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Copyright © 2022 Hanaâ Bazir et al. Tis is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Te aim of the present study was to evaluate hepatitis A virus (HAV) and hepatitis E virus (HEV) contamination in mussels
(Mytilus galloprovincialis) from Cherrat estuary (Moroccan Atlantic Coast), Morocco. In total, 52 samples (n� 12 mussels/each)
were collected at four sites in the estuary, monthly, between March 2019 and March 2020. HAV and HEV were detected by real-
time reverse transcription polymerase chain reaction (RT-PCR) according to the ISO/TS 15216 method. HAV was detected in
46.15% of analyzed samples. Conversely, HEVwas not detected in any sample. Moreover, the HAV detection rate was signifcantly
associated with seasonal rainfall variations. Tis qualitative study on HAV and HEV contamination highlights the interest of
studying mussel samples from wild areas. As HAV presence in mussels represents a potential health risk, viral contamination
surveillance of mussels is necessary to protect consumers. HAV shellfsh contamination must be monitored at Cherrat estuary
because of the role played by shellfsh as HAV reservoirs and/or vehicles in fecal-oral HAV transmission.

1. Introduction

Shellfsh is a major component of the global aquatic food [1].
Tis term describes crustaceans and mollusks. Mollusks are
subdivided into cephalopods, gastropods, and bivalves.
Commercially important bivalve mollusks are mussels,
oysters, clams, and scallops [2]. Mussels are organisms that
feed by fltering water from the aquatic environment [3].
Terefore, they can concentrate microbial contaminants
[3–5], including enteric viruses [6–8]. Moreover, mussels
can live on sand/gravel sediments where enteric viruses
persist in large quantities in the surface layer in contact with

water [9, 10] and can remain infectious for several months
[11, 12]. In the majority of cases of infection, diferent viral
strains have been detected in the implicated shellfsh, sug-
gesting contamination in their original environment by
wastewater [13–17]. Indeed, entropic activities near the coast
have a major impact on shellfsh quality [18]. Pollution of
coastal waters can lead to contamination of bivalve mollusks
[4], and their consumption (raw or undercooked) is asso-
ciated with human viral diseases [19, 20]. Importantly,
enteric viruses are often identifed during enteric disease
outbreaks caused by the consumption of shellfsh that meets
the bacteriological standards [16, 21–24].
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Bivalve mollusks can be the main vector for transmission
of enteric diseases [25], caused by hepatitis A virus (HAV)
[26], norovirus [27], hepatitis E virus (HEV) [28], adeno-
virus, rotavirus, enterovirus, and astrovirus [29–32]. Tese
viruses can cause gastroenteritis and viral hepatitis [33].
Viral hepatitis of enteric origin is caused by HAV and HEV,
two viruses encountered epidemically, and even endemi-
cally, in countries with poor sanitation [34].

HAV is 28–30 nm in diameter, nonenveloped, 7.5 kb
single-stranded, linear, positive-sense RNA virus, classifed
in the genus Hepatovirus within the Picornaviridae family
[35]. Tis virus is classifed into six genotypes (I–VI), of
which genotypes I–III can infect humans [36]. HAV causes
a self-limiting disease, without serious complications in
most cases, and does not lead to chronic infection or chronic
liver infection. However, fulminant hepatitis and death have
been reported [37]. HAV is present worldwide, and the
seroprevalence rate depends on hygiene conditions [38]. In
developing countries (i.e., Asia, Africa, Latin, and Central
America), HAV infection is highly endemic, and infected
people are often asymptomatic [36].

HEV is a non-enveloped, 7.2 kb single-stranded, positive-
sense RNA virus belonging to the genus Orthohepevirus and
the Hepeviridae family [39–41]. Each year, ∼20 million people
are infected by HEV worldwide [7, 42], mainly in developing
countries [43]. HEV causes self-limiting acute hepatitis;
however, extrahepatic manifestations (neurological and renal
damage) and chronic infection, especially in immunocom-
promised patients and organ transplant recipients, are in-
creasing, thus representing an important clinical problem [42].
Moreover, pregnant women can develop fulminant hepatic
failure, with a mortality rate of up to 30% [44]. Although HEV
has only one serotype, it shows great genetic diversity with four
major genotypes (from 1 to 4) in the Orthohepevirus A species
[39, 40, 45]. Genotypes 1 and 2 have been exclusively isolated in
humans and are predominant in Asia, Africa, and Central
America [41, 46, 47]. Tey have been implicated in major
human epidemics due to consumption of HEV-contaminated
water or food in countries with poor sanitation [39].

Morocco has put in place a national strategy for the
protection and sustainable development of the environment
[48]. In the framework of this strategy, Oued Cherrat is
categorized as one of the priority sites of biological and
ecological interest due to its ecological, social, and economic
importance and also the strong pressure by human ex-
ploitation that is causing important alterations. Within this
strategy, a protection program has been put in place to
accompany this site development through the rational use of
resources (including shellfsh) and ecotourism [49]. In this
context, this article presents the frst environmental and
virological study carried out at Cherrat estuary (Casa-Settat
region in Morocco) to monitor viral contamination of
mussels and the associated risk factors for a year.

Te study objectives were as follows:

(i) To determine the contamination rate by HAV and
HEV in mussels harvested at diferent sites at
Cherrat estuary

(ii) To study the correlation between seasonal factors
and the mussel contamination rate by HAV
and HEV

2. Materials and Methods

2.1. Study Area. Cherrat estuary (33°49′52.71″°N
—7°07′23.33″°W) is located on the Moroccan Atlantic coast
in the province of Benslimane (Casa-Settat region), 53 km
north of Casablanca. It is a transition area between the
Cherrat beach and Oued Cherrat, a site of biological and
ecological interest [49]. Te beach is classifed as category A
for bathing water [50]: less than 100/100mL amount of fecal
coliforms (Escherichia coli) and enterococci (fecal strepto-
cocci), according to the relevant national standard (NM
03.7.200), transposed from the European Directive (76/160/
EEC) and the Directives WHO/UNEP, applicable to the
health surveillance of marine bathing waters.

Water quality in this area is afected by watershed runof,
urban wastewater management malfunctions, and overfows
of nearby sewerage systems.

Mussels were collected at four sites (S1, S2, S3, and S4) at
Cherrat estuary (Figure 1):

(i) S1 and S2, located on the right rocky side of Cherrat
estuary (with a distance step of 100m)

(ii) S3 and S4, located on the rocky left side of Cherrat
estuary (with a distance step of 100m)

Tese sites correspond to an overexploited wild mussel
harvesting area.Tese mussels are sold locally in an informal
and traditional way by the local population, without any
sanitary control.

2.2. Mussel Collection. Naturally growing mussels (Mytilus
galloprovincialis) were collected monthly at the four sites at
Cherrat estuary over a 13-month period (from March 2019
to March 2020). In total, 52 samples (n� 12 mussels/sample)
were collected. All samples were shipped to the laboratory in
a refrigerated box within 24 h after collection.

2.3. Sample Processing and RNA Extraction. Mussel samples
were processed following the ISO/TS 15216-1:2017 (Mi-
crobiology of the food chain-horizontal method for de-
termination of HAV and norovirus using real-time RT-
PCR-part 1: method for quantifcation) protocol for HAV
detection in food samples.

Mussels were rapidly rinsed, shucked, and dissected.Te
hepatopancreas was removed and pooled to have a fnal
weight of (2± 0.2) g for each sample. Digestive tissues were
mixed with 10 μL of mengovirus (CeeramTOOLS®) as
a nucleic acid extraction control. Tis was followed by in-
cubation with proteinase K solution (2.0± 0.2mL) at
(37± 1.0)°C with shaking at 320 rpm for (60± 5) min to
digest the tissues and a second incubation at (60± 2.0)°C for
(15± 1) min in a waterbath. Ten, samples were centrifuged
at 3000g at room temperature for (5.0± 0.5)min, and the
supernatants were collected in clean tubes.
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Viral RNA was extracted from 500 μL of each super-
natant using the Nucleospin RNA virus kit (Macherey Nagel
Germany) according to the manufacturer’s instructions and
eluted in 100 μL of elution bufer.

2.4. RT-PCR Assays

2.4.1. HAV Detection. Te Luna® Universal Probe One-StepRT-qPCR Kit (New England BioLabs) was used for HAV
andmengovirus MCO strain detection by real-time RT-PCR.
Briefy, 4 μL of each RNA sample was amplifed in 21 μL of
reaction mix that contained 1X reaction mix, 10 μL of the
Luna Universal Probe One-Step Reaction mix (2X),
0.5 pmol/μL of forward primer, 0.9 pmol/μL of reverse
primer, 0.25 pmol/μL of probe, and 1.25 μL of Luna Warm
Start® RT Enzyme Mix (20X). Primers and probes and the
respective references are listed in Table 1.

Te amplifcation protocol was as follows: reverse
transcription reaction at 55°C for 10min, initial de-
naturation at 95°C for 1min, followed by 45 cycles of de-
naturation at 95°C for 10 s, and extension at 60°C for 1min.

Viral RNA extracted from each sample was amplifed in
duplicate using 4 μL undiluted and ten-fold diluted sample
to evaluate the presence of inhibitors, using the mengovirus
analysis according to the manufacturer’s instructions, by
comparing the Ct values of the undiluted and diluted RNA
samples. A Ct value diference <3.3 indicated the presence of
inhibitors.

For each run, a mengovirus standard curve was gen-
erated using a ten-fold serial dilution. Extraction efciency
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 ≤33 in at least two replicates,
without evidence of amplifcation in the negative controls.

RNA extracted from the HAVHM175 strain was used as
a positive control. Two negative controls were included in
each RT-PCR series: negative control of the extraction with
the PCR mixture and negative control of the amplifcation
(nuclease-free water with the PCR mixture).

2.4.2. HEV Detection. Te genesig real-time PCR detection
kit from Primerdesign™ Ltd. supplied by oasig lyophilized
One-Step RT-qPCR MasterMix was used for HEV de-
tection (based on the detection of the ORF2 capsid protein-
encoding gene). 5 μL of each RNA sample was amplifed in
20 μL of reaction mix that contained 1X reaction mix, 10 μL
of oasig™ lyophilized One-Step 2X RT-qPCR Master Mix,
1 μL of HEV primer/probe mix, 1 μL of internal extraction
control primer/probe mix, and 3 μL of RNase/DNase-free
water. Te primers have been described by the manufac-
turer in the genesig® Advanced Kit handbook. Te am-
plifcation protocol was as follows: reverse transcription at
55°C for 10min, enzyme activation at 95°C for 2min,
followed by 50 cycles of amplifcation with denaturation at
95°C for 10 s.

Each sample was amplifed in duplicate (undiluted and
1/10 diluted). Two negative controls were included in each
RT-PCR run: negative control of the extraction with the PCR
mixture and negative control of the amplifcation (RNase/
DNase-free water with the PCR mixture). Te positive
control should have a Cq value between 16 and 23.

Five standards (from 2 ×104 copy numbers/μL to 2
copy numbers/μL) were prepared by dilution of the
positive control (2 ×105 copy numbers/μL) for quantita-
tive analysis. Te absence of PCR inhibitors was tested
using the internal RNA extraction control from the RT-
qPCR kit. Briefy, 4 μL 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
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Figure 1: Mussel sampling areas at Cherrat estuary.
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containing the internal control. Te internal control was
detected through the VIC channel and gave a Cq value of
28 ± 3.

All RT-PCR tests to detect HAV and HEV were per-
formed on an AriaMx (Agilent Technologies, Santa Clara,
CA) 96-well plate real-time PCR instrument. Fluorogenic
data were collected at 60°C for 60 s through the FAM and
VIC channels, using the Agilent Aria software v 1.71.

2.5. Statistical Analysis. Spearman’s rank correlation anal-
ysis was used to correlate the results of positive samples
pooled by month and pluviometry. Tese correlations were
performed with the total accumulated rain of the previous
month (obtained from the Bouregreg and Chaouia hydraulic
basin agency) assuming that eachmussel harvesting area was
mainly afected by the rain of the preceding month. All
statistical analyses were performed using the statistical
package SPSS Statistics 17.0. Statistical signifcance was
determined by a P value <0.05.

3. Results

For this study, all samples provided valid results with ac-
ceptable extraction efciencies (>10%). HEV was not de-
tected in any of the collected wild mussel samples. Among
the 52 samples analyzed, 24 were HAV-positive (46.15%).
HAV contamination rate was lowest at site S1 (3/13;

23.07%), compared with sites S2, S3, and S4 (46.15%, 61.54%,
and 53.85%, respectively) (Table 2).

Fisher’s exact test showed signifcant diferences in
contamination rates between the dry period (May to Sep-
tember) and the rainy period (October to April) (P< 0.0001).
A signifcant positive correlation between the number of
positive samples and the average rainfall was observed.

4. Discussion

Shellfsh are known to accumulate human pathogens, such
as human enteric viruses (e.g., rotavirus in mussels [52, 53],
enterovirus [32, 54], HAV [26, 55], and norovirus
[27, 56, 57] in oysters).

In this study, only HAV, but not HEV, was found in the
collected mussel samples. Te diference in contamination
rates among the four sites may be explained by their diferent
location and the infuence of currents or other hydrographic
variables. However, more studies are needed to test these
hypotheses. Our results are in agreement with previous
studies [58–60] reporting HAV presence in mussels col-
lected at local markets, a culture farm, and during envi-
ronmental monitoring.

HAV presence in mussels at Cherrat estuary is explained
by the strong persistence of the virus in the environment [61]
or by a continuous supply of viruses from runof from the
watershed of the Oued Cherrat, urban wastewater, mal-
functions, and overfows from the sewage system that is not

Table 1: Sequences of the primers and probe used for HAV detection.

Virus Sequence Reference

HAV

Forward primer HAV68 [51]5′-TCA CCG CCG TTT GCC TAG-3′
Reverse primer HAV240 [51]5′-GGA GAG CCC TGG AAG AAA G-3′

Probe HAV150 [51]FAM 5′-CCT GAA CCT GCA GGA ATT AA-3′ MGBNFQ

Table 2: HAV and HEV contamination rate in mussels collected at four sites at Cherrat estuary.

Month Rainfall (mm)
HAV HEV

S1 S2 S3 S4 S1 S2 S3 S4
March 2019 26.8 − + (Ct 29.69) − + (Ct 32.78) − − − −

April 2019 34.5 − − + (Ct 31.75) − − − − −

May 2019 45.6 − − - + (Ct 33.07) − − − −

June 2019 10.9 − − + (Ct 30.43) − − − − −

July 2019 0 − − + (Ct 32.53) − − − − −

August 2019 0 − − − − − − − −

September 2019 5 − − − − − − − −

October 2019 10.1 + (Ct 33.42) + (Ct 33.26) + (Ct 33.23) + (Ct 33.23) − − − −

November 2019 32.6 − + (Ct 32.75) + (Ct 32.42) + (Ct 33.10) − − − −

December 2019 74.8 + (Ct 32.83) + (Ct 33.09) + (Ct 32.59) + (Ct 30.38) − − − −

January 2020 270 + (Ct 33.23) + (Ct 30.72) + (Ct 31.75) + (Ct 33.41) − − − −

February 2020 58.4 − − + (Ct 31.16) + (Ct 32.13) − − − −

March 2020 18.5 − + (Ct 32.78) − − − − − −

3/13 (23.07%)  /13 (4 .15%) 8/13 ( 1.54%) 7/13 (53.85%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
24/52 (4 .15%) 0 (0%)
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up to standard [50]. Tis can induce difuse pollution and
afect the estuarine environment where mussels naturally
develop [62].

Regarding HEV, some studies on shellfsh did not detect
HEV in mussels marketed in France [63], Italy [64], Denmark,
[65], and Tailand [66]. On the other hand, several studies
reported HEV presence in mussels grown naturally in wild
areas and commercially available in Scotland [28], Spain
[7, 67, 68], and Italy [4, 69]. Similarly, there is evidence that
HEV is circulating in the Moroccan population [70]. Te
absence of detection at Cherrat estuary is explained by the
number of HEV particles discharged in the environment is too
low to be detected or the virus may have a very short period of
persistence in human waste. More work onHEV persistence in
human waste is needed to better evaluate this point.

5. Conclusion

Our study showed that HAV contamination rate in mussels
from Cherrat estuary was quite high and signifcantly as-
sociated with seasonal variations. Terefore, updating the
existing legislation to include viral hazards in themonitoring
of bivalve mollusk harvesting areas is an urgent matter for
the competent authorities. In addition, illegal harvesting of
mussels from this area must be better controlled due to the
threat to public health caused by the risk of viral contam-
ination. Monitoring the presence of enteric viruses in bivalve
mollusks may contribute to the prevention of viral food
poisoning and the promotion of public health.
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[5] N. Gökoğlu, “Shellfsh safety,” in Shellfsh Processing and
Preservation, pp. 281–312, Springer, Berlin, Germany, 2021.

[6] U. Henigman, M. Biasizzo, S. Vadnjal et al., “Molecular
characterisation of noroviruses detected in mussels (Mytilus
galloprovincialis) from harvesting areas in Slovenia,” New
Microbiologica, vol. 38, no. 2, pp. 225–233, 2015.

[7] J. R. Mesquita, D. Oliveira, E. Rivadulla et al., “Hepatitis E
virus genotype 3 in mussels (Mytilus galloprovinciallis),
Spain,” Food Microbiology, vol. 58, pp. 13–15, 2016.

[8] M. F. Varela, A. S. Hooper, E. Rivadulla, and J. L. Romalde,
“Human sapovirus in mussels from Rı́a do Burgo, A Coruña
(Spain),” Food and environmental virology, vol. 8, no. 3,
pp. 187–193, 2016.

[9] C. M. Ferguson, B. G. Coote, N. J. Ashbolt, and
I. M. Stevenson, “Relationships between indicators, pathogens
and water quality in an estuarine system,” Water Research,
vol. 30, no. 9, pp. 2045–2054, 1996.

[10] F. Le Guyader, E. Dubois, D. Menard, and M. Pommepuy,
“Detection of hepatitis A virus, rotavirus, and enterovirus in
naturally contaminated shellfsh and sediment by reverse
transcription-seminested PCR,” Applied and Environmental
Microbiology, vol. 60, no. 10, pp. 3665–3671, 1994.

[11] J. L. Melnick, “Enteroviruses,” in Viral Infections of Humans,
pp. 187–251, Springer, Boston, MA, USA, 1984.

[12] H. Chung and M. D. Sobsey, “Comparative survival of in-
dicator viruses and enteric viruses in seawater and sediment,”
Water Science and Technology, vol. 27, no. 3-4, pp. 425–428,
1993.

[13] T. Kageyama, M. Shinohara, K. Uchida et al., “Coexistence of
multiple genotypes, including newly identifed genotypes, in
outbreaks of gastroenteritis due to Norovirus in Japan,”
Journal of Clinical Microbiology, vol. 42, no. 7, pp. 2988–2995,
2004.

[14] C. I. Gallimore, J. S. Cheesbrough, K. Lamden, C. Bingham,
and J. J. Gray, “Multiple norovirus genotypes characterised
from an oyster-associated outbreak of gastroenteritis,” In-
ternational Journal of Food Microbiology, vol. 103, no. 3,
pp. 323–330, 2005.

[15] I. L. A. Boxman, J. J. H. C. Tilburg, N. A. J. M. Te Loeke et al.,
“Detection of noroviruses in shellfsh in Te Netherlands,”
International Journal of Food Microbiology, vol. 108, no. 3,
pp. 391–396, 2006.

[16] F. S. Le Guyader, F. Loisy, R. L. Atmar et al., “Norwalk
virus–specifc binding to oyster digestive tissues,” Emerging
Infectious Diseases, vol. 12, no. 6, pp. 931–936, 2006.

[17] F. S. Le Guyader, J. Krol, K. Ambert-Balay et al., “Compre-
hensive analysis of a norovirus-associated gastroenteritis
outbreak, from the environment to the consumer,” Journal of
Clinical Microbiology, vol. 48, no. 3, pp. 915–920, 2010.

[18] P. Riou, J. C. Le Saux, F. Dumas, M. P. Caprais, S. F. Le
Guyader, and M. Pommepuy, “Microbial impact of small
tributaries on water and shellfsh quality in shallow coastal
areas,” Water Research, vol. 41, no. 12, pp. 2774–2786, 2007.

[19] J. Schaefer, C. Treguier, J. C. Piquet et al., “Improving the
efcacy of sewage treatment decreases norovirus contami-
nation in oysters,” International Journal of Food Microbiology,
vol. 286, pp. 1–5, 2018.

[20] P. Gyawali and J. Hewitt, “Faecal contamination in bivalve
molluscan shellfsh: can the application of the microbial
source tracking method minimise public health risks?”

Advances in Virology 5



Current Opinion in Environmental Science & Health, vol. 16,
pp. 14–21, 2020.

[21] G. P. Richards, “Outbreaks of shellfsh-associated enteric virus
illness in the United States: requisite for development of viral
guidelines,” Journal of Food Protection, vol. 48, no. 9,
pp. 815–823, 1985.

[22] O. N. Gill, W. D. Cubitt, D. A. McSwiggan, B. M.Watney, and
C. L. Bartlett, “Epidemic of gastroenteritis caused by oysters
contaminated with small round structured viruses,” Br Med
J (Clin Res Ed), vol. 287, no. 6404, pp. 1532–1534, 1983.

[23] S. F. Dowell, C. Groves, K. B. Kirkland et al., “A multistate
outbreak of oyster-associated gastroenteritis: implications for
interstate tracing of contaminated shellfsh,” Journal of In-
fectious Diseases, vol. 171, no. 6, pp. 1497–1503, 1995.

[24] F. S. Le Guyader, J. C. Le Saux, K. Ambert-Balay et al., “Aichi
virus, norovirus, astrovirus, enterovirus, and rotavirus in-
volved in clinical cases from a French oyster-related gastro-
enteritis outbreak,” Journal of Clinical Microbiology, vol. 46,
no. 12, pp. 4011–4017, 2008.

[25] R. Bazzardi, M. C. Fattaccio, S. Salza, A. Canu, E. Marongiu,
and M. Pisanu, “Preliminary study on Norovirus, hepatitis A
virus, Escherichia coli and their potential seasonality in
shellfsh from diferent growing and harvesting areas in
Sardinia region,” Italian journal of food safety, vol. 3, no. 2,
p. 1601, 2014.

[26] N. E. Moqri, N. Hassou, F. E. Mellouli, H. Zekhnini,
N. Abouchoaib, and S. Etahiri, “Hepatitis A Virus PCR
Analysis and <i&amp;gt;E. coli&amp;lt;/i&amp;gt; Detection
in Oysters at Oualidia Lagoon and Teir Correlation,” Food
and Nutrition Sciences, vol. 11, no. 07, pp. 884–894, 2020.

[27] N. El Moqri, F. El Mellouli, N. Hassou, M. Benhafd,
N. Abouchoaib, and S. Etahiri, “Norovirus detection at
oualidia lagoon, a Moroccan shellfsh harvesting area, by
reverse transcription PCR analysis,” Food and environmental
virology, vol. 11, no. 3, pp. 268–273, 2019.

[28] Z. O’Hara, C. Crossan, J. Craft, and L. Scobie, “First report of
the presence of hepatitis E virus in Scottish-harvested shellfsh
purchased at retail level,” Food and environmental virology,
vol. 10, no. 2, pp. 217–221, 2018.

[29] K. V. Lalitha and N. Tampuran, “Seafood-borne bacterial
pathogens,” Fishery Technology, vol. 43, pp. 118–137, 2006.

[30] E. Moreno Roldan, E. E. Rodriguez, C. N. Vicente,
M. F. C. Navajas, and O. M. Abril, “Microbial contamination
of bivalve mollusks used for human consumption,” Journal of
Food Safety, vol. 31, no. 2, pp. 257–261, 2011.

[31] S. Jennings, G. D. Stentiford, A. M. Leocadio et al., “Aquatic
food security: insights into challenges and solutions from an
analysis of interactions between fsheries, aquaculture, food
safety, human health, fsh and human welfare, economy and
environment,” Fish and Fisheries, vol. 17, no. 4, pp. 893–938,
2016.

[32] R. Boussettine, N. Hassou, N. Abouchoaib, H. Bessi, and
M. M. Ennaji, “Seasonal impact on the risk assessment related
to the spatial prevalence of enterovirus in oysters from
oualidia lagoon in Morocco,” Carpathian Journal of Food
Science & Technology, vol. 12, pp. 69–79, 2020.

[33] F. Dubois-Brissonnet and L. Guillier, “Microbial foodborne
diseases,” Nutrition and Dietetics Notebooks, vol. 55, pp. 30–
38, 2020.

[34] K. H. Jacobsen and S. T. Wiersma, “Hepatitis A virus sero-
prevalence by age and world region, 1990 and 2005,” Vaccine,
vol. 28, no. 41, pp. 6653–6657, 2010.

[35] F. B. Hollinger and S. U. Emerson, “Hepatitis A virus,” in
Fields VirologyLippincottWilliams andWilkins, Philadelphia,
PA, USA, 2001.

[36] G. La Rosa, P. Mancini, G. Bonanno Ferraro, M. Iaconelli,
C. Veneri, and R. Paradiso, “Hepatitis A virus strains cir-
culating in the campania region (2015–2018) assessed through
bivalve biomonitoring and environmental surveillance,” Vi-
ruses, vol. 13, 2021.

[37] M. A. Foster, “Hepatitis A,” in Foodborne Infections and
Intoxications, pp. 307–315, Academic Press, Cambridge, MA,
USA, 2021.

[38] G. Vaughan, L. M. Goncalves Rossi, J. C. Forbi et al.,
“Hepatitis A virus: host interactions, molecularepidemiology
and evolution,” Infection, Genetics and Evolution, vol. 21,
pp. 227–243, 2014.

[39] A. Pariente and C. Renou, “Epidemiology of hepatitis E: a (re)
emerging disease?” Te Medical Press, vol. 44, pp. 333–338,
2015.

[40] J. Denner, “Hepatitis E virus (HEV)-Te future,” Viruses,
vol. 11, no. 3, p. 251, 2019.

[41] G. La Bella, M. G. Basanisi, G. Nobili, V. Terio, E. Sufredini,
and G. La Salandra, “First report of hepatitis E virus in
shellfsh in southeast Italy,” Applied Sciences, vol. 11, no. 1,
p. 43, 2020.

[42] B. Wang and X. J. Meng, “Structural and molecular biology of
hepatitis E virus,” Computational and Structural Bio-
technology Journal, vol. 19, pp. 1907–1916, 2021.

[43] S. A. Chaudhry, N. Verma, and G. Koren, “Hepatitis E in-
fection during pregnancy,” Canadian family physician
Medecin de famille canadien, vol. 61, no. 7, pp. 607-608, 2015.
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