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Summary 

Krumova-Valcheva, G., Z. Mladenova & Y. Gogov, 2020. Study on norovirus contamina-
tion of live bivalve molluscs using real-time PCR. Bulg. J. Vet. Med., 23, No 4, 478486. 
 
Foodborne and waterborne viruses are a major cause of human morbidity. Of them, noroviruses are 
recognised as the leading causative agents of sporadic infections and epidemic outbreaks of acute 
gastroenteritis in humans. Contaminated food products and water are the main source of infection 
with noroviruses. The infection of bivalve molluscs with human pathogenic viruses occurs by faecal 
contamination in the production coastal waters. In this study, 47 samples of live bivalve molluscs, 
including 15 samples of cultivated mussels (Mytilus galloprovincialis) and 32 samples of wild 
mussels (Tapes decussatus), collected from the Bulgarian and Mediterranean coasts, respectively, 
were submitted to RT-real-time TaqMan PCR to detect the presence of noroviruses genotype GI and 
GII. Norovirus genotype GII was found in 11 (23.4%) of all the samples tested. A single mollusc 
sample (2.1%) was positive for both norovirus genotypes. Our results demonstrated that shellfish 
intended for sale on the Bulgarian market might pose a potential risk for acquiring norovirus 
infection. Thus, food safety quality control of shellfish by optimised and standardised methods for 
detection of foodborne viruses, including noroviruses, should be urgently implemented in Bulgaria. 
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INTRODUCTION 

Foodborne and waterborne viruses are a 
serious food safety concern posing a real 
risk to human health. According to the 
European Food Safety Authority (EFSA) 
report for 2014, viruses including hepatitis 
A virus (HAV) and noroviruses (NoV) are 
the most commonly detected pathogens 
implicated in foodborne outbreaks (20.4%).  

Norovirus is recognised as a leading 
cause of acute non-bacterial gastroenteri-
tis outbreaks among all age groups 
worldwide, affecting millions of people 
annually (Kroneman et al., 2006). Norovi-
rus virion is 27–35 nm in diameter, and is 
composed of a single-stranded positive-
sense RNA genome encapsidated in a 
protein capsid with icosaedral symmetry. 
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Noroviruses belong to the Norovirus ge-
nus within family Caliciviridae and are 
classified into 7 genogroups (from GI tо 
GVII). Members of genogroups GI, GII 
and GIV are known to infect humans, with 
GII strains being the most prevalent 
worldwide (Kageyama et al., 2004).  

Norovirus infection occurs after inges-
tion of 10 to 100 viral particles (Graham 
et al., 1994). The main route for virus 
transmission is the faecal-oral one, most 
commonly via consumption of naturally 
contaminated raw or undercooked food 
(mussels, vegetables, fruits) or food con-
taminated by infected people during proc-
essing, food preparation etc. (Korsun et 
al., 2008; Omoe, 2009).  

The main source of NoV infections for 
human are bivalve molluscs – various 
species of cultivated and wild mussels, 
clams, oysters etc., which are traditionally 
consumed raw or undercooked. Contami-
nation of bivalves occurs in coastal water 
areas through the discharge of treated or 
untreated wastewaters. Molluscs are filter 
feeding organisms capable to ingest con-
taminated phyto- and zooplankton and 
concentrate pathogens dispersed in the 
water. It has been reported that after 4–5 h 
in contaminated water, the bioaccumula-
tion of the virus in molluscs could exceed 
1,000 particles (Greening et al., 2001). 
The contamination of molluscs is further 
facilitated by the fact that noroviruses 
remain viable for a long time in fresh and 
salt waters. Different experiments have 
confirmed that their infectivity is pre-
served at 4 oС over 2 months, and at room 
temperature – over 2 weeks.  

Noroviruses are commonly detected in 
bivalve molluscs. Monitoring performed 
by EFSA reports their presence in up to 
60% of samples investigated (EFSA, 
2011). Annual reports of the Rapid Alert 
System for Food and Feed provide proofs 

for NoV-contaminated seafood, posing a 
potential risk to human health.  

During the last 20 years, number of 
methods for detection of NoV in clinical 
samples have been developed (including 
electron microscopy, immunochroma-
tography, immunoenzyme assays), which 
however turned out to be inappropriate for 
testing of contaminated foodstuffs due to 
their low sensitivity. Therefore, the differ-
ent variants of RT-PCR are nowadays 
approved as "gold standard" for detection 
of noroviruses in contaminated food/wa-
ter. In the practice, RT-PCR is mainly 
used both for qualitative NoV detection 
and for quantitation of virus copies in the 
tested specimens (Suffredini et al., 2011; 
Persson et al., 2018). Since 2013 this 
method has been standardised and intro-
duced in the international standards 
ISO/TS 15216-1:2013 and ISO/TS 
15216-2:2013, last revised in 2017. 

The high epidemiological risk and the 
absence of consistent research studies on 
the contamination of cultured and wild 
mussels in our country motivated the pre-
sent survey which was aimed at evaluation 
of norovirus contamination of live culti-
vated mussels from the Bulgarian Black 
Sea coast and wild mussels from the Turk-
ish Mediterranean coast and determination 
of distribution of detected  noroviruses by 
genogroups. 

MATERIALS AND METHODS 

Specimens 

The study was conducted on 47 samples 
live mussels intended for distribution in 
the retail stores. Fifteen samples, con-
sisted of cultivated mussels (Mytilus gal-
loprovincialis ), were collected from a 
farm located at the southern Black Sea 
Coast, and another 32 samples were wild 
bivalves (Tapes decussatus) collected 
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from the northeastern Mediterranean coast 
of Turkey. Each sample comprised a pool 
of at least 10 live bivalves with intact 
shells. Samples were transported at 4 °С 
and stored at –24 ºС until molecular 
analysis performance. 

Primary processing of bivalve specimens 

After cleaning and washing, molluscs 
were opened with sterile instruments. The 
digestive glands (hepatopancreases) were 
separated in sterile Petri dishes, and care-
fully homogenized. Two grams from each 
pool were weighed in a centrifuge tube, 
and lysed with 2 mL proteinase K (0.1 
mg/mL, Thermo Fisher Scientific). Incu-
bation was done at 37 °С for 60 min in a 
thermoshaker  (Eppendorf Mastercycler 
5331), followed by vortexing and cen-
trifugation at 3000×g for 1 min. Super-
natants were collected in new Eppendorf 
tubes and incubated again at 65°С for 15 
min in a water bath for enzyme inactiva-
tion. After another centrifugation at 
3000×g, 3 min, supernatants were tested 
for presence of noroviruses. 

Extraction of norovirus RNA 

Real-time TaqMan PCR preceded by re-
verse transcription step was used for de-
tection of norovirus contamination of bi-
valves according to the protocol of the 
European network for surveillance of no-
rovirus diseases (NoroNet) kindly pro-
vided by Dr. Andrej Steyer, Slovenia. 

Three hundred µL of supernatants 
were used for norovirus RNA extraction 
by PureLink Viral RNA/DNA kit (Invi-
trogen, LifeTechnology), as per manufac-
turer’s instructions. Extracted norovirus 
RNA was stored at 4 °С for 24 h or frozen 
at –70°С until used. 

 

 

Real-Time RT-PCR 

Primary denaturation of extracted RNA 
was done at 95 °С for 5 min, followed by 
cooling for 3 min. The reverse transcrip-
tion was performed at 37 °С for 60 min in 
a thermocycler (Eppendorf Mastercycler 
5331) using random hexamers (Invitro-
gen). Detection and genogroup identifica-
tion of noroviruses was achieved by real-
time TaqMan PCR using two primer pairs 
and probes targeted to a highly conserva-
tive region of the gene coding the RNA-
dependent RNA polymerase of geno-
groups GI and GII. The reaction was run 
in 25 µL final volume using 5 µL cDNA 
of each sample and 20 µL reaction mix-
ture composed of TaqMan Universal PCR 
Master mix (Applied Biosystems), geno-
type-specific primers COG1F/ COG1R 
for GI and COG2F/COG2R for GII, and 
FAM-TAMRA labelled probes for ge-
nogroups GI and GII – respectively 
RING1(a)-TP and RING1(b)-TP and 
RING2-TP (Invitrogen) (Kageyama et al., 
2003). The fifty amplification cycles were 
performed on MJ Research Opticon 2 
(BioRad) in the Virology department of 
the National Centre for Infectious and 
Parasitic Diseases, Sofia. Negative (dis-
tilled water) and positive controls were 
also run. 

Reference materials 

The following human norovirus strains 
with genogroup and genotype identity 
confirmed by sequencing were used as 
positive controls: 
 for genogroup GI – Norovirus/Hu/ 

GI.4/BG629/2009/BUL (GenBank ac-
cession number KP123636.1);  

 for genogroup GII – Norovirus/Hu/ 
GII- 2006b/BG752/2009/BUL (Gen-
Bank accession number KP123642.1) 
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RESULTS  

The real-time RT-PCR analysis of 47 live 
mussel samples detected noroviruses in 11 
samples (23.4%). Ten samples contained 
only NoV from genogroup GII (90.9%), 
and one of samples was positive for both 
genogroups (9.1%) (Table 1). 

Out of the 15 samples of cultured bi-
valves, 8 were NoV GII-positive (53.3%) 
and one (6.7%) was positive for both NoV 
GI and NoV GII. Only two samples 
(6.3%) from the 32 tested wild bivalves 
were positive for noroviruses from 
genogroup GII. 

The positive signal (Сt value) in 
TaqMan PCR analysis of live mussels 
from the Black Sea and Mediterranean 

Sea varied from 29.1 and 45.5 cycles (Fig. 
1). Samples were divided into two main 
groups: high positive with Сt value <40 
(within the range 25–38 cycles) and low 
positive with Сt value >40 (40–48 cycles). 

DISCUSSION 

The current study describes the first inves-
tigation on norovirus contamination of 
cultured and wild bivalve molluscs using 
RT/real-time PCR in Bulgaria. From a 
total of 47 pools of hepatopancreases ana-
lysed, 11 samples (23.4%) yielded posi-
tive results. This rate is comparable to the 
data reported by Henigman et al. (2015) 
for norovirus contamination of 24.6% of 

 

Table 1. Presence of noroviruses in hepatopancreases of live bivalve molluscs of different origin 

 Norovirus genogroup 

 GI GII GI+GII 
Total 

Cultured bivalves  
(n=15) 

Number (%) of 
positive samples 

0 (0%)   8 (53.3%)   1 (6.7%)   9 (60.0%) 

Wild bivalves 
(n=32) 

Number (%) of 
positive samples 

0 (0%) 2 (6.3%) 0 (0%) 2 (6.3%) 

Total 
Number (%) of 
positive samples 

0 (0%) 10 (21.3%)   1 (2.1%) 11 (23.5%) 

 

Fig. 1. Results from TaqMan RT-PCR with primers for detection of noroviruses  
of genogroup GII in live bivalve molluscs. 
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bivalve shellfish samples collected from 
the Adriatic Sea coast of Slovenia and 
25% of mussels cultured in coastal areas 
of Sardinia (Marceddu et al., 2017). A 
number of analyses conducted in mussel 
farms from different regions of Italy con-
firmed norovirus contamination rates be-
tween 4.1% and 57.7% in the studied mol-
lusc samples (Pepe et al., 2012; Pavoni et 
al., 2013; Suffredini et al., 2014). Similar 
data were reported in a UK study in which 
contamination rate of bivalve molluscs 
reached even 76% (CEFAS, 2011; 2014). 
Our study demonstrated that mussels 
farmed in Bulgarian Black Sea aquatory 
were contaminated by noroviruses and 
could pose a potential risk for consumers’ 
health. Numerous researchers showed the 
relationship between consumption of mol-
luscs originating from areas with faecal 
contamination and foodborne outbreaks in 
humans. For instance, Cheng et al. (2005) 
confirmed virus RNA in 10% of samples 
with more than 98% homology between 
norovirus RNA sequence isolated from 
oysters and a sequence detected in pa-
tients with gastrointestinal illness. In 
2002, more than 14 clusters of norovirus 
gastroenteritis with more than 400 af-
fected people resulting from consumption 
of contaminated oysters cultured in a 
French mussel farm were registered in 
France and Italy  (Doyle et al., 2002). In 
2010, contaminated molluscs cultivated in 
France, UK and Ireland, and distributed in 
retail stores of several European countries 
(Sweden, Norway, Denmark, the UK and 
France) were incriminated as a cause of an 
international outbreak involving over 65 
epidemic clusters of patients  (Westrell et 
al., 2010).  

It is well known that shellfish farms 
are under constant risk for viral and bacte-
rial contamination when sewage system 
damage or efflux of sewage/waste waters 

occurs, in case of natural disasters (e.g. 
flood), septic tanks leaks/overflows, storm 
water runoff, recreational activities etc.  

Our findings demonstrated different 
level of contamination in cultured vs wild 
mussels. Sixty percent of the cultured bi-
valve samples collected from Bulgarian 
farms were positive for norovirus RNA 
(n=9), while 2 (6.3%) out of the 32 wild 
mussels samples collected from the Medi-
terranean coast were norovirus-
contaminated. Data suggested a high ex-
tent of water contamination in areas for 
live molluscs culturing on Bulgarian 
Black Sea coast.  

The current EC legislation requires a 
mandatory microbiological monitoring of 
E. coli as indicator of bacteriological 
quality of molluscs and aquatory for their 
production (Anonymous, 2004; 2005). 
Related studies have shown that post-
harvest treatment techniques such as de-
puration or relaying effectively reduce E. 
coli counts within the set limits but do not 
effectively remove or inactivate norovi-
ruses (EFSA, 2011). Savini et al. (2009) 
calculated the efficacy of depuration sys-
tems when mussels were norovirus posi-
tive and detected virus RNA in 1 out of 67 
non-depurated and 1 out of 29 depurated 
live mussel samples. The authors did not 
observe any statistically significant differ-
ences between the extent of contamination 
of depurated and non-depurated mussels 
confirming that depuration meth-
ods/systems were not efficient enough for 
NoV decontamination. Gyawali et al. 
(2019) summarised data for the efficiency 
of post-harvesting depuration and relaying 
techniques of mussels, and concluded that 
their application according to EC legisla-
tion did not reduce NoV contamination. 

There is a need of implementation of 
regulations pertaining to the continuous 
control on water quality in industrial aqua-
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tory and to laboratory testing of shellfish, 
both locally produced and imported, in-
tended for Bulgarian consumers.  

A future investigation on identification 
of risk factors for pollution of coastal wa-
ters, monitoring of norovirus concentra-
tions in these areas, and identification of 
risk periods (seasonal prevalence, associa-
tion with outbreaks etc.) would be of great 
value. A study of Mladenova et al. (2008) 
carried out among hospitalised patients 
with acute diarrhoea reported the presence 
of noroviruses genogroup GII in 15.2% 
(72/474) of human faecal samples. Most 
patients were registered as tourists during 
the summer months, which allowed as-
suming that consumption of bivalve mol-
luscs was the most probable cause of the 
illness. Regardless of the lack of direct 
relationships with food consumption, this 
study confirmed the leading role of noro-
viruses in the etiology of acute gastroen-
terites in Bulgaria and the significance of 
seafood in their transmission.  

Noroviruses from genogroup GII were 
detected in all tested mussel pools, except 
for a single sample of Bulgarian bivalves 
that was also positive for NoV GI. Similar 
data were reported also by Vilarino et al. 
(2009) in a study on the prevalence of 
noroviruses in wild and cultured bivalve 
molluscs. They demonstrated presence of 
NoV genogroup GII in 53.7% of samples, 
whereas GI was found in only 7.3%. Yil-
maz et al. (2010) also detected more fre-
quently genogroup GII (4.5% of samples) 
but none of samples was positive for GI. 
The contamination of molluscs with spe-
cific genotypes reflects their public circu-
lation, as bivalves are contaminated from 
human faeces in their environment. In 
fact, some analyses have indicated that 
NoV GII causes more than 89% of spo-
radic and outbreak-related cases in hu-
mans, while NoV GI has detected only in 

11% of the people infected (Vega et al., 
2014). Although the reasons for the wide 
spread of NoV GII were not entirely clear, 
different virulence of viruses and their 
route of transmission, different affinity of 
mussel tissues for virus accumulation etc. 
could be possibly implicated (Croci et al., 
2007; Suffredini et al., 2011). However, 
other studies did not provide evidence for 
genotype-related differences in norovirus 
contamination of shellfish. For instance, a 
survey on 4 bivalve mollusc species cul-
tured in class B areas in northwestern 
Spain, Polo et al. (2015) established high 
contamination rates without statistically 
significant differences between cultured 
and wild mussels (61.4% vs 54.3%). The 
authors reported a slight prevalence of 
NoV GІ (32% vs 26% NoV GІІ). With 
respect to the more accurate evaluation of 
seafood contamination in Bulgaria, a more 
detailed study on bivalve molluscs along 
with analysis among people affected by 
norovirus infection is necessary. 

It should be noted that the present 
study has some limitations. Although 
RT/real-time PCR, the gold standard for 
NoV detection in contaminated foodstuff 
was used in our study, only undiluted 
samples from hepatopancreases of bi-
valves were analysed. This approach car-
ries a risk of assay inhibition due to the 
presence of inhibitors in molluscs tissues 
for RT and PCR steps and thus, from ob-
taining a false negative result. Some stud-
ies have shown that the parallel testing of 
an undiluted sample with the same sample 
at tenfold dilution increased substantially 
the percentage of NoV detection in many 
foodstuffs. Furthermore, the molecular 
RT/real time PCR technique is partly lim-
ited by the genetic diversity of noroviruses 
(LeGuyader et al., 2009). The NoV group 
comprises exceptionally diverse viruses 
that are constantly evolving via two pri-
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mary mechanisms – point mutations and 
recombination. These genetic changes 
could induce mutations in primer-binding 
sites and lack of detection with used 
primer pairs, e.g. could result in false 
negative results. In addition, although 
highly sensitive, the molecular techniques 
developed so far for detection of NoV in 
food products have a specific sensitivity 
threshold. Foods with very low NoV con-
tamination like molluscs could be reported 
as NoV-negative and at the same time 
induce disease in men because as few as 
16–20 viral particles are sufficient for 
infection to occur. According to the inter-
national standard ISO/TS 15216-1:2017 
developed by the Expert group of Euro-
pean Union Reference Laboratory for 
monitoring of bacterial and viral contami-
nation in bivalve molluscs, the proposed 
limit of detection in seafood is 200 ge-
nome copies per one gram end product 
(mussels, oysters etc.) which implies the 
need from quantification of noroviruses in 
bivalve molluscs (CEFAS, 2013).  

CONCLUSION  

The protocol used for extraction and de-
tection of NoV GI/GII by RT/real-time 
PCR in live bivalve molluscs is rapid, 
highly sensitive and appropriate for their 
systemic virological monitoring. 

Norovirus RNA was detected in 
23.4% of tested live mussel samples 
intended for placing on the market which 
makes them potentially risky as sources of 
norovirus gastroenteritis outbreaks. 

Cultured and wild mussel samples 
were positive only for noroviruses from 
genogroup GII, except for a single Bul-
garian sample that contained noroviruses 
from both tested genogroups. 

Our results demonstrated that a 
permanent and consistent control on 

norovirus contamination of coastal areas 
used for farming bivalve molluscs should 
be implemented, as well as mandatory 
testing for norovirus contamination of 
molluscs intended for consumer markets 
in Bulgaria. 
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