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Abstract
Viral outbreaks can result from the consumption of contaminated bivalve mollusks. However, despite 
the regulation related to enteric bacteria in food products, the consumption of raw and undercooked 
mollusks remains linked to viral epidemics in human populations. Real-time RT-PCR is a highly sensitive 
approach for detecting and quantifying enteric viruses, and after eliminating enzymatic amplification 
inhibitors from samples of interest, sensitive and specific tests, like real-time RT-PCR, can facilitate 
the detection and quantification of a wide range of viruses that are concentrated in mollusk digestive 
tissues. The aim of the present study was to evaluate the prevalence of Group-A rotaviruses in mussel 
(Mytilus edulis Linnaeus, 1758) specimens (n=576) collected downstream of the Oued El Maleh Estuary, 
which is along the coast of Mohammedia City in Morocco, using real-time RT-PCR. Rotavirus A RNA was 
detected in 37.5% (n=18) of the 48 sample batches, and viral loads ranged from 0.42×101  to 1.8603×104 
genomic copies per g digestive tissue. Most (72.22%) of the positive samples were collected during the 
wet season (September-April), and the probability of detecting rotaviruses was significantly greater 
during the wet season than during the dry season (P<0.001). Monitoring Rotavirus A and similar viruses 
in shellfish may help prevent viral contamination and preserve public health.
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iNtRODUCtiON
 Rotaviruses (Rotavirus, Reoviridae) 
are non-enveloped viruses that each consist of 
11 double-stranded RNA molecules.1 Group-A 
rotaviruses are the main causative agents of 
acute gastroenteritis (GEA) in children and are 
responsible for 1 to 3 million deaths each year, 
including more than 800,000 in Africa,2 and 
almost 220,000 hospitalizations per year in 
industrialized countries.3 The National Rotavirus 
Surveillance Network of the Ministry of Health 
in Morocco estimated that, between 2006 and 
2010, 48,871 cases of diarrhea in children under 
5 years of age were caused by rotaviruses each 
year.4 With gradual improvements in diarrhea 
management, including oral rehydration, mortality 
rates decreased in Morocco from 528,000 in 
2000 to 215,000 in 2013.5 Because the negative 
effects of rotavirus infection can be exacerbated 
by malnutrition, mortality rates tend to be highest 
in developing countries.6

 Two rotavirus vaccines (RotaTeq from 
Merck and Rotarix from GSK Biologicals) are 
currently approved for global use by the WHO 
and have exhibited efficacy in many countries.7-8 
However, both vaccines have also demonstrated 
significantly lower immunogenicity and efficacy in 
low-income countries in Africa and Asia.9

 Rotavirus transmission is influenced 
by multiple factors, including the survival and 
persistence of the virus on food, attachment of 
the virus to food, mode of contamination, mode 
of food consumption (e.g., raw, cooked, peeled), 
and the consumer of the contaminated food.10 
Water-borne Rotavirus A-related diseases have 
been reported.11 Coastal discharges are constantly 
releasing human viruses, which can survive for 
weeks or even months in the environment.12 
Therefore, the identification of circulating 
virus strains can be achieved by environmental 
monitoring.
 The Food and Agriculture Organization 
of the United Nations (FAO) reported that, in 
2015, 15 million tonnes of bivalve mollusks (>104 
species) were produced, together accounting for 
21% of global aquaculture production intended 
for human consumption.13 Accordingly, this 
sector is of great economic interest. However, 
such mollusks and crustaceans are important 
vehicles for the transmission of foodborne 

viruses,14 especially when considering that their 
filtering activities can result in viral loads that 
are 100 to 1000 times greater than that of the 
surrounding water.15 Shellfish grown in polluted 
waters can accumulate a variety of microbes, 
including pathogenic bacteria and viruses that can 
compromise consumer health.16 Indeed, infectious 
agents carried by humans, in asymptomatic case 
or in the incubation phase, are sheded in large 
quantities in the environment, thus threatening 
the health of young children when they are in 
direct contact.17 These pathogens can also harm 
aquatic ecosystems, thereby affecting bivalve 
growth and production.18,19 In polluted ecosystems, 
bivalve mollusks filter fecal pathogens along with 
organic particles.20,21

 Bivalve mollusks are valuable bio-
indicators of microbial pollution in aquatic 
environments, because the direct detection in 
water is only occasional. Even though monitoring 
bacterial indicators of fecal contamination in 
shellfish and their habitats can help prevent 
bacterial gastroenteritis, it remains difficult to 
monitor contamination by enteric viruses.22 The 
present study focuses on mussels, owing to 
their wide geographical distribution and filtering 
behaviors, which make them valuable bio-
indicators.23

 The objective of the present study 
was to develop methods for identifying fecal 
contamination by Rotavirus A in mussels 
collected from a potentially polluted area and the 
development of a national database of the results 
of virological analyzes of the coastal environment.

MAteRiAl AND MethODs
Study site and sample collection
 From July 2018 to July 2019 (13 months), 
mussel (Mytilus edulis Linnaeus, 175) samples 
were collected from three wild-population sites 
(S1: 33°42'16.7"N, 7°24'43.3"W; S2: 33°42'13.4"N, 
7°24'47.8"W; S3: 33°42'09.1"N, 7°24'55.0"W) at 
the mouth of the Oued El Maleh River (i.e., Oued 
El Maleh Estuary; Fig. 1), which receives untreated 
domestic and industrial effluents and is known 
as an important location for harvesting mollusks 
intended for human consumption. The Oued El 
Maleh Estuary was designated as a “Ramsar Site” 
in 2005 under the number 1486.24 It is in an urban 
environment (Fig. 1) that includes a complex of 
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ephemeral rain-fed water bodies. This Ramsar 
site, a large part of which is privately owned, is 
subject to intense anthropozoogenic activity, 
which includes grazing, poaching, and the illegal 
dumping of low-degradable waste (e.g., tires, 
metal waste, and plastics) and liquid products. 
Despite its unsanitary nature, the site remains 
an important location for harvesting mollusks 
intended for human consumption.
 Immediately after collection, the mussels 
(n=576; 48 batches of 12) were refrigerated and 
shipped directly to the laboratory, and processed 
within 24 h. During processing, the mollusks were 
cleaned, using brushes and tap water, to remove 
foreign bodies from their shells, thoroughly 
washed using sterile water, and dissected to 
extract hepatopancreas samples. After extraction, 
batches of hepatopancreas samples (1.5 g, 
corresponding to samples from 10–12 mussels) 
were frozen at -20°C until further analysis.
 Standard precautions were used during 
all manipulations to reduce the probability of 
sample contamination, and separate areas of the 
lab were used for reagent preparation, sample 
processing, and nucleic acid analysis.
 Because loads of human enteric viruses in 
bivalves are so low, effective virus detection must be 
preceded by the elimination of naturally occurring 

PCR inhibitors and by virus concentration.25 This 
was achieved by direct elution into glycine buffer 
and acid adsorption, followed by elution, which 
aims to separate virions and flesh as much as 
possible, followed by polyethylene glycol (PEG) 
concentration.26

Virus concentration, RNA extraction, and RT-PCR
 Virus was extracted from the samples 
using a previously described procedure,26 with 
modifications. The hepatopancreas batch samples 
(1.5 ± 0.2 g) were homogenized, diluted in equal 
volumes of glycine buffer (0.05 M glycine, 0.15 
M NaCl, pH 9.0), and shaken for 15 min at 4°C 
on a gyratory shaker to release virus from tissue. 
The homogenates were then centrifuged at 5000 
×g for 15 min, and corresponding supernatants 
were collected. For further concentration of 
the virus particles, each supernatant (2 ml) was 
mixed with 5 ml phosphate-buffered saline (PBS, 
pH 7.2) and 50% PEG 6000, which was added 
to the final volume in a 1:3 proportion, and the 
resulting solutions were adjusted to a pH of 7.2 and 
incubated overnight at 4°C. The following day, the 
mixtures were centrifuged for 30 min at 10,000 ×g 
and 4°C, and the resulting pellet or precipitate was 
suspended in 500 µl PBS (pH 7.2) and then stored 
at -20°C for subsequent analysis.

Fig.1. Mussel collection area.
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 Total RNA was extracted from the virus 
concentrate using Trizol Invitrogen™, according 
to the manufacturer’s instructions, and the 
qualities of the extracted RNAs were evaluated 
by spectrophotometry at 260 and 280 nm using 
a NanoDrop 2000/200c spectrophotometer 
(Thermo Fisher Scientific, USA). 
 RT-PCR molecular analysis was performed 
using the Primerdesign genesig Advanced Kit 
for Human Rotavirus A, which targets the 
NSP5 gene. The 20-µl reactions included 5 µl 
sample RNA (100×–1000× dilution, depending 
on sample concentration) and 15 µl master mix 
and were amplified using the SaCycler-96 (Sacace 
Biotechnologies), following the manufacturer’s 
instructions: reverse transcription at 55°C for 
10 min, enzyme activation at 95°C for 2 min, 50 
denaturing cycles at 95°C for 10 s, and then FAM 
and VIC quantification at 60°C for 60 s. All samples 
were analyzed in duplicate, and two negative 
controls (RNase free water) were included, as 
well as five standard concentrations (2 to 2×104 
copies/µl) of a positive control (2×105 copies/
µl). cDNA was synthesized from the RNA of 
positive samples using the Precision nanoScript 
2 Reverse Transcription kit, according to the 
manufacturer’s instructions, and a Perkin Elmer 
9600 thermocycler. The synthesized cDNA was 
stored at -20°C for subsequent sequencing. 
Artificial shellfish contamination
 To evaluate the sensitivity Mussels 
(Mytilus edulis) were purchased from a local 
supermarket sourced from approved shellfish 
producers, tested using the same kit, and 
confirmed negative for Rotavirus A. The digestive 
glands of the mussels were extracted, inoculated 
with 100 μl of the same series 10 times diluted 
from a stool sample containing a known viral 
load of a strain classified as G1P[8]. The stool 
sample was graciously provided by Professor Jamal 

Eddine Hafid (Bioresources Laboratory and Food 
Safety, Faculty of Sciences and Techniques-Gueliz, 
University CADI AYYAD Marrakech, Morocco).
Evaluation of extraction efficiency and detection 
limits
All the viral dilution suspensions were divided 
into 100-µl single-use aliquots, since repeated 
freezing/thawing can reduce viral content by 
50–80% (data not shown).
 It is possible to assess extraction efficiency 
by adding a known quantity of Mengovirus to each 
sample before processing and comparing real-
time RT-PCR amplification of the spiked sample to 
that of an equal quantity of purified Mengovirus. 
Accordingly, 10 μl Mengovirus (Mengovirus@
ceeramTools™ Kit (Ceeram, France)) was added 
to 1.5 ± 0.2 g artificially contaminated digestive 
tissues before extraction, and a 10-fold serial 
dilution of Mengovirus was used to establish a 
standard curve. The standard curve was then 
used to estimate the Ct value of Mengovirus 
RNA extracted from artificially contaminated 
samples and, thus, assess extraction efficiency. 
Extraction yields of >1% were considered valid. 
Detection limits for real-time PCR tests and dilution 
accuracy results were evaluated by performing 
a 1/10 dilution series of the positive control, it 
corresponds to 101 copies of RNA corresponding 
to Ct = 33.3 (Table 2).
Identification of false negatives
 To assess the frequency of false negative 
PCR results resulting from the presence of 
inhibitors, 1 µl titrated internal control (IC) was 
added to all real-time RT-PCR reactions.
Statistical Analysis
 The experimental data were tabulated 
and analyzed by One-way ANOVA, using the SPSS 
version 17.0, to evaluate the effects of rainfall on 

Table 1. Estimated prevalence of rotavirus in mussels 
in the Oued El Maleh estuary)

 Total Positive Prevalence 
 Number of  subsample Estimation 
 subsample (1.5g) (%)
 (1.5g)

RNA (RVA) 48 18 37,5

Table 2. Detection limits of real-time PCR tests and 
within-test dilution accuracy results of 10 times positive 
control tested in three specimens

Nb of RNA copies detected average 
per reaction  samples  Ct

104 3/3 24.8
103 2/3 27.6
102 2/3 30.8
101 1/3 33.3
1 1/3 37.16
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Table 3. Results of RVA quantification in positive 
samples during the study period

Week Load in CT Viral
 Reaction  Load
 Volume  PFU/g
 (cp/ µl)

1S7-18 0,396 35.0 >33.3 -
2S7-18 - - -
3S7-18 0,998 33.6 >33.3 -
4S7-18 1,2 33.3 421
5S7-18 0,96 33.6 >33.3 -
1S8-18 - - -
2S8-18 1,9 32.6 667
3S8-18 5,7 30.9 2000
4S8-18 - - -
1S9-18 5,1 31.1 1790
3S9-18 39,4 27.9 13829
1S10-18 - - -
2S10-18 50,3 27.6 17655
3S10-18 6,9 30.6 2422
4S10-18 53 27.5 18603
1S11-18 - - -
2S11-18 48,7 27.6 17094
3S11-18 46,6 27.7 16356
4S11-18 - - -
1S12-18 48,7 27.6 17093
2S12-18 6,6 30.7 2316
3S12-18 42,3 27.8 14847
4S12-18 - - -
1S01-19 42,3 27.8 14847
2S01-19 - - -
3S01-19 33,9 28.2 11899
1S02-19 6,2 30.8 2176
2S02-19 - - -
3S02-19 - - -
4S02-19 - - -
2S03-19 - - -
3S03-19 0,372 35.1 > 33.3 
1S04-19 - - -
2S04-19 - - -
3S04-19 - - -
4S04-19 - - -
1S05-19 - - -
2S05-19 0,372 35.1 >33.3 
3S05-19 - - -
4S05-19 - - -
1S06-19 1,8 32.7 632
2S06-19 - - -
3S06-19 - - -
4S06-19 0,213 35.9 >33.3 
1S07-19 5,1 31.2 1790
2S07-19 - - -
3S07-19 - - -
4S07-19 - - -

the number of contaminated samples. P-values 
below 0.05 were considered significant.

ResUlts
 The simultaneous extraction of rotavirus 
and Mengovirus provided a mean yield-to-yield 
ratio (Mengo/Rota) of 0.063, which allowed the 
subsequent estimation of rotavirus extraction 
yield.
 The recovery rates of rotavirus and 
Mengovirus from mussel (Mytilus edulis) extracts 
were estimated to range from 19 to 31% and from 
1 to 2.5%. The RT-PCR detection limit was up to 
1.75 PFU/g digestive tissue.
Rotavirus prevalence and quantity
 The evaluation of real-time PCR detection 
limits, which was performed using 10-fold 
dilutions of positive control, revealed a sensitivity 
of 10 genomic copies per reaction (Table 1), 
corresponding to 33.3 Ct. Therefore, 18 (37.5%) of 
the 48 sample batches were positive for Rotavirus 
A, with viral loads ranging from 0.421×101 to 
1.8603×104 PFU/g digestive tissue (Table 2). In 
terms of seasonal variation, Rotavirus A was 
significantly less prevalent during the dry season 
(May–August; 5/26, 19.23%) than during the 
wet season (September–April; 13/21, 61.90%; 
P<0.001). Therefore, there was a significant 
correlation between mean rainfall and Human 
rotavirus A prevalence in the Oued El Maleh 
Estuary during the study period (Fig. 2).
 
DisCUssiON
 In Morocco, safety parameters for the 
production of shellfish intended for human 
consumption have not yet been extended to 
human enteric viruses. These safety parameters 
must be chosen among those which can be carried 
out in the laboratory as part of the routine follow-
up of environmental fecal contamination. This 
monitoring aims to carry out upstream actions at 
the level of wastewater treatment lines in order 
to ensure the prevention of potential viral etiology 
epidemics.
 In  the  present  study,  the  v i ra l 
contamination rate of the mussel samples was 
relatively high (37.5%), and even though the 
observed rate of prevalence was not as high as 
that reported by a follow-up of mussels in France,27 
similar results have been reported by a variety of 
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similar studies.23,27,28 Sedentary mollusks are the 
most affected by aquatic pollution in comparison 
to mobile forms, and viral loads are usually 
greater in mollusks living in sediments than in 
mussels. Indeed, burrowing species concentrate 
significantly higher amounts of virus than species 
that live in open water.29 In aquatic environments, 
bacteria and viruses can either float freely or 
adsorb to the surfaces of suspended particles,30 
and such particles, along with other plankton, 
are filtered by bivalve mollusks and accumulated 
in their digestive tissues. Santiago et al.31 used 
RT-PCR to characterize the Rotavirus A loads of 
oysters and reported a much higher contamination 
rate (10/30, 33%) than Kou et al.,32 who reported 
that only 21% (32/150) of oyster samples were 
contaminated by rotavirus and norovirus, with 3.3% 
(5/150) contaminated by rotavirus, 4% (6/150) 
contaminated by GI norovirus, and 14% (21/150) 
contaminated by GII norovirus. The present study 
confirms the contamination of bivalves in the 
estuary by rotavirus. The minimum infectious dose 
of rotaviruses is very low, and theoretically a single 
infectious particle would be sufficient to trigger in 
vivo viral multiplication and/or seroconversion.33-35 
In fact, even a single viral particle could be 
sufficient to trigger disease.36 It is, therefore, 
very likely that viral particles that can persist in 
outdoor environments can contaminate humans 

through the consumption of contaminated food. 
Studies of the physico-chemical properties and 
resilience of rotaviruses in outdoor environments 
have confirmed the contribution of rotaviruses to 
nosocomial diseases.37 Naturally contaminated 
shellfish have been reported to harbor viral loads 
ranging from 102 to 104 genomic copies per gram 
digestive tissue.38-41

 The results of the present study confirm 
the unsanitary status of the sampling area near the 
Oued El Maleh Estuary in Mohammedia, Morocco, 
as well as the contribution of mollusks as vectors 
of rotavirus strains.
 Morocco is a temperate country, and 
winter peaks in outbreaks are related to enteric 
pollution.42 The seasonality of environmental 
contamination with Rotavirus A was similar to that 
reported by Benhafid et al.43

 The Oued El Maleh Estuary is a gathering 
place for migratory birds and is located 1 km from 
an old landfill, from which leachate is transported 
by the river. Additional sources of pollution 
include waste water from people not served by 
sanitation, butcher companies, and the municipal 
slaughterhouse. Rotavirus A was selected as the 
focus of the present study because it is the most 
common cause of diarrhea in humans and for 
its high excretion rate (~100 billion virions per 
gram feces).44 The analysis of bivalve mollusks 

Fig. 2. Seasonal evolution of the viral load of Human Rotavirus A in the Oued El Maleh estuary during the period 
July 2018-July 2019.
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can provide an overview of contamination in the 
studied environment.45

 Because the collection sites used by the 
present study were located in the Oued El Maleh 
Estuary, the area’s contamination could also be 
derived from upstream areas. Therefore, upstream 
rainfall could affect the environmental conditions 
of the estuary.
 The molecular isolation of rotaviruses 
from shellfish remains difficult to validate  since 
there is no standard method for virus extraction. 
However, rotavirus detection kits are specific to 
the virological study of the environment and are 
generally fast, sensitive, and capable of detecting 
non-cultivable viruses. The results of the present 
study demonstrate that RT-PCR can be used to 
characterize and quantify rotavirus contamination 
in shellfish, provide insight into the circulation of 
rotaviruses in the environment, suggest the RT-
PCR could be used as a reliable method for water 
quality monitoring of Moroccan coastal against 
any threat of poor treatment of domestic waste 
and, therefore, the preservation of the health of 
Moroccan consumers.

CONClUsiON
 T h e  p r e s e n t  s t u d y  p ro v i d e s  a 
comprehensive assessment of  rotavirus 
contamination in wild mussels that are locally 
available to consumers in Mohammadia. By 
evaluating rotavirus contamination over 13 
consecutive months, the study was able to 
identify seasonal variation in contamination rate. 
Rotavirus A contamination was significantly more 
prevalent during the wet season than during the 
dry season (P<0.005). Monitoring fecal viruses in 
shellfish could help prevent viral contamination 
and preserve public health. However, shellfish 
from uncontrolled areas must be systematically 
prohibited for human consumption due to the 
high risk of viral contamination.
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