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 The aim of the present study was to evaluate Hepatitis E Virus (HEV) 

contamination in shellfish from Oualidia lagoon (Moroccan Atlantic coast). 

The survey was carried out on 104 shellfish samples (87 oysters and 17 

clams) collected at four sites in Oualidia lagoon, monthly between 

November 2015 and February 2017. Enteric viruses were detected by real-

time reverse transcription polymerase chain reaction (RT-PCR) according 

to the ISO/TS 15216 method. HEV was not detected in any shellfish 

samples. This qualitative study on contamination by enteric viruses (HEV) 

highlights the value of regular monitoring of the viral risks associated with 

bivalve mollusks intended for human consumption. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

The coastal marine ecosystem is threatened by untreated or insufficiently treated wastewater discharges and 

watershed inputs, containing a wide range of pollutants [1]. The sanitary quality of shellfish is directly 

dependent on the quality of the waters in which they are raised, in particular, the micro-organisms present in 

the water can be concentrated by filter-feeding bivalve mollusks and constitute a health risk for the consumer 

[2], [3]. Viral persistence has been demonstrated in bivalve mollusks and since they are often eaten raw or 

undercooked, the microbial risk is therefore increased [4- 6]. Enteric viruses of human origin are very 

common in littoral water where they are released in high concentrations and excreted in the feces of infected 

people [7]. They belong to a wide range of families and groups and among this diversity, HAV, HEV, and 

noroviruses are implicated in numerous epidemics, causing respectively hepatitis and gastroenteritis [8- 10], 

[3]. 

 

HEV belongs to the family Hepeviridae within the genus Orthopevirus, which includes five genotypes that 

infect humans (HEV 1, 2, 3, 4 and 7) [11]. HEV is a non-enveloped, single-stranded, positive-sense RNA 

virus of approximately 7.2 kb, and is composed of three open reading frames (ORFs) [10]. 
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HEV can cause chronic hepatitis in immune-compromised solid organ transplant patients [12], [13]. It has 

also been shown that HEV can aggravate underlying liver disease [14] and, cause extra-hepatic manifestations 

[15]. It is implicated in several epidemics following the consumption of water or food contaminated by HEV 

in countries with poor hygiene conditions [16]. 

 

Enteric viral hepatitis can also be caused by HAV [17]. This last is one of the main etiological agents of acute 

hepatitis worldwide, infecting an estimated 1.5 million people per year [18]. HAV is classified in the 

Picornaviridae family in the genus Hepatovirus and is subdivided into six genotypes (I-VI), three of which 

(I-III) can infect humans [19]. 

 

NoV is a positive-sense single-stranded RNA virus of the Caliciviridae family [20]. It is the leading cause of 

acute gastroenteritis worldwide [21]. In the United States, more than 20 million symptomatic NoV infections 

occur each year [22]. Even the disease is spontaneously cured, chronic diseases and serious complications 

can occur in immune-compromised patients [9]. 

 

Microbiological contamination of fecal origin is mainly linked to activities Anthropogenic, thus causing 

health risks for coastal activities such as shellfish farming [10]. In Morocco, the microbiological monitoring 

of bivalve mollusks is based solely on bacteriological parameters (Moroccan regulation: decision n˚ 1950-17 

of 07/08/2017 of the Moroccan Ministry of Agriculture, Rural Development and Maritime Fisheries), 

requiring thus, sanitary control of bivalve mollusk harvesting areas by counting Escherichia coli as an 

indicator of fecal contamination. Nevertheless, several studies have shown that bacteria are not reliable 

indicators of viral contamination in shellfish [23- 25], [3]. 

 

The aim of our study was to evaluate the prevalence of the hepatitis E virus in bivalve mollusks harvested 

from the Oualidia lagoon (Moroccan Atlantic coast), by real-time RT-PCR according to ISO/TS 15216. 

 

2. Materials and methods 

 

2.1 Study area 

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 in the protected area of Morocco. 

This lagoon is located on the Atlantic coast, 168 km south of Casablanca, at (34˚47'N, 6˚13'W and 34°52’N 

– 6°14’W) It extends parallel to the coast for a distance of approximately 8 Km, and it is 0.5 Km wide (Fig. 

1). It is separated from the ocean by a consolidated dune barrier and communicates with the sea through a 

major passage of 150 m wide and a secondary one of 50 m wide. The major passage with a depth that does 

not exceed 6 meters is connected with shallow secondary passage. 

 

Oualidia lagoon is a receptacle of runoff water during rainfall periods, fecal contamination during the 

spreading of animal manure, and wastewater infiltration from septic tanks [26], [27]. 

 

Anthropic pressure on Oualidia lagoon is linked to agriculture, tourism, urbanization, and oyster farming. 

This ecosystem produces about 36 tons of oysters per year (Department of Marine Fisheries 2017), and it is 

classified as a “B” harvesting area. Therefore, to limit the bacterial contamination risk, shellfish depuration 

processing is a statutory requirement before marketing for human consumption. However, this process has a 

limited effect on enteric virus detection that can persist in the bivalve mollusk tissues for several weeks [28], 

[26]. 
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2.2 Shellfish collection 

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

• S1: downstream of the lagoon, with sandy sedimentary facies, and it is characterized by more 

pronounced hydrodynamics than the second site (S2). 

• S2: It’s located on the major passage, in the middle of the lagoon, with muddy sedimentary facies. 

• S3: It’s located in the middle of the lagoon, with muddy sedimentary facies, and it is the closest to 

the artificial dam that separates the lagoon from the salt marshes. 

• S4: upstream of the lagoon with muddy sedimentary facies. 

S1, S2, and S3 correspond to three oyster farms located in Oualidia Lagoon. 

 

 
Fig.1 Shellfish collection sites [26] 

 

Oyster (Crassostrea gigas) samples (n=12 individuals/sample) were collected at three shellfish growing areas 

in Oualidia lagoon (S1, S2, S3), over 16 months from November 2015 to February 2017, twice per month 

except for May and June where the sample has been taken only once. Razor clams (Solen marginatus) and 

carpet shell clams (Ruditapes decussatus) (n = 15 - 30 individuals/sample) were collected at S4 from 

November 2015 to September 2016, twice per month from December to February 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. Bivalve mollusks were transported to the laboratory under controlled temperature (+4˚C) 

within 24 hours after collection. 
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2.3 Sample processing and RNA extraction 

Shellfish samples were processed following the ISO/TS 15216-1:2017 (Microbiology of the food chain-

Horizontal method for determination of HAV and Norovirus using real-time RT-PCR -Part 1: Method for 

quantification) protocol for HEV, HAV, and Norovirus detection. 

 

Shellfish were rapidly cleaned, and shucked. The hepatopancreas was removed and chopped using a razor 

blade. 2.0 ± 0.2 g of digestive tissues were transferred to a clean tube and mixed with 10 μL of mengovirus 

as a process control of nucleic acid extraction (Ceeramtools®). 2 ml of Proteinase K solution (100 μL/mL) 

was added to digest the tissues that were incubated with shaking (37˚C ± 1.0˚C/320 ± 20 rpm) for 60 min 

followed by a second incubation (60˚C ± 2.0˚C/15min). Then samples were centrifuged at 3000 g for 5 min 

and the supernatants were collected in clean tubes. RNA was extracted from 500 μL and eluted in 100 μL of 

elution buffer using a commercial Nucleospin RNA virus kit (Macherey Nagel, Germany) following the 

manufacturer’s instructions. 

 

2.4 One-Step qRT-PCR assay 

2.4.1 HEV detection 

The specific One-Step System kit PrimerdesignTMLtd Hepatitis E Virus (ORF2 capsid protein gene 

genesig®Advanced Kit) supplied by oasigTM lyophilised One Step RT-qPCR MasterMix was used for HEV 

detection. 5µL of each RNA sample was amplified in 20µL of reaction mix that contained 1X reaction mix, 

10µL of oasigTM lyophilised One Step 2X RT-qPCR Master Mix, 1µL of HEV primer/probe mix, 1µL of 

internal extraction control primer/probe mix, and, 3µL of Rnase/Dnase free water. The primers have 

previously been described by the manufacturer in the genesig® Advanced Kit handbook. The amplification 

protocol was as follow: reverse transcription at 55°C for 10min, enzyme activation at 95°C for 2min, followed 

by 50cycles of amplification with a denaturation at 95°C for 10s. 

 

Each sample was amplified in duplicate (Undiluted and ten-fold diluted). Two negative controls were 

included in each RT-PCR series: negative control of extraction with the PCR mixture and negative control of 

amplification containing RNase/DNase free water with the PCR mixture. The positive control is expected to 

amplify between Cq 16 and 23. 

 

Five standards (from 2x104 copy numbers/µL to 2 copy numbers/µL) were prepared by dilution of positive 

control (2x105 copy numbers/µL) for quantitative analysis. 

 

The absence of PCR inhibitors was tested using internal RNA extraction control from the RT-qPCR kit. 

Briefly, 4µL of the internal extraction control RNA was added to each RNA sample and the Ct values were 

compared with the Ct value of the negative control contained the internal control. The internal control was 

detected through the VIC channel and gives a Cq value of 28±3. 

 

For each run, a mengovirus standard curve was generated using a ten-fold serial dilution. Extraction efficiency 

was evaluated by comparing the Ct value of the mengovirus RNA extracted from the samples to this standard 

curve. Results ≥1% were considered valid. A sample was considered positive when the Ct value was <40 in 

at least two replicates, without evidence of amplification in the negative controls. 

 

qRT-PCR assay to detect HEV was performed in AriaMx (Agilent Technologies, Santa Clara, CA) 96-well 

plate real-time PCR instrument. fluorogenic data was collected at 60˚C for 60s through the FAM and VIC 

channels, using Agilent Aria Software v 1.71. 
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3. Results 

For this study, only samples that provided valid results with acceptable extraction efficiencies were 

considered. Among the 104 samples screened by real time RT-PCR during the study period, two samples 

displayed an unacceptable extraction efficiency (< 1%: the extraction was performed a second time), 29 (28%) 

showed an acceptable extraction efficiency (> 10%), and 73 (71%) an acceptable value (between 1 and 10%). 

HEV was not detected in any of the shellfish samples analyzed. 

 

4. Discussion 

Many countries have reported that enteric virus outbreaks are correlated with the consumption of 

contaminated bivalve mollusks where these viruses are able to persist in their tissues [29- 31]. 

 

This study was conducted to assess the presence of HEV in shellfish collected from different sites of the 

Oualidia lagoon, classified as "B" harvesting area. We found that none of the analyzed samples are 

contaminated with this virus. 

 

Similar studies have been reported in France [32], and Thailand [30]. On the other hand, several studies on 

bivalve mollusks were able to detect HEV in their shellfish samples analyzed in Spain [10] and Morocco [33]. 

The absence of HEV in the study area was explained by the low circulation of the virus in the lagoon system, 

the low number of viral particles released into the environment, which does not reach the detection threshold 

or else, this virus has a short persistence in the environment. 

 

In the same shellfish samples tested by El Moqri et al. 2% and 7% were positive for HAV and NoV GII 

respectively. Similar studies were reported in [34], and the United States [35]. 

 

The presence of HAV and Norovirus in the study area during the harvest period was explained by the overflow 

of septic tanks after a rainy period at low tide, followed by the displacement of this pollution upstream of the 

lagoon under the effect of water dynamics during tidal changes [36], [3]. 

 

When they arrive on the coast, enteric viruses will be more or less diluted depending on the hydrodynamic 

conditions encountered [37], [27]. The littoral is traversed by water movements linked to the tide and the 

contributions of the watersheds, all of which lead to the dispersion of micro-organisms. A large part of these 

micro-organisms associate with particles and they will then sediment on muddy bottoms more conducive to 

their survival. They may possibly be resuspended during tides, storms, or dredging operations [38]. 

 

It should be noted that enteric viruses are often identified during epidemics of enteric disease, caused by the 

consumption of bivalve mollusks that, comply with bacteriological standards [39]. Since enteric viruses 

cannot replicate in food or their environment, their prevalence is generally quite low in food [30]. 

 

Despite the detection of HAV and NoV positive samples, no outbreaks were reported in relation to the 

shellfish analyzed during the study period [26], [3]. The incidence of HAVs and NoVs in the Oualidia lagoon 

is probably under-reported because the viral particles are known for their high resistance to environmental 

conditions and can thus persist for a long time in the aquatic environment, adsorbed on the sediments where 

the shellfish develop, and in their biological tissues [40- 43]. 

 

The majority of enteropathogenic viruses grow poorly or not at all in routine cells [44]. This is why the use 

of molecular techniques such as RT-qPCR was used successfully for the detection of enteric viruses in 

samples of bivalve mollusks, even at low concentrations [45], [46], [42]. However, this analysis technique 
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does not differentiate between infectious and non-infectious viral particles which do not prove the potential 

risk of consumer contamination [47]. 

 

5. Conclusion 

Data from many countries have reported that NoVs and enteric hepatitis viruses (HAV and HEV) cause acute 

gastroenteritis and hepatitis, respectively. This study highlights the potential risk of consuming shellfish from 

the study area (Oualidia lagoon, Morocco), contaminated with enteric viruses. It is therefore important to set 

up a national survey and health control plan for the viral risk generated following the marketing of bivalve 

mollusks. 
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