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ABSTRACT

Norovirus (NoV) is the main cause of human nonbacterial gastroenteritis throughout the world. NoVs are classified into five 
genogroups: GI, GII, GUI, GIV, and GV. NoVs from GI and GII are the most commonly reported NoVs associated with human 
infections, and raw or undercooked shellfish have been identified as the main potential infection vehicle. European Commission 
Regulation 2073/2005 defines only bacteriological parameters for use as safety criteria for shellfish because reference methods 
for detection of viruses are lacking. From July 2007 to April 2010, 163 shellfish samples were collected in southern Italy from 
harvesting areas, authorized or nonauthorized retailers, and a restaurant after an outbreak of human gastroenteritis. The shellfish 
were analyzed for the presence of NoVs from GI and GII using the one-step real-time reverse transcription PCR protocol. A total 
of 94 shellfish samples (57.7%) were positive for the presence of NoV, and GII was the most frequently identified genogroup.

Noroviruses (NoVs) are recognized as the main cause 
of nonbacterial human gastroenteritis in developed countries 
(5, 31,33). These viruses have a small positive sense single- 
stranded RNA genome (7.5 kb) organized in three open 
reading frames (ORFs). ORF1 encodes a nonstructural 
protein, ORF2 encodes VP1 (the major capsid protein), and 
ORF3 encodes VP2 (a small capsid protein). On the basis of 
their genetic complexity, NoVs are classified into five 
genogroups (4, 10, 35). NoVs in genogroups GI, GII, and 
GIV cause human infections, and those in genogroups 
GI and GII currently are the most commonly reported. 
Genogroups are further subdivided into genotypes. In 
phylogenetic studies, NoV GI and NoV GII genogroups 
were divided into 14 and 17 genotypes, respectively (14, 25, 
32). Although various genotypes may cocirculate in the 
same area, the GII NoVs are responsible for 92% of NoV- 
caused human diseases (7, 34).

The majority of NoV-related gastroenteritis outbreaks 
are due to the consumption of contaminated shellfish. 
Shellfish filtering activity can result in accumulation of 
wastewater pathogens to high levels. Shellfish also are often 
consumed raw or undercooked (26, 27). Since January 
2010, 334 cases of NoV-associated human gastroenteritis 
have been reported in various European countries, and most 
cases were linked to consumption of live bivalve molluscs 
(3, 8, 24, 28). According to European Commission (EC) 
Regulation 2073/2005 (19), only bacteriological parameters 
(Salmonella and Escherichia coli counts) are used as safety
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criteria for live bivalve molluscs. Conventional fecal 
indicators can be unreliable for demonstrating the presence 
of NoVs, and the reliance on absence of fecal bacterial 
indicators for determining shellfish depuration times may be 
an unsafe practice. However, criteria for determining the 
presence of NoVs in food have not been established because 
analytical methods are not sufficiently developed. Data on 
the incidence of enteric viruses in European shellfish 
harvesting areas are still limited because of the lack of 
international and local standard reference methods for the 
detection of these viruses.

In the past decade, molecular approaches have led to 
the development of a large number of methods (conven
tional and real-time PCR) (2, 11-13) particularly for the 
detection of viruses, including hepatitis A virus and NoV, 
that grow poorly or not at all in cell culture (15). The aim of 
the present study was to determine the prevalence of NoV in 
shellfish collected from harvesting areas and retailers in 
southern Italy. Samples collected from a restaurant after a 
human gastroenteritis outbreak also were examined. Mon
itoring, in association with epidemiological data, is a 
necessary step for the evaluation of the risk linked to the 
consumption of foods contaminated by NoV as a cause of 
foodbome disease. The analyses were carried out using a 
one-step real-time reverse transcription (RT)-PCR protocol, 
using two separate reactions that allow the qualitative 
detection of GI and GII NoVs (12).

MATERIALS AND METHODS

Shellfish sampling. From July 2007 to April 2010, 163 
samples of bivalve molluscs were collected in the Campania region
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TABLE 1. Shellfish samples collected

Origin:

Harvesting area Retailer

Shellfish species No. of samples Class A Class B Registered retailers Street vendors Restaurant

Mytilus galloprovincialis 152 58 59 19 16
Ensis minor 4 4
Chamelea gallina 3 1 2
Tapes philippinarum 2 2
Ostrea edulis 1 1
Glycymeris glycymeris 1 1

Total 163 58 59 25 20 1

of southern Italy. One hundred seventeen samples of Mytilus 
galloprovincialis were obtained from 15 harvesting areas situated 
along the Campania region coastline; 7 harvesting areas were in 
class A production areas (product suitable for direct consumption), 
and 8 were in class B areas (product suitable for consumption after 
a period of depuration) in accordance with EC Regulation 854/ 
2004 (18). During sampling, some weather and environmental 
conditions (wind, sea conditions, date of last storm, seawater 
temperature, and date of last rain day) were recorded. When heavy 
storms occurred, samples were not collected until the third day 
after the storm.

Mussels were collected from rows within four comers of the 
harvesting area and in the central region. Each sample was a pool 
of about 20 individuals taken randomly from the upper, middle, 
and lower parts of each row. Forty-five shellfish samples were 
purchased from retailers in provinces in the Campania region. 
Twenty-five samples were purchased in shops regularly registered 
in accordance with the EC Regulation 852/2004 (17), and 16 
samples of M. galloprovincialis, 2 samples of Tapes philippi- 
narum, and 2 samples of Chamelea gallina were obtained from 
nonregistered retailers (street vendors) that sold unpacked mussels. 
One sample of Glycymeris glycymeris was obtained from a 
restaurant after the occurrence of an outbreak of gastroenteritis that 
was associated with that restaurant. The numbers of pooled 
shellfish samples differed based on the species examined (Table 1).

Preparation of the samples. Shellfish samples were 
immediately transferred to the laboratory in insulated boxes and 
were examined for NoV contamination on the same day of 
sampling. Fifteen to 20 individuals were randomly selected for 
each analysis. Before opening, the shellfish were washed with 
clean water to remove mud and debris present on the valves. 
Shellfish were aseptically opened using a sterile blade, and 
digestive tissue was dissected, cleaned, and finely chopped with a 
sterile razor. This tissue was used for the nucleic acid extraction.

Nucleic acid extraction. Aliquots of 2.0 g of chopped 
digestive tissue were transferred to a centrifuge tube, and 2 ml of 
proteinase K (0.1 mg/ml) was added for lysis. Suspensions were 
vortexed for about 1 min, incubated at 37 °C in a shaking incubator 
for 60 min to allow digestion, and then placed in a waterbath at 
60°C for 15 min to inactivate the enzyme. Samples were then 
centrifuged at 3,000 x g for 5 min, and the supernatant was 
collected and transferred into a new tube. The volume of the 
supernatant was recorded for each sample (2.3 to 3.0 ml, median 
=  2.7 ml) and was normalized to 3.0 ml by addition of sterile 
phosphate-buffered saline (PBS). Viral RNA extraction and 
purification was performed using the Nuclisens extraction kit

(bioMerieux, Marcy l’Etoile, France) according to the manufac
turer’s instructions. The method is based on guanidinium 
thiocyanate lysis coupled with the nucleic acid-binding properties 
of silica particles (6). For each sample, 500 pi of supernatant was 
subjected to lysis with the appropriate buffer, binding to magnetic 
silica, and washing with the specific solutions of the kit to remove 
amplification reaction inhibitors. Nucleic acids were recovered in 
100 pi of elution buffer and stored at — 80°C until they were 
subjected to real-time RT-PCR analysis.

Process control. The efficiency of the extraction procedure 
was determined by addition to each sample of 10 pi of a titrated 
suspension of Mengo virus, used as a process control (11, 27). 
Recovery of Mengo virus was determined with the real-time RT- 
PCR assay by comparing Ct values obtained for the shellfish 
sample extracts with those for the virus control, taking into account 
the dilution factor for the extraction procedure and the volume of 
sample subjected to analysis. Real-time RT-PCR for Mengo vims 
and calculations were performed according to Costafreda et al. 
(11). Recovery was considered acceptable at >1% . Samples failing 
to meet this criterion were reextracted.

Real-time RT-PCR. The real-time RT-PCR assay was 
carried out using the primers and the probes listed in Table 2. 
The two probes for NoVs GI and GII were labeled with 6- 
carboxyfluorescein (FAM) at the 5' end and with 6-carboxyte- 
tramethylrhodamine at the 3' end. The probe for Mengo virus was 
labeled with FAM at 5' end and MGB (minor groove binder) at the 
3' end (11). Reverse transcription and PCR were performed in one 
step on an ABI Prism 7700 SDS system (Applied Biosystems, 
Foster City, CA). Amplification was carried out with the Platinum 
Quantitative RT-PCR One-Step System (Invitrogen, Saint Aubin, 
France). Five microliters of nucleic acid extract was added to 20 pi 
of reaction mixture containing 1 x thermoScript reaction mix, 
900 nM reverse primer, 500 nM forward primer, 250 nM Taqman 
probe, 1 x ROX reference dye, and 0.5 ThermoScript Plus/ 
Platinum Taq enzyme mixture. The total volume was 25 pi for each 
reaction. Amplification conditions consisted of reverse transcrip
tion for 60 min at 55°C, 5 min at 95°C, and amplification for 45 
cycles of 15 s at 95°C (denaturation), 1 min at 60°C (annealing), 
and 1 min at 65°C (extension).

All samples were tested undiluted and in 10-fold dilutions to 
evaluate the effect of RT-PCR inhibitors. The amplification 
efficiency (E) in an undiluted sample was calculated according to 
the formula E — 2 — A Ct, where A Ct is Ct undiluted minus (Ct 
1:10 dilution — 3.3). Amplification tests were performed in 
triplicate using the described protocols. Two negative controls 
(molecular grade water) were added to each run. For positive
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TABLE 2. Primers and probes used for real-time RT-PCR

Primer or probe Sequence Reference

Norovirus GI
QNIF4 (forward) CGC TGG ATG CGN TTC CAT 11
NV1LCR (reverse) CCT TAG ACG CCA TCA TCA TTT AC 12
NVGGlp (probe) TGG ACA GGA GAY CGC RAT CT 12

Norovirus GII
QNIF2 (forward) ATG TTC AGR TGG ATG AGR TTC TCW GA 21
COG2R (reverse) TCG ACG CCA TCT TCA TTC ACA 13
QNIFS (probe) AGC ACG TGG GAG GGC GAT CG 21

TABLE 3. Ct values for the norovirus-positive samples

NoV type in 
each sample

No. of samplesi in each Ct category

<30.0 30.1-35.0 35.1-40.0 40.1^15.0 Total

GI
Gn

Total

0 27
30 44
30 71

18 3
18 0
36 3

48
92

140

TABLE 4. Results from analysis for norovirus presence

Virus type
No. (%) of 

positive samples
No. (%) of negative 

samples Total

GI
GII
GI plus GII 

Total

2
46
46
94 (57.7) 69 (42.3) 163

controls, two fecal samples containing NoV (GI.4 and GII.l) were 
extracted using the Mini Mag Nuclisens Magnetic Extraction kit 
(bioMerieux), and 10-fold dilutions of the nucleic acid were tested 
in quadruplicate. Two dilutions (Ct =  30.08 + 0.51 for GI and 
29.62 ±  0.76 for GII) were selected as positive controls. Runs 
containing the samples were considered acceptable when the Ct 
value for the positive controls was in the defined range and no 
amplification was detected in the negative controls.

RESULTS

The real-time RT-PCR method allowed detection of 
NoV GI and GII and amplification of the Mengo vims

TABLE 5. Results for samples collected from harvesting areas

Harvesting
area type No. of areas Sampling period No. of samples

process control using the specific primers and probes (12). 
Samples were considered positive when the Ct value was 
less than 44.0 in at least two replicates and no amplification 
was detected in the negative controls. Ct values in NoV- 
positive undiluted samples ranged from 31.9 to 39.5 
(median, 34.6) for NoV GI and from 25.8 to 40.4 (median, 
32.3) for NoV GII. Comparison of the results obtained for 
undiluted samples and their 10-fold dilution revealed no 
relevant amplification inhibition (amplification efficiency >  
95%). Extraction efficiency ranged from 1.0 to 9.3% 
(median, 3.1%); two samples failed to meet the recovery 
criterion on first extraction but met it on the second attempt. 
The Ct values are showed in Table 3.

NoV was detected in 94 (57.7%) of 163 analyzed 
samples (Table 4). Samples from 13 harvesting areas (86%) 
were positive for NoV. Of the seven harvesting areas in 
class A, five produced samples that were positive for NoV, 
and all harvesting areas in class B produced samples that 
were positive for NoV. Sixty (51.3%) of 117 samples from 
all the harvesting areas were positive for NoV. NoV GII was 
detected in 30 samples, and both NoV genogroups (GI and 
GII) were found in 28 samples (Table 5). Environmental 
and meteorological conditions apparently did not affect 
NoV contamination in samples from the various harvesting 
areas. Generally, samples positive for NoV were found 
during all seasons, with different seawater temperatures and 
wind and current directions. However, NoV presence did 
appear to be influenced by the presence of sewage drains 
near harvesting areas (Table 6).

Thirty-four samples collected from retailers (73.9%) 
were positive for NoV. Only eight samples of M.

No. (%) of positive samples

NoV GI NoV GD NoV GI +  NoV GII Total

Class A 7 Jul 2007-May 2008 34
7 Sep 2008-Jun 2009 23
7 Nov 2009-Mar 2010 1

Total 58
Class B 8 Jul 2007-May 2008 33

8 Sep 2008-Jun 2009 16
8 Nov 2009-Mar 2010 10

Total 59

117

0 2 4 6
2 2 2 6
0 1 0 1
2 (3.4) 5 (8.6) 6 (10.3) 13 (22.4)

0 17 5 22
0 5 11 16
0 3 6 9
0 25 (42.4) 22 (37.3) 47 (79.7)

2 (1.7) 30 (25.6) 28 (23.9) 60 (51.3)Grand total
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TABLE 7. Results for shellfish collected from retailers and at a restaurant

Species No. of samples

No. (%) of positive samples

NoV GI NoV GII NoV GI + NoV GII Total

Mytilus galloprovincialis 35 0 12 15 27
Ensis minor 4 0 0 0 0
Chamelea gallina 3 0 1 2 3
Tapes philippinarum 2 0 1 1 2
Ostrea edulis 1 0 1 0 1
Glycymeris glycymeris 1 0 0 1 1

Total 46 0 15 (32.6) 19 (41.3) 34 (73.9)

galloprovincialis and four samples of Ensis minor were 
negative for NoV. NoV GII was detected in all positive 
samples from retailers, and in 15 samples (32.6%), both 
NoV GI and NoV GII were present. The G. glycymeris 
sample that was collected from a restaurant associated with 
a suspected case of NoV gastroenteritis was contaminated 
with both genogroups (Table 7). Of the shellfish samples 
collected from authorized and/or regularly registered 
retailers and from street vendors that sold unpacked 
mussels, 19 (76%) of the 25 samples and 14 (87%) of the 
16 samples, respectively, were positive for NoV.

DISCUSSION

The one-step real-time RT-PCR protocol used allowed 
the detection of NoV in shellfish harvested and sold in the 
Campania region of Italy. The presence of NoV in shellfish 
harvested in class A areas confirms that fecal bacteria 
cannot be considered reliable indicators for NoV in 
bivalves, and the shellfish safety criteria established by 
EC Regulation 2073/2005 (19) should be revised. In class 
B production areas, NoV contamination was detected in 
almost all samples, and no significant differences were 
observed among seasons. NoV infection has been called 
“ winter vomiting disease” because epidemic peaks often 
occur during the winter months, probably because of the 
high resistance of this virus to low temperatures (9, 20, 22). 
Presently, cases of gastroenteritis caused by NoV infection 
occur throughout the year. This pattern could be due to (i) 
higher temperature resistance of the emerging new variant 
NoV GII.4, as reported by recent epidemiological data, (ii) 
an increasing and constant release of NoV into the sea from 
sewage, and (iii) the high sensitivity of molecular methods 
that can detect NoV more effectively than could previous 
analytical methods (23, 30).

A high frequency of NoV contamination (74% of 
samples) was found in shellfish purchased from retailers, 
and more than half of the samples from nonregistered street 
vendors that sold unpacked shellfish were contaminated 
with NoV. Tins second result is not unexpected, because the 
conditions of collecting, transport, storage, and marketing of 
shellfish are not always in line with good manufacturing 
practices and hygiene standards. NoV found in shellfish 
from registered retailers might have resulted from cross
contamination after immersion of the bivalves in unclean 
water to demonstrate their vitality to the consumers. The

NoV found in the G. glycymeris sample (suspected as the 
source of a gastroenteritis outbreak associated with a 
restaurant) might have come from contaminated water, but 
the contamination may have been exacerbated by the 
storage conditions and the practices of the kitchen staff of 
the restaurant.

All except two of the NoV-positive samples in this 
study were contaminated with NoV GII. This result is in 
accordance with that of other researchers (7, 34). However, 
in approximately one-half of the positive samples (46.7% of 
shellfish collected in harvesting areas and 55.9% of shellfish 
collected from retailers), NoV from both GI and GII 
genogroups were found, indicating high circulation of NoV 
GI in the environment. This finding is not consistent with 
data from human infections, which indicate an appar
ent worldwide dominance of NoV GII (1, 29), and could 
be related to a greater resistance to breakdown during 
wastewater treatment of NoV GI strains (12).

According to the concepts of EC Regulation 178/2002, 
to ensure food safety it is necessary to consider the complete 
food chain, from primary production to sale or distribution to 
the consumer, because each step may entail new or additional 
hazards. This holistic approach is of particular concern 
for foods such as shellfish, which are often consumed raw 
or undercooked. Regulators and producers must recognize 
hazards, identify critical control points, and establish 
monitoring procedures at each production step (16).
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