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Abstract

Human astrovirus (HAstV) is recognized as one of the major causative agents of acute gastroenteritis in children worldwide.
Data on the genetic diversity of HAstV in Nigeria are limited. The aim of this study was to determine the prevalence and
molecular epidemiology of classical HAstV in children under 5 years of age with acute gastroenteritis in Ogun State, Nige-
ria. Fecal samples (331) as well as socio-demographic and clinical data were collected across the three senatorial districts
of the state from February 2015 to April 2017. One hundred seventy-five samples were randomly selected and analyzed for
the presence of HAstV using RT-PCR. PCR amplicons from positive samples were sequenced, and phylogenetic analysis
was done to determine genotypes and lineages. The overall prevalence rate was 19.4% (34), with the highest occurrence
observed in 2015 (41.4%). Viral coinfections were detected in 13 cases (38.2%). HAstV infection occurred throughout the
year and in all age groups, mainly in the age group of 0-12 months. There was significant association between prevalence
rate and collection year; however, no association was observed with gender, age, symptoms or risk factors. HAstV-5 was the
predominant genotype (76.5%) circulating throughout the study period, followed by HAstV-1 (23.5%), which circulated only
in the first 2 years of the study. Phylogenetic analysis showed that all HAstV-5 strains detected belonged to the 5a lineage,
while HAstV-1 strains were grouped into lineage 1b. This study, to the best of our knowledge, is the first comprehensive
report on molecular characterization of classical HAstV among children with gastroenteritis in the country, and this will
serve as baseline information for implementing appropriate infection control practices.

Introduction

Acute gastroenteritis (AGE) has been described globally as
the second leading cause of death among children less than
5 years of age [1] with enteric viruses (rotavirus, norovirus,
astrovirus, adenovirus) being the recognized major common
etiological agents [2].

Astroviruses (AstVs) are small, non-enveloped, single-
stranded, positive-sense RNA viruses belonging to the
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family Astroviridae, which is divided into two genera,
Mamastrovirus and Avastrovirus, whose members infect
mammals and birds, respectively. The genome, which is 6.8-
7.9 kb long, contains of three open reading frames (ORFs):
ORFla, ORF1b, and ORF2. Both ORFla and ORF1b
encode the non-structural proteins involved in RNA tran-
scription and replication, while ORF2 encodes the capsid
protein precursor [3], which exhibits the highest diversity
among the viral proteins [4] and is used generally as the
basis for genotyping [5].

According to the 2018 report of the ICTV (International
Committee on Taxonomy of Viruses) (https://talk.ictvonline
.org/taxonomy/), human astroviruses (HAstVs) are classi-
fied into classical HAstV, Melbourne (MLB) clade, and
Virginia (VA) clade. Classical HAstV comprises genotypes
1-8 (HAstV-1-8) [3]. The MLB and VA clades are highly
genetically distinct from the classical HAstVs and are more
closely related to animal astroviruses [6].

Transmission of HAstV occurs mainly by the fecal-oral
route [3], and its clinical manifestations, lasting 2-4 days,
include abdominal pain, vomiting, anorexia, fever, headache,
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diarrhea, and severe dehydration, which leads to hospitaliza-
tion [7]. These symptoms are usually mild and self-limited
in comparison with rotavirus (RV) and norovirus (NoV)
infections [8].

The classical HAstVs are circulating globally and asso-
ciated with 2.9% to 5.0% of acute diarrhea in children [9].
Generally, HAstV-1 is the most common genotype found
worldwide, followed by genotypes 2 to 5, which are usually
associated with diarrheal outbreaks, whereas HAstV-6 to
-8 are seldom detected [5, 10]. However, the predominant
genotype varies with time and location [11].

In some African countries, the prevalence of HAstV
in children with acute gastroenteritis has been reported to
range from 0.8% to 9.9% [12-16]. Also, the prevalence of
HAstV among children with acute gastroenteritis in Nigeria
has been reported in a few studies [17-21], with only two
investigating genetic diversity [20, 21].

Therefore, there is a lack of information on the genetic
diversity of HAstV, which is important and eventually can
be used for vaccine development. The aim of this study was
to determine the prevalence and molecular epidemiology of
classical HAstV infections in children under 5 years old with
acute gastroenteritis in Ogun State, Nigeria.

Materials and methods
Study population and sample collection

Stool specimens were collected from 331 hospitalized and
general outpatient children < 5 years of age who presented
with acute gastroenteritis of less than or equal to 7 days’
duration in three different hospitals across Ogun State:
FMCA in Ogun Central (157 children); State Hospital Ijebu-
Ode in Ogun East (74 children), and State Hospital Ota in
Ogun West (100 children) senatorial districts between Feb-
ruary 2015 and April 2017. Diarrhea was defined according
to the WHO criteria for children as the passage of three or
more loose or liquid stools within 24 hours. Socio-demo-
graphic data and clinical information were collected through
the use of a standardized questionnaire completed by the
parents/guardians of each participant. The Institutional Ethi-
cal Committee approved this study, and informed consent
was obtained before sample collection. Stool specimens
were stored at -20 °C until they were processed. One hun-
dred seventy-five fecal samples were randomly selected for
analysis.

Sample processing
Each stool sample (4 to 5 mL) was suspended (1:10) in Tris-

HCI (0.01 M)-CaCl, (0.0015 M) buffer and subsequently
clarified by centrifugation at 3,000 rpm for 15 minutes.
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Thereafter, a 2-mL aliquot of the supernatant was dispensed
into sterile cryovials and stored at -20 °C until they were
transported on dry ice to the Research Laboratory for Molec-
ular Biology and Microbiology, Federal University of Parana
(HC-UFPR), Brazil, for analysis.

Nucleic acid extraction and HAstV detection

Viral nucleic acids were extracted from 200 puL of the
clarified stool suspension using a High Pure Viral Nucleic
Acid Kit (Roche Molecular System Inc., Pleasanton, CA)
according to the manufacturer’s instructions. The nucleic
acid concentration and purity (A260/280) were analyzed by
spectrophotometry (NanoDrop 2000c, Thermo Fisher Sci-
entific, Waltham, MA). Eluted nucleic acid was stored at
-80 °C until analysis.

HAstV detection was performed by reverse transcription
polymerase chain reaction (RT-PCR) using a set of specific
primers targeting a portion of the ORF2 capsid region, Mon
269 (5’-TCAGATGCATTGTCATTG-3") and Mon 270 (5°-
CAACTCAGGAAACAGGGAGT-3’) [22], and a Platinum®
Taq DNA Polymerase Kit (Invitrogen, Carlsbad, CA) in a
Veriti™ 96-well thermal cycler (Applied Biosystems Inc,
CA). RT was carried out with random primers using a Super-
script III® Reverse Transcriptase Kit (Invitrogen, Carlsbad,
CA) according to manufacturer’s instructions. Briefly,
2.5 pl of cDNA was added to 22.5 ul of PCR mix consist-
ing of 2.5 pl of 10x PCR buffer, 0.75 pl of 50mM MgCl,,
0.5 pl of dNTPs (10 mM each), 0.5 pl of primer (10 pmol/
ul), 0.125 ul of Platinum Taq DNA polymerase (200 U/ul,
Invitrogen), and 17.625 ul of RNase-free water to a total
volume of 25 pl. The PCR conditions were as follows: 94 °C
for 3 min, 40 cycles of 94 °C for 30 s, 50 °C for 30 s and,
72 °C for 30 s, and final extension at 72 °C for 2 min. PCR
products were resolved by electrophoresis in a 1.5% agarose
gel, stained with ethidium bromide, and viewed using a UV
transilluminator, and bands were analyzed using the E-Capt
program (Vilber Lourmat Deustchland, GmbH, Germany).
Detection of other enteric viruses (group A rotavirus [RVA],
norovirus [NoV], and human adenovirus [HAdV]) were also
performed simultaneously as described previously [23].

Nucleotide sequencing

PCR amplicons from positive samples were purified using a
QIAquick Gel Extraction Kit (QIAGEN, Germany) accord-
ing to manufacturer’s instructions and sequenced directly in
both directions using a Big Dye® Terminator v.3.1 Kit and
an ABI 3130 automated sequencer (Applied Biosystems,
Foster City, CA, USA) with the same primers used for the
amplification reactions.
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Sequence analysis

Sequencing chromatograms were generated and edited using
the SeqMan tool in DNASTAR Lasergene 7.0.0 software
(DNASTAR, Inc., Madison, WI, USA). The sequences that
were generated were compared with those retrieved from the
GenBank database using the Basic Local Alignment Search
Tool (BLAST) software, and multiple sequence alignments
were performed using ClustalW in MEGA 7 software [24].
The HAstV genotype was inferred by phylogenetic analy-
sis using the maximum-likelihood (ML) method based on
the general time-reversible (GTR+G+I) substitution model
with a bootstrap test of 1000 replicates [25] implemented
in the MEGA7 software. Nucleotide sequence identity
was calculated using p-distance in MEGA 7 software. The
nucleotide sequences determined in this study were submit-
ted to the GenBank database with the accession numbers
MN114638-MN114671.

Statistical analysis

Socio-demographic data and clinical information were com-
pared by chi-square test using IBM SPSS version 20 (IBM
Corp, Armonk, NY) for Windows. The level of significance
was set at p < 0.05.

Results

The overall HAstV detection rate was 19.4% (34/175).
In 2015, a detection rate of 41.4% (12/29) was observed
in the samples tested, while the detection rate decreased
to 16.9% (19/113) and 9.1% (3/33) in 2016 and 2017,

respectively. A significant association was observed
between the prevalence of HAstV and the collection year
(p < 0.05). Considering the different senatorial districts,
HAstV prevalence was higher in Ogun East (25.0%, 15/60)
and Ogun West (23.0%, 14/61) than in Ogun Central (9.3%
[5/54]) senatorial district. There was no statistically sig-
nificant association between senatorial districts and the
prevalence rate (p > 0.05) (Table 1). Coinfection with
other tested enteric viruses was seen in 13 (38.2%) of the
34 positive HAstV cases, while 21 (61.8%) were positive
only for HAstV. The most commonly detected coinfec-
tion was HAstV with RVA (76.9%, 10/13), followed by
HAstV with NoV (15.4%, 2/13) and HAstV with HAdV
(7.7%, 1/13).

Samples from 99 males and 76 females were ana-
lyzed, and the detection rate of HAstV was 19.2% (19/99)
and 19.7% (15/76), respectively. Human astrovirus was
detected in all age groups, with the highest prevalence
observed among children aged 0-12 months (23.7%,
14/59), followed by children aged 13-24 months (20.0%,
10/50). HAstV was detected in three of the five age groups
in 2015, with children 0-12 months having the highest
positivity rate of 50% (6/12 HAstV samples). In 2016, all
age groups were infected by HAstV, with children 0-12
and 13-24 months old having the same detection rate of
36.8% (7/19 HAstV samples), while the 0-12, 37-48, and
49-60 months age groups were only affected in 2017. How-
ever, HAstV detection was observed in the 0-12 months
age group throughout the study period, and no signifi-
cant association was observed with respect to gender,
age (Table 1), symptoms, or risk factors (data not shown)
(p > 0.09).

Table 1 Socio-demographic characteristics of HAstV-positive children with gastroenteritis in Ogun State, Nigeria

0-12 months (%)

13-24 months (%) 25-36 months (%) 37-48 months (%) 49-60 months (%)

Total (%) P-value

n=14 n=10 n=4 n=4 n=2

Collection year

2015 (n=29) 6 (50) 3(30) 3(75) 0(0) 0(0) 12 (41.4) 0.003

2016 (n=113) 7(36.8) 7 (36.8) 1(5.3) 3 (15.8) 1(5.3) 19 (16.9)

2017 (n=33) 1(33.3) 0(0) 0(0) 1(33.3) 1(33.3) 309.1)
Senatorial district

Ogun Central 0(0) 1(20) 0(0) 2 (40) 2 (40) 5(9.3) 0.073

(n=54)

Ogun East (n = 60) 8 (13.3) 4(6.7) 3(5.0) 0(0) 0(0) 15 (25.0)

Ogun West (n =61) 6 (9.8) 5(8.2) 1(1.6) 2(3.3) 0(0) 14 (23.0)
Gender

Male (n = 99) 12 (12.1) 1(1.0) 2 (2.0) 3 (3.0 1(1.0) 19 (19.2) 0.928

Female (n = 76) 2 (2.6) 9(11.8) 2 (2.6) 1(1.3) 1(1.3) 15 (19.7)

Bold print indicates a significant result
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The cumulative highest prevalence of HAstV infection
was observed in November (20.6%, 7/34), with 64.7%
of the total positive cases detected between October and
April, corresponding to the dry season of the year. How-
ever, HAstV was detected throughout the year except in
July and December (Fig. 1).

Sequencing and phylogenetic analysis of a portion of the
ORF?2 region (449 bp) showed that two different HAstV gen-
otypes (HAstV-1 and HAstV-5) co-circulated in the state.
HASstV-5 was the most predominant genotype identified,
with a prevalence of 76.5% (26/34). In the three senatorial
districts, HAstV-1 was present in Ogun East and Ogun West
senatorial districts at the same rate in 2015 and 2016, but
with no occurrence recorded from any of the senatorial dis-
tricts in 2017. The prevalence of HAstV-1 strains was higher
in Ogun East (62.5%, 5/8) than in Ogun West senatorial dis-
trict (37.5%, 3/8). HAstV-5 circulated throughout the sam-
pling period with the highest prevalence in 2016. Ogun West
senatorial district had a slightly higher detection rate (42.3%,
11/26) of HAstV-5 strains than Ogun East (38.5%, 10/26),
and the lowest prevalence (19.2%) was observed in Ogun

Fig. 1 Monthly distribution 8 1
of positive HAstV samples in
Ogun State between February 7

2015 and April 2017

Positive HAstV Samples
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1]}

Central senatorial district (Table 2). The age group distribu-
tion of HAstV genotypes indicated that both HAstV-1 and
HASstV-5 strains mostly affected children up to 2 years of
age (Fig. 2).

All eight Nigerian HAstV-1 strains with 100% nucleo-
tide (nt) sequence identity to one another clustered within
lineage 1b alongside reference strains detected in China
(F1375759) and Columbia (AF211962), showing 96.3%-
96.7% nt sequence identity. Similarly, HAstV-1b strains
reported in this study were closely related to strains from
Burkina Faso (LN612582), India (MN242255, KY815036,
KY815037), and Lebanon (KX913263) with 98.4%-98.8%
nt sequence identity. The HAstV-5 strains from this study
was also closely related to one another (99.5%-100% nt
sequence identity), and they clustered within lineage 5a
along with reference strains from the United Kingdom
(AB000297), the USA (U15136, MK059953), Ghana
(EU327560), Cameroon (MH933758, MH933759), and
Burkina Faso (LN612588). They showed 96.3%-98.4%
nt sequence identity to the HAstV-5a reference strains
(Fig. 3).

0 T I T I T
an Feb Mar

t N

Jul Aug

|
J Apr May Jun Sept Oc ov Dec
Months
e 2015w 2016 2017 Cummulative
Table2 Distribution of HAstV Year  HAstV-1 (n=8) HAS(V-5 (n = 26)
genotypes in Ogun State
Ogun Central Ogun East Ogun West Ogun Central Ogun East Ogun West
n (%) n (%) n (%) n (%) n (%) n (%)
2015 0(0) 4 (50) 0(0) 0(0) 6(23.1) 2(7.7)
2016 0(0) 1(12.5) 3(37.5) 4(154) 3(11.5) 8 (30.8)
2017 0(0) 0(0) 0(0) 1(3.8) 1(3.8) 1(3.8)
Total 0(0) 5(62.5) 3(37.5) 5(19.2) 10 (38.5) 11 (42.3)
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Discussion The detection rate of HAstV in 2015 (41.4%) is higher

This study, to the best of our knowledge, is the first com-
prehensive phylogenetic analysis of classical HAstVs in
South West Nigeria. The overall high HAstV prevalence
rate (19.4%) observed in this study is in contrast to the
global average incidence of 11% [3] as well as to those
reported previously in Nigeria [17, 19-21] and other coun-
tries, including Tunisia [15], South Africa [16], Gabon [26],
Lebanon [27], Germany [28], Korea [29], and Brazil [30].
However, this prevalence is lower than that reported previ-
ously in Lagos, Nigeria (40.4%) [18]. However, both had
higher prevalence when compared to other Nigerian studies,
suggesting that HAstV is contributing significantly to the
burden of gastroenteritis in children in Ogun State, Nigeria.
The discrepancies in prevalence rates may be due to sample
size, study population, participants’ age, geographical loca-
tion, climatic factors, and different diagnostic methods used
in various studies.

A relatively low frequency of coinfection (38.2%) with
other enteric viruses was observed in this study, which
is lower than previously reported in Osun State, Nigeria
(42.9%) [21], Germany (71%) [28], Bangladesh (77%) [31],
and Italy (50%) [32]. This difference may be due to viral
detection methods, sample size, period of study, and indis-
tinct seasonality. The predominant coinfection was HAstV
with RVA, which has also been reported in Uruguay [11] and
Italy [32], but this is in contrast with reports by Japhet et al.
[21], Ouédraogo et al. [33], and Sequeira et al. [34] who
detected RVA with NoV, RVA with HAdV, and HAstV with
NoV, respectively. The results of our study imply that HAstV
and RVA coinfection occurs frequently in AGE children,
which contrast with the report by Sequeira et al. [34], who
suggested that this is a rare occurrence.

than in studies from Osun State in 2012-2013 (6.8%) [21]
and North East Nigeria in 2013-2014 (5%) [20]. Similarly,
a molecular epidemiology study from Korea from 2013 to
2017 revealed a 2.1% positive rate in 2015 [29]. This implies
that HAstV occurrence may vary substantially over the years
within the same or different locations/countries. There was
a significant association between prevalence rate and col-
lection year, which might be a consequence of a smaller
number of samples collected in 2015 or the smaller number
of positive samples observed in 2015 and 2017.

Human astrovirus prevalence was lower in Ogun Central
senatorial district than in the other districts, which might be
due to the higher level of urbanization and socio-economic
status of people living in the capital city of the state where
the senatorial district is located. Consistent with findings
from Nigeria [18, 19] and Lebanon [27], the burden of
HAstV infection did not vary significantly between males
and females.

The occurrence of HAstV infection was mainly in the
dry season, which is in contrast to reports by Maldonado
et al. [35] and Bosch et al. [36] who found that the maxi-
mum incidence of HAstV infections in the tropical areas
tends to occur in the rainy season. This discrepancy may be
a result of climatic conditions, geographical location, and
sampling period. However, the finding of this study is simi-
lar to a report from Burkina Faso [37]. In other studies [16,
38, 39], HAstV was detected throughout the year, although
Guix et al. [5] in Spain observed a major peak in November,
which agrees with the findings of this study.

Our study revealed the genotypic variability of classical
HAstV with two genotypes co-circulating in Nigeria. In con-
trast with studies from several regions of the world reporting
a high frequency of HAstV-1 [31, 33, 40, 41], HAstV-5 was
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Fig. 3 Phylogenetic analy-

sis based on partial ORF2
sequences of classical HAstVs
detected in children with acute
gastroenteritis in Ogun State,
Nigeria, from February 2015

to April 2017. The tree was
inferred using the maximum-
likelihood (ML) method with
bootstrap support values > 70
(1000 replicates) shown on the
left of the nodes. The strains
from this study are indicated

by diamonds, and HAstV refer-
ence strains obtained from the
GenBank database are indicated
by accession number, isolate,
country, and year. The scale bar
represents nucleotide substitu-
tion per site
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the predominant genotype (76.5%) in this study, which is
a rare occurrence in HAstV studies. In addition, HAstV-5
have been reported at low frequency in North East Nige-
ria (16.7%) [20], Burkina Faso (8.33%) [33], South Africa
(9%) [42], and Egypt (15.7%) [43]. HAstV-5 was detected
throughout the study period, which is similar to a study from
North East Nigeria [20] in which HAstV-5 was the only
genotype detected. This could imply that this genotype is the
most dominant in Nigeria. Ogun West senatorial district had
a higher detection rate of HAstV-5, which might be a result
of its proximity to the Republic of Benin, which serves as
an access route to Economic Community of West African
States (ECOWAS) markets, thereby increasing the move-
ment of people in and out of the senatorial district as well
as the transmission of the virus.

The HAstV genotypes in this study predominantly
affected children in the age group of < 2 years, which is
consistent with reports by De Benedictis et al. [7] and
Bosch et al. [36] but differs from the study by Lopez et al.
[11]. Also, HAstV infection was mainly detected in chil-
dren 0-12 months of age, which is similar to what has been
observed in Nigeria [18, 19], Gabon [26], Lebanon [27], and
the cities of Belem [34] and Rio Branco [44] in northern
Brazil. However, the age distribution of HAstV infection
was not statistically significant, but HAstV was detected in
all other age groups analyzed, which is in agreement with
reports by Kuta et al. [19], Lopez et al. [11] and Jacobsen
et al. [28]. This implies that HAstV infection can occur at
different ages between 0 and 5 years, suggesting that HAstV
vaccines should be administered to children early in life to
confer immunity.

The HAstV-5 strains in this study were classified as line-
age 5a, and to the best of our knowledge, this is the first and
only detection of this lineage in Nigeria, and other lineages
were not detected. The sequences from the study conducted
in North East Nigeria [20] were unavailable from GenBank
for phylogenetic analysis, while the one reported in Osun
State, Nigeria was from a region (ORF1b) [21] different
from the target region used in this study (ORF2). The phy-
logenetic tree shows that the reference strains (AB000297,
MKO059953 and U15136) are probably evolutionary ances-
tors of the Nigerian HAstV-5a strains. However, the Afri-
can strains that clustered within the 5a lineage are all from
sub-Saharan African countries, including Nigeria, which
might suggest that HAstV-5a strains are circulating within
the region. Therefore, the HAstV-5a strains could be said to
have shown geographical clustering with possible impact
on epidemiology.

HAstV-1 was less frequently detected in this study in con-
trast to studies from Uruguay [11], Lebanon [27], Germany
[28], Korea [29], northern Brazil [44], and Burkina Faso
[33] but similar to studies by Guerrero et al. in Mexico City
[45] and Morillo et al. in Brazil [30]. This disparity might

be as a result of geographical location and temporal distri-
bution. HAstV-1 was detected only at low rates in 2015 and
2016 compared to HAstV-5, which suggests that HAstV-1
is just emerging or that HAstV-5 might have replaced geno-
type 1 over time, which would explain the high prevalence
of genotype 5 in the study. Ogun East senatorial district had
a higher HAstV-1 prevalence rate than Ogun West senato-
rial district. This is most likely due to chance, as both dis-
tricts had almost the same number of analyzed samples. The
HASstV-1 strains in this study were all grouped into lineage
1b, whereas lineage 1a was observed in previous studies by
Morillo et al. [30], Siqueira et al. [34], Bitencurt et al. [44],
as well as Medina et al. [46] and Guix et al. [5], who identi-
fied more than one lineage. This is the first time HAstV-1b
is being detected among gastroenteritis children in Nigeria.
However, HAstV-1 was reported in children with non-polio
acute flaccid paralysis in Nigeria in a study targeting the
ORF1b region by Kapoor et al. [47]. In this study, the Nige-
rian HAstV-1b strains clustered with strains from different
countries with no distinct geographical clustering, and intro-
duction of strains is continuous, which has a possible impact
on epidemiology.

The limitations of this study include (i) partial nucleotide
sequencing of the ORF2 region, which may have effect on
the entire phylogenetic analysis, and the use of only classi-
cal HAstV primers for detection, which prevents novel AstV
epidemiology in the study population, and (ii) the lack of use
of a community-based study design. However, representative
hospitals covering the three senatorial districts of the state
were used.

In conclusion, this study shows that HAstV is contrib-
uting substantially to the burden of gastroenteritis and is
detected in all age groups between O and 5 years, with the
highest prevalence in 0- to 12-month-old children. HAstV
infection occurred throughout the year (except July and
December), with a high prevalence being recorded mainly
in the dry season. There was co-circulation of two distinct
HAstV genotypes (HAstV-5a and HAstV-1b), with the
former being predominant. This is the first comprehensive
study on the genetic diversity of classical HAstVs in Ogun
State, South West Nigeria, which will provide baseline epi-
demiological information for the future formulation and
application of an effective HAstV vaccine.
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