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Abstract:  
 
The aim of this study was to evaluate the presence of human enteric viruses in shellfish collected 
along the Mediterranean Sea and Atlantic Coast of Morocco. A total of 77 samples were collected from 
areas potentially contaminated by human sewage. Noroviruses were detected in 30 % of samples, 
with an equal representation of GI and GII strains, but were much more frequently found in cockles or 
clams than in oysters. The method used, including extraction efficiency controls, allowed the 
quantification of virus concentration. As in previous reports, results showed levels of contamination 
between 100 and 1,000 copies/g of digestive tissues. Sapoviruses were detected in 13 % of samples 
mainly in oyster and clam samples. Hepatitis A virus was detected in two samples, with concentrations 
around 100 RNA copies/g of digestive tissues. Only two samples were contaminated with enterovirus 
and none with norovirus GIV or Aichi virus. This study highlights the interest of studying shellfish 
samples from different countries and different production areas. A better knowledge of shellfish 
contamination helps us to understand virus levels in shellfish and to improve shellfish safety, thus 
protecting consumers. 
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1. Introduction 

 
Shellfish consumption is becoming increasingly popular in Morocco, where they are consid-
ered as a healthy food both by the local population and by tourists visiting coastal areas. 
Trading and exportation may also be considered as a good source of income for producers. 
As in many countries, sanitary controls are based on Escherichia coli counts in shellfish flesh 
and liquor (Ministerial Decision N° 1246/01 Ministry of Maritime Fishing, Moroccan Govern-
ment). Although shellfish grown in good quality areas (such as class A areas in the EU or 
good quality areas in the US) are rarely contaminated by human enteric viruses, it has been 
known for more than 30 years that bacteria and viruses show differences in terms of concen-
tration, accumulation and depuration in shellfish (Metcalf 1982). As a consequence, absence 
of virus contamination cannot be reliably deduced from failure to detect bacterial  
contamination.  
 
Among human enteric viruses, noroviruses (NoVs) are recognized as being the leading 
cause of epidemics and sporadic cases of gastroenteritis in all age groups (Atmar 2010). 
They are discharged in large amounts in sewage and, being very resistant to inactivation, 
have been detected in wastewater treatment plant effluents, surface waters and environmen-
tal samples (Wobus and Nguyen 2012). The sanitary consequences are contamination of 
drinking water and foods, including shellfish, leading to disease outbreaks among consumers 
(Maalouf et al. 2010; Lopman et al. 2012). NoVs are members of the Caliciviridae family and 
are highly genetically and antigenically diverse. Based on relatedness of the VP1 capsid pro-
tein, they are classified into five genogroups (G), with GI, GII and GIV infecting humans. In 
humans, different strains bind to different histo-blood group antigens (HBGAs), complex gly-
cans present on many types of cell (Tan and Xiang 2011). Such ligands are also important 
for their bioaccumulation in oysters and, presumably, in other shellfish species (Tian et al 
2007; Zakhour et al. 2010; Maalouf et al. 2011).  
 
Many other human enteric viruses may be detected in the environment and in shellfish, such 
as sapovirus (SaV), enterovirus (EV), Aichi virus (AiV) or hepatitis A virus (HAV) (Ueki et al. 
2010; Woods et al. 2010). All these viruses have been implicated in some disease outbreaks, 
for example SaV and AiV in Japan and France (Yamashita et al. 2000; Le Guyader et al. 
2008; Nakagawa-Okamoto et al.  2009), or HAV in Spain (Pinto et al. 2009). The aim of this 
study was to evaluate the presence of these human enteric viruses in shellfish collected 
along the coasts of the Mediterranean Sea and Atlantic Ocean in Morocco.  
 

2. Material and methods 

 

2.1. Shellfish sampling and preprocessing 

Bivalve molluscan shellfish were collected from two areas over several years, from October 
2006 to August 2010. Moroccan cockles (Acanthocardia tuberculatum) and smooth clams 
(Callista chione) were collected between 2006 and 2008 from the Martil coast (Mediterrane-
an Sea), site 1 and 2 (Figure 1), over 14 months. Oysters (Crassostrea gigas) were collected 
from Oualidia, site 3, (Atlantic Ocean) over 13 months during 2009 and 2010. More than 61% 
of samples (47/77) were collected between October and April, with no difference for the two 
areas. Shellfish samples were shipped to the Moroccan laboratory (Pasteur Institute, Virolo-
gy laboratory) in refrigerated boxes and dissected on arrival. Each sample consisted of at 
least of 12 individuals for oyster and 30 for the other species. On arrival, shellfish were 
washed, shucked and their stomachs and digestive diverticula (DT) were removed and fro-
zen at -80°C in 1.5 g portions. All analyses were performed within a short period of time fol-
lowing sample collection in order to optimize subsequent comparisons between different 
samples. 
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2.2. Virus concentration and nucleic acid extraction 

Briefly, DT were homogenized, extracted with chloroform-butanol and treated with Cat-floc 
(Calgon, Ellwood City, PA, USA). Viruses were then concentrated with polyethylene glycol 
8000 (Sigma, St Quentin, France) precipitation (Atmar et al. 1995). Viral nucleic acids (NA) 
were extracted using Nuclisens kit (BioMerieux, Lyon, France), suspended in 100 µl elution 
buffer with 20 units of RNAse inhibitor (Invitrogen, Saint-Aubin, France) and analyzed imme-
diately or kept frozen at -80°C (Le Guyader et al. 2009). 
 

2.3. Virus detection and quantification 

NA extracts were screened by real-time RT-PCR (rRT-PCR) using the previously published 
primers and probe for NoV (GI, GII and GIV) and for SaV, HAV, AiV and EV (Oka et al. 2006; 
Trujilo et al. 2006; Le Guyader et al. 2008). rRT-PCR was performed on a MX3000 (Strata-
gene, Massy, France), using the Ultrasens® one step Quantitative RT-PCR System (Invitro-
gen). All samples were analyzed in duplicate using 5 µl of undiluted or ten-fold diluted RNA 
extracts. Two negative amplification controls (water) were included in each amplification se-
ries and no more than six samples were analyzed in a rRT-PCR assay. Precautions, such as 
the carrying out of certain steps in isolated rooms and the use of filter tips, were taken to pre-
vent false positive results. 
 
The cycle threshold (CT) was defined as the cycle at which a significant increase in fluores-
cence occurred (i.e. when fluorescence became distinguishable from background). To be 
considered as positive, all wells had to yield a CT value < 41. The number of RNA copies 
present in positive samples was estimated using standard curves. To be included in the 
quantitative analysis, all wells had to yield a CT value < 39. The final concentration was then 
determined based on the NA volume analyzed (5 µl of 100 µl of NA extract), and the meas-
ured weight of DT (1.5 g analyzed) (Le Guyader et al. 2009).   
 

2.4. Quality controls 

The efficiency of virus extraction procedures was determined for each extraction by seeding 
104 50%  tissue culture-infective doses of  mengovirus (MgV) prior to sample processing, and 
determining MgV recovery by rRT-PCR, as previously described (Pinto et al. 2009). The ex-
traction efficiency was evaluated by comparing the CT value for the mengovirus-positive am-
plification control with the CT value for a sample and was classified as poor (<1%), accepta-
ble (1 to 10%), or good (>10%). All extracts were also checked for the absence of inhibitors 
(Le Guyader et al. 2009). 
 

2.5. Statistical analysis 

As the groups of samples were independent, a Fisher exact test was performed to compare 
NoV and  SaV contamination using StatGraphic (version 15.1.02) (Statpoint, Inc., Herndon, 
VA, USA). A P value of <0.05 was considered as significant. 
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3. Results 

 

3.1. Extraction efficiency 

A total of 77 shellfish samples were collected, displaying an average MgV extraction efficien-
cy of 16.4%. More than half of the sample (53%) displayed a good extraction efficiency 
(above 10%), and 30 samples showed an acceptable extraction efficiency. However, despite 
repeated extraction, six samples still had a poor extraction efficiency (Table 1). Among the 
samples analyzed, 14 were cockles and 29 were clams, collected in the northern part of Mo-
rocco, and 34 samples were oysters, collected in the southern part of Morocco. Cockles and 
clams belong to the order veneroida and live in the sediment; oysters belong to the order 
ostreoida and live in the water above the sediment. If we consider these three groups, four of 
the six samples with poor extraction efficiencies were cockle samples. Among the other 
cockle samples, five had an acceptable extraction efficiency and five had a good extraction 
efficiency. Overall, the average extraction efficiency for these samples was 7.4 %. For the 
clam samples, only one had a poor extraction efficiency, and most had a good extraction 
efficiency. For the oyster samples, the average extraction efficiency was about 18.5%, with 
19 of the 34 samples analysed presenting good extraction efficiencies and one a poor extrac-
tion efficiency. Considering the six samples with poor extraction efficiency, five were negative 
for all viruses assayed and the one cockle sample was positive but thus was not considered 
for quantification.  
 

3.2. Viral contamination 

Among the 77 samples analyzed, 23 were positive for NoV, ten for SaV, two for EV and two 
for HAV (Table 2). Among NoV positive samples, nine were found contaminated only by NoV 
GI, seven by NoV GII and seven by both GI and GII NoV. No sample was found contaminat-
ed by NoV GIV, or AiV.  
 
Regarding NoV contamination, only one oyster sample was found to be contaminated (3%) 
compared with 41.4% of the clam samples and 71% of the cockle samples, making oyster 
samples significantly different from cockles and clams (p=0.0001 and p=0.0003, respective-
ly). A significant difference was also observed for SaV contamination between oysters and 
clams (p=0.0237) but not between oysters and cockles (p= 0.657). No difference was ob-
served for EV or HAV contamination between oysters and cockles (only one oyster and one 
cockle sample being contaminated).  
 

3.3. Viral concentration 

Among the ten cockle samples positive for NoV, one sample could not be quantified due to 
poor extraction and two were under the limit of quantification (i.e. less than 50 RNA copies/g 
of DT). For the seven samples for which quantification was possible, the geometric mean 
concentration was 278 RNA copies/g of DT. Among the 12 clam samples positive for NoV, 
quantification was possible on seven samples. The geometric mean concentration was 208 
RNA copies/g of DT. The positive oyster sample was under the limit of quantification. 
 
Sapovirus was detected without any other viruses in five oyster samples. Four of these sam-
ples were suitable for quantification and the geometric mean concentration was 141 RNA 
copies/g of DT. The three cockle samples contaminated with SaV were also contaminated 
with NoV. Among these samples, two were suitable for quantification and gave a geometric 
mean concentration of 167 RNA copies/g of DT. The concentration of SaV in the positive 
clam sample was 16056 RNA copies/g of DT (this sample was also contaminated by NoV). 
The concentration of HAV detected in the oyster-positive sample was 74 RNA copies/g of 
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DT. The cockle sample detected positive for HAV showed a concentration of 166 RNA cop-
ies/g of DT. This sample was also found to be contaminated with GII NoV (70 RNA copies/g 
of DT). 
 

 

4. Discussion.  

 

Viral contamination in shellfish is a serious problem and recent papers have demonstrated 
contamination of different bivalve molluscs worldwide (Myrmel et al. 2004; Nishida et al. 
2007; Vilarino et al. 2009; Boxman et al. 2010; dePaola et al. 2010; Greening et al. 2010; 
Terio et al. 2010; Woods et al. 2010; Alfano-Sobsey et al. 2012; Lowther et al. 2012; Pepe et 
al. 2012). Meanwhile, food exchanges between countries are increasing and imported shell-
fish have been implicated in outbreaks (Simmons et al.  2007; Webby et al. 2007; Pinto et al. 
2009). To protect local consumers and to prevent exportation of contaminated shellfish, data 
are needed in different production areas. To the best of our knowledge, this is the first report 
on NoV contamination in Moroccan shellfish. One study reported the detection of adenovirus 
in 20% of mussel samples collected in Casablanca area (Karamoto et al. 2005). In Tunisia, 
NoVs were detected in 35% of mussel samples and HAV in 26% (Elamri et al. 2006).  
 
In our study, shellfish were collected from Mediterranean and Atlantic coasts, each site being 
sampled for 14 months, but in different years. As environmental events are known to impact 
shellfish quality, this difference in sampling times should be borne in mind when comparing 
the data with those of previous studies (Suffredini et al. 2008; Maalouf et al. 2010). Winter 
gastroenteritis outbreaks due to NoV are predictable and, although there are variations in 
intensity or duration from year to year, many clinical cases occur every winter (Rohayem 
2009; Atmar 2010; Phillips et al.  2010). Based on French data, the two winter epidemics 
during the sampling periods were similar (www.sentiweb.org), allowing some qualitative 
comparisons. All precautions were taken to monitor extraction efficiencies and to test for in-
hibitors, making us confident of the results reported in this study. This method has been used 
for several years now in our laboratory (Le Guyader et al. 2009) and there is no indication 
that the freezing procedure used to facilitate analysis is responsible for any difference in re-
sults, as the least contaminated samples (oysters) were the last to be collected.  

 

Both study sites are known to be fecally contaminated, based on the detection of high E. coli 
levels (data not shown). Finding human enteric viruses such as SaV, HAV or EV at the two 
sites confirmed that both are impacted by human sewage. The SaV concentrations detected 
were in the same range at both sites, and HAV and EV were detected once in each area at 
similar concentrations. Concerning NoV, GI was detected as frequently as GII, confirming 
observations made in other studies and outbreak reports (EFSA 2012; Le Guyader et al. 
2012). Nevertheless, an unexpected and intriguing observation was made regarding NoV 
contamination: There was a large difference in NoV contamination in Moroccan cockle and 
clam samples compared with oyster samples, which had never been reported elsewhere. 
Such differences were not noticed for other human enteric viruses, so we can postulate that 
the difference observed between oysters and cockles or clams is not due to human contami-
nation of water but rather to characteristics of these shellfish species or to specific environ-
mental conditions. Both sites were sampled during winter months, reducing the impact that 
seasonality could have had on this observation. 
 
For many years, oysters have been known as concentrators of virus particles. However, spe-
cific binding of Norwalk virus in C. gigas oysters via a carbohydrate structure very similar to 
human histo-blood group A antigen was demonstrated and subsequently confirmed to occur 
in another oyster species (C. virginica) (Tian et al. 2006). In humans, genetic diversity of 
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NoVs is reflected in their binding capacity to various HBGA structures (Tan and Jiang 2011), 
and such differences also occur in oyster tissues (Tian et al. 2007; Maalouf et al.  2010). The 
seasonal variations observed in ligand expression are also important to note. For example in 
Brittany, oysters were able to bind Norwalk virus-like particles much more efficiently from 
January to March compared with the rest of the year, presumably in relation to the water 
temperature (Maalouf et al. 2010). We further demonstrated that ligand expression had a 
clear impact on bioaccumulation both through a laboratory study and an environmental in-
vestigation (Zakhour et al.  2010; Maalouf et al. 2011). Some environmental conditions such 
as water temperature, salinity, chlorophyll a concentration and the presence of phytoplankton 
may differ between Morocco and previously studied shellfish production sites (Gentry et al. 
2009; Grangere et al. 2009). The ability of oysters to bioaccumulate NoVs may be low in Mo-
rocco, where temperatures resemble those of summer in Western Europe and, inversely, the 
bioaccumulation in clams and cockles may be greater.  
 
In Italy, clams were found to be more contaminated than oysters (Gabrieli et al. 2007) or 
mussels (Suffredini et al. 2008). In Galicia, all cockle or clam samples collected were found 
to be contaminated compared with only 50% of mussel samples (Vilarino et al. 2009). Simi-
larly, a more frequent contamination was detected in clam samples compared with mussel 
samples collected in Tunisia (Elamri et al. 2006). These animals live in contact with the sed-
iment, which is known to be potentially contaminated by different types of enteric virus and  
may protect viral particles (Rao et al. 1984; Bosch et al. 1988). A recent study demonstrated 
that there were about 100 RNA copies of EV/g of sediment, based on samples collected in 
Japan (Miura et al.  2011). Also, as observed for oysters, some difference in bioaccumulation 
may exist depending on the species of cockle or clam in question (Tian et al.  2007). No dif-
ference was observed between clam and cockle NoV or SaV concentrations. The observed 
concentrations for NoV are in the same range as concentrations previously reported in shell-
fish-related outbreaks or market studies (Le Guyader et al. 2009; Le Guyader et al. 2010; 
Woods et al. 2010; Lowther et al. 2012). In contrast, HAV concentrations detected in the two 
positive samples seem to be below the concentration estimated to pose a risk for human 
consumption, especially for cockles because they are usually consumed cooked (Pinto et al. 
2009). 
 

In conclusion, this study is informative for several reasons, (i) this is the first report on virus 
levels in Moroccan shellfish; (ii) introduction of quality controls are important to allow result 
comparisons and interpretation; (iii) NoV GI was detected as frequently as NoV GII; (iv) 
clams or cockles living in sediment or possibly warmer waters are likely to be more contami-
nated than other shellfish.  
 
 

Acknowledgments: 

This work was funded by IFREMER (France) and DGAl (French Ministry of Agriculture and 
Food) and Pasteur Institute International network through a graduate research fellowship for 
Laila Benabbes.  
 
We thank Jacques Le Pendu (INSERM UMR-U892, CNRS UMR 6299, Université de Nantes) 
for critical review of the manuscript and helpful discussion, and Helen McCombie-Boudry for 
English correction.  
 
 
 
 
 



 

7 
 

References  

 

Alfano-Sobsey, E., Sweat, D., Hall, A., Breedlove, F., Rodriguez, R., Greene, S., Pierce, A., 
Sobsey, M., Davies, M., & Ledford, S. L. (2012). Norovirus outbreak associated with 
undercooked oysters and secondary household transmission. Epidemiology and 
Infection, 140, 276-282. 

Atmar, R. L. (2010). Noroviruses: state of the art. Food and Environmental Virology, 2, 117-

126. 

Atmar, R. L., Neill, F. H., Romalde, J. L., Le Guyader, F., Woodley, C. M., Metcalf, T. G., &  
Estes, M. K. (1995). Detection of Norwalk virus and hepatitis A virus in shellfish 
tissues with the PCR. Applied and Environmental Microbiology, 61, 3014-3018. 

Bosch, A., Lucena, F., Girones R., & Jofre J. (1988). Occurence of enteroviruses in marine 
sediment along the coast of Barcelona, Spain. Canadian Journal of Microbiology, 34, 
921-924. 

Boxman , I. L. A. (2010). Human enteric viruses occurence in shellfish from European 
markets. Food and Environmental Virology, 2,156-168. 

dePaola, A., Jones, J. L., Woods, J., Burkhardt III, W., Calci, K. C., Krantz, J. A., Bowers, 
J.C., Kasturi, K., Byars, R. H., Jacobs, E., Williams-Hill, D., & Nabe, K. (2010). 
Bacterial and viral pathogens in live oysters: 2007 United States market survey. 
Applied and Environmental Microbiology,76, 2754-2768. 

EFSA Panel on Biological Hazards (BIOHAZ) (2012). Norovirus (NoV) in oysters: methods, 
limits and control options. EFSA Journal, 10, 2500. 

Elamri, D. E., Aouni, M., Parnaudeau, S., & Le Guyader, F. S. (2006). Detection of human 
enteric viruses in shellfish collected in Tunisia. Letters in Applied Microbiology, 43, 
399-404.  

Gabrieli, R., Macaluso, A., Lanni, L., Saccares, S., di Giamberardino, F., Cencioni B., 
Petrinca, A. R., & Divizia, M. (2007). Enteric viruses in molluscan shellfish. New 
Microbiologica, 30, 471-475. 

Gentry, J., Vinje, J., Guadagnoli, D., & Lipp, E. K. (2009). Norovirus distribution within an 
estuarine environment. Applied and Environmental Microbiology, 75, 5474-5480. 

Grangere, K., Menesguen, A., Lefebvre, S., Bacher, C., & Pouvreau, S. (2009). Modelling the 
influence of environmental factors on the physiological status of the Pacific oysters 
Crassostrea gigas in an estuarine embayment; the Baie des Veys (France). Journal 
of Sea Research, 62, 147-158. 

Greening, G. E., & McCoubrey, D-J. (2010). Enteric viruses and managment of shellfish 
production in New Zealand. Food and Environmental Virology, 2, 167-175. 

Karamoto, Y., Ibenyassine, K., Aitmhand, R., Idaomar, M. & Enmaji, M. M. (2005). 
Adenovirus detection in shellfish and urban sewage in Morocco (Casablanca region) 
by the polymerase chain reaction. Journal of Virological Methods, 126, 135-137. 

Le Guyader, F. S., Le Saux, J-C., Ambert-Balay, K., Krol, J., Serais, O., Parnaudeau, S., 
Giraudon, H., delmas, G., Pommepuy, M., Pothier, P., & Atmar, R. L. (2008). Aichi 
virus, norovirus, astrovirus, enterovirus and rotavirus involved in clinical cases from a 
French oyster-related gastroenteritis outbreak. Journal of Clinical Microbiology, 46, 
4011-4017. 

Le Guyader, F. S., Krol, J., Ambert-Balay, K., Ruvoen-Clouet, N., Desaubliaux, B., 
Parnaudeau, S., Le Saux, J-C., Ponge, A., Pothier, P., Atmar, R. L., & Le Pendu, J. 
(2010). Comprehensive analysis of a norovirus-associated gastroenteritis outbreak, 
from the environment to the consumer. Journal of Clinical Microbiology, 48, 915-920. 

Le Guyader, F. S., Atmar, R. L., & Le Pendu, J. (2012). Transmission of viruses through 
shellfish: when specific ligands come into play. Current Opinion in Virology, 2, 103-
110. 



 

8 
 

Le Guyader, F. S., Parnaudeau, S., Schaeffer, J., Bosch, A., Loisy, F., Pommepuy, M., & 
Atmar, R. L. (2009). Detection and quantification of noroviruses in shellfish. Applied 
and Environmental Microbiology, 74, 618-624.  

Lopman, B., Gastanaduy, P., Park, G. W., Hall, A. J., Parashar, U. D., & Vinje, J. (2012). 
Environmental transmission of norovirus gastroenteritis. Current Opinion in Virology, 
2, 96-102.  

Lowther, J. A., Gustar, N. E., Hartnell, R. E., & Lees, D. N. (2012). Comparison of norovirus 
RNA levels in outbreak-related oysters with background environmental levels. Journal 
of Food Protection, 75, 389-393. 

Maalouf, H., Schaeffer, J., Parnaudeau, S., Le Pendu, J., Atmar, R. L. Crawford, S. E., & Le 
Guyader F. S. (2011). Strain-dependent norovirus bioaccumulation in oysters. 
Applied and Environmental Microbiology, 77, 3189-3196. 

Maalouf , H., Pommepuy, M., & Le Guyader F. S. (2010). Environmental conditions leading 
to shellfish contamination and related outbreaks. Food and Environmental Virology, 
2,136-145. 

Maalouf, H., Zakhour, M., Le Pendu, J., Le Saux, J-C., Atmar, R. L., & Le Guyader F. S. 
(2010). Norovirus genogroup I and II ligands in oysters: tissue distribution and 
seasonal variations.  Applied and Environmental Microbiology, 76, 5621-5630.  

Metcalf, T. G. (1982). Viruses in shellfish growing waters. Environmental International, 7, 21-
27. 

Miura, T., Masago, Y., Sano, D., & Omura, T. (2011). Development of an effective method for 
recovery of viral genomic RNA from environmental silty sediment for quantitative 
molecular detection. Applied and Environmental Microbiology, 77, 3975-3981. 

Myrmel, M., Berg, E. M. M., Rimstad, E., & Grinde B. (2004). Detection of enteric viruses in 
shellfish from the Norwegian coast. Applied and Environmental Microbiology, 70, 
2678-2684. 

Nakagawa-Okamoto, R., Arita-Nishida, T., Toda, S., Kato, H., Iwata, H., Akiyama, M., Nishio, 
O., Kimura, H., Noda, M., Takeda, N., & Oka, T. (2009). Detection of multiple 
sapovirus genotypes and genogroups in oyster-associated outbreaks. Japanese 
Journal of Infectious Disease, 62, 63-66. 

Nishida, T., Nishio, O., Kato, M., Chuma, T., Kato, H., Iwata, H., & Kimura, H. (2007). 
Genotyping and quantitation of norovirus in oysters from two distinct sea areas in 
Japan. Microbiology and Immunology, 51, 177-184. 

Oka, T., Katayama, K., Hansman, G.S., Kageyama, T., Ogawa, S., Wu, F-T., & Takeda, N. 
(2006). Detection of human sapovirus by real-time reverse transcription polymerase 
chain reaction. Journal of Medical Virology, 78, 1347-1353.  

Pepe, T., Ventrone, I., Suffredini, E., Ceruso, M., Croci, L., Anastasio, A. & Cortesi, M. L. 
(2012). Norovirus monitoring in bivalve molluscs harvested and commercialized in 
Southern Italy. Journal of Food Protection, 75, 976-981. 

Phillips, G., Tam, C. C., Rodrigues, L. C., & Lopman, B. (2010). Risk factor for symptomatic 
and asymptomatic norovirus infection in the community. Epidemiology and Infection, 
10, 1-11. 

Pinto, R. M., Costafreda, M. I., & Bosch, A. (2009). Risk assessment in shellfish-borne 
outbreaks of hepatitis A. Applied and Environmental Microbiology, 75, 7350-7355. 

Rao, V. C., Seidel, K. M., Goyal, S. M., Metcalf, T. G., & Melnick, J. L. (1984). Isolation of 
enteroviruses from water, suspended solids and sediments from Galveston Bay : 
survival of poliovirus and rotavirus adsorbed to sediments. Applied and 
Environmental Microbiology, 48, 404-409.  

Rohayem, J. (2009). Norovirus seasonality and the potential impact of climate change. 
Clinical and  Microbiology Infection, 15, 524-527. 

Simmons, G., Garbutt, C., Hewitt, J., & Greening, G. (2007). A New Zealand outbreak of 
norovirus gastroenteritis linked to the consumption of imported raw Korean oysters. 
New Zealand Medical Journal, 120, 1-7. 

Suffredini, E. C. C., Arcangeli, G., Fasolato, L., Manfrin, A., Rosseti, E., Biazzi, E., Mioni, R., 
Pavoni, E., Losio, M. N., Sanavio, M. N., & Croci, L. (2008). Occurence of enteric 



 

9 
 

viruses in shellfish and relation to climatic-environmental factors. Letters in Applied 
Microbiology, 47, 467-474.  

Tan, M., & Jiang, X. (2011). Norovirus–host interaction: multi-selections by human histo-
blood group antigens. Trends in Microbiology, 19, 382-388. 

Terio, V., Martella, V., Moschidou, P., Di Pinto, P., Tantillo, G., & Buanavoglia, C. (2010). 
Norovirus in retail shellfish. Food Microbiology, 27, 29-32. 

Tian, P., Bates, A. H., Jensen, H. M., & Mandrell, R. E. (2006). Norovirus binds to blood 
group A-like antigens in oyster gastrointestinal cells. Letters in Applied Microbiology, 
43, 645-651. 

Tian, P., Engelbrektson, A. L., Jiang, X., Zhong, W., & Mandrell, R. E. (2007). Norovirus 
recognizes histo-blood group antigens on gastrointestinal cells of clams, mussels, 
and oysters: a possible mechanism of bioaccumulation. Journal of Food Protection, 
70, 2140-2147. 

Trujilo, A. A., McCaustland, K.A., Zheng, D-P., Hadley, L.A., Vaughn, G., Adams S.M.,Ando, 
T., Glass, R. I., & Monroe, S. S. (2006). Use of Taq-Man real-time reverse 
transcription PCR for rapid detection, quantification and typing of norovirus. Journal of 
Clinical Microbiology, 44, 1405-1412. 

Ueki, Y., Shoji, M., Okimura, Y., Miyota, Y., Masago, Y., Oka, T., Katayam, K;, Takeda, N., 
Noda, M., Miura, T., Sano, D., & Omura, T. (2010). Detection of sapovirus in oysters. 
Microbiology and  Immunology, 54, 483-486. 

Vilarino, M. L., Le Guyader, F. S., Polo, D., Schaeffer, J., Krol, J., & Romalde, J. L. (2009). 
Assessment of human enteric viruses in cultured and wild bivalve molluscs. 
International Microbiology, 12, 145-151. 

Webby, R. J., Carville, K. S., Kirk, M. D., Greening, G., Ratcliff, R. M., Crerar, S. K., 
Dempsey, K., Sarna, M., Stafford, R., Patel, M., & Hall, G. (2007). Internationally 
distributed frozen oyster meat causing multiple outbreaks of norovirus infection in 
Australia. Clinical and Infectious Disease, 44, 1026-1031. 

Wobus, C., & Nguyen T. H. (2012). Viruses are everywhere-what do we do? Current Opinion 
in Virology, 2, 60-62. 

Woods, J. W., & Burkhardt III, W. (2010). Occurence of norovirus and hepatitis A virus in US 
oysters. Food and Environmental Virology, 2, 176-182. 

Yamashita, T., Sugiyama, M., Tsuzuki, H., Sakae, K., Suzuki, Y., & Miyazaki, Y. (2000). 
Application of a reverse transcription-PCR for identification and differentiation of Aichi 
virus, a new member of the picornavirus family associated with gastroenteritis in 
humans. Journal of Clinical Microbiology, 38, 2955-2961. 

Zakhour, M., Maalouf, H., diBartolo, I., Haugarreau, L., Le Guyader, F. S., Ruvoen-Clouet, 
N., Le Saux, J-C., Ruggeri, F. M., Pommepuy, M., & Le Pendu, J. (2010). Bovine 
norovirus ligand, environmental contamination and potential cross-species 
transmission via oyster. Applied and Environmental Microbiology, 76, 6404-6411. 

 
 

Tables 

 
Table 1 : Extraction efficiency  
 
Shellfish Poora 

(<1%) 
Acceptablea 

(1-10%) 
Gooda 
(>10%) 

Average extraction 
efficiency 

Total no. of 
samples 

Oyster 1 14 19 18.5 34 
Cockle 4 5 5 7.4 14 
Clam 1 11 17 18.3 29 
Total 6 30 41 16.4 77 
a: number of samples with the following extraction efficiency 
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Table 2 : Viruses detected in shellfish samples. 
 
Shellfish # samples NoVa SaVa EVa HAVa AiVa 
Total 77 23 9 2 2 0 
Oyster 34 1 5 1 1 0 
Cockle 14 10 3 1 1 0 
Clam 29 12 1 0 0 0 
Total 77 23 9 2 2 0 
a abbreviations: norovirus, NoV; sapovirus, SaV; enterovirus, EV; hepatitis A virus, HAV; 
Aichi virus, AiV. 
 
 
 
 
 

Figures 

 
Figure 1 : Localization of sampling areas. Two sites are located on the Mediterranean Sea 
(point 1: cockle samples, point 2: clam samples) in the same area, one site (point 3: oyster 
samples) is located on the Atlantic Ocean.   
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