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Introduction: Enteric viruses, including noroviruses and adenovirus are
pathogens associated with outbreaks and sporadic cases of gastroenteritis in
worldwide. This study aimed investigate cases of gastroenteritis caused by
noroviruses and adenoviruses in children attending Public Daycare Centers in
Brazil. Material and Methods: In this study, 135 fecal samples were examined
using RT-PCR assays, sequencing and phylogenetic analysis. Results: The
prevalence for norovirus and adenovirus was 13.3% (18/135) and 58.5%
(79/135), respectively. Noroviruses were more frequent in symptomatic
individuals (22.7%), whereas adenoviruses were more observed in
asymptomatic children (61.8%). Three norovirus genotypes were detected
(GII.P4, GII.P7, GII.P12) and adenovirus strains were classified into five
species (A-F). The data revealed the dynamics of genotypic distribution of
noroviruses and adenoviruses among children attending day care centers. The
data indicated that symptomatic and asymptomatic children were infected with
several strains of NoV e AdV. The additional evolutionary analyses need to be
further investigated.

Introduction
Acute gastroenteritis (AG) is important causes
of morbidity and mortality worldwide,
producing
more
than
one
million
hospitalizations per year, especially among
children up to five years of age in developing
countries (Patel et al., 2008; Sebert, 2008;).

Norovirus (NoV) are positive single-stranded
RNA viruses belong to Caliciviridae family,
classified into ten genogroups (GI to GX),
with approximately 49 genotypes described,
including human strains (GI, GII and GIV
genogroups) (Chhabra et al., 2019).
Adenovirus (AdV) are non-enveloped, doublestranded
DNA
viruses,
member
of
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Adenoviridae family and related to respiratory,
gastrointestinal and conjunctival diseases.
There are 67 AdV serotypes described and
classified into seven viral species (A-G) (Ison
et al., 2016).
Enteric viruses are related to outbreaks that
occur in daycare centers, hospitals and cruise
ships (Patel et al., 2008). The high spread of
enteric viruses in these closed environments,
is due to several factors, including the low
viral doses necessary to initiate an infectious
process, linked to the fecal-oral route as
transmission. In addition, the virus particles
could spread through objects that facilitate the
process of infection and contamination when
handled, as well as aerosols and contaminated
food and water (Borges et al., 2006; Koh et
al., 2011; Atmar et al., 2010).
Thus, the child population attending day care
centers could be vulnerable to the spread of
infectious agents (Akihara et al., 2005;
Ferreira et al., 2012). Considering the limited
data in our region, this study aimed investigate
cases of gastroenteritis caused by noroviruses
and adenoviruses in children attending public
Day Care Centers.
Materials and Methods
Study design and sample collection
This was a cross-sectional and prospective
study conducted at two Day Care Centers (DC
I and DC II) in Ananindeua, Pará state,
northern Brazil. These institutions provide
services to approximately 400 children from
six months to ten years of age, full-time or
part-time.
During
the
study,
a
multidisciplinary team made two weekly visits
to the institutions. These visits included:
socio-educational lectures; clinical and
epidemiological assessments of patients;
collection of fecal samples from patients with
gastroenteritis.

From August 2014 to June 2016, fecal
samples were collected from children with and
without symptoms of gastroenteritis, with
parental consent and after clinical analysis and
application
of
an
epidemiological
questionnaire. The gastroenteritis cases were
defined as presence of diarrhea with three or
more liquid or pasty bowel movements in the
24 hours prior to collection. In addition to
symptomatic patients were also added children
asymptomatic, who did not presented
gastroenteritis in the 72 hours prior to
collection.
Ethical considerations
This study was approved by Research Ethics
Committee of Evandro Chagas Institute under
process number 449.025.
Sample’s processing and
extraction

nucleic acid

From the collected samples were prepared
fecal suspensions in 10% (w/v) in Tris HCl
Ca++ 0.01M, pH 7.2. The nucleic acid
extraction was performed with 300µL of fecal
suspensions by isothiocyanate guanidine/silica
method (Boom et al., 1990). Additionally,
samples for sequencing were extracted using a
commercial kit (QIAamp Viral RNA Mini kit,
Qiagen), following the manufacturer’s
instructions.
Norovirus and adenovirus detection
NoV screening in fecal specimens was carried
out using the commercial Ridascreen
Norovirus 3rd Generation (R-Biopharm) EIA
kit, which detects viral antigens from the GI
and
GII
genogroups,
according
to
manufacturer's guidelines. For AdV, due to the
absence of a enzyme immunoassay, detection
was performed by nested PCR using the
primers Hex1Deg and Hex2Deg in the first
step, followed by the NeHex3Deg and
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NeHex4Deg primers in the second step
(Allard et al., 2001).
Molecular characterization
The NoV and AdV molecular characterization
was performed by direct sequencing of
amplicons (Fankhauser et al., 2002).
For norovirus, positive samples in EIA, were
subjected cDNA synthesis by reverse
transcription (RT) using a [pd(N)6] random
primer with the SuperScript II Reverse
Transcriptase (Invitrogen).
Then it was performed semi-nested PCR for
ORF1-2 junction, using the primers Mon
431/G2SKR and COG2F/G2SKR, which
produce amplicons of 557 and 390 bp. The
samples were also screened for the GI using a
semi-nested
PCR
with
primers
Mon432/G1SKR (first round) and COG1F/
G1SKR (second round) generating an
amplicon of ~543 bp and ~376 bp,
respectively (Fankhauser et al., 2002;
Vennema et al., 2002).
For AdV detection was carried out nestedPCR using the primers S29 and S52 that are
targeted for three hypervariable regions
(HVRs) of the hexon gene Li et al., 2004. The
primers gave an amplicon of 668 pb and PCR
was performed according to Dey et al., 2011.
It was used UltraPure DNase/RNase-Free
Distilled Water (Invitrogen, USA) as negative
control in all reactions performed and the
reagent mixture and reactions were conducted
in separate rooms to avoid crosscontamination.
The positive samples were purified using the
PureLink PCR Purification Kit (Invitrogen)
according to the manufacturer's protocol. The
amplicons were sequenced with the same
primers used in the PCR assays with the

support of the Big Dye Terminator Cycle
Sequencing Ready Reaction Kit in the ABI
Prism 3130XL DNA Sequencer (Applied
Biosystems, USA) platform.
All reactions were performed using ultraPure
DNase/RNase-free distilled water (Invitrogen,
USA) as negative control and the reagent
mixture and reactions were conducted in
separate rooms to avoid cross-contamination.
Phylogenetic analysis
Preliminary analyses of the NoV genotypes
were performed in Norovirus Genotyping
Tool Version 1.0 (http://www.rivm.nl/
norovirus/typingtool) (Kroneman et al., 2011).
Nucleotide similarity with other NoV and
AdV sequences available in the GenBank
database was verified using the Basic Local
Alignment Search Tool (BLAST). Sequence
alignment was performed with reference
strains using the AliView program (Larsson
2014).
The selection of the substitution model and the
construction of the phylogenetic dendrograms
were done by IQtree software (Nguyen et al.,
2015), using maximum likelihood inference
and ultrafast bootstrap mode with 1000
replicates.
The substitution models used were: K2P + G4
(junction and capsid region-paired samples
dendrograms) and HKY + G4 (dendrogram of
the C region of the capsid-fecal samples). The
editing of the dendrograms was done through
the program Fig Tree v.1.4.3 (Rambaut 2019).
Statistical analyses
Statistical analyzes were performed in the
program BioEstat 5.0 (Ayres et al., 2007). The
nonparametric G and chi-square test was
applied, p-values ≤ 0.05 were considered
statistically significant.
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Results and Discussion
During the study period, a reduced frequency
of symptomatic cases was observed, so to
expand the scope of the research, the
collection of samples in asymptomatic cases
was expanded to verify viral circulation
among asymptomatic children. From August
2014 to June 2016 were collected and
analyzed 135 fecal samples of children
attending in the participating daycares (DC I
and DC II).
Noroviruses e adenoviruses were detected in
65.2% (88/135) of the collected samples. NoV
was identified in 13.3% (18/135) and AdV in
57.8% (78/135) of the samples. Cases of
coinfection (norovirus and adenovirus) were
observed in 6.7% (9/135) of the analyzed
samples. In four samples it was not possible
identify the place of collection due to lack of
information on the epidemiological form,
however one of them was positive for NoV
(25%, 1/4) and two for AdV (50%, 2/4) (Table
1).
The study involved the investigation of 22
fecal samples from children who had
symptoms of gastroenteritis and 111 samples
from children who did not have
gastroenteritis. The distribution according to
the presence of gastroenteritis showed that:
NoV were observed in 22.7% (5/22) and
11.7% (13/111) of symptomatic and
asymptomatic cases, respectively; AdV were
more verified in asymptomatic (61.3% 68/111) than in symptomatic cases (45.5% 10/22) (p²=1.296; p<0.2550); in two samples
in which individual’s health condition was not
reported in the form, one of them showed the
AdV presence (Table 1).
NoV affected more young children up to two
years of age (21.4% [6/28]), while AdV
infection occurred more in children of three to
five years of age (69%- 29/42) (Table 2). The

temporal distribution showed a high frequency
of AdV in relation to the NoV with rates of
100% in October 2014/November 2015 and
82% in April 2016 (Figure 1).
Based on the partial sequence of the
polymerase region, the norovirus sequences
were classified in three different genotypes:
GII.P4, GII.P7 and GII.P12 (Figure 2). The
amplification of the conserved region of the
AdV Hexon gene was performed in 33
(41.8%) of the 79 AdV positive samples, with
the partial characterization of five genotypes:
AdV-A (n=1 _ 3.0%), AdV-B (n=3 _ 9.1%),
AdV C (n=19 _ 57.6%), AdV-D (n=1_ 3.0%)
and AdV-F (n=9 _ 27.3%). These samples
were analyzed in hypervariable regions, with
evidence of two distinct clusters for AdV-2
(AdV-2a, AdV-2b). Besides, two samples
showed distinct patterns with evidence of
homology with a feline strain and possible
intergenotypic recombination (Figure 3).
Despite the role of these viruses in an
asymptomatic infection remains unclear, in
this investigation we demonstrate that enteric
viruses-related to outbreaks have importance
in children without gastroenteritis (Van et al.,
1992; Gallimore et al., 2004; Hartman et al.,
2019). Considering the genetic diversity of
norovirus
and adenovirus, continuous
surveillance
of
symptomatic
and
asymptomatic cases, for monitoring genotypes
and the emergence of new strains is required
(Jensen et al., 2019).
This study demonstrated the frequency and
genotypic characterization of norovirus and
adenovirus strains circulating among children
attending daycare centers in Belem, a city
located in the northern region of Brazil, a
geographical region where the prevalence of
AG is high. Other studies suggest that NoV
and HAdV can be detected in approximately
25% and 5% of stool samples collected from
children without diarrhea (Okitsu et al., 2020).
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Figure.1 Monthly distribution and detection rates of norovirus and adenovirus in faecal samples from
symptomatic and asymptomatic children from two day care centers located in Ananindeua, Brazil.

Figure.2 Phylogenetic tree based on a partial RdRp region of norovirus GII identified from fecal samples
from children in two day care centers located in Ananindeua, Brazil. Study samples are marked with bold
and filled circles. The scale bar is proportional to the genetic distance.
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Figure.3 a) Phylogenetic tree of adenovirus genotypes identified from fecal samples from
children in twoday care centers located in Ananindeua, Brazil. Study samples are marked with
bold and filled circles. The scale bar is proportional to the genetic distance.
AM920718.1-Human_adenovirus_2-isolate_IT/645/2005
CAN156
CAN144
CAN060
CAN141
CAN155
CAN033-2
gi-619491871-gb-KJ425149.1-Human_adenovirus_2_isolate_Gab246_hexon_protein_(L3)_gene,_partial_cds
JX173079.1-Human_adenovirus_C_strain_human/ARG/A15932/2002/2
KJ425134.1-Human_adenovirus_2
CAN143
HG976911.1-Human_adenovirus_2
CAN145
CAN131
CAN127
CAN132
LC068720.1-Human_adenovirus_6_DNA
CAN139
CAN004
KF268199.1-Human_adenovirus_C_strain_human/USA/UFL_Adv5/2008/5[P2/H5/F5]
KP274044.1-Human_mastadenovirus_C_isolate_DPON033/Cote_d'Ivoire/2012
CAN012
JX179284.1-Human_adenovirus_1_isolate_P/83
CAN009
JF712980.1-Human_adenovirus_1_isolate_PUMCH7257
KR699642.1-Human_mastadenovirus_C_strain_CBJ113
CAN130
CAN120
EF195772.1-Human_adenovirus_17
EF121005.1-Human_adenovirus_64_strain_human/USA/C/1993/64
KF268326.1-Human_adenovirus_D_strain_human/DEU/HEIM_00084/1988
JN226764.1-Human_adenovirus_45
CAN140
CAN122
KU162869.1-Human_adenovirus_40
CAN063
CAN031
CAN142
KF840510.1-Human_adenovirus_41-279_Juiz_de_Fora-MG
CAN051
CAN121
CAN134
KM099405.1-Human_adenovirus_41_strain_RJ/2013-22188
KR001863.1-Human_adenovirus_41
KF840514.1-Human_adenovirus_41-283_Juiz_de_Fora-MG
CAN138
KM099406.1-Human_adenovirus_12_strain_RJ/2013-22189
CAN046
JF713016.1-Human_adenovirus_11_isolate_PUMCH6761
KM458628.1-Human_adenovirus_55
AY271307.1-Human_adenovirus_type_35
CAN045
CAN032
JF712967.1-Human_adenovirus_3_isolate_PUMCH7040
JF712975.1-Human_adenovirus_3_isolate_PUMCH10202
KF268311.1-Human_adenovirus_B_strain_human/CHN/Ad4/2007/NEW [P3H3F7]
CAN036
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Figure.3 b) Phylogenetic tree based on a partial Hexon gene of adenovirus identified from fecal
samples from children in two day care centers located in Ananindeua, Brazil. Study samples are
marked with bold and filled circles. The scale bar is proportional to the genetic distance.

The viral excretion by asymptomatic
individuals proposes that children could act as
a reservoir that constitute source of viral
dissemination to the community (Gallimore et
al., 2004). This information is corroborated in
several studies and adds an important
hypothesis for future studies, which is related
to the evolutionary studies of emerging viral
strains that may present a risk of outbreaks to
human populations, since they are already in
circulation accompanied by potentially
pathogenic viruses (Bucardo et al., 2010;
Lynch et al., 2011; Lion et al., 2014; Okitsu et
al., 2020).
Our results also showed that HAdV affected
older children (3-5 years old) while NoV
caused infection in children up to two years
old (up to two years old). In general, more
than 80% of HAdV infections occur in
children < 4 years of age due to lack of
humoral immunity (Lynch et al., 2011). In
asymptomatic Nicaraguan children the NoV

were observed in 11.7% of the stool samples
mainly in ≤ 6 months of age children and this
rate was very similar to that found in the
present study (13.3%) (Bucardo et al., 2010).
In fact NoV tends to affect younger children
and this shows that they are exposed to the
virus at an early age, especially in developing
countries (Altan et al., 2018).
In this research we detected the genotypes
GII.P4, GII.P7 and GII.P12, all of these are
described as cause of AG outbreaks by NoV,
having been initially detected in Brazilian
daycare centers associated with outbreaks of
gastroenteritis in 1996 (Gallimore et al.,
2004). GII.P7 and GII.P12 genotypes are
considered unusual NoV types that can
associated with asymptomatic infections
(Bucardo et al., 2010).
Most of the AdV strains identified belonged to
species C (n=19) and species F (n=9). Samples
characterized as AdV-C, known to cause
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ocular manifestations and respiratory tract
infections, were verified mainly (94.7%) in the
feces of asymptomatic children.
As already described, AdV replicates in the
gastrointestinal tract of infected individuals
and are excreted in the faeces, regardless of
their clinical manifestations, and this includes
AdV-C. However, AdV-F (types 40 and 41)
are endemic and are closely involved in
symptomatic cases of AG and diarrheal
disease in children (Lynch et al., 2011; Lion et
al., 2014).
The detection of viral agents (including HAdV
and NoV) in children without any symptoms
of AG is well documented (Lynch et al., 2011;
Okitsu et al., 2020). Studies conducted with
metagenomics analysis reported the human
enteric virome, which can present several
viruses
of
the
Picornaviridae
and
Caliciviridae families (Altan et al., 2018,
Siqueira et al., 2018). The presence these
viruses in asymptomatic may facilitate the
environmental contamination and transmission
to susceptible individuals, mainly in places
with precarious sanitation and hygienic
conditions (Okoh et al., 2010).
Other considerations related to the findings of
this study refer to the presence of recombinant
strains of HAdV. Novel strains always arise
from mutations or intratypic recombination
among different types of HAdV (Wang et al.,
2016).
Therefore, the evidence detected in this study
suggests events that may increase the genetic
diversity of AdV strains, which may constitute
an escape mechanism for the host's immune
system (La Rosa et al., 2015; Wang et al.,
2016). Despite the findings, further studies are
needed in order to elucidate important aspects
of viral antigenic diversity and genomic
composition, due to the importance of these
agents as causing enteric infections.
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