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Abstract

Norovirus (NoV) is the leading cause of acute viral gastroenteritis outbreaks in the world. These outbreaks are frequently
associated with bivalve shellfish consumption, particularly because these products are often eaten raw or only slightly cooked.
In Morocco, regulations concerning the acceptable levels of enteric bacteria indicator organisms in these products have been
put in place. However, these regulations do not take into account the risk of viral contamination, and many gastroenteritis
outbreaks have been linked to the ingestion of bivalve shellfish from areas that comply with the current food safety criteria.
The aim of this study was to investigate NoV presence in shellfish samples (n=104) collected at four sites owcff Oualidia
lagoon (Moroccan Atlantic coast) from November 2015 to February 2017. Samples were analysed using real-time RT-PCR
in accordance with the ISO 15216-2 method. NoVs of the genogroup II were detected in 7% of samples that were all col-
lected during the winter months. Moreover, 71% of NoV-positive samples were harvested at sites upstream of the lagoon.
These results highlight the need of regularly monitoring viral contamination in bivalve shellfish to limit the risk of viral

gastroenteritis outbreaks.
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Introduction

Norovirus (NoV) is a major cause of sporadic and epidemic
foodborne gastroenteritis worldwide (Lopman et al. 2003;
Glass et al. 2009; Nguyen et al. 2017). Specifically, NoVs
are at the origin of 18% of all reported cases (Ahmed et al.
2014); 699 million illnesses and 219000 casualties can be
attributed to NoV each year (Bartsch et al. 2016). NoV,
which belongs to the Caliciviridae family, is a small, non-
enveloped spherical single-stranded RNA virus that is stable
in the external environment. NoV can be divided in seven
genogroups based on the capsid gene sequence (Vinjé 2015).
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Humans are most frequently infected by the genogroups GI
and GII. GII strains are implicated in 70-80% of all out-
breaks and are mainly identified in clinical cases (Atmar
2010; Vega et al. 2014). NoV genetic variability does not
allow building a long-term immune response, and every
2-4 years, a new pandemic strain emerges (Glass et al. 2009;
Vegaet al. 2011).

Contaminated food and water, person-to-person virus
transmission, and infected airborne droplets represent the
major source of NoV infection (Mead et al. 1999; Marks
et al. 2003). NoV gastroenteritis occurs all year around with
a peak in the winter season, and often affects closed commu-
nities, such as schools and hospitals (Atmar and Estes 2006;
Patel et al. 2008). Acute gastroenteritis is frequently linked
to the consumption of bivalve shellfish, especially those har-
vested in sewage-contaminated waters (Lees 2000). Indeed,
bivalve molluscs satisfy their nutritional needs by filtering
large quantities of water and concentrating viral particles in
their digestive tract. The consumption of raw or undercooked
shellfish greatly increases the human health risk.

The assessment of the sanitary quality of shellfish grow-
ing areas is based only on the enumeration of Escherichia
coli, as an indicator of faecal bacterial contamination. In
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accordance with the Moroccan regulatory food safety crite-
ria for shellfish (Decision 1508/12 of 15/08/2012, Moroccan
Ministry of Agriculture, Rural Development and Maritime
Fisheries) and European regulations, shellfish growing/har-
vesting areas are classified as A (100% of samples <230 E.
coli per 100 g of shellfish flesh and intravalvular fluid), B
(10% of samples 4600 < E. coli <46,000 per 100 g of shell-
fish flesh and intravalvular fluid), and C (100% of samples
E. coli <46,000 per 100 g of shellfish flesh and intravalvular
fluid). Conversely, the viral risk is not considered, and many
gastroenteritis outbreaks linked to the ingestion of bivalve
shellfish from areas that comply with the current food safety
criteria have been reported (Formiga-Cruz et al. 2002; Mes-
quita et al. 2011). A systematic review of all shellfish-borne
viral gastroenteritis outbreaks worldwide showed that NoV
was the most frequently implicated viral pathogen (84% of
all outbreaks) (Bellou et al. 2013).

The objective of this study was to evaluate NoV fre-
quency in bivalve shellfish harvested at Oualidia lagoon by
real-time RT-PCR analysis according to the ISO/TS 15216-2
method (ISO/TS 15216-2 2013).

Materials and Methods

This study was conducted at Oualidia lagoon, a coastal
wetland area in Morocco that is listed as Ramsar site (i.e.
wetlands of international importance) since 2005. It is also
included among the protected area of Morocco. This lagoon
is located on the Atlantic coast, 168 km south of Casablanca
and covers an area of 4 km? with a length of 7 km (Fig. 1).
It is separated from the ocean by a consolidated dune bar-
rier and communicates with the sea through a main passage
(150 m wide) throughout the year, and a secondary pas-
sage (50 m wide) that is active only during the spring tides
(Carruesco 1989). A main channel with a depth that does
not exceed 6 metres is connected with shallow secondary
channels.

The peculiarity of this ecosystem lies in the weakness of
the upstream flow velocity (Beaubrun 1976). The lagoon
hydrodynamics are characterized by water renewal times that
vary from 1 day (downstream near the passage entrance)
to about 15 days (upstream of the lagoon), and by current
velocity reduction in the upward direction according to the
bathymetry and the main morphologic units (Hilmi et al.
2009; Koutitansky et al. 2007). In 2011, soil dredging was
carried out in the upstream part to trap the sludge trans-
ported by the tide and reduce the rate of suspended solids
(Makaoui et al. 2018).

Oualidia is a seaside resort with two distinct areas: a part
located more to the North, on the national road that connects
El Jadida to Safi, and a part more to the South, at the edge of
the lagoon that is almost deserted, but for the summer period
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Fig. 1 Shellfish collection sites

when it experiences a large influx of tourists. A wastewater
treatment plant was put in place in 2012, but some habita-
tions in the southern part are not connected to the sewage
collection system and still have septic tanks.

Oualidia lagoon is the oldest oyster farming area in
Morocco (from the 1950s). It produces about 36 tons of
oysters per year (Department of Marine Fisheries 2017),
and it is classified as a “B” harvesting area. To limit the
bacterial contamination risk, shellfish undergo depuration
before being marketed; however, this process has a limited
effect on the level of viruses that can persist in the bivalve
mollusc tissues for several weeks (Chalmers and McMillan
1995; Ang 1998).

Shellfish Sampling

This study was carried out at four sampling sites (S) at Oua-
lidia lagoon (Fig. 1):

e S1, downstream of the lagoon (sandy sedimentary),
e S2 and S3, in the middle of the lagoon (muddy sedimen-

tary),
e S4, upstream of the lagoon (muddy sedimentary).

Oyster samples (n=12 individuals/sample) were col-
lected at three shellfish growing areas in Oualidia lagoon.
The first site (S1) is downstream and is characterized by
more pronounced hydrodynamics than the second site (S2)
located on the main channel. The third site (S3) is the closest
to the artificial dam that separates the lagoon from the salt
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marshes. Oyster samples were collected twice per month
during the cold season (December to April) and monthly
during the rest of the year, between November 2015 and
February 2017. Burrowed shells [razor clams (Solen mar-
ginatus) and carpet shell clams (Ruditapes decussatus);
n=15-30 individuals/sample] were collected at S4 to evalu-
ate NoV presence in clams, although their consumption is
prohibited. Clams were sampled from November 2015 to
September 2016 (twice per month from December to Febru-
ary and from June to August; once per month in the other
months).

In total, 104 samples (n=87 oyster samples and n=17
clam samples) were collected.

Viral Recovery and RNA Extraction

Samples of bivalve molluscs were kept at 4 °C during the
transport to the laboratory where they were processed imme-
diately or stored at —T80 °C for 1 month at most. After
thawing, samples were prepared and analysed according to
the ISO/TS 15216-2/2013 method (ISO/TS 15216-2 2013),
which is not validated for razor clams and carpet shells, with
minor changes. For each sample, the digestive glands were
removed and finely chopped. Then, 2.0+0.2 g of tissue was
spiked with 10 pl of Mengovirus (Mengovirus extraction
control kit, Ceeramtools®) as positive control and digested
with proteinase K. Samples were incubated twice (first at
37 °C for 60 min, and then at 60 °C for 15 min; always with
stirring, 320 oscillations/minute). After centrifugation, the
supernatant volume was measured.

Viral RNA was extracted from 500 pl of each sample
using the Nucleospin® RNA Virus Extraction Kit (Mach-
erey—Nagel, Germany) according to the manufacturer’s
instructions. RNA was eluted in a final volume of 100 pl of
elution buffer and stored at —80 °C.

NoV Detection

The SuperScript®III Platinum®One-Step Quantitative
RT-PCR Kit (Invitrogen) was used for NoV detection (GI
and GII) by real-time RT-PCR. Briefly, 5 pl of each RNA
sample was amplified in 25 pl of reaction mix that con-
tained 1 X reaction mix, 0.5 pmol/pl of forward primer,
0.9 pmol/pl of reverse primer and 0.25 pmol/pl of probe,
1 x ROX Reference Dye and 1.25 pl of SuperScript®III
RT/Platinum®Taq mix. The set of primers and probes and
the respective references are listed in Table 1. Amplifi-
cations were performed in a 7500 Fast Real-time PCR
System (Applied Biosystems) using the following cycling
conditions: 50 °C for 60 min, 95 °C for 5 min, and then
40 cycles of 95 °C for 15 s followed by 60 °C for 1 min.

Undiluted and 1/10 diluted samples were tested. The
cycle threshold (Ct), defined as the cycle number when the
amplicon fluorescence is above the background signal, was
considered positive when the value was <40 with no evi-
dence of amplification in the negative controls. The pres-
ence of PCR inhibitors was evaluated, using the mengo
analysis according to the manufacturer’s instructions, by
comparing the Ct values of the pure and diluted RNA
samples.

A Ct value difference < 3.3 indicated the presence of
inhibitors. The extraction efficiency was evaluated by com-
paring the Ct values of RNA samples spiked with Mengo-
virus to the Mengovirus standard curve. A result > 1% was
considered valid. NoV GI and GII RNA samples (provided
by the National Institute of Hygiene, Rabat, Morocco)
were used as positives controls. Wells containing only
nuclease-free water or the PCR mixture without RNA were
included as negative controls.

Table 1 Sequences of the

Reference

Da Silva et al. (2007)

Svraka et al. (2007)

5'- CCT TAG ACG CCA TCA TCA TTT AC-3'

Svraka et al. (2007)

FAM 5"-TGG ACA GGA GAY CGC RAT CT -3'TAMRA

. Virus Primer sequence
primers and probes used for
NoV (Gl and GII) detection NoV GI Forward primer QNIF4
5'-CGC TGG ATG CGN TTC CAT-3'
Reverse primer NVILCR
PROBE NVGGlp
NoV GII Forward primer QNIF2

Loisy et al. (2005)

5'-ATG TTC AGR TGG ATG AGR TTC TCW GA-3’

Reverse primer COG2R

Kageyama et al. (2003)

5'-TCG ACG CCA TCT TCA TTC ACA-3'

PROBE QNIFs

Loisy et al. (2005)

FAM 5-AGC ACG TGG GAG GGC GAT CG-3' TAMRA
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Table 2 Norovirus detection in the different samples

Species No of NoV-positive Percentage of
analysed samples (NoV NoV-positive
samples GII) samples

Crassostrea gigas 87 6 7

Solen marginatus 6 0 0

Ruditapes decus- 9 1 11

satus
Total 102 7 7

Table 3 Seasonal distribution of NoV-positive samples

Date Positive Clams Positive oysters
NoV GII NoV GII

November 2015 1 -

January 2016 - 3

February 2016 - 2

February 2017 - 1

Results

For this study, only samples that provided valid results
with acceptable extraction efficiencies were considered.
Among the 104 samples screened by RT-PCR during the
study period, two samples (clams) showed an unaccepta-
ble extraction efficiency (< 1%, although the extraction
was performed a second time), 29 (28%) displayed an
acceptable extraction efficiency (> 10%), and 73 (71%) an
acceptable value (between 1 and 10%).

Among the 102 samples analysed, seven were NoV-
positive (7%; only NoV GII). NoV GI was not detected
in any sample. Considering the tested shellfish, only one
clam sample (among the 15 analysed samples) and six
oyster samples (among the 87 analysed samples) were
NoV-positive (Table 2).

Most of the NoV-positive samples (n=5; 71% of all
positive samples) were collected in 2016. In 2017, only
one oyster sample taken in February was NoV-positive
(Table 3). This could be partly explained by the higher
sampling frequency during the winter months.

Concerning the sampling sites, two NoV-positive oyster
samples were from S1 (7% of all samples from S1), three
from S2 (10% of all samples from S2), and one from S3
(3% of all samples from S3). The only NoV-positive clam
sample was from S4. Moreover, five NoV-positive samples
(n=1 clam sample from S4 and n=4 oyster samples from
S2 and S3; 71% of all positive samples) were harvested at
sites upstream of the lagoon.

Discussion

Several outbreaks of gastroenteritis have been linked to
NoV in many countries (Nenonen et al. 2012; Bellou et al.
2013; Brake et al. 2014). This short study monitored NoV
frequency in molluscs collected in a shellfish harvesting
area, Oualidia lagoon (Morocco), after the construction of
a wastewater treatment plant in 2012.

Oysters were collected from three sampling sites (S1
to S3) in a lagoon classified in the “B” category accord-
ing to the Moroccan national regulations concerning food
safety (i.e. acceptable levels of E. coli and salmonella
spp in shellfish tissues). However, these indicators do not
inform on NoV presence/absence (Lowther et al. 2008;
Maalouf et al. 2011; Baert et al. 2011), and oyster depura-
tion before marketing does not remove viruses (Ueki et al.
2007; Neish 2013; Polo et al. 2014).

Clams collected at S4, a natural clam deposit, were
also tested although their marketing and consumption are
prohibited. Previous studies found that NoV is more fre-
quently detected in cockles/clams than oysters (Polo et al.
2014, Benabbes et al. 2013). Given the small number of
samples and of positive results (n = 1), results for this spe-
cies will not be discussed here.

To evaluate NoV frequency throughout the year, oysters
were sampled for 16 months, with higher sampling fre-
quency during the cold months because epidemiological
data suggest higher levels of contamination during this
period (Le Guyader et al. 2000; Formiga-Cruz et al. 2002).
NoV seasonality is a poorly understood phenomenon, but
could be linked to its ability to survive in the presence of
environmental stressors (Greening 2006). In agreement, in
our study, all NoV-positive oyster samples were collected
in the cold season. However, a recent study (Kreidieh et al.
2017) reported that NoV detection during winter is less
obvious in the Middle East and in North Africa than in the
other countries of the Northern Hemisphere where NoV
infections occur mainly in this season (Ahmed et al. 2013).

The rate of NoV-positive oyster samples (7%) is close
to the 3% reported by a previous study carried out in
Morocco between 2009 and 2010 (Benabbes et al. 2013).
These values are significantly different from other geo-
graphical areas: 35% in Tunisia (Mediterranean coast)
(Elamri et al. 2006), 25.6% in Galicia, Spain (Polo et al.
2014), 14.2% in Apulia, Italy (La Bella et al. 2017), and
5% in Japan (Nishida et al. 2007). At Oualidia lagoon,
the presence of NoV contamination in winter time may
be explained by the overflow of septic tanks at low tide,
followed by the displacement of this pollution upstream
of the lagoon under the effect of the water dynamics dur-
ing tidal changes (Hassou et al. 2014). This might also
explain why NoV-positive samples were more frequent
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at sites upstream of the lagoon (71%). The lower viral
contamination at S1 could be linked to the sandy facies of
the sediment that retains less the viruses and by the strong
currents due to an important oceanic influence.

Although it has been reported that NoV GI accumulates
more readily in oysters due to the presence of specific car-
bohydrate structures (Maalouf et al. 2010; Lowther et al.
2012), only NoV GII was detected in this survey, as previ-
ously reported in Galicia (NW Spain) where the contamina-
tion rate was much higher (53.7%) (Vilarino et al. 2009).

Molecular biology techniques reveal the presence of viral
genomes, but do not provide any evidence on the presence
of infectious viruses, and therefore of the potential human
contamination. Despite the detection of NoV-positive sam-
ples, no outbreak was reported in relation with the tested
shellfish during the study period. However, foodborne gas-
troenteritis cases are often under-reported by consumers.
Moreover, due to the mild symptoms, cases of sporadic
gastroenteritis are largely unreported (Dowell et al. 1995),
especially in Africa (Kabue et al. 2016). In Morocco, an
epidemiological and molecular study on children under the
age of five hospitalized for acute gastroenteritis showed
that NoV GII was predominant in stool samples (77.8%)
(El Qazoui et al. 2014). However, no survey was conducted
in Morocco to assess sporadic illness or outbreaks linked
to NoV. In addition, NoV incidence in Oualidia lagoon is
probably under-reported because viral particles can persist
in the marine environment and represent a major risk for
shellfish production.

Conclusion

Data from many countries established that NoV are a major
cause of acute gastroenteritis in all age groups. This study
highlights the potential risk of NoV contamination in oysters
from Oualidia lagoon, Morocco. International and national
seafood guidance documents have stressed the importance
of implementing a national survey plan and sanitary control
for the viral risk, including NoV, in bivalve molluscs.
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