

P Value
Exclusively
Breastfeed

Formula Mixed b Varied Nutrition b

ELISA 0.72

Negative 134 34 (25.4) 32 (23.9) 45 (33.6) 23 (17.2)

Positive 54 10 (18.5) 16 (29.6) 18 (33.3) 10 (18.5)

Age (mon) < 0.0001

≤ 12 69 28 (40.6) 24 (34.8) 17 (24.6) 0 (0)

13 - 24 57 14 (24.6) 14 (24.6) 24 (42.1) 5 (8.8)

25 - 36 34 2 (5.9) 9 (26.5) 18 (52.9) 5 (14.7)

37 - 60 30 0 (0) 2 (6.7) 5 (16.7) 23 (76.7)

Total 190 44 (23.2) 49 (25.8) 64 (33.7) 33 (17.3)

Abbreviation: ELISA, enzyme-linked immunosorbent assay.
a Values are expressed as No. (%).
b Mixed feeding: supplementing breastfeeding with infant formula.
b Varied nutrition: Eating a wide variety of foods from the different food groups, as well as within each food group.

Table 3. The Rotavirus Enzyme-Linked Immunosorbent Assay and Seasons

Variable
Season (%)

P Value a

Winter 2020 Spring 2021 Summer 2021 Autumn 2021 Winter 2021

RV ELISA result 0.006

Negative 12.70 26.90 14.20 39.60 6.70

Positive 38.90 22.20 5.60 22.20 11.10

Abbreviations: RV, rotavirus; ELISA, enzyme-linked immunosorbent assay.
a Chi-square test, P ≤ 0.05.

5. Discussion

This study aimed to determine the frequency of RV
with diarrhea in hospitalized children ≤ 5 years old admit-
ted to Mofid Children’s Hospital from December 2020 to
March 2021.

The findings of this study showed that the overall
prevalence of RV infection was higher in boys (especially
those aged ≤ 12 months old) and children with mixed feed-
ing. The lowest frequency of RV-positive was in children
with exclusive breastfeeding and varied nutrition. Regard-
ing nutrition status, a significant difference was found be-
tween the groups. The highest prevalence of RV-positive
was in the winter of 2020, and the lowest was in the sum-
mer of 2021. There were significant differences between RV-
positive and RV-negative prevalence rates in different sea-
sons of the year (P = 0.006). The fever rate in the RV-positive
group was not significantly different from the RV-negative
group. Also, the prevalence of vomiting in the RV-positive
group did not show a significant difference from the RV-
negative group. Further, 88.8% of children with RV-positive
had non-exudative stools, and 11.3% had exudative stools,

which seems not to be significantly different between the
groups (P = 0.07). This study showed that all children with
RV-positive recovered and were discharged from the hospi-
tal.

The prevalence of RV infection was 28.2%, which is al-
most similar to the findings in Baghdad City, Iraq (30.3%)
(9), Ramadi City, Iraq (32%) (3), Kaduna State, Nigeria (32.2%)
(10), Ramadi City, Iraq (32.6%) (6), and Nigeria (37.1%) (11),
higher than some findings in china (20.8%) (12), India
(18.0%) (1), and Kenya (14.5%) (13), and lower than the study
of Habib et al. in Karachi, India (63%) (7). It is neces-
sary to mention that this study was performed during the
COVID-19 pandemic when compliance with health issues
was more, and as a result, the spread of infectious diseases
was less. This may be the reason for the lower prevalence
of RV in Iran compared to the mentioned countries. Also,
the difference in these results can be due to different diag-
nosis RV tests, such as ELISA (3, 10-13), multiplex real-time
polymerase chain reaction (PCR) (6), and rapid stool anti-
gen immune-chromatographic (ICT) test (1). The RV-PCR
seems to be 16 times more sensitive than ELISA (14) and
can mask true prevalence changes (15). However, in the re-
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Figure 1. The symptoms at admission in rotavirus positive vs. rotavirus negative

viewed researchers in the current study, the results of PCR
were observed to be lower than those of ELISA, which is in-
consistent with the studies by Arakaki et al. (15) and Kim
and Kim (14). Also, the time of the study (July and August
2016) (1) and other techniques (such as a direct interview
with parents used to detect gastroenteritis RV) may affect
the prevalence estimates (9). Some authors also suggested
performing ELISA in addition to PCR (1), which showed a
higher prevalence rate (7). In Iran, studies have shown dif-
ferent RV prevalence rates. According to a systematic re-
view examined the prevalence of RV for 30 years in Iran, the
mean prevalence rate of RV was 39.9%, and 50% of Iranian
cities were infected with it, which seems to be much higher
than the current study estimates (16); however, in Birjand,
Ilam, and Tehran provinces, it was 6.4%, 16.5%, and 79.3%,
respectively (16, 17). These different results could be due
to different age groups, study populations, study designs,
geographical regions, diagnostic methods, definitions of
symptoms, study types, and times of the studies (15, 18).
These factors are effective between 5% and 10% of the re-
ported prevalence rates (15).

The findings of this study show that the prevalence of
RV infection is higher in boys than in girls. This result is in
line with previous studies (3, 6, 7, 9, 10, 13, 17). However, in
some of these studies, the difference was not statistically
significant (3, 7, 9, 10, 13). Based on these studies, it seems
that boys need more clinical care compared to girls. The
findings of Uzoma et al. (11) are inconsistent with other

studies, showing that the prevalence is slightly higher in
girls than in boys.

This study showed that children aged ≤ 12 months
were mostly positive for RV, which is consistent with some
studies (3, 6, 7, 11). In the studies of Ayyed et al. (3) and
Habib et al. (7), the prevalence of RV-positive was reported
to be the highest in 6 - 12 months, followed by ≤ 6 months.
The higher incidence of RV-positive in 6 - 12 months may be
due to the start of complementary food or contaminated
water, decreased passive immunity from the mother in the
second half of the first year, lack or decrease of breastfeed-
ing, and early complementary feeding, and contaminated
water in ≤ 6 months (3). According to the WHO Scientific
Working Group report in 1980, most cases of RV are in the
age of 6-24 months, and the highest prevalence was at 9 - 12
months (19). In contrast to the above studies, some studies
showed the highest prevalence in 12 - 24 (12), 17 - 24 (13), and
25 - 36 months (10), respectively; however, there is no sig-
nificant relationship between RV-positive and age groups
(P > 0.05) (12, 13). Tian et al. showed that the prevalence of
RV-positive was lowest in ≤ 6 months, probably due to ma-
ternal antibodies in the child’s body and little exposure to
the outside, and the highest was in 1 - 2 years, followed by 6
- 11 months; however, there is no significant difference be-
tween the groups regarding the gender group (P = 0.422)
(12). The difference in RV-positive prevalence by the age
group may be due to diagnostic methods.

In this study, the prevalence of RV-positive was the low-
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est in breastfed infants, which agrees with some studies (3,
10, 11). However, no significant relationship was observed
between exclusive breastfeeding and the prevalence of RV-
positive (10, 11), except for Ayyed et al. (P < 0.001) (3). In
contrast to this study, Muendo et al. showed that the preva-
lence of RV-positive was more in breastfed children, and
there was a weak association between RV infection and the
duration of exclusive breastfeeding. In breastfed infants
for 6 months or longer, the risk of RV-positive was 1.4 times
higher (13). Based on a meta-analysis, it might be no direct
correlation between breastfeeding and RV diarrhea (20);
however, it is possible that breastfeeding reduces the inci-
dence of gastroenteritis in young children (21) due to anti-
bodies in the mother’s milk (13).

In this study, a significant difference was observed be-
tween the prevalence of RV diarrhea and other causes in
different seasons, and RV was highest in winter. It is con-
sistent with Tian et al. in china that RV prevalence is com-
mon in November, December, and January (12); in contrast,
in a study, the highest prevalence was reported in summer,
followed by spring and autumn, respectively, and no cases
were reported in winter (17). However, a study showed that
with every 1°C increase in temperature, the prevalence of
RV decreased by 10% (22). It seems the level of development
of the country is a stronger predictor compared to the ge-
ographical location. In middle- and high-income coun-
tries, the prevalence of RV is more seasonal. However, in
low- and middle-income countries, different seasonal pat-
terns of disease outbreaks are observed despite similar cli-
mates, geographical locations, and levels of development.
It seems no single explanation can be given for the change
in seasonality of RV disease (23).

The present study showed that fever, vomiting, and
non-exudative stools are more common in RV-positive chil-
dren than in RV-negative ones, but the difference is not sig-
nificant. These results are consistent with Habib et al. (7).
The main cause of diarrheal diseases in the world, espe-
cially in developing countries, is RVs. RV infection typically
begins with the sudden onset of diarrhea and vomiting,
which sometimes leads to dehydration. Fever is present in
most patients. Almost all children get this infection in the
first 3 to 5 years of life, but severe diarrhea and dehydra-
tion are usually seen between the ages of 3 and 35 months
(7). Almost all children with RV infection experience vom-
iting with 1 to 4 episodes per day (13). The current study is
consistent with this finding.

Although the results of the present study are consis-
tent with many studies, the interpretation of the findings
should be made with caution because most of the find-
ings obtained were not statistically significant. It also had
limitations, including a small sample size, hospital-based
study, lack of examination of outpatients, lack of sup-

plementary nutrition status information, education and
socio-economic status of parents, and using one method
to diagnose a disease. It is suggested to use a larger sample
size, a population-based study, and other diagnostic meth-
ods (such as PCR) to more accurately estimate the preva-
lence of the disease and its related variables. Also, mea-
sures such as the national registry of RV infection and im-
munization through RV vaccination are recommended.

5.1. Conclusion

RV infection is prevalent in about one-third of hospital-
ized children with diarrhea. RV is more common in boys
(especially those under 1 year) than in girls. It is lowest in
breastfed children. It is also common in winter. There is no
significant difference between them, and in many cases, it
leads to severe dehydration. This issue requires the imple-
mentation of vaccination against RV in the country.
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