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ABSTRACT - Background — Norovirus (NoV) is an important etiologic agent of acute gastroenteritis and infects individuals of all ages, especially children

in Brazil and worldwide. NoV GII.4 was the most prevalent genotype worldwide because of your extensive genetic diversity. In Brazil, especially in the
Northeast, few studies have been developed for identify and molecularly characterize NoV. Objective — The present study aimed to detect and describe
the molecular epidemiology of NoV associated with acute gastroenteritis. Methods — The viral RNA extracted from stool samples were subjected to
Nested RT-PCR and the genotypes were determined by nucleotide sequences analysis. In total, 278 stool samples assisted at Alianga Hospital in the city
of Salvador, with acute gastroenteritis were examined, between March 2009 and July 2012. Results — A high NoV rate (54.2%) was identified in children
under 5 years of age. We detected the circulation of different NoV GII.4 variants in Salvador, during the study period as Den Haag 2006b, New Orleans
2009 and Sydney 2012. Conclusion — These findings reinforce the need to study the molecular epidemiology of NoV infections in acute gastroenteritis.

HEADINGS - Norovirus. Gastroenteritis. Phylogeny.

INTRODUCTION

Norovirus (NoV) belonging to Caliciviridae family is recognized
as a leading agents of acute nonbacterial gastroenteritis”. NoV
infects individuals of all ages, especially children and the elderly,
and rarely occurs with other viruses that cause gastroenteritis. NoV
is a non-enveloped virus with icosahedral capsid morphology whose
viral genome is a positive-stranded RNA of approximately 7.5 kb
in length, organized into three open reading frames (ORF1-3).
The ORF1 encodes a non-structural polyprotein, including RNA-
dependent RNA polymerase, a highly conserved region used for
the diagnosis and identification of NoV. ORF2 and ORF3 encode
the major capsid protein (VP1) and the minor structural protein
(VP2), respectively®.

The NoV can be classified into five genogroups (GI-GV). Three
of these genogroups (GI, GIT and GIV) occur in human infections;
however, most strains belong to GI and GII. The genogroups can
be further subclassified into genotypes, with 8 genotypes found in
GI (GL.1-GI.8) and 21 in GII (GII.1-GII.21). Among them, NoV
GII.4 was the most prevalent genotype worldwide because of your
extensive genetic diversity®.

In Brazil, NoV was first reported in 1993 and since then, the
presence of GI and GII has been reported in several regions of the
country, in the North, Midwest, Southeast and Northeast®>6789,
NoV is an etiologic agent frequently reported in gastrointestinal
disorders in Brazil and, especially in the Northeast, few studies have
been developed for this purpose. Therefore, the aim of this study
was to detect and molecularly characterize NoV in stools samples
of patients from the city of Salvador, Bahia, Brazil.

METHODS

We examined 1,281 stool samples from patients with acute
gastroenteritis assisted at Alianga Hospital in the city of Salvador,
Bahia, between March 2009 and July 2012. Of these, 321 samples
were positive by serology. From the serologically positive samples,
the molecular tests were performed, 278 samples being positive
by RT-PCR. The definition of acute gastroenteritis used in this
study was the occurrence of diarrhea and other symptoms such
as vomiting, fever and abdominal pain. The Ethics Committee
for Human Research of Salvador University approved this study
(protocol number 04.11.12).

Viral RNA was extracted from 140 mL of 10% stool supernatant
using the QIAmp viral RNA kit (QIAGEN, Germany), according to
the manufacturer’s instructions and then subjected to a nested mul-
tiplex reverse transcription polymerase chain reaction (RT-PCR)
assay. Nested RT-PCR was used for the detection of the NoV RNA
polymerase gene. A first-round RT-PCR was performed using outer
primers CAL-32 (5-ATGAATATGAATGAGGATGG-3’) and
MO3-N (5-TCAGATGGGTCTTCATGATTGG-3’). These prim-
ers span nucleotide positions 4490-5127 of the reference sequence
(M87661: Hu/NoV/GI.1/Norwalk virus/1968/US) and amplify a
638-bp outer product. The second-round of PCR was done using
inner primers JV-12 (5~ ATACCACTATGATGCAGATTA-3’) and
ACAL-36 (5-GACAAAACAGAAGGACCAAT-3")1. These in-
ner primers generate a 428-bp final nested fragment. Amplification
was performed in a GeneAmp PCR System 2400 thermal cycler
(Perkin Elmer). The first-round RT-PCR cycling conditions were as
follows: 48°C/45 min (RT-step), 94°C/2min, followed by 35 cycles
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of 94°C/30s, 37°C/30s and 68°C/50s and one extension step of
68°C/7min. For the second-round PCR cycling, conditions were:
94°C/3min followed by 30 cycles of 93°C/30s, 37°C/15s, 72°C/30s
plus a final extension step of 72°C/5min'”. The PCR products
were analyzed by electrophoresis in a 2% agarose gel and ethidium
bromide staining (Img/mL). PCR products were purified with
QIAquick® PCR purification Kit (QIAGEN, Germany) according
to the manufacturer’s instructions and nucleotide sequencing of
the PCR products was performed by ACTgene, Biotech Center of
the Universidade Federal do Rio Grande do Sul (UFRGS), using
the inner primers with Big Dye Terminator® and ABI-Prism 3500
sequencer (Applied Biosystems, USA). Nucleotide sequences were
aligned and edited with Clustal W software available in the BioEdit
program (http://mbio.ncsu.edu/bioedit.html) Sequence Editor 7.0,
and then compared with the NoV sequences published in GenBank,
using the Basic Local Alignment Search Tool (BLAST) application.
Phylogenetic analysis was performed by the Maximum Likeli-
hood method based on the Kimura two-parameter model with
MEGA version 6 software!'). Statistical support for the tree was
evaluated by bootstrapping based on 1000 repetitions. Nucleotide
sequences obtained from this study were deposited in GenBank
under accession numbers KF307752.1, KF307753.1, KF307754.1,
KF307755.1, KF307756.1, KF307757.1, KF265495.1, KF265496.1
and KF265497.1.

RESULTS AND DISCUSSION

Previously we reported the molecular detection of NoV in
young adults® and in the present study we extended the identifi-
cation of NoV in all age groups (TABLE 1). In total, 151 of the
278 stool samples were detected in children under 5 years old,
identifying a high rate of infection in this age group (54.32%) and
suggesting that this is a group more susceptible to NoV infection.
The high incidence of NoV infection in children seems to be related
to the low preexisting NoV-specific antibodies and the decline in
the cases of rotavirus infection!?. In Brazil, after the introduction
of rotavirus vaccines, has been observed this decline and the NoV
has been considered as the main etiological agent of viral gastro-
enteritis in children®.

TABLE 1. Distribution of stool samples analyzed by age groups

Age group (years) n %
0-5 151 54.32
6-15 34 12.23
16-21 16 5.75
22-59 52 18.70
Above 60 25 9.00
Total 278 100

Several states in Brazil reported the presence of NoV based
upon sequence data of NoV strains registered in GenBank. The
genetic relationship among of these strains with others character-
ized in the present study was established by phylogenetic analysis.
The phylogenetic tree was based on the K2 model (Kimura 2-pa-
rameter) of nucleotide substitution and similarity value - InL=
-787.546 (FIGURE 1).
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FIGURE 1. Phylogenetic tree based on a partial fragment of the RNA-
dependent RNA polymerase gene on human Norovirus Gl and GII. Strains
denomination: state of origin/year of collection/GenBank access number.

Based on this model, the phylogenetic tree revealed three
distinct phylogenetic groups. The GI group was used as an out
group and the strains of the GII.4 group displayed divergences in
sequence alignment which led to the separation into two distinct
groups. Previously, we reported the genetic diversity of NoV and
suggested that GII1.4 is a predominant circulating genotype in NoV
outbreaks in Brazil®. The predominance of GII.4 genotype was
also reported in other study in Bahia with children up to 3 years
of age with acute gastroenteritis”.

The strains identified in the present study (Brazil/2009/
KF307752.1, Brazil/2009/KF307753.1, Brazil/2009/KF307754.1,
Brazil/2010/KF307755.1, Brazil/2010/KF307756.1, Brazil/2010/
KF307757.1, Brazil/2012/KF265495.1, Brazil/2012/KF265496.1,
Brazil/2012/KF265497.1) and previous identified by our group
in 2006 (Brazil/2006/EU494638.1, Brazil/2006/EU494651.1,
Brazil/2006/EU494653.1) formed a distinct, well-supported clade
(bootstrap value D 100). Interestingly, the phylogenetic position of
these strains obtained in Salvador demonstrated that these strains
have similarity with GII.4 variants circulating around the world.
Since 1995, NoV GII1.4 was the most prevalent genotype worldwide
because of your extensive genetic diversity and every 2 to 3 years
new GII.4 variants have emerged, such as US95/96 strain in 1995,
Farmington Hills in 2002, Hunter in 2004, GII.4 Den Haag2006b
in 2006, New Orleans 2009 in 2009 and Sydney 2012 in 20120419,
In Brazil, different variants were detected circulating in Northeast,
South and Southeast regions during the period 2004-2012. The first
variant detected was Asia 2003 in 2004 (described as a recombinant
strain), followed by Hunter 2004, Farmington Hills, Yerseke 2006a,
Den Haag 2006b, New Orleans 2009 and Sydney 2012. However,
it was observed that the variants circulating in Brazil spread and
were replaced by different dynamics!®.

In this study, the phylogenetic tree topology shows that
the strains previously identified in Bahia in 2006 (Brazil/2006/
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EU494638.1, Brazil/2006/EU494651.1, Brazil/2006/EU494653.1)
form a cluster with the strain USA/2002/AY 502023.1, defined
in GenBank as GII.4 Farmington Hills. The strains circulating
in 2009(Brazil/2009/KF307752.1, Brazil/2009/KF307753.1, Bra-
zil/2009/KF307754.1) form a cluster with the strain Bulgaria/2010/
KP762408.1 (bootstrap value D 95), suggesting that these strains are
Den Haag 2006b. This variant was detected circulating for the first
time in Brazil in 2006, was the predominant strain during the period
of 2006-2008 and was observed co-circulating with Yerseke 2006a
during 2008-200919, The strains circulating in 2010 (Brazil/2010/
KF307755.1, Brazil/2010/KF307756.1, Brazil/2010/KF307757.1)
form a cluster with a New Orleans 2009 variant (South Africa/2009/
KR904808.1 and South Africa/2009/KR904564.1). In Brazil this
variant was first detected in 2009 and was observed circulating until
2011, being subsequently replaced by the Sydney 2012 variant in
201219, as observed in this study, where strains circulating in 2012
(Brazil/2012/KF265495.1, Brazil/2012/KF265496.1, Brazil/2012/
KF265497.1) form a cluster with China/2012/KJ196283.1 and
Australia/2012/JX459908.1 (bootstrap value D 98).

CONCLUSION
This is the first report of NoV GII.4 variants in Bahia. The

identification of different NoV strains is a significant public con-
cern, considering that the new strains are often associated with

new outbreaks of gastroenteritis. In addition, they are often more
virulent than the previous one and may lead more severe clinical
manifestations, mainly in children, elderly and immunocompro-
mised patients. These findings reinforce the need to study the
molecular epidemiology of NoV infections in acute gastroenteritis.
Further studies are necessary in order to identification the NoV in
other parts of the country and identificate the genetic variability
of this virus. Finally, the development of a national database of
Brazilian strains of NoV could provide greater insight into the virus
and its epidemiological impact on the population, as seen in the
European countries that have the NoroNet, a database who share
surveillance and research data on Norovirus.
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RESUMO - Contexto — Norovirus (NoV) ¢ o agente etioldgico mais importante nas gastroenterites agudas e infecta individuos de todas as idades, especial-
mente criangas no Brasil e no mundo. O NoV GII.4 ¢ o gendtipo mais prevalente em todo o mundo devido a sua elevada diversidade genética. No Brasil,
principalmente no Nordeste, poucos estudos tém sido desenvolvidos a fim de identificar e caracterizar molecularmente o NoV. Objetivo — O presente
estudo teve como objetivo detectar e descrever a epidemiologia molecular do NoV associado com gastroenterite aguda. Métodos — RNA viral extraido
a de amostras de fezes foi submetido a amplificagao por Nested-RT-PCR e o gendtipo determinado por analise da sequéncia de nucleotideos. Um total
de 278 amostras de pacientes atendidos no Hospital Alianga, na cidade de Salvador, com gastroenterite aguda foram examinados, entre margo de 2009
a julho de 2012. Resultados — Uma alta taxa de NoV (54,2%) foi identificado em criangas de até 5 anos de idade. Detectou-se a circulagdo de diferentes
variantes de NoV GII.4 em Salvador, durante o periodo do estudo, tais como Den Haag 2006b, New Orleans 2009 e Sydney 2012. Conclusiao — Estes
achados refor¢am a necessidade de maiores estudos para esclarecer a epidemiologia molecular das infecgdes por NoV em casos de gastroenterite aguda.

DESCRITORES - Norovirus. Gastroenterite. Filogenia.
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