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Abstract
In recent years, annual cases of gastroenteritis have been reported in the world at high rates, suggesting an association with the 
consumption of shellfish with enteric viruses in their tissues. Anthropic activities are considered a source of environmental 
pollution and the main responsible for contamination by pathogenic microorganisms in aquatic environments. The objective 
of this study was to evaluate, by RT-semi-nested PCR, the presence of astrovirus (AstV) and norovirus genogroup II (NoV 
GII) in mussels (Mytella falcata) and oysters (Crassostrea brasiliana) collected in two sites of the Lagunar Complex of 
Cananéia, State of São Paulo, Brazil. A total of 150 samples of mussels and oysters (75 samples each) were analyzed. AstV 
was not identified in any shellfish sample. NoV GII was detected in 21 samples (14%), 8 mussel samples (38%), and 13 oyster 
samples (62%). From the 21 positive samples, 16 were analyzed by nucleotide sequencing. The molecular characterization 
revealed that Brazilian samples were grouped into clades along with other sequences from Brazil, Japan, and Mexico. There 
was 93.8–100% amino acid sequence similarity among the samples in this study and > 94.9% when compared with the strains 
isolated from clinical cases in Brazil. The screening of shellfish for the presence of health-significant enteric viruses can help 
prevent outbreaks among consumers and contribute to the improvement of the estuarine environment.
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Introduction

The quality assurance of any kind of food is a critical point 
for food industries and other areas related to food safety [1]. 
Currently, aquaculture is emerging as one of the most profit-
able cultures regarding economic and nutritional importance 
worldwide [2]. However, anthropic activities are directly 

related to the contamination of aquatic ecosystems due to 
the release of numerous chemicals from agricultural and 
urban waste [3]. These contaminants cause environmental 
degradation and a decrease in the water quality [4]. The dis-
tribution of different species of shellfish and the efficiency 
of their filter-feeding behavior makes these species suscep-
tible to bioaccumulation of pathogens (bacteria, viruses, and 
parasites) [5] and pollutants as heavy metals [6]. In fact, 
shellfish, particularly oysters, mussels, and cockles, are suc-
cessfully used to assess marine pollution [7, 8].

The risk of foodborne disease by shellfish consumption 
has been recognized in various countries by the food indus-
try [9] and health agencies [10]. The Codex Alimentarius 
commission released guidelines on the general principles 
of food hygiene to control viruses in food, with Annex I 
specifically focusing on controlling norovirus (NoV) and 
hepatitis A virus (HAV) in shellfish [11]. The guidelines 
recommended the countries to monitor NoV and HAV in 
bivalve mollusks following outbreaks of shellfish-borne dis-
eases and high-risk events [12], such as sewage pollution 
due to system failures and malfunctioning, extreme rainfall 
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events overloading the treatment capacity of sewerage sys-
tems, and provision of feces in the water source margins 
[13]. In fact, when shellfish are grown in polluted water, 
they tend to bioaccumulate environmentally stable enteric 
viruses, such as NoV, HAV, and enterovirus (EV) [14].

A review between 1980 and 2012 showed 368 foodborne 
viral outbreaks associated with shellfish [15]. The oysters 
(58.4%) were the most frequent shellfish implicated in out-
breaks [16]. Shellfish are considered an exquisite and highly 
marketable product often consumed raw or undercooked 
[17] and then with a high probability of getting involved in 
foodborne disease [18]. A large number of shellfish-asso-
ciated outbreaks have been attributed to enteric viruses, 
particularly NoV (83.7%) and HAV (12.8%) [16, 19–24], 
causing outbreaks in several countries such as France, Sin-
gapore, Japan, and the USA. Astrovirus (AstV) have also 
been isolated from shellfish, but in lower frequency [24–26].

Brazil has relatively few studies on the microbiological 
quality of shellfish from natural banks. Besides, these stud-
ies mainly evaluate coliforms counting in growing water and 
shellfish tissue [27–32] and virus detection in natural banks. 
Until 2020, few studies focused on detecting enteric viruses 
in shellfish from farms, mangroves, and estuaries in Brazil 
[2, 33–36].

Concentrations of Escherichia coli (E. coli) and coli-
forms, used as regulatory food safety criteria [37], in shell-
fish and growing waters can be reduced within a few days 
due to elimination and inactivation under tidal and environ-
mental influences [38], while viruses can survive for weeks 
to months in the marine environment [39]. In the mariculture 
industry, some measures are adopted as an attempt for puri-
fication and elimination of pathogens from shellfish flesh 
before they are placed on the market. Some techniques like 
depuration are widely used in many countries, where shell-
fish may be kept in tanks or in natural seawater in order to 
be purified and suitable for human consumption [40]. Cur-
rently, there are methods available for detecting HAV and 
NoV by real-time RT-PCR [41], but there are no standards 
establishing the maximum concentrations allowed for these 
viruses in water samples or food.

The Cananéia region is a source of natural resources that 
have been exploited by local fishermen for several genera-
tions. In recent years, fishermen have observed environmen-
tal degradation, resulting in the disappearance of mussels 
and oysters from their usual collection locations. Estuaries 
are essential to the establishment of many organisms since 
this ecosystem is considered a natural habitat for fish, birds, 
and mammals [42].

Therefore, this investigation analyzed the presence of 
AstV and NoV GII in mussels (Mytella falcata) and oysters 
(Crassostrea brasiliana) collected from natural banks of the 
Estuary Lagunar Complex of Cananéia in the State of São 
Paulo, southeastern Brazil.

Material and methods

Description of the study area

The research site was Estuary Lagunar Complex of 
Cananéia, located in the State of São Paulo, in the southeast 
region of Brazil, between latitudes 24° 40′ S and 25° 05′ S 
and longitudes 47° 25′ W and 48° 00′ W [43]. The climate is 
characterized as super humid without a dry season and with 
excessive rainfall in the summer [44]. The average annual 
temperature is 23.8 °C, and the average annual rainfall is 
2300 mm [43]. This region is recognized as an Atlantic For-
est Biosphere Reserve by UNESCO (United Nations Educa-
tional, Scientific and Cultural Organization), and it has been 
described as the third most productive estuary in the world 
in terms of primary productivity [36].

Sampling and sample processing

Mussels (Mytella falcata) and oysters (Crassostrea brasili-
ana) wild-caught were sampled bimonthly and analyzed for 
detection of AstV and NoV GII. The mussels were chosen 
for this study because of their abundance, wide distribution, 
and frequent consumption along the Brazilian coast. Moreo-
ver, mussels represent an important nutritional resource for 
low-income populations living in coastal areas. Cananéia 
is one of the most important oyster-producing areas in São 
Paulo. The native oysters (Crassostrea brasiliana) are pro-
duced in a natural and sustainable way in the region [2], 
destined for the market, and representing the main source of 
income for the autochthonous population [36].

A total of 150 samples constituted by mussels (Mytella 
falcata; n = 75) and oysters (Crassostrea brasiliana; n = 75) 
were collected at the Cananéia Estuary (Fig. 1) in two sites: 
site 1 “Itapanhoapima” (sampling in June and August 2016) 
and site 2 “Resex do Mandira” (sampling in October 2016, 
December 2016, and February 2017), adding up to five 
samplings at the end of the experiment. Each sample was 
composed of a pool of 25 mussels or 10 oysters randomly 
chosen. The stomach and digestive diverticula (DT) were 
isolated by dissection and pooled to obtain 25 g of tissue.

Virus recovery and RNA extraction

Two grams of digestive tissue were used for viral particle 
elution following the methods described by Keller et al. 
[35] with the following modifications: mussels and oyster 
tissues were homogenized with 1:7 (w/v) glycine buffer, 
pH 9.5 (0.1 M glycine/0.3 M NaCl). After centrifugation at 
10,000 × g for 30 min at 4 °C, the pH of the supernatant was 
adjusted to 7.5, and the same volume of PEG-NaCl (16%, 
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0.6 M) was added and incubated overnight at 4 °C. Viruses 
were recovered by centrifugation at 6700 × g for 30 min at 
4 °C and the pellet was suspended in 3 mL of Na2HPO4 
buffer (0.15 M, pH 9.0). The suspension was clarified by 
centrifugation at 6700 × g for 30 min at 4 °C. An aliquot of 
400 μL supernatant was stored at − 80 °C prior to nucleic 
acid extraction.

The supernatant was subsequently processed using the 
TRIzol™ Reagent (Life Technologies, USA), according 
to the manufacturer’s instructions. Briefly, an aliquot of 
200 μL supernatant, 1 mL TRIzol™ reagent, and 200 µL 
chloroform was added before shaking vigorously for 30 s. 
The mixture was allowed to stand for 25 min at 8 °C. The 
mixture was centrifuged at 12,000 × g for 25 min at 4 °C. 
The supernatant was transferred to a new tube, and 650 μL 
isopropanol was added. The mixture stands for at least 8 h 
at − 70 °C. Subsequently, the mixture was centrifuged at 
12,000 × g for 25 min at 4 °C. The pellet obtained was briefly 
washed with 70% ethanol before air drying. The mixture was 
centrifuged at 12,000 × g for 25 min at 4 °C. The pellet was 
then resuspended in 20-μL nuclease-free water and frozen 
at − 80 °C until use.

Reverse transcription

Reverse transcription was performed using an ImProm-II™ 
Reverse Transcription System (Promega, USA) according 

to the manufacturer’s instructions. In summary, 4.0-µL viral 
RNA and 0.5 µg Random Primer (Promega, EUA) were 
mixed and heated to 70 °C for 5 min, followed by cool-
ing at 4 °C for 5 min. The following reagents were then 
added: 3.2-µL nuclease-free water (GE Healthcare, USA), 
4.0 µL ImProm-II™ 5 × Reaction Buffer, 4.8 µL MgCl2, 1.0 
µL dNTP mix, 1.0 µL recombinant RNasim™ Ribonuclease 
Inhibitor, and 1.0 µL ImProm-II™ Reverse Transcriptase 
enzyme. The reactions were incubated at 25 °C for 5 min, 
42 °C for 60 min, and 70 °C for 15 min. Nuclease-free water 
was used as a negative control. The synthesized cDNA was 
used directly in the PCR reactions or frozen at − 80 °C until 
use.

PCR amplification and semi‑nested PCR

Astrovirus

Primers were designed to amplify one ORF1b frag-
ment of the AstV genome [45]. Concentrate fecal sam-
ples containing AstV, kindly provided by Dr. Ricardo 
Luiz Moro de Sousa (FZEA, USP, Brazil), were used 
as external control. The primer sequences used were as 
follows: AstV-F 5′-GAY​TGG​ACBCGHTWT​GAT​GG-3′ 
and AstV-R 5′-KYTT​RAC​CCA​CAT​NCCAA-3′ (432-bp 
amplicon). PCR reactions were performed using GoTaq™ 
Colorless Master Mix (Promega, USA), according to the 

Fig. 1   Location of sampling sites for shellfish in the city of Cananéia. Site 1: Itapanhapima and site 2: Resex do Mandira
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manufacturer’s instructions. In summary, 3.0 µL cDNA 
was mixed with 12.5 µL GoTaq™ Colorless Master Mix 
2X, 1.0 µL 10 µM specific primer, sense (AstV-F) and 
antisense (AstV-R), and 7.5 µL nuclease-free water (GE 
Healthcare, USA). Reactions, where cDNA was replaced 
by nuclease-free water, were used as negative controls. 
The amplification profile for the AstV ORF1b fragment 
was initial denaturation at 94 °C for 7 min, followed by 
50 cycles at 94 °C for 1 min, 48 °C for 1 min, and 72 °C 
for 1 min and final extension at 72 °C for 10 min, in a 
Swift™ MaxPro Thermal Cycler (Esco Technologies Inc., 
EUA) [45].

Norovirus

Primers were designed to amplify a highly conserved 
region in the RNA-dependent RNA-polymerase (RdRp) in 
the ORF1 of the NoV genome [46]. Concentrate fecal sam-
ples containing NoV genogroup II, kindly provided by Dra. 
Marize P. Miagostovich (FIOCRUZ, RJ, Brazil), were used 
as external control. The primer sequences used were as fol-
lows: NoV GII specific primers NI 5′-GAA​TTC​CAT​CGC​
CCA​CTG​GCT-3′ and NV-4611 5′-CWG​CAG​CMCTDGAA​
ATC​ATGG-3′ [47] and a broadly reactive primer NVp110 
5′-ACDATY​TCA​TCA​TCA​CCATA-3′ [19]. First-round 
PCR was carried out with primers NVp110 and NV-4611 
(273-bp amplicon) using GoTaq™ Colorless Master Mix 
(Promega, USA), according to the manufacturer’s instruc-
tions. In summary, 3.0 µL of cDNA was mixed with 12.5 µL 
GoTaq™ Colorless Master Mix 2X, 1.0-µL 10-µM specific 
primer, sense (NV-4611) and antisense (NVp110), and 7.5-
µL nuclease-free water (GE Healthcare, USA). Reactions, 
where cDNA was replaced by nuclease-free water, were 
used as negative controls. The amplification profile for the 
273-bp fragment was initial denaturation at 94 °C for 7 min, 
followed by 40 cycles at 94 °C for 30 s, 48 °C for 1.20 min, 
68 °C for 1 min, and final extension at 68 °C for 10 min. A 
semi-nested PCR, specific for genogroup II, was performed 
with primers NVp110 and NI, in order to amplify a 120-bp 
fragment using GoTaq™ Colorless Master Mix (Promega, 
USA), according to the manufacturer’s instructions. In sum-
mary, 3.0 µL of cDNA was mixed with 12.5 µL GoTaq™ 
Colorless Master Mix 2X, 1.0-µL 10-µM specific primer, 
sense (NI) and antisense (NVp110), and 7.5-µL nuclease-
free water (GE Healthcare, USA). Reactions, where cDNA 
was replaced by nuclease-free water, were used as negative 
controls. The amplification profile for the 120-bp fragment 
was initial denaturation at 94 °C for 10 min, followed by 
25 cycles at 94 °C for 30 s, 50 °C for 30 s, 72 °C for 30 s, 
and final extension at 72 °C for 10 min. All the PCRs were 
performed in a Swift™ MaxPro Thermal Cycler (Esco Tech-
nologies Inc., EUA).

Analysis of PCR products

Amplicons were subjected to 1% (AstV) and 2% (NoV) 
agarose gel electrophoresis in Tris–acetate/EDTA buffer. 
The gels were stained with SYBR™ Gold Nucleic Acid Gel 
Stain (Life Technologies, USA) for 20 min and visualized 
under UV light. The images were analyzed using the L-Pix 
ST photodocumentation system and L-Pix Image Software 
(Loccus Biotechnology, Brazil). PCR products were puri-
fied using ExoSAP-IT™ (USB-Affymetrix), according to 
the manufacturer’s instructions.

Sequencing reactions were performed in an ABI Prism 
Genetic Analyzer 3130 (PerkinElmer, Applied Biosystems, 
EUA) using a BigDye™ Terminator v3.1 Cycle Sequenc-
ing Ready Reaction Kit (Applied Biosystems, Life Tech-
nologies, EUA), according to the manufacturer’s instruc-
tions. Initially, sequence comparisons among the sequences 
obtained and marked NoV sequences were performed using 
BLAST software, version 2.0 [48]. Editing and alignment 
of nucleotide and deduced amino acid sequences were per-
formed using ClustalW software, version 1.4 [49], imple-
mented in BioEdit sequence alignment editor software, 
version 7.0.9 [50]. Distance matrices were generated from 
percentages of similarity/identity between nucleotide and 
deduced amino acid sequences using the global alignment 
algorithm tool in MatGAT software, version 2.0 [51]. Phylo-
genetic reconstruction using deduced amino acid sequences 
was carried out by the neighbor-joining (NJ) method with 
the JTT + G substitution method. In this analysis, we used 
bootstrap nodal support for 1000 pseudoreplicates in MEGA 
6 software, version 5.0 [52].

Reference strains

The following reference strains NoV GII (with GenBank 
accession numbers in parentheses) were included in the 
analysis: GII.1, Hawaii (U07611); GII.2, Melksham 
(X81879); GII.3, Toronto (U02030); GII.4, Common 
Florida (AF080549); GII.5, Vermont (AF414423); GII.6, 
Florida 1993 (AF414407); GII.7, Pennsylvania (AF414409); 
GII.8, Idaho (AY054299); GII Arg320, (AF190817); 
Hu/GII/ICB1241/1996/Brazil (DQ386921); Hu/GII/
ICB2109/1996/Brazil (DQ386957); Hu/GII/ICB1467/1996/
Brazil (DQ386941); Hu/GII/ICB1434/1996/Brazil 
(DQ386933); Hu/GII/ICB2670/1996/Brazil (DQ386955); 
Hu/GII.4/Sydney348/97O/AU (DQ078829); Hu/NLV/
OCS960352/1996/JP (AB089860); HMO6-201,308-NOR 
(KX019854); YURI 32,073 (AB083781); Hu/NV/Hok-
kaido/47/2000/JP (AB240173) Hu/NV/Hokkaido/44/2000/
JP (AB240174); NV/Saitama T24eGII/01/JP (AB112306); 
GII, Swine NoV Sw43/1997/JP (AB074892); GIII, Jena 
(AJ011099).
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Nucleotide sequence accession numbers

The nucleotide sequence data of the RNA-dependent RNA-
polymerase (RdRp) in the ORF1 of the NoV genome have 
been submitted to GenBank and assigned accession numbers 
MH444874 to MH444889.

Results and discussion

This was the first study evaluating AstV in shellfish in the 
Cananéia region. Then, this study is important in the knowl-
edge of enteric viruses on the coast, verifying the impact 
of human occupation in the proximity of the sea, as it can 
compromise the quality of ecosystems. The AstV was not 
identified in any of the shellfish samples analyzed in this 
study (Table 1). An important aspect is that the extracts were 
not controlled for the presence of inhibitors to avoid false-
negative results [25]. Similar results were reported by La 
Rosa et al. [18], who did not find AstV in fresh and frozen 
mussels and clams analyzed during official control monitor-
ing programs, collecting from fish markets, harvesting areas, 
restaurants, and shellfish markets in southern Italy (Sicily).

A few reports have linked AstV infections to shellfish 
consumption [53]; however, we can find several reports on 
AstV detection around the world and in different situations. 
Studies, where the main species studied were pacific oysters, 
clams, and mussels, there was AstV at a detection rate from 
6 to 61% [26, 54]. In a 3-year study conducted in southern 
France, AstV was detected in 17% of oysters (Crassostrea 
gigas) located in areas occasionally impacted by sewage and 
in 50% of mussels (Mytilus galloprovincialis) collected in 
areas subjected to sewage discharge [25]. One hundred and 
thirty-seven shellfish, including 61 clams (Tapes decussates 
and semidecussatus), 54 mussels (Mytilus galloprovincialis), 

and 22 oysters (Crassostrea gigas), were sampled for envi-
ronmental monitoring and from the market, and AstV was 
detected in 18.2% shellfish [55]. AstV was detected in a 
large number of oysters samples (n = 41) analyzed follow-
ing a flooding event close to a shellfish production lagoon, 
and 205 cases of gastroenteritis were related to oyster con-
sumption [56]. From January 2001 to March 2012, 286 fecal 
specimens were collected from patients in 88 oyster-asso-
ciated outbreaks with acute nonbacterial gastroenteritis in 
Osaka City, Japan, with eight strains of AstV detected from 
five outbreaks [24].

Le Guyader et al. [25] reported a greater presence of 
AstV in mussel samples than in oysters and a seasonal pat-
tern of AstV presence, with a very low detection during 
the summer and high detection during winter. The present 
study did not detect AstV throughout the evaluation period, 
which comprised the summer and winter seasons; however, 
it is necessary to highlight the importance of sampling more 
in different seasons to verify the microbiological quality of 
shellfish during this time.

Therefore, studies have shown that AstV are widespread 
in the environment in rivers, hosts, and wastewater [57–61]. 
The studies cited above demonstrate the presence of AstV 
in different environments and at different levels of occur-
rence. However, it should be highlighted that is difficult to 
compare the occurrences, as the conditions are frequently 
different, including site conditions, sampling period, and 
detection methods.

The results of RT-PCR for 150 shellfish samples analyzed 
showed that 21 (14%) were positive for NoV GII (Table 1). 
Positive samples included mussels (38%) and oysters (62%) 
obtained from two sites: five (24%) from Itapanhoapima 
and 16 (76%) from Resex do Mandira. The sampling sites, 
Sustainable Development Reserve of Itapanhapima and 
Extractive Reserve Resex Mandira, had a population of 

Table 1   The AstV and NoV 
GII occurrence in mussels 
and oysters collected from the 
Estuary Lagunar Complex of 
Cananéia during the period 
2016–2017

 + , detected; ND, not detected

Sampling Site Season Shellfish AstV NoV GII NoV GII (posi-
tive samples/total 
samples)

1 Itapanhapima Autumn Mussels ND ND 0/15
Oysters ND ND 0/15

2 Itapanhapima Winter Mussels ND  +  3/15
Oysters ND  +  2/15

3 Resex do Mandira Spring Mussels ND ND 0/15
Oysters ND  +  2/15

4 Resex do Mandira Spring Mussels ND  +  3/15
Oysters ND  +  6/15

5 Resex do Mandira Summer Mussels ND  +  2/15
Oysters ND  +  3/15

Prevalence 21/150
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approximately 12,539 inhabitants in 2018. The reserve areas 
represent 1242.70 ha in Itapanhapima and 1237.35 ha in 
Resex Mandira. The environment is characterized by dense 
rainforest, and the biome is Atlantic Forest. The sampling 
sites presented good parameters for the conservation of 
natural resources and similar environmental characteristics 
because they are part of the same Lagunar Complex. It is 
important to point that two samplings were carried out in 
Itapanhapima in autumn and winter, while three samplings 
were carried out in Resex Mandira in spring and summer. 
The differences in sampling periods were due to legal ques-
tions for accessing the areas. Further studies should compare 
sampling in the same period in order to verify differences 
in seasonality.

Positive results for NoV were obtained from the two col-
lection sites for shellfish, which may be due to the incor-
rect elimination or nontreatment of wastewater from local 
families dedicated to the extraction of natural resources. It 
is important to note that enteric viruses in seawater, such 
as NoV, have a close relationship with the types of anthro-
pogenic activities and discharge of sewage-contaminated 
effluents into the marine coast [62].

Gentry et al. [63] investigated the distribution of norovi-
rus in an estuarine environment and showed that NoV GII 
represented 9.5% of positive samples identified. A study 
between 2005 and 2008 investigating 116 shellfish samples 
(clams, mussels, and oysters) presented four strains showing 
100% identity to GII.4 2004 NoVs and eight showing 100% 
identity to GIIb/Hilversum [46]. Also, GII.4 and GIIb geno-
types were found in 7% oyster and mussel samples (n = 42) 
between September 2003 and January 2004 in Dutch shell-
fish [64]. Besides, in a 1-year survey in 235 Italian shellfish 
samples, NoVs were noticed in 14% of samples [65].

The NoVs are often found in water with fecal contamina-
tion and are responsible for many enteric diseases associ-
ated with oyster consumption [66, 67]. A significant part of 
human wastewater flows can transport pathogenic microor-
ganisms and reach coastal waters [68]. One contribution to 
the microbiological contamination of the estuarine environ-
ment can come from heavy rains when they are transported 
to rivers, lakes, and seas along with agricultural runoff [69]. 
This contamination can also be introduced by discharging 
sewage from vessels [70]. In this study, 66.6% NoV GII pos-
itive samples corresponded to the rainy season in Cananéia, 
from November to April [71]. The microorganisms can be 
adsorbed to organic matter, suspended particles, or in the 
sediment, contributing to their persistence in the environ-
ment [70].

In Brazil, most enteric virus detection studies were car-
ried out in the southeast [35, 72] and south regions, mainly 
in the state of Santa Catarina, the highest national producer 
of bivalve mollusks [5, 70, 73–76]. NoV GI was detected 
in oysters from Vale do Ribeira estuarine complex on two 

different occasions and oysters’ contamination by NoV GII 
was also evidenced from the depuration tank [2]. However, 
NoV was not detected in a study with mussels in the man-
grove area of Vitória, Espírito Santo [35]. Souza et al. [76] 
did not detect any positive samples of NoV GI or NoV GII in 
oysters harvested from regular cultivation areas in the South. 
An evaluation of natural microbiological contamination in 
bivalve mollusk samples over a period of 18 months showed 
hepatitis A virus, rotavirus A, human adenovirus, and NoV 
GI [5]. Guarines et al. [77] evaluated 380 mollusks (260 
oysters and 120 mussels) from the coast of Pernambuco and 
found all samples negative for NoV GI or GII. Keller et al. 
[72] monitored enteric viruses in water and bivalve mollusks 
from two sites in Vitória Bay over a period of 13 months. 
They reported 27 (90%) positive samples for the virus, 
including 11 (41%) samples positive for one virus; nine 
(33%) samples positive for two viruses, mainly rotavirus A 
and hepatitis A virus; and seven (26%) samples positive for 
rotavirus A, hepatitis A virus, and NoV. In a previous study 
carried out in the same area [35], NoV GII was not detected 
in mussels. During 16 months, 77 samples of bivalve mol-
lusks (19 oysters and 58 mussels) from Arraial do Cabo, Rio 
de Janeiro, showed NoV in 32 (41.5%) samples, with NoV 
GI and GII detected in 9.4% and 87.5%, respectively [78].

In this study, 16 samples (from 21 positives) were suc-
cessfully sequenced (120 nt in length) and identified as 
NoVs GII-related sequences. The BLAST analysis con-
firmed that these sequences were similar to previously 
determined ORF1b sequences. Three of these sequences 
were found in oysters and mussels collected in August 2016 
(MH444874, MH444875, and MH444876), two in oysters 
collected in October 2016 (MH444878 and MH444879), 
seven in oysters and mussels collected in December 
2016 (MH444880, MH444881, MH444882, MH444883, 
MH444884, MH444885, and MH444886) and four in oys-
ters and mussels collected in February 2017 (MH444887, 
MH444888, MH444889, and MH444877).

Figure 2 shows a cladogram obtained by analysis of 
deduced amino acid sequences. Samples of NoVs GII were 
clustered together in a single clade along with other NoV 
sequences, being phylogenetically closer to sequences 
from Brazil, Japan, and Mexico. The nucleotide sequences 
obtained in this study showed values higher than 97.2% 
identity with norovirus sequences detected in Brazil (Hu/
GII/ICB1241/1996/Brazil, Hu/GII/ICB2109/1996/Brazil, 
Hu/GII/ICB1467/1996/Brazil, Hu/GII/ICB1434/1996/Bra-
zil, and Hu/GII/ICB2670/1996/Brazil) belonging to geno-
type GII [72]. Another study was conducted by Morillo 
et al. [73] in fecal samples of patients with gastroenteritis 
from outbreaks of diarrhea in the State of São Paulo. Thirty-
two (15.7%) samples analyzed were positive for norovirus 
genogroup GII. Comparison of PCR product sequences with 
GenBank sequences demonstrated 88.8 to 98.8% identity, 
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suggesting the presence of norovirus genogroup GII in out-
breaks of gastroenteritis in the State of São Paulo. In Brazil, 
the NoV GII was described, evidencing a great variety of 

circulating genotypes, revealing the viral diversity in this 
region [74].

The strains were analyzed along with a selection of NoV 
GII strains representative of various genotypes. Large-scale 

Fig. 2   Cladogram representing a phylogenetic reconstruction based 
on deduced amino acid sequences using a 120-bp fragment of NoVs 
RdRp. The NoVs determined in the present study are indicated by 

filled circles. GenBank accession numbers are shown on the tree. Sta-
tistical support was obtained by bootstrapping over 1000 replicates. 
The scale bar represents the phylogenetic distance among sequences
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epidemiological studies have documented the sequential 
onset of several NoV GII variants emerging consecutively 
worldwide [75–77]. It should be highlighted that the analy-
ses were based on a small fragment of a highly conserved 
region of the NoV genome, then there was no variation and 
diversity, and all the sequences are similar. For further stud-
ies, it would be interesting to analyze another region of the 
NoV genome (capsid) to verify if there is a relationship with 
stool, oyster, and water samples worldwide.

Conclusions

The results obtained in this study demonstrate that NoV 
could be detected in shellfish collected in the Estuary Lagu-
nar Complex of Cananéia, Brazil. The evaluation of sources 
of pollution is quite important because it may be applied as a 
management strategy to prevent or mitigate fecal contamina-
tion into the estuarine and provide valuable information to 
the knowledge of risk assessments of many infections caused 
by different pathogens linked with shellfish consumption.

Introducing specific diagnostic tools for viral foodborne 
pathogens in the food chain is pivotal to improve the control 
strategies and also to monitor the epidemiology of the strains 
circulating in the field.
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