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ABSTRACT

The etiology of infective diarrhea is polymicrobial, but erroneously attributable to teething in infants and young children
in the community. In a resource limited setting, where diarrhea illness significantly contributes to hospitalization and
mortality of children, we investigated the rapid simultaneous detection and epidemiologic profile of the four major
enteric viruses of diarrhea, for prompt diagnosis, appropriate care / treatment, and prelude to instituting timely
interventions to mitigate the burden of viral diarrhea disease in developing countries. In an hospital-based cross sectional
descriptive study, convenience sampling was adopted to obtain 175 stool specimens after parental consent, from under -5
years children who sought treatment for acute diarrhea disease from August 2012 to July 2014 at a Tertiary teaching
Hospital in Ado EKkiti, Nigeria. The specimens were tested for concurrent detection of concomitant infection by the target
viruses, using the CerTest® 4th generation quadruple Immuno chromatographic assay, and the data generated were
analyzed quantitatively. At least one viral agent was detected in 103/175 (59%) respondents. Single infection occurred in
87/103 (84.5%) and co-infections in 16/103 (15.5%), comprising 14/16 (87.5%) respondents with dual, and 2/16 (12.5%)
with triple infections. The most prevalent virus was Rotavirus with a rate of 16% (28/175), Adenovirus was 12.6%
(22/175), Astrovirus was 8.6% (15/175), while Norovirus was 12.6% (22/175). The prevalent age at infection by
Rotavirus and Adenovirus were in children aged 0-6 months with 50% and 18.8% respectively, followed by Norovirus
(27.3%) in children aged 19-24 months, while Astrovirus and Norovirus were 21.4% respectively in children aged 25-30
months. Coinfection by rotavirus + adenovirus was 6.3% in children 0-6 months; rotavirus + norovirus was 9.1% in
children aged 19 - 24 months; adenovirus + norovirus was 3.6% in 13 - 18 months; astrovirus + norovirus was 7.1% in
25 - 30 months; and rotavirus + astrovirus + norovirus was 9.1% in children aged 13 - 18 months. The four viruses
showed seasonal cluster in the dry months of Nov 2012 and 2013, followed by each of Rotavirus, Adenovirus and
Norovirus in the months of December 2012 - February 2013, and December 2013 - February 2014. Rotavirus and
Adenovirus slightly occurred year round with monthly peaks in Jan, Feb, and April. Astrovirus was detected consistently
in the months of August - November 2012, and 2013, respectively. About 60% of acute gastroenteritis in hospitalized
under-5 children were caused by at least one of the four major etiologies of viral diarrhea. Co-infection of children by the
enteric viruses was high. A paradigm shift in preponderance from rotavirus to adenovirus or astrovirus is anticipated in
the future. The concomitant infection by these viruses have significant implications for the burden of diarrhea disease,
treatment outcomes, development of cocktail of viral diarrhea vaccines, implementation of immunization, and
monitoring the success of vaccination in the children.
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INTRODUCTION

Acute infective gastroenteritis manifesting majorly as
abdominal cramps, watery diarrhea, and vomiting is
among the most common infections of humankind and its
associated morbidity and mortality are greatest among
children and the elderly (Wilhelmi et al., 2003). Diarrhea
was reported to be the largest killer after pneumonia and
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neonatal deaths, and among infants and children below
five years of age, an estimated 2.4 to 3.3 million deaths
occur annually (Bryce et al., 2005; Post et al., 2011),
while diarrhea accounted for 9.9% of the global 6.9
million deaths among children aged below 5 years (Liu et
al., 2012; Fischer-Walker et al., 2013) in the year 2011.

Microbially induced gastroenteritis can be caused by any
of the over 20 known enteropathogens (Levine, 1987;
Lanjewar et al., 1994; Niyogi, 2005) including the viruses
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(Castello et al., 2006). Enteric viral pathogens are the
prominent etiologies of acute infective gastroenteritis, of
which the four major clinically relevant groups include
Rotavirus (Castello et al., 2006), Calicivirus (Noroviruses
and Sapovirus), the fastidious Enteric Adenovirus types
40 & 41, and Astrovirus (Walter and Mitchell, 2000).
The less common etiologies include Picornavirus (the
Aichi virus), Coronavirus, Pestivirus, and Enterovirus 22
(Glass et al., 2001; Parashar and Glass, 2003). Each child
practically experiences viral diarrhea irrespective of race
and social-economic status within the first 5 years of life
and this has the great economic burden for the system of
public health services and the society (Patel et al., 2008).
Transmission of these viruses from infected to uninfected
human is majorly by contaminated food/water via the
fecal-oral route. The main symptoms of viral
gastroenteritis are watery diarrhea, vomiting, headache,
fever, abdominal cramps, general malaise, low grade
fever, nausea, and fatigue, that begin 1 to 2 days
following infection by any of the viruses and depending
on the respective virus, may last for 1 to 10 days, and
may also be asymptomatic, thus contributing to spread of
the viruses in the community (CDC, 2011).

Literature has it, that 130 million children develop
diarrhea due to rotavirus annually (Wilhelmi et al., 2001),
and is responsible for 20% of diarrheal deaths, and 6% of
all diarrheal episodes in children aged below 5 years
(Armah et al., 2003). In the developing countries, it was

estimated that 500,000-870,000 deaths occur annually
because of severe dehydrating diarrhea caused by human
rotaviruses with 150,000-200,000 deaths occurring in
Africa (Steele and Ivanoff, 2003; Tate et al., 2008).
Rotavirus was discovered by Mebus et al. (1969) among
Nebraska calves, and the wheel-like morphology was first
described in humans by Bishop et al. (1973), when
electron microscopy images reveal its presence in
duodenal biopsies of children with acute gastroenteritis.
On the basis of serological and genetic features, the genus
Rotavirus of the Reoviridae virus family comprises eight
approved groups A to H, and one candidate species
designate Rotavirus | (Matthijnssens et al., 2012; Estes
and Greenberg, 2012; Mihalov-Kovacs et al., 2015).
Among these, group A Rotavirus (ICTVdb No.
00.060.0.03.001) is recognized as the most common
etiologic agent of severe dehydrating diarrhea in infants
and young children in both developed and developing
countries (Asmah et al., 2001). The Rotavirion (Fig. 1)
consists of a triple-layered protein capsid of 100 nm in
diameter, surrounding a genome of 11 segments of
double-stranded RNA which encode 6 structural (VP1-
VP4 and VP6, VP7) and 6 non-structural (NSP1-NSP6)
proteins (Greenberg and Estes, 2009). The VP7 and VP4
gene segments code for two outer capsid proteins, a
glycoprotein (G) and a protease - sensitive protein (P) that
define the genotypes/serotypes and form the basis for
classifying group A rotaviruses into G and P types (Estes
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Fig. 1. (clockwise): Schematic diagram of the virion morphologies of Rotavirus, Adenovirus, Astrovirus and electron

micrograph of Norovirus.

Human adenoviruses (HAdV) are major causes of clinical
infections including respiratory diseases, gastroenteritis,
and conjunctivitis (Avery et al., 1992; Van Heerden et al.,

2003). Human Adenovirus belongs to the genus
Mastadenovirus of the family Adenoviridae. The virion
consists of non-enveloped, linear, dSSDNA genome (26 -45
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kb) encapsidated in an icosahedral protein shell (Fig. 1).
There are 52 serotypes classified into six species, A-G
(Sdiri- Loulizi et al., 2008; Walsh et al., 2009) of which
species F serotypes 40 and 41 primarily infect the gut,
contributing to 5%-20% of hospitalizations for childhood
diarrhea (Girard et al., 2006). The incidence of infection
was reported to be nearly 3 times greater in developing
countries than developed ones (Mohammad et al., 2013).

In preceding studies to date in Nigeria, Nimzig et al.
(2000) indicated a prevalence of 3.8% among diarrheic
children in Jos, Audu et al. (2002) reported a prevalence
of 3% among diarrheic under-5 years children in Lagos,
Aminu et al. (2007) reported a rate of 8% among
diarrheic children in Northwestern Nigeria, while
Babalola et al. (2015) reported a rate of 18% among
under-5 children in Owo, Southwest Nigeria. Astroviruses
are non-enveloped viruses in the family Astroviridae,
detected from the fecal samples of symptomatic and
asymptomatic infantile diarrhea cases, and named by
Madeley and Cosgrove (1975). The virion is 28-35nm in
diameter with an icosahedral capsid enclosing a positive
sense, single stranded RNA genome. Under the electron
microscope, the capsid have a characteristic star—like
morphology formed by five or six pointed surface
structure from which it derived the Greek word “astron”
(Fig. 1). Astroviridae of the genus Mamastro viruses
infect mammals, while genus Avastro viruses infect and
causes gastroenteritis in avian species.

There are at least eight human serotypes (HAstV-1 to
HastV/-8) while the prototype species is HAstV-1 (Walter
and Mitchell, 2003; Fauquet et al., 2005). Astroviruses
infect human of all ages but children up to seven years of
age, the elderly and the immuno compromised are the
most susceptible (Moser and Schultz-Cherry, 2005)
accounting for about 2%-16% of diarrhea in hospitalized
children, and 5%- 17% of diarrhea in the community
(Hermann et al.,, 1991). Among the few studies in
Nigeria, a prevalence of 16% was reported among
children in Nassarawa state (Kuta et al., 2014), while
Ayolabi et al. (2012) reported 40.4% in Lagos.

Norovirus prototype strain was first identified as the cause
of a gastroenteritis outbreak in Norwalk, Ohio, in 1968,
hence the common name, ‘‘Norwalk-like virus’’ (Adler
and Zickl, 1969). Noroviruses belong to the family
Caliciviridae, classified into five genogroups (Gl through
GV), which were further divided into at least 34
genotypes. Genotypes Gl, Gll and GIV infect and cause
gastroenteritis in humans, while the Glll and GV typically
infect animals. It is a small (Fig. 1), non-enveloped,
positive sense, single stranded RNA virus that requires
special cell systems for in vitro replication (Phillips et al.,
2010). Norovirus gastroenteritis is characterized by
vomiting (in 64% of adults, and 81% of children) with a
seasonal pattern of increased infection rates during the

winter (Najafi et al., 2012), hence the acronym ‘‘winter
vomiting disease’’. Previous studies have reported
noroviruses as the second most frequent etiologic agents
of viral gastroenteritis in children (van Maarseveen et al.,
2010; Koopmans et al., 2003), causing annual global
mortality of 200,000 children in developing countries
(Koopmans, 2008; Jakab et al., 2005).

Studies have indicated that immuno suppressed patients
as a result of infection or development, constitute an
important group for prevention of gastrointestinal
infections, and the incidence of infection- related post-
transplant viral diarrhea were reported to be up to 40%
(Aggarwal et al., 1998; Liakopoulou et al., 2005). Hence,
considering the importance of gastroenteritis prevention
in immuno compromised individuals, the diagnosis of the
etiology at the early stages of the disease is extremely
important to reduce morbidity and mortality (Ribeiro et
al., 2015). Interestingly, in developing countries like
Nigeria where rotavirus and other enteric viral infections,
morbidity, and mortality are high, no single study have
provided a concurrent diagnosis, and the prevalence of
these four important clinically relevant enteric viruses for
which vaccines have not been successfully developed or
implemented,  This study was conducted to
simultaneously detect these viruses, to determine the
baseline prevalence, and map the pattern of infection by
rotavirus, Adenovirus, Astrovirus and Noroviruses in real
time, among under -5 children hospitalized of acute
diarrhea disease in Ado EKiti, Nigeria.

MATERIALS AND METHODS

Study Design

An  hospital based, prospective, cross-sectional,
descriptive study, aimed at detecting and determining the
prevalence of group-A Rotavirus, Adenovirus, Astrovirus,
and Norovirus, or co-infections of these viruses in cases
of diarrhea among under-5 year children hospitalized of
acute gastroenteritis in Ado EKiti, Nigeria.

Study Centre

This study was conducted at the Neonatal Intensive Care
Unit and the Children Emergency Wards of the EKiti state
University Teaching Hospital Ado Ekiti. The centre was
selected on the basis of availability of the specified
population, ability of the facility to handle severe disease
and those that needed admission.

Study Population

Infants and young children aged between 0 and 5 years
who presented at outpatient clinics or were admitted in
wards, at the specified hospital for acute diarrheal illness,
from August 2012 to July 2014 were the study population.
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Inclusion Criteria

Children below 5 years of age that presented with acute
diarrhea, having experienced an evacuation of loose
watery stools, 3 or more times in a 24-hour period as
reported by the parents or caregiver were enrolled in this
study. Only the children with diarrhea that lasted for < 9
days were included since studies have shown that the
incubation period for most enteric virus illness is less than
48hrs and usually will last for 5-9 days (WHO, 2002).

Exclusion Criteria

Children that were more than 5 years of age, or with
bloody diarrhea, or prospective participants whose parents
declined consent were regarded as ineligible and excluded
from the study.

Ethical considerations

This study devolved from approval by the Ethical
Committee of the EKkiti State University Teaching
Hospital, after thorough review of the application and
proposals. Verbal Informed consent was obtained from
the parent or guardian of the participants before sample
collection.

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 that were
associated with diarrhea. These included parents
education/employment, the participants’ age (months), the
gender, sources of drinking water, feeding practices,
duration of diarrhea before hospitalization, type of
diarrhea or stool characteristics, frequency of diarrhea,
severity of diarrhea such as vomiting, dehydration
requiring Intravenous rehydration, increase in body
temperature, antibiotic administration, and manifestation
of Upper Respiratory Tract Infection (URTI).

Collection and Processing of Samples

By convenience sampling, stool specimens were collected
by visiting the hospital 2 to 3 times a week, from under-5
children presenting in the hospital as outpatient or
admitted for acute diarrheal illness one to 3 days after the
onset of the disease. At each of the health facility, the
children who satisfied the study inclusion criteria were
asked to produce stool specimen by natural evacuation
after obtaining consent from their parents / guardian. In
one diarrhea episode, one fresh stool specimen was
collected per child in clean, screw-capped tubes, labeled,
and immediately stored frozen, prior to transportation on

ice to the Virology department, University of Ibadan
Nigeria, for further analysis.

Detection of Rotavirus, Adenovirus, Astrovirus and
Norovirus by Lateral- flow EIA

The 4" Generation Certest® Rota+Adeno+ Astro+Noro /
Combo cassette (CerTest® Biotech, Spain) is based on
the principle of a qualitative immuno chromatographic
assay for the determination of Rotavirus, Adenovirus,
Astrovirus and Norovirus genogroups | and Il, in stool
samples. The stool specimens were tested for the presence
of any of rotavirus, adenovirus, astrovirus and norovirus,
or combinations of the viral antigens using the Combo
cassette  according to Certest Biotech instructions
(CERTEST Biotech, 2013) and methods of Babalola et al.
(2015).

Presentation of Data and Statistical Analysis

Data obtained in the study were recorded in Microsoft
Excel, and analyzed using descriptive statistics as shown
in percentages, mean, median and ratios. Inferential
analysis and Infection proportions were tested for
statistical significance by the use of chi-square (x?) test
and used to compare groups. Differences were considered
statistically significant if P < .05.

RESULTS

Demograhics of rotavirus, adenovirus, astrovirus and
norovirus diarrhea among under -5 years children in
Ado Ekiti, Nigeria

One hundred and seventy five (175) stool samples were
collected from eligible children aged less than five years
who were enrolled in this study. Ninety five
(95/175:54%) respondents were Males while 80
(80/175:46%) were females, representing a male: female
ratio of 1.2:1 (Table 2).

Serological detection of rotavirus, adenovirus, astrovirus
and norovirus pathogens.

In a qualitative one-step detection of the presence of the
four viral agents of diarrhea in all the 175 samples using
the rapid Enzyme Immunochromatographic Combo
cassette (CERTEST Biotech, 2013), there were distinct
red line in the test windows and/or green lines in the
control window indicating optimal performance of the
assay, although the intensity of the color was directly
proportional to the viral load in the respective samples
tested (Fig. 2). The performance of the kit were validated
to share no cross reactivity with other gastrointestinal
pathogens found in feces, as well as 99% sensitive and
specific, respectively (CERTEST Biotech, 2013).
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Fig. 2. Representative results of Viral Assay of the fecal samples using the Certest® Combo cassette.

Overall prevalence of the enteric viruses in children with
acute gastroenteritis

Of all the 175 fecal samples tested, at least one viral agent
was detected in 103/ 175 (59%) of the respondents. Single
infection occurred in 87/103 (84.5%) and co-infections in
16/103 (15.5%), including 14/16 (87.5%) respondents
with dual, and 2/16 (12.5%) with triple infections.

No quadruple infection was detected in the study
respondents. The most prevalent etiology was Rotavirus
with a rate of 16% (28/175) and a male: female ratio of

1:1.3; Adenovirus was 12.6% (22/175) with a male:
female ratio of 1:1; Astrovirus was 8.6% (15/175) with a
male: female ratio of 1:1.2; while Norovirus was 12.6%
(22/175) with a male: female ratio of 1:1.2.

Generally, coinfection (Fig. 2) by Rotavirus +Adenovirus
was detected in 5/175 (2.9%); Rotavirus + Norovirus was
found in 3/175 (1.7%); Adenovirus + Norovirus in 3/175
(1.7%); Astrovirus + Norovirus in 3/175 (1.7%); while
Rotavirus + Astrovirus + Norovirus were detected in
2/175 (1.1%) of the study respondents (Table 1).

Table 1. Occurence of enteric viral etiologies of diarrhea among under-5 children in Ado EKiti, Nigeria.

Type of infection

Monoinfection (%)

Coinfection (%)

Age Total Rotavir ~ Adenovir Astrovirus Norovirus Rota+ Rota Adeno  Astro+ Rota
group sample us us positive positive Adeno +Noro +Noro Noro +Astro
(months) tested positive  positive +Noro
0-6 16 8 (50) 3(18.8) 00 (00) 2 (12.5) 1(6.3) 00(00) 00(00)  00(00) 00(00)
7-12 64 11(17.2) 7(11) 4(6.3) 5(7.8) 2(3.1) 00(0) 1(1.6) 2(3.1) 00(00)
13-18 56 7(125) 8(143) 4(7.)) 6 (10.7) 1(1.8) 1(1.8) 2(3.6) 00(00) 2(9.1)
19-24 22 1(4.5) 4(182) 4(18.2) 6 (27.3) 1(45) 2(9.1) 00(00) 00(00) 00(00)
25-30 14 1(7.1) 00 (00) 3(21.4) 3(21.4) 00(00)  00(00)  00(00) 1(7.1) 00(00)
31-36 02 00 00 00 00 00 00 00 00 00
>36 01 00 00 00 00 00 00 00 00 00
Total 175 28 (16) 22 (12.6) 15(8.6) 22(12.6) 529 3017 37 3@Q7n 211

At least one viral agent was detected in 103/ 175 (59%) of the respondents. Single infection occurred in 87/103 (84.5%) and co-infections in 16/103
(15.5%), comprising 14/16 (87.5%) respondents with dual, and 2/16 (12.5%) with triple infections.
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Monthly distribution of samples collected and detection
rates of the viruses

Figure 3 shows the monthly distribution of the samples
and the detection rates of each viral agent. The highest
monthly rates of samples collected were in August,
October, November, and December, 2012, as well as
March and October, 2013. The monthly rates remained
constant for the months of April to September 2013,
increased in October and fell to a constant rate from Feb
to May 2014.

All the four viruses comprising the Rotavirus,
Adenovirus, Astrovirus, and Norovirus, clustered in the
month of Nov 2012 and 2013 respectively, followed by
Rotavirus, Adenovirus and Norovirus in the months of

virus detection
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December 2012 to February 2013, and December 2013 to
February 2014 respectively.

Rotavirus and Adenovirus slightly occurred year round
with monthly peaks in Jan, Feb, and April. Rotavirus was
detected consistently in the months of October 2012 to
June 2013, and October 2013 to June 2014, while
Adenovirus was detected consistently in the months of
Nov. 2012 to June 2013, and Nov. 2013 to June 2014
respectively.

Astrovirus was detected consistently in the months of
August to November 2012, and 2013 respectively, while
Norovirus was found consistently in the months of
September 2012 to Feb. 2013, and from October 2013 to
Feb 2014.

)

Year 2012 - 2014

¥ Samples collected ™ Rotavirus

® Adenovirus

® Astrovirus ™ Norovirus

Fig. 3. Monthly distribution of samples collected and detection of rotavirus, adenovirus, astrovirus and norovirus
pathogens among under 5 years children hospitalized of acute gastroenteritis from August 2012 to July 2014 at a

Teaching Hospital in Nigeria.

Detection rates by Gender, and Age group Prevalence of
monoinfection by Rotavirus, Adenovirus, Astrovirus,
and Norovirus.

Monoinfection by Rotavirus was 16% (28/175) of which
6.3% were males and 9.7% were females. Adenovirus was

12.6% (22/175) where 6.3% were males and females
respectively. Astrovirus was 8.6% (15/175) of which 4%
were males and 4.6% were females, while Norovirus was
12.6% (22/175) of which 5.7% were males and 6.9% were
females (Fig. 4).
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The prevalent age at infection by Rotavirus (50%) and Coinfection by rotavirus + adenovirus was 6.3% in

Adenovirus (18.8%) were in children aged 0-6 months, children 0 - 6 months; rotavirus + norovirus was 9.1% in

followed by Norovirus (27.3%) in children aged 19-24  children aged 19 - 24 months; adenovirus + norovirus

months, while in children aged 25-30 months, Astrovirus  (3.6%) in 13 - 18 months; astrovirus + norovirus (7.1%)

and Norovirus were 21.4% respectively. in 25 - 30 months; and rotavirus + astrovirus + norovirus
was 9.1% in children aged 13 - 18 months (Table 2).

Fig. 4. Venn diagram showing the major viral etiologies, and Epidemiologic profile of Pediatric diarrhea among children
hospitalized of acute gastroenteritis from August 2012 to July 2014 in Ado EKiti Nigeria.
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Table 2. Detection rates by Gender, and Age group prevalence of monoinfection by Rotavirus, Adenovirus, Astrovirus
and Norovirus pathogens among children hospitalized of acute diarrhea from August 2012 to July 2014 in Ado EKiti,

Nigeria.

Age group Rotavirus (%) Adenovirus (%) Astrovirus (%) Norovirus (%0)

(months)
Number Number Number Number Number Number Number Number
positive  positive  positive  positive  positive  positive  positive  positive
in Males in in Males in in Males in in Males in

females females females females

0-6 03/10 05/6 02/10 01/6 00/10 00/6 01/10 01/6
(30) (83.3) (20) (16.7) (00) (00) (10) (16.7)

Prevalence (50) (18.8) (6.3) (12.5)

7-12 05/36 06/28 03/36 04/28 01/36 03/28 02/36 03/28
(13.9) (21.4) (8.3) (14.3) (2.8) (10.7) (5.6) (10.7)

Prevalence (17.2) (11) (6.3) (7.8)

13-18 03/28 04/28 04/28 04/28 02/28 02/28 03/28 03/28
(10.7) (14.3) (14.3) (14.3) (7.1) (7.1) (10.7) (10.7)

Prevalence (12.5) (14.3) (7.1) (10.7)

19-24 00/14 01/8 02/14 02/8 02/14 02/8 03/14 03/8
(00) (12.5) (14.3) (25) (14.3) (28) (21.4) (37.5)

Prevalence (4.6) (18.2) (18.2) (27.3)

25-30 00/6 01/8 00/6 00/8 02/6 01/8 01/6 02/8
(00) (12.5) (00) (00) (33.3) (12.5) (16.7) (28)

Prevalence (7.1) (00) (21.4) (21.4)

31-36 00/1 (00) 00/1 (00) 00/1 (00) 00/1(00) 00/1(00) 00/1(00) 00/1(00) 00/1(00)

Prevalence (00) (00) (00) (00)

>36 00 00/1 (00) 00 00/1 (00) 00 00/1 (00) 00 00/1 (00)

Prevalence (00) (00) (00) (00)

TOTAL 11/95 17/80 11/95 11/80 7/95 8/80 10/95 12/80
(11.6) (21.3) (11.6) (13.8) (7.4) (10) (10.5) (15)

Seasonal association of monoinfection by rotavirus, DISCUSSION

adenovirus, astrovirus and norovirus among the study
participants from August 2012 to July 2014 in Ado EKkiti
Nigeria.

All the four wviruses comprising the Rotavirus,
Adenovirus, Astrovirus, and Norovirus, showed seasonal
cluster in the dry season of November 2012 and 2013,
followed by each of Rotavirus, Adenovirus and Norovirus
in the dry months of December 2012 to February 2013,
and December 2013 to February 2014. Rotavirus and
Adenovirus slightly occurred year round with monthly
peaks in Jan, Feb and April. Rotavirus was detected
consistently in the months of October 2012 to June 2013,
and October 2013 to June 2014, while Adenovirus was
detected consistently in the months of Nov 2012 to June
2013, and Nov. 2013 to June 2014. Astrovirus was
detected consistently in the months of August to
November 2012, and August to November 2013.
Norovirus was found consistently in the dry season of
September 2012 to Feb. 2013, and October 2013 to Feb.
2014 (Fig. 3). None of the viruses was detected in the
months of July in the 2 year period.

The etiology of a large proportion of diarrhea cases
remain unknown as it was estimated that no causative
agent can be identified in up to 40% of sporadic cases or
in gastroenteritis outbreaks. However, the detection of
novel or unexpected viruses is the first step in identifying
the chemotherapy or prophylactics that could potentially
close the diagnostic gap and pave the way for the
development of more comprehensive preventive
measures, and better treatments. The laboratory
investigations of the major enteric viruses are traditionally
laborious, technical, and time consuming for the needed
rapid point of care diagnosis in developing countries.
However, the ultimate goal of research is to generate
translational findings for improved benefit to mankind
particularly in the area of healthcare. Recently, Muhsen
and Levine posited that some viruses, such as adenovirus
have not been completely documented as a cause of
severe diarrhea in developing countries (Muhsen and
Levine, 2012). This may be attributed to the laborious
methods and paucity of available technologies in
investigating the enteric adenovirus serotypes. Many
workers perceive the fastidious adenoviruses as a
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formidable area of research and are therefore fast to
neglect or conclude their non-association with diarrhea.
However, the advent of rapid methods, with sufficient
evidence in this study, in- tandem with the previous report
of Babalola et al. (2015), Adenoviruses and astroviruses
are becoming established etiologies of severe diarrhea in
infants and young children of developing countries like
Nigeria. Therefore, considering the sensitivity and
specificity of the 4" generation rapid
immunochromatographic kit, it was handy, reliable,
economical, and amenable for use in the prompt diagnosis
of the four enteric viral agents of diarrhea, to forestall the
common empirical treatment with several antibiotics,
antibiotic resistance, treatment failures, increased cost of
healthcare, and mortality. Interestingly, this is the first
single report in Nigeria and the second in Africa that
focused concurrent investigation in real-time on the
occurrence and prevalence of these four etiologies of viral
diarrhea in the African children. At least one viral agent
was detected in 59% of the respondents indicating a
higher rate compared to 32.2% in a similar investigation
in Tanzania (Moyo et al., 2007).

The results showed single infection in 87/103 (84.5%)
and co-infections in 16/103 (15.5%), comprising 14/16
(87.5%) participants with dual, and 2/16 (12.5%) with
triple infections. No quadruple infection in a single child
was detected in the participants as previously suggested
(CERTEST Biotech, 2013). Similar single studies in
developed countries have reported various levels of
prevalence of these enteric viruses.

In a London report by Cubitt et al. (1996), 28% of
children with gastroenteritis were infected by rotavirus,
6% adenovirus, 3% astrovirus, and 3% calicivirus. Bon
(1999) submitted that group-A rotavirus was 61%,
calicivirus was 14%, astrovirus was 6%, while enteric
adenovirus was 3% in children that sought treatment for
gastroenteritis between 1995 and 1998 in France. Lee et
al. (2007) reported that in Korean Children, rotavirus,
norovirus, adenovirus and astrovirus were detected in
25.7%, 13.7%, 3.0%, and 1.1%, respectively.

In the African continent, Mona et al. (2013) found in
Egypt that Rotavirus, norovirus, and adenovirus were
39%, 16.2% and 6.8% respectively, of the children with
gastroenteritis. In this study, Rotavirus, Adenovirus,
Astrovirus, and Norovirus were 16%, 12.6%, 8.6%, and
12.6% respectively, indicating unexpectedly lower
rotavirus rate atypical of a developing country, but higher
prevalence in Adenovirus and Astrovirus infections
typical of the postulations of Mohammad (2013) in this
prevaccine era. The ratings of these viruses as agents of
gastroenteritis on the basis of incidence differ from
worker to worker, and region to region. While Zlateva et
al. (2005) claimed that Adenoviruses are second only to

rotavirus as the most important causative agent of acute
infantile gastroenteritis, Aminu et al. (2008) identified
Astroviruses as one of the most frequent causes of
infantile gastroenteritis, second in incidence only to
rotavirus in Northern Nigeria (Aminu et al., 2008).
Contrary to the foregoings, Iritani et al. (2003) in Japan,
and Junquera et al. (2009) in Spain, reported in separate
studies that noroviruses were the second most frequent
etiologic agents of viral gastroenteritis in children.
However, it is interesting to emphasize that in this present
study, monoinfection by Adenovirus, or by norovirus
were detected at similar rates (12.6%) among the
respondents in Nigeria.

Rotavirus generally occurred in children aged 0-30
months with an overall prevalence of 16%, predominated
in children aged 0—6 months with an age group
prevalence of 50% and a significant higher rate in the
females than the males. This rate contrasts the previous
report of 25.8% reported by (Ayolabi et al., 2013) in
Lagos, comparable to the 19.2% in Benin City Nigeria
(lyoha and Abiodun, 2015), but higher than the 13.8% in
females of Jos Northcentral Nigeria (Junaid et al., 2011),
and the 14.3% reported by Adah et al. (1997).

As no gender specific mutation is known regarding
rotavirus infection, the observed difference in Jos may be
attributed to socioeconomic dispositions, and differential
cultural preferences for male children in the two
geographical regions. Outside Nigeria, the observed rate
in this study was lower than 25.5% reported in Ghana
(Armah et al., 2002), 27.9% in Abidjan (Akoua-Koffi et
al., 2007), and 34.3% in China (Lintao et al., 2013).
Consistent with the recent report of Babalola et al. (2015),
the seasonality of adenovirus (November to June), and
norovirus (September to February) were similar, but the
rate of adenovirus diarrhea (12.6%) was lower than the
18% previously reported, while norovirus was higher
(12.6%) in Ekiti state than the neighboring Ondo state
(8%), but lower than the 25.5% reported in Osun state
(Japhet et al., 2012) and the 37.3% (Ayolabi et al., 2010)
in Lagos state Nigeria.

In the Nigerian scientific ecosystem, this is the third
report in the Southwest, of astrovirus diarrhea occurring
at a prevalence of 8.6%. This rate is higher than 5% in the
Northwest (Aminu et al., 2008), similar to 8.6% in Niger
state (Kuta et al., 2014b) and lower than the 16% in
Nassarawa, Northcentral Nigeria (Kuta et al., 2014a), and
the reported 40.4% in Lagos (Ayolabi et al., 2012). The
detection of astrovirus in this study corroborates the
submission of Finkbeiner (Finkbeiner, 2009) that
astroviruses may cause a large fraction of severe diarrhea
cases than recognized, consequent upon his identification
of two novel astroviruses Astv-MLB1 and Astv-VAL,
confirmed with a further discovery of a variant Astv-
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VAL1/NMO-C responsible for severe encephalitis in an 18
months infant in the UK (Brown et al., 2015). The
manifestation of similar sequelae is highly probable in the
susceptible respondents in this study.

The observed rate of coinfection by the viruses is low
but certainly considerable, regarding their contribution to
the duration, pathogenesis, and clinical outcome of
diarrhea. The simultaneous presence of rotavirus +
adenovirus was 6.3% in children 0 - 6 months, rotavirus +
norovirus was 9.1% in children aged 19 - 24, adenovirus
+ norovirus (3.6%) in 13 - 18 months, astrovirus +
norovirus (7.1%) in 25 - 30 months, and rotavirus +
astrovirus + norovirus was 9.1% in children aged 13 - 18
months. As the pathogens involved in a co-infection can
interact synergistically, for example via the host’s
immune system, with the presence of one enhancing the
abundance and/or virulence of the other, resulting in even
greater pathogenesis (Griffiths et al., 2011), the increasing
detection of more than one enteric virus in a single
respondent calls for concern.

The interspecific pathogen interactions can alter the
pathogen dynamics, host health, and the success or failure
of control strategies (Lello et al., 2008), particularly
vaccination. Therefore, given the rudimentary immune
status of the respondents and the probable malnutrition in
children, it is hereby postulated in tandem with the
submission of Bhavnani et al. (2012), that the observed
synergistic effects of coinfection contributed to the
severity of the disease, clinical outcome of the infection,
and the overall diarrhea disease burden.

CONCLUSION

With the current knowledge on the etiologies of viral
diarrhea diseases, this is the first real-time concurrent
investigation of the four viral diarrhea pathogens in
Nigeria. This study demonstrated that close to 60% of
acute gastroenteritis in hospitalized under-5 children
were caused by at least one of the four major etiologies of
viral diarrhea, and should therefore be put into
perspective by caregivers during admission of children for
treatment of diarrhea. Co-infection of the children by
enteric viruses is highlighted and the predominance of
these viruses has significant implications for the burden of
diarrhea disease, treatment outcomes, development of
cocktail of vaccines, and implementation of intervention
measures in the Nigerian children.
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