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Abstract: 
Norovirus (NoV) and hepatitis A virus (HAV) are a common cause of gastroenteritis outbreaks associated with 
consumption of raw shellfish. The majority of NoV infections worldwide are due to geno group II NoVs. The 
predominant HAV strains belong to sub-genotype IB. A total of 369 bivalve molluscs (294 mussels, 42 clams 
and 33 oysters) from several retail points and harvesting class-A areas of the Adriatic basin in South Italy, North 
Italy and Albania (Butrinti Lagoon) were sampled between 2008-2013. All the samples were screened by a 
hemi-nested RT-PCR specific for NoV geno group II and by a nested RT-PCR for the VP1/2A region of HAV. 
NoV RNA was detected in 10,5% of samples and ranged from 3% in 2008 to 85% in 2013. HAV RNA was 
detected in 32,5% of samples and ranged from 90% in 2008 to 3,1% in 2013. The marked decrease in HAV 
prevalence may be the related to the vaccine-induced immunity, able to interrupt the ecological cycle of HAV. 
Monitoring the epidemiology of the virus strains circulating in the fieldis pivotal to develop and assess the 
efficacy of new control strategies to reduce the risks for public health. 
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1. Introduction 

Bivalve shellfish are known to concentrate 
efficiently waterborne viruses, and are regarded as a 
major  source of HAV and NoV outbreaks [5,24,26]. 
In some of the Mediterranean regions, including 
Southern Italy, HAV and NoV have been frequently 
detected in bivalve mussel (Mytilus galloprovincialis) 
and others shellfish that are sold at public markets 
[2,4,6,17,20,27,29]. Similar, in Albania different cases 
of gastroenteritis and hepatitis have been associated 
with NoV and HAV infection, respectively [8]. 

Importantly, mussels are often served and eaten 
raw, making the consumption of bivalves a significant 
risk factor for acquisition of gastroenteritis. 

NoVs and HAV are non-enveloped viruses and 
are very stable in the environment. Thus they can 
often contaminate rivers or coastal waters that support 
shellfish growth [19]. Due to their filter-feeding 
activity of molluscs, these viruses may be detected in 
shellfish in a number of countries [7,21,28,29]. 

According to the current European Union 
standards, conventional monitoring of shellfish relies 
solely on bacteriological parameters. The European 
(EC) Regulations 852/2004, 853/2004 and 854/2004 
setstandards based on E. coli, and classify shellfish-
harvesting areas on the basis of the bacterial tissue 
levels into three areas: class A area, where shellfish 
may be directly sold without depuration processing; 

class B area, where shellfish must be depurated or 
relayed before marketing; class C, where shellfish 
must be subjected to prolonged relay or cooking; [22]. 
However, the presence of E. coli does not correlate 
with the presence of enteric viruses such as NoVs and 
HAVs, as these viruses are more persistent than fecal 
bacteria in brackish and sea water (Reg. EC No. 2073 ⁄ 
2005). Therefore, the Council Regulation (EC, No. 
2073/2005) recently proposed that sanitary controls of 
shellfish should include viral parameters to guarantee 
safety for human consumption. This document 
specifies that standardised methods should be 
developed before the establishment of virological 
criteria. 

In this study, we evaluate the presence of viruses 
within the bivalve mussels (mussels, clams and 
oysters) collected from different harvesting areas of 
the Adriatic basin, located in Southern and Northern 
Italy, and Albania, between  2008-2013. 

2. Materials And Methods 

2.1 Shellfish sampling 

A total 369 bivalve molluscs (294 mussels, 42 
clams and 33 oysters) from several retail points and 
harvesting areas “A” in South Italy, North Italy and 
Albania (Butrinti Lagoon) were sampled between 
2008-2013. 

 461



Terio V et al 

2.2 Bacteriological control 

Salmonella spp. and E.coli were isolated using 
MPN standard methods as described in UNI EN ISO 
6579:2004 and ISO TS 16649-3:2005. 

2.3 Detection of HAV by RT-PCR 

RNA extraction and concentration were 
performed following the glycine-PEG-Tri-reagent-
poly (dT) extraction method (GPTT) procedure, as 
described by Kingsley and Richards (2001). Viral 
nucleic acid was analysed for HAV by a nested RT-
PCR assay using gene-specific primers (dkA24- 
dkA25) targeting a VP1/2A junction region [13] in 
order to amplify a 200 bp fragment using a Hot Star 
Taq Master mix kit (Qiagen). First round RT-PCR 
was performed using Superscript II One step 
(Invitrogen, Paisly, UK) in order to amplify a 267bp 
fragment, [23]. 

2.4 Detection of NoV by RT-PCR 

Viral nucleic acid, obtained using GPTT method, 
was analysed and typed for NoV by a hemi-nested 
RT-PCR assay. For NoV GII detection, 
oligonucleotide primers (NVp110 and NI) [15] 
targeting a highly conserved region in the RNA-
dependent RNA-polymerase (RdRp) in the ORF1 
were used. For NoV GI, oligonucleotide primers 
(GISKF and GISKR) [14] targeting a region of capsid 
N/S domain ORF2 were used. First-round RT-PCR 
was carried out using Superscript II One step 
(Invitrogen, Paisly, UK) in order to amplify a 273 bp 
(GII) and 368 bp (GI) fragments. A hemi-nested PCR, 
specific for genogroupII and I was carried out using 

AmpliTaq Gold (Applied Biosystems Foster City, 
CA) in order to amplify a 120 bpand (300) fragments, 
respectively. All the PCRs were performed in a 
GeneAmp PCR System 2700 thermocycler. The 
amplified products were analyzed by gel 
electrophoresis on ethidium bromide-stained 2% 
agarose. Several procedures were adopted during 
RNA extraction and PCR amplifications to avoid 
cross-contaminations. 

3. Results 

NoV: Of the 369 samples examined during the 5 
years of monitoring, NoV RNA was detected in 39  
samples (10,5%). The positivity rate during the course 
of the study ranged from a minimum of 3% (2008) to 
a maximum of 85% (2013). With regard to the 
different matrices tested, 21 of the 294 mussels 
samples tested positive (7,14%), while the percentage 
of positive samples was 36,4% for oysters and 14,3% 
for clams (Table 1). All the NoV strains were 
characterised as GII genogroup, as reported elsewhere 
[18]. 

HAV: Out of the 369 samples examined, 120 
(32,5%) tested positive for HAV. In 2008, the 
positivity rate was 90%. Between 2009-2013 the 
prevalence markedly decrease, to as low as 1%. With 
regard to the different matrices tested, HAV RNA was 
detected in 66 of the 294 mussels samples (22,4%), 
36/42 (85,7%) of the oysters 18/33 (54%)  of the 
clams examined (Table 1) 
Upon sequence analysis, the HAV strains were 
characterized as either subtype IA or IB, as described 
in other studies [3]. 

Table 1. Distribution of positive samples 

YEAR mussels positive Oysters positive Clams positive 
NoV GII HAV NoV GII HAV NoV GII HAV 

2008 0 59 0 32 0 16 
2009 0 5 0 3 0 1 
2010 2 2 0 1 0 1 
2011 5 2 1 0 0 0 
2012 5 0 1 0 1 0 
2013 17 0 10 0 5 0 

4. Discussion 

Filter-feeding bivalve shellfish can accumulate 
human pathogenic viruses, such as NoV and HAV 
when grown in environments polluted with human 
fecal material. The consumption of shellfish 
contaminated with human viruses has been associated 
with several outbreaks of gastroenteritis [16].The risks 
associated with bivalve shellfish are well documented 
[9]. 

HAV has been a serious public health problem in 
Europe and in particular in Puglia where between 
1996-97 there was a large epidemic. After this period, 
the incidence of HAV in Puglia has steadily declined 
since 2008. One crucial point for HAV control in 
Puglia is due to the actual policy of universal 
vaccination of toddlers and adolescents [3]. It is safe 
to assume that the decreasing positivityrates of HAV 
in shellfish from class-A harvesting areas is due to the 
vaccination coverage. Currently, NoV represents the 
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main cause of outbreaks of gastroenteritis associated 
with shellfish consumption in several European 
countries [31].The development of vaccines for NoV 
is hampered by the large genetic/phenotypic 
variability of NoVs and by their uncultivable nature. 

In our study, the virological investigations 
performed on shellfish collected in 2012 from Albania 
showed the presence of NoV GII. The first 
documented outbreak of NoV in Albania dates back to 
the period 2010-2012 [8]. Moreover, the presence of 
NoV GII was not unexpected as this genogroup is 
predominant worldwide [12]. In Albania fecal 
contamination of water has been responsible for 
different outbreaks in the past years and, since 2002, 
circulation of enteric viruses has been documented 
with NoV infection accounting for nearly 12% of the 
cases [1]. 

In Italy, viral contamination was detected 
throughout the whole monitoring period, 
demonstrating the constant circulation of enteric 
viruses in the environment, with marked 
fluctuations.The European guidelines in EC 
Regulation 2073/2005 base shellfish safety 
exclusively on specific bacteriological parameters, 
Salmonella spp. and E. coli, which do not correlate 
with the presence of viruses [11]. It is important to 
remark thatbacteria, unlike viruses, are easily cleared 
with the depuration systems used routinely [10,30]. 
Indeed, epidemiological and laboratory studies have 
shown that the depuration times and conditions 
currently used are inadequate to remove the viruses 
[22]. 

5. Conclusion 

Our study provided a clearevidence of the potential 
risks associated with the presence of NoV in seafood 
matrices and it confirms the inadequacy of current 
microbiological criteria for commercialization of 
shellfish, demonstrating the need, as asserted in EC 
Regulation 853/2004, to ‘‘lay down additional health 
standards for live bivalve molluscs, including virus 
testing procedures and virological standards’’ (Reg 
EC N. 853/2004).  
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