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Abstract Globally, infective group A rotavirus (RVA) enteric infection in children culminates in
acute diarrheal disease, severe dehydration, and mortality in children under the age of
5 years, particularly in sub-Saharan Africa. This research sought to determine the
prevalence of RVA diarrhea among children aged below 5 years in Ondo state, as one of
the necessary frameworks before instituting a vaccine campaign, and to expand
knowledge on the epidemiology of RVA diarrhea in Nigeria.
In a cross-sectional descriptive study between October 2012 and September 2014,
convenience sampling was adopted to obtain demographic information, clinical
details, and stool samples from accented under five children who sought treatment
for acute gastroenteritis at designated hospitals in Akure and Owo, Nigeria. A total of
390 stool samples were collected from children with acute diarrhea and tested for VP6
RVA antigen using enzyme immunoassay. Data generated were analyzed using
descriptive statistics and chi-square at α0.05.
From the 390 children hospitalized for diarrhea, 240 samples (240/390; 61.5%) were
from males, while 150 samples (150/390; 38.5%) were from females, representing a
male:female ratio of 1.6:1. RVAs were found in 24.2% (58/240) males and 28% (42/150)
females, giving a male-female ratio of 1:1.2 and total prevalence of 25.6% (100/390).
RVA infection was inversely proportional to the age as a rate of 11.8% was observed in
children aged above 36 months and 31.8% (35/110) in children 7 to 12 months, while
the highest rate (45.7%) was among children� 6 months old. No significant difference
was found (chi-square¼ 0.712) in the induction of diarrhea in children from Akure and
Owo, neither was there any significant difference in the rates of infection between the
boys and girls in Akure (chi-square¼ 0.576) nor in Owo (chi-square¼ 0.333). Seasonal
association (chi-square¼ 5.802) in RVA infection was observed in the rainy season of
year 2013/2014 period.
RVA diarrhea occurred year-round at a prevalence of 25.6%, predominantly in females. A
seasonal fluctuation was observed in the rainy and dry seasons of the 2-year period. RVA
diarrhea occurred predominantly in children aged below 18 months of age, and may thus
help in determining the optimal period/schedule of any immunization program.
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Introduction

Structurally, rotaviruses (RVAs) are 70 nm nonenveloped ribo-
nucleic acid (RNA) virus of the family Reoviridae. The icosahe-
dral nucleocapsid is composed of three concentric shells,
comprising an innermost core, the middle layer, and an outer
capsid enclosing 11 segments of double-stranded RNA ge-
nome. The RNA genome segments encode six structural pro-
teins (VP1, VP2, VP3, VP4, VP6, and VP7) and six nonstructural
proteins (NSP1, NSP2, NSP3, NSP4, NSP5, and NSP6) that are
found in infected cells.1 The outermost shell contains two
structural proteins: the VP7 (this glycosylated protein G capsid
is the most abundant of the two) and the protruding VP4 (the
protease-cleavable, P-proteinviral hemagglutinin consistingof
only 250moleculesper rotavirion). TheVP7 is encodedbygene
segment 7, 8, or 9, depending on the strain, while VP4 is
encoded by gene segment 4. The two proteins define the
serotype of the virus and are critical to vaccine development
as they independently elicit type-specific and cross-reactive
neutralizing antibody responses.2 Based on their distinct anti-
genic and genetic properties derivable from the middle capsid
protein VP6, the genus Rotavirus is presently classified into 10
groups(A,B,C,D,E, F,G,H, I, and J) including rotavirus I, recently
identifiedamongdogs inHungaryand rotavirus Jamongbats in
the Republic of Serbia.3,4 Human infection has been reported
with groups A, B, and C RVAs. In contrast, other groups have
been foundonly inanimals.5Among these, groupARotaviruses
are known to exhibit the highest prevalence, pathogenicity,
high burden of severe acute diarrhea disease, and mortality of
under-five children in sporadic and epidemic gastroenteritis
around theworld.6,7 RVA accounts for 25 to 50% of all hospital-
izations of children for diarrhea in both developed and devel-
opingcountries,withAfricanregionalprevalence rangeof39to
52% andglobal deaths of 453,000 children inyear 2008.8,9As of
2016, RVA was the third leading pathogen associated with
mortality among those younger than 5 years, and the RVA-
associated mortality rate was highest in sub-Saharan Africa,
Southeast Asia, and South Asia, of which a total of 104,733
deaths occurred among those younger than 5 years in sub-
SaharanAfrica.10The infantmortality inNigeria is overwhelm-
ing as 1,043,000 deaths of children aged below 5 years were
reported out of 5,377,000 births annually and this was corrob-
orated by Parashar et al that approximately 50,000 infantile
deaths occurred in Nigeria as a result of RVA diarrhea.8,11

Global estimates indicated that India, Congo (DR), Pakistan,
as well as Nigeria contributed almost 49% of the global infant
death as a result of RVA diarrhea in year 2013.12 Yet, RVA
immunization has not been implemented as part of the
Expanded Program on Immunization in Nigeria and several
Africannations, to combat thisubiquitousdiseaseofchildhood.

The Centers for Disease Control and Prevention recom-
mended gathering and sharing data on the epidemiology,
seasonality, and identification of circulating RVAs to identify
critical needs for effective vaccine development for diverse
human environments.13 In a hospital-based prospective
study, the prevalence of RVA infection was 35% among
children aged between 0 and 5 years in Lagos state, while
in separate studies in Benin City, Nigeria, a decrease in

prevalence from 39.4% in 1989 to 19.2% in 2015 was
reported.14–16 There is currently a paucity of data on rota-
viral infantile gastroenteritis in Ondo state of Nigeria, where
diarrhea illness is a significant contributor to the hospitali-
zation and mortality of infants, where the level of sanitation
is low, the residents utilizes rainwater, shallow wells, and
streams for domestic use/consumption.17 This study specifi-
cally sought to detect RVAs from under-five children with
gastroenteritis, to determine the risk factors, the clinical
characteristics, the prevalence of RVA diarrhea, to compare
the rate of infection between the males and females within
age groups and locations, and to determine the seasonal
trend or pattern (if any) of RVA diarrhea disease in Ondo
state, Nigeria, as part of baseline data for immunization
purposes in Nigeria.

Methods

Study Area: Akure and Owo, Nigeria
Ondo state is one of the six states in southwest Nigeria, with a
population of 3,441,024 of which under 5 years children
were 13.5%, while the number of live birthswas 154,016, and
according to the State Health Policy, the infant mortality rate
is 70 per 1,000 live births.18,19 Ondo state has typically
tropical climate with alternating wet and dry seasons
(April–October and November–March, respectively). The
State Bureau of Statistics reported in 2012 that with regards
to toilet facilities, 43.5% of households in the state dispose
their fecal wastes in unhygienic ways. About 39.8% of the
households depend on protected well/spring for drinking
and cooking, 28% relied on boreholes, 8.5% on treated pipe-
bornewater, and so on. The state has four specialist hospitals
and two tertiary health care facilities (the Federal Medical
Centre Owo and UNIMED Teaching hospital). Local Govern-
ment Areas have government managed secondary hospitals
and primary health care units, while private clinics also
provide health services to the population.20 The study loca-
tions were Akure and Owo. Akure, the state capital lies
approximately 7°25′ north of the equator and 5°19′ east of
the Meridian. It is approximately 700 km southwest of Abuja
and 311 km north of Lagos state; Owo, the headquarter of
Owo Local Government lies on latitude 7° 11′Nof the equator
and longitude 5° 33′ E of the Greenwich Meridian (►Fig. 1).

Study Design and Study Centers
This study was a hospital-based, cross-sectional, descriptive
study, aimed at determining the prevalence of RVA diarrhea
among children with gastroenteritis in Ondo state, Nigeria,
within two Rotavirus seasons. Thismulticenter clinical study
was conducted by recruiting under-five childrenwho sought
treatment for gastroenteritis at general hospitals, the pedi-
atric departments of the Federal Medical Centre, Owo, the
State Specialists Hospital Akure, and the Mother and Child
Hospital, Akure. The centers were selected based on avail-
ability of the specified population, the ability of the facilities
to handle severe disease/admission, and localization of a
Government hospital specifically established to cater for
health care of children and nursing mothers.
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Study Population and Sampling Method
Infants and young children aged between 0 and 5 years who
presented to the outpatient clinics or placed on hospital
admission at the designated hospitals for acute diarrheal
illness, between October 2012 and September 2014 were
recruited. Convenience sampling was adopted in collecting
stool specimens, 1 to 3 days after the onset of the disease,
from the children who satisfied the inclusion criteria and
presented to the hospital with acute diarrheal illness.

Criteria for Inclusion and Exclusion of Participants
Children under 5 years of age who presented with acute
diarrhea, having experienced evacuation of loose, watery
stools, three or more times in 24 hours as reported by the
parents. Children with diarrhea that lasted for� 7 days were
included since studies have shown that the incubationperiod
for RVA illness is less than 48 hours and usually will last for 5
to 7 days.21 Children above 5 years of age, or with bloody
diarrhea, or with diarrhea that lasted more than 7 days, or
prospective participants whose parents declined consent
were regarded as ineligible and excluded.

Sample Size Determination
Fromaprevious study, aprevalenceof 35%was reported forRVA
infection in Lagos state.14 Using the formula: n¼ Zα2 Pq / d2.

Where n¼ sample size; Zα¼ standard normal deviation corre-
sponding to 5% level of significance (1.96)2; P¼ prevalence of
outcome of interest (35%); d¼ level of precision (5%); q¼ 1–P.
Substituting in the formula,

The sample size was increased to 385 to accommodate for
10% attrition rate. Thus, it was calculated that 385 samples
would be necessary to achieve the required sufficient preci-
sion for the study. However, a total of 390 samples were
available and utilized for this research.

Ethical Considerations
This study was approved by the University of Ibadan
(UIUCH) Institutional Review Board and permission was
granted by the respective Ethical Committee of the study
center. Informed consent was obtained from the parent/
guardian of the participating children before sample collec-
tion. Patient’s anonymity was maintained, data generated
were confidential, and used only for this research.

Fig. 1 Map of Nigeria showing Ondo state, the study area.
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Demographics and Clinical Factors
At the time of recruitment and admission of the participants
to the hospital, the severity of diarrhea and demographics
were determined. The parents were interviewed using a
structured questionnaire to obtain demographic information
and clinical factors associated with RVA diarrhea. These
included parents’ education/employment, the participants’
age (months), the gender, sources of drinking water, feeding
practices, duration of diarrhea before hospitalization, stool
characteristics, frequency of diarrhea, severity of diarrhea
such as vomiting, dehydration requiring intravenous rehy-
dration, antibiotic administration, and the manifestation of
upper respiratory tract infection (URTI).

Collection of Samples and Detection of Rotavirus
Antigen Using Lateral- Flow Enzyme Immunoassay
During diarrhea episode, one fresh stool specimen was
collected once per child in clean, screw-capped tubes, la-
beled, and immediately stored frozen, prior to transportation
on ice to the Virology Department, University of Ibadan
Nigeria, for testing. The stool specimens were tested for
the presence of RVA by detecting the VP6 antigen, using a
4th generation Quadruple Immunochromatographic Combo
enzyme immunoassay according to the manufacturers’
instructions (Certest, Zaragoza, Spain) and as previously
reported by Babalola et al.22 The results were then recorded.

Statistical Analysis and Presentation
Data obtainedwere recorded inMicrosoft Excel and analyzed
using descriptive statistics as shown in percentages, mean,
median, and ratios. Inferential analysis and infection pro-
portions were tested for statistical significance by the use of
the chi-square test and used to compare groups. Differences
were considered statistically significant if p� 0.05.

Results

Demographics and Clinical Characteristics of Under
5 Years Children Hospitalized with Acute Rotavirus
Diarrhea in Ondo State, Nigeria
This study population consisted of 390 eligible under-five
children who were hospitalized for diarrhea, from whom
stool specimenswere collected and tested for the presence of
RVA infection over two Rotavirus seasons (October 2012 to
September 2014). Children with watery diarrhea stool con-
stituted the highest number of participants (92%), while 8%
were with nonwatery stool. The most common stool type
was watery diarrhea from where RVA was recovered from
27.2% of cases. A significant relationshipwas observed in RVA
shedding between watery diarrhea stool than nonwatery
stool (chi-square¼ 5.179, p¼ 0.023). On stool characteris-
tics, participants with mucoid stool constituted the highest
number of cases (65%) followed by children with yellowish
watery stool (22%). However, RVA was detected more fre-
quently from watery, greenish diarrhea stool (57.7%). A
statistically significant relationship (chi-square¼ 67.682,
p¼ 0.0001) was found between stool type and RVA shedding.
The other prevalent clinical features observed in RVA infec-

tion in this research included vomiting in 78.2% and fever in
90.8% of the cases, from where RVAwas detected at a rate of
26.2 and 26.6%, respectively. No significant association (chi-
square¼ 0.254, p¼ 0.614) was found between RVA infection
and vomiting, as well as RVA infection and presence of high-
grade fever (chi-square¼ 1.675, p¼ 0.196). Abdominal
cramping was reported in 33% of the participants, and RVA
was detected in 25.6% at a similar rate compared with
children who reported no cramps. No significant association
(chi-square¼ 0.004, p¼ 0.985) was observed between RVA
infection and development of abdominal cramps in the
infected participants.

From 41% of the severely dehydrated children, RVA was
detected at a rate of 25.6% comparedwith 25.7% in thosewho
experienced mild dehydration and absence of dehydration,
respectively. Significant association ( chi-square¼ 0.0001,
p¼ 0.999) was not found between RVA infection and dehy-
dration of the children.

Majority of the participants were fed with home-cooked
meals, breast milk, and vended foods. Although the highest
numbers of hospitalized cases were observed in children fed
with home-cooked meals and breast milk combined (40%),
RVA infection rate was highest in children fed with home-
cooked meals, vended meals and breast milk combined
(25.8%), as well as in exclusive breast-fed children (25.8%).
However, no significant association (chi-square¼ 0.0022,
p¼ 0.999) existed between RVA infection and feeding prac-
tices. Majority of the participants was children of traders
(49%) and civil servants (27%) fromwhom the highest rate of
infection (25.7%) was detected, respectively. No significant
association (chi-square¼ 8.598, p¼ 0.072) was found be-
tween occupation of the participants’ parents and RVA
infection (►Table 1).

The participantswhowere comatose and required oxygen
resuscitation were 24%, from whom RVA was recovered in
20.4%. These features were insignificantly related with RVA
infection of the children (chi-square ¼ 1.739, p¼ 1.872).
Participants with URTI were found in 24%, from whom RVA
was detected in 20.4% of such individuals. The development
of URTI was not significantly associated (chi-square¼ 1.739,
p¼ 1.872) with RVA infection of the children (►Table 2). On
average, in 27.7% of childrenwith RVA, the diarrhea lasted for
5.6 days and the mean evacuation of stool were 6.12 times
per day. Vomiting lasted for a mean period of 3 days and on
average the child vomited 4.5 times within 24 hours.

Monthly Distribution of Stool Samples Collected and
Rates of Rotavirus Infection
The lowest numbers of stool samples collected were four in
April and June 2013, respectively, during the first year of the
study,while thehighest number of sample (84)was collected
in March 2014, in the second RVA season. Among the
390 children, RVA antigens were detected in 100 specimens.
RVA infection occurred year-round with similar trend of
seasonal cluster in the months of January, February, March,
April, and May, as well as monthly peaks in January, April,
July, August, September, and November during the 2-year
period. The lowestmonthly detection rate (11.1%) of RVAwas
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obtained inNovember andDecember 2013,while thehighest
rate (50%) occurred in the month of September 2014, in
the second RVA season (►Figs. 2 and 3).

Distribution of Rotavirus Infection by Locations of
Sample Collection
Among the 390 participants in this study, 210 were from
Akurewhile 180were fromOwo. RVAwas detected in 73/210
(34.8%) fromAkure, and 27/180 (15%) fromOwo.Moremales
(131/210; 62.4%) were hospitalized for diarrhea illness than
females (79/210; 37.6%), but RVA shedding predominated in

the females (30/79; 38%) than the males (43/131; 32.8%) in
Akure. Similarly, in Owo, more males (109/180; 60.6%) were
hospitalized for diarrhea illness than the females (71/180;
39.4%) and viral shedding predominated in the females (12/
71; 17%) than the males (15/109; 13.8%). No significant
difference (chi-square ¼0.712, p¼ 0.399) was observed in
the induction of diarrhea in children from Akure and Owo,
neither was there any significant difference in the rates of
infection among the boys and girls in Akure (chi-
square¼ 0.576, p¼ 0.447) nor in Owo (chi-square¼ 0.333,
p¼ 0.564) (►Table 3).

Table 1 Social and demographic information of under five children with diarrhea who were tested for rotavirus infection in Ondo
state, Nigeria

Sociodemographic variables Rate of rotavirus detection

Total no. tested (%) Total no. positive (%) p-Value

Gender: Ratio¼ 1.6 M:1 F 0.399

Male 240 (62) 58 (24)

Female 150 (38) 42 (28)

Sources of drinking water 1.000

Surface water (stream) 24 (6) 6 (25)

Well water 218 (56) 56 (25.7)

Borehole 8 (2) 2 (25)

BoreholeþWell water 23 (6) 6 (26)

Tap water 31 (8) 8 (25.8)

Tap waterþWell water 66 (17) 17 (25.8)

Rainfall and water vendors 20 (5) 5 (25)

Feeding practices 0.999

Food vendors 8 (2) 2 (25)

Home cooking 121 (31) 31 (25.6)

Breast milk 74 (19) 19 (26)

Home cookingþ Breast milk 156 (40) 40 (25.6)

Home cookingþ Food vendorsþ Breast milk 31 (8) 8 (25.8)

Occupation of respondents’ parents/caregivers 0.072

Trading 188 (48) 4 (2.1)

Civil servant 105 (27) 27 (25.7)

Subsistence farming 12 (3) 6 (50)

Unemployed 12 (3) 6 (50)

Self-employed 73 (19) 15 (25.6)

Age group of respondents (mo) 0.000

0–6 70 (18) 32 (45.7)

7–12 110 (28) 35 (31.8)

13–18 76 (20) 16 (21)

19–24 53 (14) 7 (13.2)

25–30 38 (8) 5 (13.2)

> 31 43 (11) 5 (11.6)

Total 390 (100) 100 (25.6)
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Prevalence of Rotavirus Infection by Gender
In this study, 24.2% (58/240) of males and 28% (42/150)
females were infected by RVA, causing diarrhea in the
respondents (►Table 3). These represent a male:female ratio
of 1:1.2. Althoughmoremaleswerehospitalized for diarrhea,
our study indicated that RVA infectionwasmore prevalent in
the females than the males. However, no significant differ-
ence existed in RVA infection of the boys and girls (chi-
square¼ 0.7114; p¼ 0.399) in the state (►Table 4).

Prevalence of Rotavirus Diarrhea by Age Group and
Overall Rate
By age group, the highest rate of RVA infectionwas 45.7% (32/
70) in children aged 0 to 6 months, followed by 31.8% (35/
110) in children between 7 and 12 months while the lowest
rate was found among those aged� 31 months. The rate of

infection decreases with an increase in age. RVA occurred
more frequently in children aged< 18 months with a preva-
lence of 32.4% (83/256) compared with 12.7% (17/134) in
children> 18 months old. Statistically, infection by RVAwas
significantly higher in children aged below 18 months old
(chi-square¼ 17.97) than children � 18 months old. Among
the age groups, RVA infection varied significantly (chi-
square¼ 29.666; p¼ 0.00002) with age groups. The overall
prevalence of the circulating rotavirus infection was 25.6%
(100/390) in children below 5 years that were hospitalized
because of acute diarrhea (►Table 4).

Monthly Distribution, Rates, and Seasonal Pattern of
Rotavirus Gastroenteritis
In the first year of the study (October 2012–September 2013),
RVA infection occurred among the study participants in the

Table 2 Clinical presentations of under five children with diarrhea who were tested for rotavirus infection in Ondo state, Nigeria

Clinical information of respondents Rate of rotavirus detection

Total no. tested (%) Total no. positive (%) p-Value

Diarrhea 0.999

Watery stool 357 (92) 97 (27.2)

Nonwatery stool 33 (8.5) 3 (9.1)

Vomiting 0.614

Vomited 305 (78.2) 80 (26.2)

No vomiting 85 (21.8) 20 (23.5)

Fever 0.196

Body temperatures (�39°C) 354 (90.8) 94 (26.6)

No fever 36 (9.2) 6 (16.7)

Stool characteristics 0.000

Blood tainted 1 (0.26) 00

Mucoid 253 (65) 32 (12.6)

Greenish 52 30 (57.7)

Yellowish 84 (22) 38 (45.2)

Abdominal cramps 0.985

Cramping 129 (33) 33 (25.6)

No cramping 261 (67) 67 (25.7)

Dehydration 0.999

No dehydration 113 (29) 29 (25.7)

Mild dehydration 117 (30) 30 (25.6)

Severe dehydration 160 (41) 41 (25.6)

Comatose 1.872

Yes 93 (24) 19 (20.4)

Nil 297 (76) 81 (27.3)

URTI (cough/cold) 1.872

Yes 93 (24) 19 (20.4)

Nil 297 (76) 81 (27.2)

Total 390 (100) 100 (25.6)

Abbreviation: URTI, upper respiratory tract infection.
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months of October and November 2012 as well as January to
May,and JulytoSeptember2013.Tenrespondentswerepositive
forRVAdiarrheaduring thedryseason (October–March)while8
participants were positive during the rainy season (April–
September), representing a rate of 22.7 and 19.5%, respectively.
Between October 2013 and September 2014, RVA infection
occurred consistently among the respondents from the month
of November 2013 to September 2014 (►Fig. 3). Thirty-one
respondents were positive for RVA diarrhea during the dry
season (October–March) while 51 respondents were positive

during the rainy season (April–September), representing 20.7
and 32.9%, respectively. Statistically significant difference was
not found in rateofRVAdiarrheaduring rainyanddryseasonsof
2012/2013 (chi-square¼ 0.131, p¼ 0.717) while a significant
difference existed in rate of RVA infection during rainy season
than dry season of 2013/2014 (chi-square¼ 5.802, p¼ 0.016)
indicating a significant seasonal association and fluctuation.
Overall, a significant seasonal association (chi-square¼ 4.113;
p¼ 0.043) of RVA infectionwas found during the 2-year period.
We observed fluctuations in the seasonal occurrence of RVA

Fig. 2 Monthly distribution of samples collected from under 5 years children hospitalized of acute diarrhea from October 2012 to
September 2014 in Ondo state, Nigeria.

Fig. 3 Monthly rate of rotavirus positive samples among under 5 years children hospitalized of acute diarrhea from October 2012 to
September 2014 in Ondo state, Nigeria.
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diarrhea in the studyarea, but taken together, infection ratewas
prevalent (30.1%) in the rainy season (►Table 5).

Discussion

United Nations Millennium Development Goal 4 was meant
to reduce the mortality rate of children under 5 years of age
by two-thirds in 2015. However, this milestone has not been
reached in 2020, since diarrhea continue to be amajor global

cause of morbidity andmortality among children, particularly
in low-resource settings.23 RVA is responsible for nearly 260
million diarrhea episodes and one-third of all diarrhea-asso-
ciatedmortality in 2016.24 This development goal will only be
reached by worldwide adoption of vaccination to preventing
RVA, a single viral pathogen responsible for more acute
diarrhea hospitalizations, severe dehydration, and rapid
death among children under 5 years of age, particularly in
developing countries of sub-Saharan Africa and South Asia.

Table 3 Distribution of rotavirus infection by gender and locations of sample collection

Akure Owo

Variables Samples
tested

Rotavirus
antigen

Samples
tested

Rotavirus
antigen

Total

Total (%) Positive
cases (%)

Negative
cases (%)

Total (%) Positive
cases (%)

Negative
cases (%)

Gender: Chi-square¼ 0.712

Male 131 (62.4) 43 (32.8) 88 (67.2) 109 (60.6) 15 (13.8) 94 (86.2) p-Value¼ 0.399

Female 79 (37.6) 30 (38) 49 (62) 71 (39.4) 12 (16.9) 59 (83)

Total 210 (100) 73 (34.8) 137 (65.2) 180 (100) 27 (15) 153 (85)

p-Value Chi-square
¼ 0.576;
p¼ 0.447

Chi-square
¼ 0.333;
p¼ 0.564

Table 5 Distribution of rotavirus infection by season, among the study population in Ondo state Nigeria

Year Period Dry season (October–
March)

Rainy season (April–
September)

Total (%) p-Value

Positive
cases (%)

Negative
cases (%)

Positive
cases (%)

Negative
cases (%)

Year 1 October 2012–
September 2013

10/44
(22.7)

34/44
(77.3)

08/41
(19.5)

33/41
(80.5)

18/85
(21.2)

Chi-square ¼ 0.131;
p¼ 0.717

Year 2 October 2013–
September 2014

31/150
(20.7)

119/150
(79.3)

51/155
(32.9)

104/155
(67.1)

82/305
(26.9)

Chi-square ¼ 5.807;
p¼ 0.016

Total 2 y 41/194
(21.1)

153/194
(78.9)

59/196
(30.1)

137/196
(69.9)

100/390
(25.6)

Chi-square ¼ 4.113;
p¼ 0.043

Table 4 Overall distribution of rotavirus infection by gender and age of children with diarrhea in Ondo state

Age group
(mo)

Male Female Total p-Value

No. tested (%) No. (%)
positive

No. tested (%) No. (%)
positive

No. tested (%) No. (%)
positive

0–6 37 (15.4) 16 (43.2) 33 (22) 16 (48.5) 70 (18) 32 (45.7)

7–12 65 (27) 18 (27.7) 45 (30) 17 (37.8) 110 (28.2) 35 (31.8)

13–18 51 (21.3) 12 (23.5) 25 (16.7) 4 (16) 76 (19.5) 16 (21.1)

19–24 35 (14.6) 5 (5.7) 18 (12) 2 (11.1) 53 (13.6) 7 (13.2)

25–30 28 (11.7) 4 (14.3) 10 (6.7) 1 (10) 38 (9.7) 5 (13.2)

> 31 24 (10) 3 (12.5) 19(12.7) 2 (4.7) 43 (11) 5 (11.6) 0.00002

Total 240 58 (24.2) 150 42 (28) 390 100 (25.6) 0.399
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Forsuccessful implementationofavaccinationprogram,apool
of baseline data is required as a framework. RVAdiarrhea is not
often a reportable disease, and laboratory testing for RVA
infection is not always performed during care for acute gas-
troenteritis. Hence, in someparts of Nigeria, particularlyOndo
state, there is currently a paucity of data on the epidemiology
and the molecular identities of RVA etiology of infantile
gastroenteritis. It was paramount to fill these existing vacu-
ums by determining the epidemiology of group A rotavirus
gastroenteritis among children aged below 5 years, as one of
the necessary conditions before instituting a vaccine cam-
paign, particularly in Ondo state where diarrhea illness is a
significant contributor to the hospitalization and mortality of
infants.13,17,20

Significant proportions (25.6%) of children that presented
in the hospital with severe diarrhea in this research were
found to be infected with RVA. As reportedly found in some
parts of Nigeria25–27 and other African countries of Sierra
Leone, Burkina Faso, Cameroon, and Ghana,28–31 this re-
search indicate that RVA continues to be an unabated cause
of severe acute infantile diarrhea in Nigeria.

The highest RVA infection rate of 45.7% was found in
children aged 0 to 6 months, followed by children between
7 and 12 months. This finding is similar to previous reports
from Nigeria,25,27 Ghana,32 Kenya,33 Burkina Faso,29 Sierra
Leone,34 Iran, and India,35 thereby corroborating the sub-
mission of Steele et al and Bilcke et al that rotavirus infection
occurs in early childhood.36,37 This study indicated that the
disease burden in this state is highest in the most vulnerable
age group 0 to 6months. However, this age group prevalence
slightly contrasts the previous report of RVA prevalence in 7
to 12months old boys in Jos Nigeria,38 and the submission of
Parashar et al as well as Dennehy of more prevalent RVA
infections in children aged between 9 and 15 months in the
developed countries.39,40 Statistically, RVA infection varied
significantly with age. The higher infection rate was found in
children below 18 months old than in those 18 months and
above, thereby substantiating the previous studies in Nigeria
and other nations.14,33,41,42

In tandemwith the recent reports from Benin City Nigeria
and Kenya, more males were enrolled than females in this
study, but the rate of infection was higher in the female
children, though the difference was not significant.16,43

However, in some other studies from Nigeria, a higher
rate was found of RVA infection in males than female
children.27,38,44

Source of drinking water remains a paramount variable in
the transmission of RVA. In this study, the highest percentage
of respondents with RVA diarrhea obtained drinking water
fromwells, as well as tap water and well water combined, as
previously reported.38 These may be attributed to contami-
nation of shallow communal wells by urban runoffs, use of
contaminated utensils for fetching water, use of wells for
both laundry/drinking purposes, and poor condition of the
majority of the wells. Furthermore, RVA is a significant
waterborne pathogen associated with diarrhea, having per-
sistence in water supplies, resistant to chlorine disinfection,
and having infective low inoculum size of 1 to 100 virions.45

It was observed that a considerable number of respondents
that strictly utilized tap water for drinking also had RVA
diarrhea as earlier reported by Olusanya and Taiwo in Ile-Ife,
Nigeria and corroborated by Leite et al that good water
supply and sanitation were not likely to reduce RVA infec-
tion.46,47 This may be attributable to either the inadequate
levels of chlorine (0–0.05mg/L in the water) or to contami-
nation of thewater depositorywell, as previously reported in
a waterborne outbreak.48

Evaluation of type of occupation of the parents as a risk
factor for infection in the children shows that the children
whose parents were traders, civil servants, and self-
employed had the highest rate of RVA shedding, while
children of the unemployed and those whowere subsistence
farmers had the lowest incidence of RVA infection. These
further corroborate previous studies that reported RVA
diarrhea as prevalent in children of Nigerian market wom-
en.49 In consonant with the report of Omatola et al, a
statistically significant association was not found
(p¼ 0.072) between infection by RVA and occupation of
respondents’ parents, thereby indicating that these children
were susceptible to RVA infection irrespective of their socio-
economic backgrounds.50

Consistent with previous studies conducted in Uganda,
Ghana, Nigeria, Sierra Leone, Burkina Faso, Spain, Cameroon,
Iran, Lao, and other countries,27,29,31,51–56 diarrhea was the
prominent sign of RVA infection followed by fever, vomiting,
and dehydration, although Junaid et al reported more par-
ticipants with vomiting than fever in their study group.38

However, the frequency of diarrhea observed in this research
was higher than the report of Junaid et al from Nigeria.38

A high percentage (80%) of the children presented with
vomiting and the average duration of vomiting was 3 days,
while within a 24-hour period an average child with RVA
diarrhea vomited 4.5 times, thereby corroborating a previous
report.57 Furthermore, in contrast to reports from Canada
and France, a significant relationshipwas not found between
infection by RVA and vomiting as well as the presence of
high-grade fever.58,59 As opposed to previously held belief of
high fever and sporadic vomiting in RVA infection, this
finding suggests that less vomiting and mild fever does not
rule out RVA infection. As previously reported, characteristic
vomiting combined with explosive diarrhea episodes of RVA
gastroenteritis were responsible for causing rapid dehydra-
tion.60 It was observed in this study that 41% of the children
were severely dehydrated while 19% were comatose and
required emergency intravenous rehydration and oxygen
resuscitation, although the significant relationship was not
found between infection caused by RVA and dehydration in
the children.

The development of URTI was insignificantly related to
RVA infection in the children. However, the observation of
the presence of respiratory symptoms in 19% of the cases is
also in agreement with earlier reports that indicated the
presence of various upper and lower respiratory infections
during RVA illness.61 It may be as a result of chance due to
collection of samples during the peak period of respiratory
infections as previously suggested.62
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Generally, this research indicated that infection by RVA
occurred all through the year with a similar trend of the
cluster in January, February, March, April, and May, as well
as monthly peaks in January, April, July, August, September,
and November during the 2-year period. A significant
seasonal association was observed between RVA infection
during the rainy season than a dry season of 2013/2014.
Conversely, no significant difference in the rate of RVA
diarrhea during the rainy and dry seasons of 2012/2013
was observed when there was generally low level of rainfall.
Overall, a significant seasonal association of RVA infection
was found in the 2-year period with fluctuations in the
seasonal occurrence of RVA diarrhea as infection rate was
prevalent in the rainy season. These observations slightly
contrast previous reports from Northern Nigeria and Bur-
kina Faso, where higher prevalence during dry months was
recorded.27,63 The difference may be attributed to the
impact of the breakdown of sanitation during the rainy
season and the contamination of potable water sources by
urban runoffs and leachates.

The observed RVA infection rate (25.6%) in this study is
less than the predicted RVA diarrhea-associated rate of 40%
but remained within the observed constant limit of 25% over
the past three decades.64,65 Considering previous hospital-
based studies in Nigeria, 25.6% in this research is lower than
the 55.9% reported for Ilorin Kwara State, Nigeria.66However,
the rate is similar to recent hospital-based reports of 25.8% in
Lagos, as well as 25.5% in Sokoto Nigeria.67,68 Conversely, the
25.6% is higher than a rate of 7.7% obtained in separate
community-based studies in Ibadan, the 9% reported in
Northwestern Nigeria, the 11.9% in Maiduguri, as well as
the 13.8% for Jos Plateau state, Nigeria.25,27,38,69

As noted in previous studies, the differences in the preva-
lence recorded by different investigators were attributed to
disintegration of viral particles, hence insufficient antigen in
the specimen due to differences in time of sample collection,
prolonged storage and poor storage facility, transportation to
overseas laboratory facility for analysis, method of screening
samples, or the geographical location of the study.27,70 How-
ever, these challenges were significantly overcome in this
study as samples were collected within two RVA seasons
and promptly tested for RVA at the Virology Laboratory of
the University of Ibadan within the geographical location of
the study, thereby maximizing the samples’ integrity.

OutsideNigeria,many recent reports in Africa have indicat-
ed fluctuations in the prevalence of RVA diarrhea. Enweronu-
Laryea et al reported 48.2% among under-five children in
Southern Ghana, Ouédraogo et al reported 63.5% in Burkina
Faso, Jere et al reported 35% in Sierra Leone while Agutu et al
found 31.5% in Kenyan children.31,43,71,72 Curiously, as high as
the prevalences were, none of these previous studies reported
mortality rates in their respective study locations, either to
assess the need for and/or to assess the impact of vaccination.

Most importantly, the disease prevalence in this present
study is sufficient for a need to institute RVA immunization
program in the state, particularly, where a case fatality rate of
1/17 (5.9%), a groupmortality rate of 1/45 (2.2%) in children 7
to 12 months old in Akure, and an overall crude mortality

rate of 1/100 (1%) was recorded. This is the first research
reporting RVA associated mortality in the state. Contrary to
the earlier submission that 1 in every 205 children hospital-
ized of RVA diarrheawill die of the disease,73 our observation
during the 2-year study period shows that 1 in 100 RVA
positive children died of the disease. Although this is lower
than the 50%mortality reported in children 3 to 23months of
age in Bangladesh,74 it is, however, a considerable percentage
in the Nigerian settings, thereby stressing the need for
vaccine introduction.

Conclusion

RVA diarrheal disease occurred among under-five children in
Ondo state with a prevalence of 25.6%, predominantly in the
females, and in children between 0 and 6 months. Statisti-
cally, RVA infection was significantly higher in children aged
below 18 months than in children 18 months and above.
Therefore, this may help in determining the optimal period/
schedule of any immunization program that may be institut-
ed tomitigate this disease. Thehigh prevalence andmortality
recorded are strong justifications to implement a RVA vacci-
nation program in Nigeria. A significant seasonal association
of RVA infection was found in the 2-year period with fluc-
tuations in the seasonal occurrence of RVA diarrhea as
infection rate was prevalent in the rainy season. It is perti-
nent to urgently improve the provision and access to piped
water, public health enlightenment, education of parents
regarding the provision of home-cooked balanced meals,
and standard hygiene practices. Refuse collection and disposal
must be strengthened in the study areas, as verymany house-
holds dispose of refuse inappropriately in unauthorized dump
sites that may give rise to leachates and runoffs which may
potentially contaminate sources of drinking water.
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