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Abstract  Noroviruses (NoVs) are widespread causes of nonbacterial gastroenteritis. Outbreaks of NoVs caused diseases are 
commonly ascribed to the consumption of contaminated shellfish. The concentration and RNA extraction of NoVs are crucial steps 
of detecting NoVs in shellfish. This study aimed to select a simple, rapid and highly efficient recovery method of NoVs detection 
with real-time RT-PCR. Four methods of recovering GI.3 and GII.4 NoVs from spiked digestive tissues of oysters and clams, respec-
tively, were compared, of them, the method involving proteinase K and PEG 8000 was found the most efficient. With this method, 
9.3% and 13.1% of GI.3 and GII.4 NoVs were recovered from oysters and 9.6% and 12.3% of GI.3 and GII.4 NoVs were recovered 
from clams, respectively. This method was further used to detect NoVs in 84 oysters (Crassostrea gigas) and 86 clams (Ruditapes 
philippinarum) collected from 10 coastal cities in China from Jan. 2011 to Feb. 2012. The NoVs isolation rates were 10.47% of 
clams (9/86) and 7.14% of oysters (6/84). All the detected NoVs belonged to genotype GII. The NoVs recovery method selected is 
efficient for NoVs detection in oysters and clams. 
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1 Introduction 
Noroviruses (NoVs) of the Caliciviridae family (Green 

et al., 2000) are the major non-bacterial pathogens asso-
ciated with food- and water-borne gastroenteritis in hu-
mans. Contaminated shellfish have been implicated in 
many outbreaks of acute gastroenteritis (Dowell et al., 
1995; Kohn et al., 1995) due to their actively concentra-
tion of viruses from contaminated water (Lees, 2000). 
Currently, NoVs remain unculturable and their detection 
relies exclusively on molecular biological methods. 
Real-time reverse transcription-polymerase chain reaction 
(RT-PCR) is considered to be sensitive for detection of 
NoVs in shellfish. However, NoVs concentrated by shell-
fish are difficult to identify, largely due to the insuffi-
ciency of viral recovery and/or presence of PCR inhibi-
tors. Therefore, the most crucial step in detection of NoVs 
in shellfish is the viral recovery (Schultz et al., 2007), i.e., 
the release and concentration of the viruses from oysters 
prior to (real-time) RT-PCR. Numerous protocols have 
been developed to solve this problem, which included 
glycine adsorption with or without polyethylene glycol 
(PEG) precipitation (Beuret et al., 2003; Hewitt et al., 
2006; Le Guyader et al., 2009), proteinase K digestion 
(Jothikumar et al., 2005), and ultracentrifugation (Mu- 
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niain-Mujika et al., 2000). However, an optimal method 
has not yet been established for NoVs recovery from 
shellfish till present. It is necessary to identify simple and 
rapid methods for NoVs recovery from shellfish in order 
to identify the source of infection, and further contribute 
to the understanding of virus contaminations in shellfish 
and outbreak dynamics. 

Bivalve molluscan shellfish such as oysters and clams 
filter a large volume of water in feeding, accumulating 
and concentrating different types of pathogens from hu-
man fecal pollutant. As a result, bivalve molluscan shell-
fish usually act as potential vehicles for pathogenic agents, 
imposing a significant health risk to human beings. Ac-
cording to China Fishery Statistical Yearbook (2011), 
oysters and clams constituted over 60% of Chinese shell-
fish production. This study evaluated 4 methods for re-
covery of NoVs in order to identify the most effective one 
for detection of NoVs in oysters and clams. The influ-
ences of inoculums levels and genotypes of NoVs on the 
recovery rate were determined by applying 2 levels of 
GI.3/GII.4 NoVs to oysters and clams grant tissues. Fi-
nally, the optimal method was selected out and applied to 
NoVs detection in oysters and clams collected from 10 
coastal cities in China. 

2 Materials and Methods 
2.1 Virus Stocks 

Stools containing GI.3 and GII.4 NoVs were provided 
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by the Chinese Center for Disease Control and Prevention. 
The stools were tested by RT-PCR and NoV-positive am-
plicons were sequenced and identified by comparison 
with available sequences in GenBank using the BLAST 
program of the National Center for Biotechnology Infor-
mation. The NoV-positive stools were 10-fold diluted 
with phosphate-buffered saline (PBS; 145 mmol L-1 NaCl, 
7.7 mmol L-1 Na2HPO4, and 2.3 mmol L-1 NaH2PO4, pH 7.4) 
prior to artificial contamination and then stored at −80℃.  

2.2 Artificial Contamination 

Oysters (Crassostrea gigas) and clams (Ruditapes 
philippinarum) were purchased from a local market in 
Qingdao. Samples were randomly selected and kept at 
4℃ for shipment. Digestive glands were dissected from 
oysters and clams, in which NoVs had not been previ-
ously found. A 3.0 g aliquot of the tissue sample was arti-
ficially contaminated with 10-folds dilutions of GI.3 
and/or GII.4 NoV, and then incubated overnight at 4℃, 
allowing the attachment of GI.3 /GII.4 NoV to the ho-
mogenates. On each occasion, oyster or clam homoge-
nates with an equal volume of PBS (pH7.4) were in-
cluded as negative controls.  

To calculate the recovery rate of 4 methods, 2 different 
levels of GI.3 and GII.4 NoV were applied to oysters and 
clams, respectively. The high-level GI.3 and GII.4 NoV 
inocula, respectively, contained 1.20×106 and 8.35×105 
NoV gene copies, while the low-level GI.3 and GII.4 
NoV inocula, respectively, contained 1.50×103 and 7.80× 
102 NoV gene copies. The gene copy numbers of GI.3 
and GII.4 NoVs in the inocula were determined by 
real-time RT-PCR. 

2.3 Virus Recovery 

Different concentrations of NoVs were seeded into 3.0 g 
of oyster/clam gland tissues. Four methods (Fig.1, A–D) 
were evaluated for their virus recovery efficiencies. The 
recovery experiment was repeated 4 times on different 
occasions. 

 
Fig.1 Principles of 4 methods (A–D) for the recovery of 
NoVs from shellfish. Method A (Jothikumar et al., 2005, 
with modifications), Method B (newly developed in present 
study), Method C (Beuret et al., 2003, with modifications), 
and Method D (Myrmel et al., 2004, with modifications). 

 

2.3.1 Method A: Proteinase K method 

Method A was slightly modified from the method 
originally published by Jothikumar et al. (2005). An equal 
amount of Tris-ethylenediamine tetraacetic acid buffer 
(pH 8.5) containing 100 μg mL-1 proteinase K (Roche, 
Mannheim, Gemany) was added to 3.0 g of oyster gland 
tissues. The mixture was adjusted to 8.0–8.3, and then 
vortexed for 1 min. The mixture was incubated at 37℃ 
for 1 h with agitation at 160 r min-1, and then heated at 
65℃ for 15 min followed by centrifugation at 10 000×g 
and 4℃ for 10 min. Thereafter, 200 μL supernatant was 
used for RNA extraction.  

2.3.2 Method B: Proteinase K-PEG 8000 method 

Method B was developed on the basis of Method A. 
After centrifugation, the supernatant was mixed with an 
equal volume of 16% PEG 8000 in 0.525 mol L-1 NaCl 
solution at 4℃ for 2 h. Then, the mixture was centrifuged 
at 10 000 × g and 4℃ for 15 min. The pellet was resus-
pended in 200 μL of PBS and then used for RNA extrac-
tion.  

2.3.3 Method C: Glycine-Threonine-PEG 6000 
method 

Method C was slightly modified from the method de-
scribed by Beuret et al. (2003). Briefly, 5 mL of chilled 
sterile 0.05 mol L-1 glycine-0.14 mol L-1 NaCl buffer (pH 
7.5) was added to 3.0 g of tissues in 50-mL Falcon tubes. 
After centrifugation at 5000 × g and 4℃ for 20 min, the 
supernatant was collected in a second Falcon tube and 
stored at 4℃. The pellet was resuspended in 5 mL of 0.5 

mol L-1 threonine-0.14 mol L-1 NaCl (pH 7.5) by vortexing 
for 60 s. After centrifugation at 5000 × g and 4℃ for 20 

min, the supernatant was combined with the first super-
natant in a third Falcon tube, and the pellet was discarded. 
Subsequently, 10 mL of 12% PEG 6000 in 0.3 mol L-1 
NaCl solution (4℃) was added, and the suspension was 
allowed to precipitate at 4℃ for 2 h. The resulting pre-
cipitate was centrifuged at 6700 × g and 4℃ for 30 min 
and resuspended in 5 mL of PBS (pH 7.5). The pellet was 
re-suspended in 5 mL of chloroform by vortexing for 60 s, 
and then centrifuged at 2000 × g and 4℃ for 30 min. The 
supernatant was reprecipitated with 5 mL of 12% PEG 
6000 in 0.3 mol L-1 NaCl solution (4℃) at 4℃ for 2 h. 
After centrifugation at 10 000 × g and 4℃ for 15 min, the 
pellets were resuspended in 200 μL of PBS and then di-
rectly used for RNA extraction. 

2.3.4 Method D: Glycine-Threonine-  
Ultracentrifugation method 

  The Method D was slightly modified from the method 
described by Myrmel et al. (2004). The virus elution 
process was the same as that in Method C. After the sec-
ond centrifugation at 5000 × g for 20 min, the combined 
supernatant was collected and centrifuged at 190 000 × g 
and 4℃ for 2 h (Hitachi Himac CP 100 WX Ultracentri-
fuge, Rotor P100 AT2). The pellet was resuspended in 
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200 μL of PBS and then used for RNA extraction. 

2.4 Viral RNA Extraction  

Viral RNA was extracted using the High Pure Viral 
Nucleic Acid Kit (Roche, Mannheim, Germany) follow-
ing the manufacturer’s instructions. 

2.5 Real-time RT-PCR Detection of NoVs 

To allow an accurate estimation of the NoV gene copy 
number, the transcript was generated in vitro. The PCR 
products flanked by primer COG2R and COG2F and 
primer COGR and COGF were directly cloned into 
pGEM-T vector (Promega, USA) according to the manu-
facturer’s instructions. Clones were sequenced (Invitro-
gen, Shanghai, China) to ensure the sequence integrity. 
Plasmids with the correct inserts were linearized by di-
gestion with Nde I (Takara, China), and the linear DNA 
was used as the template for run-off transcripts using T7 
RiboMAXTM Express Large Scale RNA Production 
System kit (Promega, USA). Transcript RNA was re-
solved in nuclease-free water and frozen at −80  un℃ til 
use. Transcript RNA concentration was determined using 
a NanoDrop ND-2000 (Thermo) spectrophotometer. 

The GII NoVs were detected using the primer COG2R 
and COG2F and the probe RING II, and the GI NoVs 
detected using the primer COGR and COGF and the 
probe RING I (Kageyama et al., 2003). 

Real-time RT-PCR assay was carried out using the 
one-step system (TaKaRa, China) in duplicate 20 μL reac-
tion mixtures containing 2 μL of extracted RNA, 200 
nmol L-1 GI or GII primers, and 400 nmol L-1 probes. The 
RT-PCR was performed with a Lightcycler 2.0 (Roche, 
Germany) under the following conditions: reverse tran-
scription at 42℃ for 5 min, denaturation at 95℃ for 10 s, 
and 45 cycles of amplification with denaturation at 95℃ 
for 15 s and annealing and extending at 52℃ for 30 s. 
RNA transcripts of GI.3 or GII.4 NoVs were used as 
positive controls and non-spiked samples used as negative 
controls. 

2.6 Oyster and Clam Samples 

Between January 2011 and February 2012, a total of 84 
oysters and 86 clams were collected from 10 seafood  

markets in different cities, including Dalian, Laizhou, 
Yantai, Weihai, Qingdao, Rizhao, Lianyungang, Zhou-
shan, Xiamen and Guangzhou. Samples were packaged 
individually, randomly selected, and kept on ice during 
the shipment. The samples were immediately shucked 
upon the arrival to the laboratory. Digestive gland tissues 
were separated from whole body, cut into small portions, 
homogenized and divided into 3.0-g portions. Samples 
were analyzed following 2.3 (Method B), 2.4, and 2.5. 

2.7 Data Analysis 

The recovery efficiency was calculated per individual 
method as ‘the mean recovered gene copy number of GI.3 
and GII.4 NoV’ per ‘mean inoculated gene copy number 
of GI.3 or GII.4 NoVs’. 

Statistical analysis was performed using SPSS 17.0 
with the non-parametric Kruskal-Wallis test (KW-test). 
Significance levels were set at 0.05. 

3 Results 
3.1 Recovery Efficiency of 4 Methods in Enrich-

ment of GI.3 NoV 

Table 1 showed that the efficiency of Method B was 
the highest for recovery of GI.3 NoVs from spiked oyster 
digestive tissues, with 100% positive RT-PCR reactions 
(16/16). The mean recovery efficiency of method B was 
higher than that of other 3 methods with both high and 
low levels of inocula (Fig.2). For clams, Method D suc-
cessfully recovered GI.3 NoVs in all PCR reactions, but 
its recovery efficiency was lower than that of Method B. 
Taking into account the influence of different shellfish 
species on 4 recovery methods, we concluded that all the 
4 methods were more efficient in recovery of NoVs from 
clams than from oysters, but there was a lack of signifi-
cant differences between these 2 shellfish species. 

For recovery of GI.3 NoVs, these 4 methods showed 
no significant differences in effeciency (P>0.05). How-
ever, there were significant differences between methods 
B and C as well as methods B and D (P=0.037).  

In general, Method B yielded the maximum amount of 
positive NoV gene copy numbers (30/32) in both treat-
ments, followed by methods A, D and C.  

Table 1 Efficiency of 4 methods for recovery of GI.3 NoVs from oysters and clams 

GI.3 NoV† 
(Positive real-time RT-PCR reactions/total reactions) Recovery efficiency†† (%) 

Shellfish Method 
High level Low level Total High level Low level Mean value

A 8/8 6/8 14/16 4.5 1.5 3.0 

B 8/8 8/8 16/16 11.6 6.8 9.2 

C 4/8 4/8 8/16 4.8 0.4 2.6 
Oyster 

D 6/8 4/8 10/16 4.0 1.9 3.0 
        

A 8/8 6/8 14/16 9.2 5.0 7.1 

B 8/8 6/8 14/16 12.4 7.0 9.7 
 

Clam 
C 5/8 4/8 9/16 6.5 2.5 4.5 

 D 8/8 8/8 16/16 4.5 5.6 5.1 

Notes: †(Inoculums level expressed as gene copies) / (3 g shellfish sample): high level = 1.20×106 copies, and low level = 1.5×103 copies. 
††(Mean recovered gene copy number of GI/GII NoVs) / (mean inoculated gene copy number of GI/GII NoVs)×100%. 
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Fig.2 The variation in GI.3 NoV recovery efficiency with 
high (1.20×106 copies) and low (1.50×103 copies) levels 
of virus inocula of shellfish samples. Each circle repre-
sents a PCR reaction.  

3.2 Recovery Efficiency of 4 Methods for Enriching 
GII.4 NoV  

Similar patterns were observed in the detection of 
spiked levels of GII.4 NoVs in oysters and clams. The 
recovery efficiency was higher with a high level of GII.4 
NoV inocula compared to that with a low level of inocula 
(Fig.3). Methods A and B were found more efficient and 
sensitive for estimating the recovery efficiency of GII.4 
NoVs from spiked oysters digestive tissue (>1% in all  

PCR reactions) (Fig.3). However, Method B yielded the 
highest mean recovery efficiency, i.e., 16.4% for oysters 
and 12.8% for clams with the high level inocula, and 
9.8% for oysters and 11.8% for clams with the low level 
inocula (Table 2). 

 
Fig.3 The variations in GII.4 NoV recovery efficiency 
with high (8.35×105 copies) and low (7.80×102 copies) 
levels of virus inocula of shellfish samples. Each circle 
represents a PCR reaction.  

Unlike that of GI.3 NoVs, the recovery of GII.4 NoVs 
showed significant differences in the mean recovery effi-
ciency among 4 methods (P=0.01). 

Table 2 The efficiency of 4 methods for recovery of GII.4 NoVs from oysters and clams samples 

GII.4 NoV† 
(Positive real-time RT-PCR reactions/total reactions) Recovery efficiency†† (%) 

Shellfish Method 
High level Low level Total High level Low level Mean value 

A 8/8 8/8 16/16 12.3 6.9 9.6 
B 8/8 8/8 16/16 16.4 9.8 13.1 
C 6/8 8/8 14/16 5.0 1.1 3.1 

Oyster 

D 4/8 4/8 8/16 4.0 0.4 2.2 
        

A 8/8 8/8 16/16 11.2 5.4 8.3 
B 8/8 8/8 16/16 12.8 11.8 12.3 

 
Clam 

C 8/8 6/8 14/16 4.8 1.2 3.0 
 D 8/8 6/8 14/16 5.6 0.5 3.1 

Notes:† (Inoculums level expressed as gene copies) / (3 g shellfish sample): high level = 8.35×105 copies, and low level = 7.8×102 copies. 
†† (Mean recovered gene copy number of GII.4 NoVs) / (mean inoculated gene copy number of GI/GII NoVs)×100%.    
 

3.3 Comparison of 4 Methods for Recovery of GI.3 
and GII.4 NoVs 

The genotype of NoVs had no significant influence on 
the respective recovery efficiency (KW-test; P>0.05). 
However, there was significant difference in the mean 
recovery efficiency among 4 methods for both oysters and 
clams (P<0.05). Compared with methods C and D, the 
Method B was more feasible and advantageous. The in-
oculation levels of GI.3 and GII.4 NoVs significantly 
affected the recovery efficiency of different methods 
(KW-test; P=0.037). The recovery efficiency was higher 
with a higher level of inocula. 

Together, the results indicate that Method B was more 
efficient, which allowed an overall sensitive and repeat-
able recovery of both GI.3 and GII.4 NoVs from the oys-

ters and clams digestive tissue. Hence, Method B was 
chosen for subsequent investigation on NoV pollution of 
oysters and clams.  

3.4 Presence of NoVs in Oysters and Clams  

NoVs were detected in both oysters and clams samples. 
The average detection rate of NoVs in the two shellfish 
species was 8.82% (15/170). The isolation rates of NoVs 
were 10.47% (9/86) in clams and 7.14% (6/84) in oysters. 
All detected NoVs are of genotype GII.12. 

4 Discussion 
The NoVs are genetically and antigenically diverse 

(Atmar et al., 2006). Their genetic classification system is 
based on the relatedness of the complete VP1 capsid pro-
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tein, and currently there are 5 recognized genogroups 
(Zheng et al., 2006). Of these, GI, GII, and GIV strains 
may infect humans, whereas GIII and GV strains may 
infect cows and mice, respectively. For some years, GII 
strains, particularly those of the GII.4 cluster, were the 
predominant viruses detected worldwide (Siebenga et al., 
2009). Other strains, especially GI strains, were more 
often transmitted via food or environmental contamina-
tion (Lysen et al., 2009; Noda et al., 2008). Recent re-
search has shown that NoVs can specifically bind to an-
tigens in the oyster gut that are similar to human blood 
group antigens (HBGAs) (Le Guyader et al., 2006; Tian 
et al., 2006). The genetic diversity of NoVs is also re-
flected in their binding capacity to various HBGA struc-
tures. The differences observed between GI.1 and GII.4 
binding to human HBGAs were also present in oyster 
tissues (Maalouf et al., 2010). In the present study, the 
genotype of NoVs had no significant influence on the 
respective recovery efficiency of 4 methods, possibly due 
to the way of NoVs artificially attached in shellfish diges-
tive tissues was different from that of NoVs binding to 
the HBGA structures. 

During sample preparation, the gills, mantle, connec-
tive tissue, and other tissues were cut off, leaving the di-
gestive tissue as the target. Most frequently used methods 
have focused on the dissected bivalve digestive diver-
ticulum (digestive gland) as the starting material for virus 
extraction. This organ has been shown to be the target of 
contamination within the bivalve (Romalde et al., 1994). 
Digestive tissues comprise approximately 10% of the 
body mass of the bivalve but contain a large majority of 
the contaminating virus. Thus, targeting the digestive 
gland avoids the need to process tissues that contain small 
amounts of virus with abundant potential PCR inhibitors, 
thereby reducing the processing time and improving the 
sensitivity and quality of the extraction. 

A number of publications have detailed several ap-
proaches in the treatment of bivalve digestive glands for 
the release, concentration, and purification of viruses, 
which included acid adsorption-elution (Jaykus et al., 
1996), direct glycine buffer elution (Lees et al., 1994), 
immunomagnetic bead extraction (Park et al., 2008; Yao 
et al., 2009), virus precipitation using Cat-Floc (Richards 
et al., 1982) or PEG (Jaykus et al., 1996), and solvent 
extraction using chloroform (Atmar et al., 1993; Mullen-
dore et al., 2001) or chloroform/butanol (Atmar et al., 
1995). Most of these methods are time-consuming, which 
may cause the loss of viral genomes during successive 
steps (Griffin et al., 2003). The ultracentrifugation-based 
approaches can be used to pellet NoVs (Rzeżutka et al., 
2008) but requires expensive equipment. Of the 4 meth-
ods used in the present study, proteinase K digestion was 
rapid with less manual steps and easy to standardize or 
adapt to different quantities of shellfish. Our results 
showed that methods A and B had higher recovery effi-
ciency compared with methods C and D, even with a low 
level of virus inoculation. Proteinase K is efficient in re-
leasing NoVs from shellfish. Its superiority has been re-
ported by Comelli et al. (2008) and Uhrbrand et al. (2010). 

However, we found Method B had higher recovery effi-
ciency than Method A. The precipitation of PEG 8000 
may have improved the detection limits in some instances.  

Until recently, data of the NoV pollution have been 
limited and GI NoVs have not been detected in retail 
shellfish in China (Liu et al., 2009). In the present study, 
NoV contamination of oysters and clams from seafood 
retail markets of 10 coastal cities in China is described. 
Results provide experimental data for risk assessment of 
virus-related shellfish-borne hazards to the shellfish con-
sumers. We detected viral contamination in both oysters 
and clams (mean detection rate 8.82%). Thus, it is neces-
sary to develop a standard method for determination of 
the extent of NoV contamination of shellfish in retail 
markets. All NoVs from positive samples were found of 
the genotype GII.12, indicating that GII.12 is the major 
genotype in shellfish in China. However, GII.4 has been 
reported as the predominate cause of NoV infections 
worldwide (Siebenga et al., 2009). Further study is 
needed to confirm if GII.12 had become a new prevalent 
epidemic strain in China as well as other countries. 

In conclusion, the proteinase K-PEG 8000 method 
(Method B) has significantly improved the NoV detection 
limit compared with the proteinase K digestion method 
(Method A). The former was successfully applied to oys-
ters and clams samples for NoV detection and was shown 
to be a good candidate method for recovering NoVs from 
shellfish. 
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