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ABSTRACT Enteric viruses are responsible for foodborne and waterborne infections caused by contami-
nated food products and water, affecting a large number of people. Among the foods an im-
portant role is played by shellfish, on the ground that they can be eaten raw or undercooked.
Data on food and water viral contamination in South of Italy are scarce and fragmentary. As
illnesses result from the failure to control an hazard, the aim of this study was to detect the
main pathogenic human enteric viruses in the environment, for evaluating the presence of
viral contamination in shellfish and water samples collected in South of Italy (Sicily). The
survey was conducted over a period of five years (2012–2016) on 16 water samples (sea wa-
ters, pipe waters and torrent water), and 72 fresh and frozen shellfishes from harvesting areas,
restaurants, and markets during regional official control or checked at Veterinary Border In-
spection Posts. Hepatitis A virus (HAV), GI and GII genogroup Norwalk virus (NoVs), Ade-
novirus and Rotavirus were detected by nucleic acid amplification (end-point and Real Time
PCR/RTPCR) and sequence analysis. The most frequently detected viruses in shellfish were
GI NoV (16.7%) and HAV (18.0%). Of the 16 water samples 12.5% were positive for GII
NoV and 6.2% for RoV. Molecular surveillance of water and shellfish clearly demonstrated
that human pathogenic viruses are widely found in aquatic environments and confirmed the
role of bivalve molluscs as main reservoirs.

INTRODUCTION

Numerous viruses of human or animal origin are
found in the environment and infect people by
water and food: bivalve molluscs along with veg-
etables and prepared foods are classified by the
World Health Organization as priority hazards
(WHO, 2018). Most of these viruses belong to the
families Adenoviridae, Caliciviridae, Hepeviridae,
Picornaviridae and Reoviridae (Dubois et al., 1997;

Muscillo et al., 2001; Lodder & de Roda Husman,
2005). These pathogens are routinely introduced
into the environment through the discharge of
treated and untreated wastes that can be transported
through groundwater, estuarine water, seawater, and
rivers (Okoh et al., 2010; La Rosa & Muscillo,
2012; La Rosa et al., 2012). A succession of health
alarms, “foodborne diseases” and “waterborne dis-
eases”, increasing the attention on food and water
safety was decribed in the last decades (Le Guyader
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EV is able to contaminate and survive in brack-
ish and probably saltwater and in shellfish (Patel et
al., 2009).

Hepatitis A virus is highly resistant in the envi-
ronment, and typically transmitted through raw
shellfish or water (Pintó & Bosch, 2013). The con-
sumption of raw shellfish caused outbreaks in 1996-
1997 and 2004 in southern Italian regions (Apulia
and Campania) (Malfait et al., 1996). Iaconelli et
al. (2015) assessed the occurrence of HAV in shell-
fish samples, detecting in 23.2% samples, 12 geno-
type IB and one genotype IA. La Rosa et al. (2017)
investigated the spread of HAV in Italy through the
monitoring of raw urban sewages and detected sev-
eral variants with a prevalent IB strain having a
countrywide distribution.

Norovirus can be classified into seven
genogroups, GI to GVII (Vinjé, 2015; Zheng et al.,
2006) with more than 30 genotypes within
genogroups GI, GII, and GIV infecting humans
(Kroneman et al., 2013). Several routes of NoV
transmission have been identified in many well-
documented outbreaks. Foodborne transmission, in-
cluding infected foodhandler, can play an important

et al., 2000; Pintó et al., 2009; EFSA, 2011, 2016;
Sánchez & Bosch, 2016). Shellfish and water could
play an important role in the determination of en-
vironmental contamination. Consumption of fish
products, with particular reference to Edible Lamel-
libranch Molluscs (ELM), is a risk for human health
because of their capacity to filter, accumulate and
concentrate pathogens present in the contaminated
water. Hepatitis A (HAV), Norovirus (NoV) and
Rotavirus (RoV) and the emerging Hepatitis E
(HEV) have been found in shellfish, especially
mussels and oysters (Bellou et al. 2013). Viral wa-
terborne disease outbreaks associated with contam-
inated drinking or recreational waters are reported
worldwide, suggesting the contamination of aquatic
environments (Kamel et al., 2011; Prado et al.,
2012; La Rosa et al., 2015). Contaminated water
could irrigate vegetables and retain enteric viruses
on their surface (Petrinca et al., 2009; La Rosa et
al., 2010a; Severi et al., 2015; Scavia et al., 2017;
Iaconelli et al., 2016). HAV, NoV, Adenovirus
(AdV), multiple strains of (EV) (Echoviruses and
Coxsackievirus) and HEV are enteric viruses asso-
ciated with human wastewater (Lodder et al., 2005).
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role. In a meta-analysis of NoV outbreaks in nurs-
ing homes, foodborne introduction was described
for 7% and only 0.7% of outbreaks was reported to
be foodborne, 28.5% as person-to-person, and
70.8% remained unknown or not mentioned
(Petrignani et al., 2015). Several waterborne out-
breaks have been described, with an indirect evi-
dence of potential airborne transmission (such as in
explosive vomiting occurred during the disease) (La
Rosa et al., 2012; Giammanco et al., 2014; Gi-
ammanco et al., 2018).

Rotaviruses infections are found worldwide. It is
estimated to cause more than 200,000 deaths annu-
ally; in particular children are infected during the first
6–9 months of life (Soriano-Gabarró et al., 2006).

Human adenovirus (HAdV) are the only human
enteric viruses to contain DNA. They are often de-
tected with other human enteroviruses and/or hep-
atitis A virus in different environments (Puig et al.,
1994; Pina et al., 1998). HAdV have been widely
detected in wastewaters, surface waters, recre-
ational waters as well as in treated and disinfected

drinking water (Mena & Gerba, 2009). For these
reasons it has been proposed as indicator (for mon-
itoring human faecal water contamination and effi-
cacy of water purification) (La Rosa et al., 2010b).

Among the wide range of enteric viruses, four
groups - HAV, NoV, RoV and AdV- were selected
for this study due to their epidemiological signifi-
cance as foodborne and waterborne pathogens
(EFSA, 2011, 2016; La Rosa et al., 2012; Sánchez
& Bosch, 2016). The objective was to assess the
presence of HAV, GI and GII NoV, AdV and RoV
in bivalve molluscs and environmental waters by
end-point and real-time PCR/RT-PCR and sequence
analysis.

MATERIAL AND METHODS

A total of 72 fresh and frozen shellfish and 16
environmental waters, were collected between 2012
and 2016. All the samples were screened for HAV,
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GI and GII NoV, AdV and RoV molecular detec-
tions.

Sampling

Shellfish samples were collected from restau-
rants and fish markets, from three harvesting areas
in the province of Syracuse and five centers in
Messina and during official control monitoring pro-
grams in Sicily. They consisted in  different species:
Mytilus galloprovincialis, Mytilus edulis, Tapes
semidecussatus, Tapes decussatus, Ensis directus,
Crassostrea gigas, and Venus verrucosa.

Water samples included brackish water from the
mussel farming centre in Syracuse); pipe water
from Santo Stefano di Quisquina, Agrigento, where
a Norovirus outbreak had occurred in 2011 (Gi-
ammanco et al., 2014) and from the province of
Catania where in May 2016 a NoV outbreak had
occurred (Giammanco et al., 2018); water from a
desalter and seawaters (water from Lampedusa is-
land, Agrigento, where a HAV outbreak had oc-
curred in 2014); torrent water from the province of
Caltanissetta.

Preparation of molluscs

Each batch of mollusk sample consisted in 25 g
of hepatopancreas homogenized with 0.05 M
glycine buffer (pH 9.2) and processed with a double
1.5 M NaCl PEG8000 (final concentration of 12.5
%) precipitation (Croci et al., 1999). A parallel ex-
traction from 2 g of hepatopancreas was performed
using treatment with a proteinase K solution, fol-
lowing the International Organization for Standard-
ization (ISO) technical specification (ISO
15216-2:2013).

The samples were spiked with 10 µl of titrated
Mengovirus process control strain MC0 (1.6x104
TCID50/ml), to monitor extraction efficiency fol-
lowing the ISO 15216 guidelines.

Preparation of water samples

Water samples (10 litres each) were concen-
trated through a tangential ultrafiltration system
(Sartoflow ® Slice 200 Benchtop Crossflow Sys-
tem, Sartorius AG, Goettingen, Germany), using
appropriate membranes (SG Hydrosart 10 kDa) pre-
treated with 3% Beef Extract (BE) pH 7. Elution

and recovery of viruses attached to the membranes
employed 3% BE pH 9.5 up to reduce the initial
volume to 10-12 ml with pH 7 (Aulicino et al.,
1993; Giammanco et al., 2014).

Nucleic acid extraction

The viral genomes (RNA and DNA) were ex-
tracted by using commercial kit based on the selec-
tive binding of nucleic acids to silica magnetic
beads as described by the manufacturer (Nu-
cliSENS® miniMAG extraction, bioMe´rieux Italia
S.p.A., Rome, Italy). In order to compare the ex-
traction results, for some samples, spin columns
were also used, employing the QIAamp® Viral
RNA Kit Mini Kit - QIAGEN (RNA), by varying
the initial volume of the sample to be extracted (560
µl) and the volume of the eluate (100 µl).

Molecular detection

HAV, GI and GII NoV, RoV and AdV were de-
tected by nucleic acid amplification (end-point and
Real Time PCR/RTPCR) and sequencing.

Biomolecular assay amplification kits and ref-
erences used in this study are shown in the Table 1.

The positive RT-PCR/PCR products obtained
were purified using illustra™ GFX™ PCR DNA
and Gel Band Purification Kit (GE Healthcare) and
sequenced (BMR Genomics, Padova, Italy). The
raw forward and reverse ABI files obtained were
aligned and assembled into a consensus sequence
using MEGA 7 software and sequences submitted
to BLAST analysis (http://blast.ncbi.nlm.nih.gov/
Blast.cgi).

RESULTS

Table 2 shows the results of the analysis. Of the
72 mollusc samples, 31 (43.0 %) were positive for
enteric viruses, showing a high positivity for HAV
(18.0%), NoV (16.7% GI, 5.5% GII). AdV was
found in 2.8% of the molluscs. No RoV was found
in shellfish.

The 13 HAV positive shellfish were genotyped
as HAV 1A (one sample) and HAV 1B (12 sam-
ples). The 12 GI NoV positive shellfish were clas-
sified in six different genotypes for GI NoV (GI.1,
GI.2, GI.3 , GI.5, GI.6, GI.8) and three genotypes
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for GII NoV (GII.1, GII.2, GII.4). A single genotype
was detected for Adenovirus (AdV40).

The recovery efficiency, determined on the
process control Mengovirus, was >1% for all the
samples and thus results considered valid according
to ISO 15216-2:2013. 

Of the 16 water samples, 3 (18.7%) were posi-
tive for enteric viruses. Two water samples (12.5%)
were positive for GII NoV (GII.2 and GII.4). The
superficial freshwater sample were found positive
for GII.4 and also for RoV. Data on RoV genotyp-
ing are not yet available. None of the other tested
enteric viruses were detected in the water samples.

DISCUSSION AND CONCLUSIONS

Viruses are recognized as cause of foodborne
and waterborne disease transmitted by the fecal-oral
cycle. According to a report by European Food
Safety Authority EFSA, enteric viruses were the
most commonly detected (20.4%) causative agent
in foodborne outbreaks (EFSA, 2015). Among the
main foods involved in the transmission of human
enteric viruses are molluscs, fruits and vegetables
irrigated with wastewater and/or washed with non-
potable water, contaminated drinking or recre-
ational water.

Detection of enteric viruses in waters and con-
tamination of aquatic environments have been re-
ported by several studies worldwide (La Rosa et al.,
2010a, b; Kamel et al., 2011; Prado et al., 2012; La
Rosa et al., 2015; Osuolale & Okoh, 2015). In Sicily
an outbreak of gastroenteritis occurred in Agrigento
during March 2011, and NoV was identified in water
samples from the public water system (Giammanco
et al., 2014); a NoV gastroenteritis outbreak at a sea-
side resort near Taormina (Mascali, Sicily) origi-
nated from municipal water distribution system in
May 2016 (Giammanco et al., 2018).

Data on food, particularly shellfish and water
viral contamination in South of Italy are poor; this
study analyzed both matrices for a panel of enteric
viruses and provided information on the presence of
environmental contamination, chiefly in shellfish
production areas, useful to better understand the cir-
culation of viral pathogens able to infect humans in
Sicily.

The study found an abundance of viruses in the
samples investigated. In the total of the samples,

HAV showed the highest percentage of presence
(14.8%), followed by GI NoV (13.6%), GII NoV
(6.8%). A low percentage was found for AdV
(2.8%) and RoV (1.1%). In particular, high positiv-
ity for HAV (18.0%) was assessed in bivalve mol-
luscan shellfish samples, investigated as sentinel of
marine pollution. No HAV was detected in water
samples. Most of water samples (12.5%), object of
the present study, were positive for GII NoV.

In the present study NoV was also detected in
shellfish (16.7% GI, 5.5% GII). NoV repeatedly
cause outbreaks either waterborne or associated
with shellfish probably contaminated with human
fecal material used as fertilizer (Müller et al.,
2016).

The genetic heterogeneity of the viral strains
from the positive Sicilian samples were particularly
interesting, highlighting the presence of HAV IA
and IB, six different genotypes of GI NoV (GI.1,
GI.2, GI.3, GI.5, GI.6, GI.8) and of three genotypes
of GII NoV (GII.1, GII.2, GII.4). A major single
genotype, GII.4, has been associated with the vast
majority of NoV-related outbreaks and sporadic
cases of acute gastroenteritis (AGE) worldwide
(Bok et al., 2009). A single genotype was detected
for Adenovirus (AdV40). Data on RoV genotyping
are not available.

Our findings clearly demonstrate the presence
of human pathogenic virus in aquatic environ-
mentsbe useful as a scientific support for informed
risk assessment of foodborne and waterborne dis-
eases and to implement and optimize virological
controls in the food chain. For this purpose, an in-
tegrated “One Health” surveillance system is
clearly needed to obtain molecular data on virus
isolated from humans and the environment to rap-
idly understand possible future viral outbreaks and
epidemics.
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