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The aim of this study was the screening for the presence of enteric human virus in shellfish (clam and cockle) collected from two
production area in Moroccan Mediterranean coast. Between October 2006 and April 2008, forty four samples were collected and tested
for viral contamination using cell culture (HEp-2 and Vero cells) and integrated cell culture PCR. Overall, 88.6 % of all analysed
samples were contaminated by at least one of the studied viruses, Adenovirus was detected in 52.3 % of the samples and Enterovirus in
36.3%. The presence of viruses in shellfish production area can represent a potential health risk by causing gastroenteritis. The

procedure used in this study may be a tool for monitoring shellfish viral contamination in Morocco.
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INTRODUCTION

Human enteric viruses are excreted in large numbers in feces and sewage. This
constitutes a major public health threat as bivalve shellfish are filter-feeders, they
act as natural biofilters in the seawater and can thus readily and efficiently
bioconcentrate human pathogens from faecally contaminated waters. More than
140 enteric viruses are found in human faeces and infected individuals excrete
large numbers of these viruses in stool and urine (Leclerc et al., 2000). As a
result, consumption of virus-contaminated shellfish represents a significant health
threat to shellfish consumer; as well as an economic threat to the sea food
industry. Several incidents of shellfish associated viral gastroenteritis have been
reported (Lees, 2000). More than a billion people rely on seafood as their main
source of animal protein and contaminated seafood is a frequent etiology of
diseases contracted from the ocean (Fleming et al., 2006).

Commercial use of shellfish has become an expanding industry, which may
increase the transmission of pathogens associated with shellfish consumption.
The annual production of the mollusk in Morocco exceeded 1636 tons (FAO,
2007), and more than half of this quantity is exported to European Union
countries.

Further the sanitary survey of shellfish and water in Morocco is for predicating
on bacterial and physico-chemical parameters. The presence of fecal indicators of
bacteria is routinely used for microbiological quality of shellfish. However, the
bacteria are not reliable indicators of the presence of enteric viruses in bivalves
(Formiga-Cruz et al., 2003). Noroviruses, Adenoviruses (AdV), enteroviruses
(EV) and Hepatitis A virus are more resistant to inactivation in water sources and
more slowly removed from shellfish by depuration (Hernroth and Allard, 2007;
Ueki et al., 2007).

Human AdV and EV are non-enveloped enteric viruses belonging to
Picornaviridae and Adenoviridae families and they can be cultivated in cell
culture. The EV ordinarily causes mild or even unapparent infections. However,
in rare cases, they can be associated with serious illnesses, such as endocarditis,
myocarditis, encephalomyelitis, and meningitis in infants (Bendig et al., 2001;
Kim et al., 2001; Legay et al., 2002; Ward, 1978). Human AdV are considered
as a cause of gastroenteritis in children (Allard et al., 2001; Rigotto et al., 2011).
These viruses can establish latent and persistent infections with viral shedding for
weeks (Yates et al., 2006) and the viruses can be excreted even if diarrhea is not
present (Fox et al., 1969; Spigland et al., 1966).

Conventional cell culture methods have limited sensitivity for the detection of
viruses and molecular procedures including integrated cell culture PCR (ICC-
PCR) (Pinto et al., 1995) are currently being tested.
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The aim of our study was to screen for human AdV and EV in shellfish grown in
Moroccan Mediterranean coast by combining the cell culture and ICC-PCR
procedures for virus detection in bivalve shellfish (clams and cockles).

MATERIAL AND METHODS
Sampling

From October 2006 to April 2008, samples of two bivalve molluscan shellfish
(Acanthocardia tuberculatum and Callista chione) were collected in two different
zones in the Mediterranean coast of Morocco (Martil city: Zone 2 and M’diq city:
Zone 1). The samples were shipped to laboratory on the same day, in chilled
condition and processed immediately.

Shellfish processing

Each sample was washed, scrubbed under running tap water and opened with a
sterile shucking knife to collect hepatopancreas into a sterile tube. The collected
products were mechanically homogenized, divided into 1.5g portions and stored
at — 80 °C for virological analysis.

Viruses and cells

Sabin strain of Poliovirus type 1 (PS1) was used for experimental inoculation of
shellfish. The virus strain was cultivated in Vero and HEp-2c¢ cells. Cells were
grown in Eagle's Minimum Essential Medium (MEM) (Gibco) supplemented
with 2% fetal bovine serum (Gibco), 2% Penicillin 10.000 UI/mL and
Streptomycin 10.000 pg/mL (Eurobio) and 2% L-Glutamine 200 mM (Eurobio).
PS1 virus titration was carried out on Vero and HEp-2 cells in micro-titration
plates and expressed by 50% tissue culture infection dose (TCID50) per volume
unit, with 1 TCID50/mL. Consequently, the titer of Sabin poliovirus stock was
106 TCID50/mL.

Shellfish contamination

The bioaccumulation of PS1 strain was identified in aquarium, as described
previously (Legeay et al., 2000), containing 5 Acanthocardia tuberculatum and 5
Callista chione in 5 liters of aerated sea water, spiked with 10> TCIDs/mL of
PS1. Shellfish were observed for viability prior to inoculation and kept in the
pool for 24 hours. They were then rinsed, opened and the hepatopancreas
dissected and processed as described below.
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Virus concentration

Virus concentration was performed using the protocol described previously
(Beuret et al., 2003; Mullendore et al., 2001). This experimental protocol
consists in virus elution with high-pH glycine buffer, followed by a virus
concentration with polyethylene glycol.

Briefly, fifteen milliliters of Glycine-NaCl buffer (0.05 mol/L - 0.3 mol/L) were
added to 1.5g of the hepatopancreas, and homogenized with a mixer mill (Retsch
MM 301) and then centrifuged at 6000 xg for 20 min at 4 °C; the supernatant
was collected into a sterile tube. The virus was precipitated and mixed with an
equal volume of PEG 8000- NaCl (12%- 0.3 mol/L) for two hours. The obtained
mixture was then centrifuged at 6000 xg for 15 min at 4 °C. The pellet was
suspended in 1 mL of Na,HPO4 pH 9.5 as described previously (Romalde et al.,
2002). After centrifugation at 2500xg for 10 min at 4 °C, the supernatant was
filtered with a 0.22 pm-pore-size membrane filter (Millipore), and stored at -
80°C.

Table 1 Primers sequences used for adenovirus and enterovirus PCR

Virus detection

Cell Culture: One milliliter of each viral sample concentrate was stored at -80°C
and inoculated into two different confluent monolayer cell lines (Vero and Hep2).
Subcultures of seven days were used to observe and detect cythopatic effects
(CPE).

Viral nucleic acid extraction: For each sample, 200 ul of cell culture supernatant
was used for a single RNA/DNA extraction method based on a guanidinium
thiocyanate acid buffer (Casas et al., 1995).

Reverse transcription (RT): The EV reverse transcription was performed with 5
uL of the extracted RNA added to a "mix" containing: 0.5 mmol/L of ANTP mix,
10 pmol of Random Hexamer, 5XRT Buffer, and 2 units of AMV enzyme
(Promega) in a final volume of 24 puL. The mixture was incubated for 1 h at
42°C, followed by incubation for 5 min at 95°C to inactivate the reverse
transcriptase.

PCR: The highly conserved 5’-end untranslated region of enteroviruses was used
as target for the synthesis of a 439 bp cDNA (Hot et al., 2003). For AdVs
(Hexon gene) amplification, the used primers were Adl and Ad2 (Hierholzer et
al., 1993) (Table 1).

PRIMER REGION SEQUENCE (5’- 3°) REFERENCE
P2 5'NC CAAGCACTTCTGTTTCCCCGG
ENTEROVIRUS Hot et al., 2003
P3 5'NC ATTGTCACCATAAGCAGCCA
Adl Hexon TACGCCAACTCCGCCCACGCGCT .
ADENOVIRUS H'erh?;Z;’; etal.,
Ad2 Hexon GCCGAGAAGGGCGTGCGCAGGTA

The amplification of DNA and cDNA was performed separately in a final volume
of 50 pl containing 5 uL. cDNA or DNA extract, 5 mmol/L of PCR buffer, 1.5
mmol/L MgCl,, 0.25 mmol/L of dNTPs, 10 pmol of each primer and 2U of Taq
DNA polymerase (Promega).

PCR was carried out for 40 cycles in a thermal cycler (DNA Engine Dyad,
Biorad). Each cycle consisted of denaturation at 94°C for 30 sec, annealing at
56°C for 30 sec (EV) - 60 °C for 30 (AdV), and primer extension at 72°C for 30
sec. After the last cycle, the extension was continued at 72°C for 15 min. In each
serial, a control negative without DNA or RNA was included. Amplification
products were analysed by electrophoresis method on a 2% Agarose gel and
visualisation at the trans-lighting (Gel Doc system, Biorad).

RESULTS AND DISCUSSION
The results of experimental bioaccumulation of Poliovirus Sabin strain 1 in

Callista Chione and Acanthocardia tuberculatum showed a titre of 10>
TCIDso/mL and 10*° TCIDsy/mL respectively after titration on Hep-2 cell.

Virus detection via cell culture

A total of 44 shellfish samples were analysed for enteric viruses by cell culture
procedure, 16 (36.4%) exhibited CPE in Vero cells, while 14 (31.8%) showed
CPE in Hep2 cells. Taken together, infectious viruses were detected in 18 out of
44 samples (40.9%).

Virus detection via ICC-PCR assay

After cell culture, PCR reconfirmed the presence of enteroviral RNA and
adenoviral DNA in the cell lysates, and some lysates with no CPE were positive
for PCR. By using ICC-PCR method. Overall, 29 samples (65.9 %) was
contaminated by at least one of the two studied viruses, Adenoviruses was
detected in 23 (52%) of the 44 samples, and enteroviruses in 16 (36%).
Simultaneous presence of enteroviruses and adenoviruses was observed in 10
samples (23%) (Table 2).

Table 2 Virus detection in cell culture and ICC-PCR with Hep-2 and Vero Cells

Number of positive samples / No of total samples

Cell line Method Collection Site
Zone 1 Zone 2 Total (%)
Hep 2 Cell culture 218 (11.1%) 12/26 (46.5%) 14/44 (31.8%)
ICC-PCR 4/18 (22.2%) 15/26 (57.7%) 19/44 (43.2%)
Vera Cell culture 3/18 (16.7%) 13126 (50%) 16/44 (36.4%)
ICC-PCR 8/18 (44.4%) 16/26 (61.5%) 24/44 (54.5)
Total Cell culture 5/18 (27.8%) 13126 (50%) 18/44 (40.9%)
ICC-PCR 12/18 (66.7%) 17/26 (65.4%) 29/44 (65.9%)

Contamination with AdV and EV was detected in the two shellfish species and in
all collection areas (12 in zone 1 and 17 in zone 2). 23 samples of Callista
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chione were positives for AdV and EV, 6 samples of Acanthocardia
tuberculatum were positives only for AdV (Table 3).
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Table 3 Virus detection in collections area and shellfish species

Number of positive samples / No of total samples

Collection site Species
Adenovirus Enterovirus

Callista chione 7/12 (58.33%) 4/12 (33.33%)
Zone 1

Acanthocardia tuberculatum 1/6 (16.67%) 0

Callista chione 10/16 (62.5%) 12/16 (75%)
Zone 2

Acanthocardia tuberculatum 5/10 (50%) 0

DISCUSSION

Viral contamination of shellfish might cause significant public health problems
linked to the consumption of shellfish. To get a better understanding of the viral
contamination in northern Morocco, we tested two species of shellfish for human
adenovirus and enterovirus using cell culture and ICC-PCR.

The results of this study show that ICC-PCR is most sensitive for the detection of
viruses, which is in agreement with previous studies (Chaperon et al., 2000; Lee
and Kim, 2002). Our results showed that 65.9% samples were positive for
viruses by ICC-PCR method compared with 40.9% samples positive by cell
culture method. However it is still possible that the viral contamination level was
underestimated because individual cells reproduce only certain types of the
enteric viruses present in the samples.

The shellfish studied were growing in Tetouan region which was exposed to
sewage and industrial waste water during the period study. The contamination of
coastal waters by sewage is often cited to be the cause of shellfish contamination
by enteric viruses (Allard et al., 1992; Griffin et al., 2003; Hernroth et al.,
2002).

Detection and identification of viruses in shellfish is problematic because of the
low density of contamination, inefficient recovery of viruses during the
concentration process and the presence of natural inhibitors for the detection by
PCR particularly in heavily contaminated waters. Viral pathogens include
cultivable and non cultivable viruses whose detection methods are complex,
laborious, time-consuming and expensive.

Different studies have demonstrated the successful application of PCR for the
detection of the viruses in shellfish artificially contaminated in the laboratory and
in naturally polluted shellfish (Le Guyader et al. 2000; Chironna et al. 2002;
Carducci et al. 2004). Despite the success of PCR in detecting minimal starting
quantities of nucleic acid, it has been pointed out that this method does not
differentiate between infectious and non-infectious viruses because amplified
nucleic acid could originate either from viable virus or from damaged non-
infectious virus (Lees 2000; Koopmans and Duizer 2004; Rompré et al.,
2002). In addition, molecular approaches can only be performed with qualified
staff in specialized laboratories.

CONCLUSION

In our study, we used a simplified method to concentrate adenovirus and
enterovirus in shellfish. We showed that the analysis of enteric viruses by the cell
culture method alone might underestimate the concentrations of viruses in
shellfish and that more viral particles could be detected by ICC—PCR method.
Our results confirm that shellfish could represent a potential health risk for
consumers and require the development of an appropriate monitoring system in
producing sites to improve shellfish safety.

REFERENCES

ALLARD, A., ALBINSSON, B., WADELL, G. 1992. Detection of adenoviruses
in stools from healthy persons and patients with diarrhea by two-step polymerase
chain reaction. Journal of Medical Virology, 37, 149-157.

ALLARD, A., ALBINSSON, B., WADELL, G. 2001. Rapid Typing of Human
Adenoviruses by a General PCR Combined with Restriction Endonuclease
Analysis. Journal of Clinical Microbiology, 39, 498-505.

BENDIG, J.W., O’BRIEN, P.S., MUIR, P., PORTER, H.J., CAUL, E.O. 2001.
Enterovirus sequences resembling coxsackievirus A2 detected in stool and spleen
from a girl with fatal myocarditis. Journal of Medical Virology, 64, 482-486.
BEURET, C., BAUMGARTNER, A., SCHLUEP, J. 2003. Virus-contaminated
oysters: a three-month monitoring of oysters imported to Switzerland. Applied
and Environmental Microbiology, 69,2292-2297.

CARDUCCI, A., LUCCHESI, N., CASINI, B., MAZZONI, F., LIACI, D.,
VERANI, M. 2004. Virological analysis of shellfish for food safety and control.
Water Science and Technology, 50, 137-139.

CASAS, 1., POWELL, L., KLAPPER, P.E., CLEATOR, G.M. 1995. New
method for the extraction of viral RNA and DNA from cerebrospinal fluid for use

99

in the polymerase chain reaction assay. Journal of Virological Methods, 53, 25—
36.

CHAPRON, C.D., BALLESTER, N.A., FONTAINE, J.H., FRADES, C.N,,
MARGOLIN, A.B. 2000. Detection of astroviruses, enteroviruses, and
adenovirus types 40 and 41 in surface waters collected and evaluated by the
information collection rule and an integrated cell culture-nested PCR procedure.
Applieds and Environmental Microbiology, 66,2520-2525.

CHIRONNA, M., GERMINARIO, C., DE MEDICI, D., FIORE, A., DI
PASQUALE, S., QUARTO, M., BARBUTI, S. 2002. Detection of hepatitis A
virus in mussels from different sources marketed in Puglia region (South Italy).
International Journal of Food Microbiology, 75, 11-18.

FAO. 2007. World fisheries production, by capture and aquaculture, by country
24,25,26.

FLEMING, L.E., BROAD, K., CLEMENT, A., DEWAILLY, E., ELMIR, S.,
KNAP, A., POMPONI, S.A., SMITH, S., SOLO GABRIELE, H., WALSH, P.
2006. Oceans and human health: Emerging public health risks in the marine
environment. Marine Pollution Bulletin, 53, 545-560.

FORMIGA-CRUZ, M., ALLARD, A.K., CONDEN-HANSSON, A.-C.,
HENSHILWOOD, K., HERNROTH, B.E., JOFRE, J., LEES, D.N., LUCENA,
F., PAPAPETROPOULOU, M., RANGDALE, R.E., TSIBOUXI, A,
VANTARAKIS, A., GIRONES, R. 2003. Evaluation of potential indicators of
viral contamination in shellfish and their applicability to diverse geographical
areas. Applied and Environmental Microbiology, 69, 1556—1563.

FOX, J.P., BRANDT, C.D., WASSERMANN, F.E., HALL, C.E., SPIGLAND,
1., KOGON, A., ELVEBACK, L.R. 1969. The virus watch program: a continuing
surveillance of viral infections in metropolitan New York families. VI.
Observations of adenovirus infections: virus excretion patterns, antibody
response, efficiency of surveillance, patterns of infections, and relation to illness.
American Journal of Epidemiology, 89, 25-50.

GRIFFIN, D.W., DONALDSON, K.A., PAUL, J.H, ROSE, J.B. 2003.
Pathogenic Human Viruses in Coastal Waters. Clinical Microbiology Reviews,
16, 129-143.

HERNROTH, B., ALLARD, A. 2007. The persistence of infectious adenovirus
(type 35) in mussels (Mytilus edulis) and oysters (Ostrea edulis). International
Journal Food Microbiology, 113,296-302.

HERNROTH, B.E., CONDEN-HANSSON, A.-C., REHNSTAM-HOLM, A.-S.,
GIRONES, R., ALLARD, A.K. 2002. Environmental factors influencing human
viral pathogens and their potential indicator organisms in the blue mussel,
Mytilus edulis: the first Scandinavian report. Applied and Environmental
Microbiology, 68, 4523-4533.

HIERHOLZER, J.C., HALONEN, P.E., DAHLEN, P.O., BINGHAM, P.G.,
MCDONOUGH, M.M. 1993. Detection of adenovirus in clinical specimens by
polymerase chain reaction and liquid-phase hybridization quantitated by time-
resolved fluorometry. Journal Clinical Microbiology, 31, 1886—1891.

HOT, D., LEGEAY, O., JACQUES, J., GANTZER, C., CAUDRELIER, Y.,
GUYARD, K., LANGE, M., ANDREOLETTI, L. 2003. Detection of somatic
phages, infectious enteroviruses and enterovirus genomes as indicators of human
enteric viral pollution in surface water. Water Research, 37,4703-4710.

KIM, K.S., HUFNAGEL, G., CHAPMAN, N.M., TRACY, S. 2001. The group B
coxsackieviruses and myocarditis. Reviews in Medical Virology,l 11, 355-368.
KOOPMANS, M., DUIZER, E. 2004. Foodborne viruses: an emerging problem.
International Journal of Food Microbiology, 90,23-41.

LE GUYADER, F., HAUGARREAU, L., MIOSSEC, L., DUBOIS, E.,
POMMEPUY, M. 2000. Three-year study to assess human enteric viruses in
shellfish. Applied and Environmental Microbiology, 66, 3241-3248.

LECLERC, H., EDBERG, S., PIERZO, V., DELATTRE, J.M. 2000.
Bacteriophages as indicators of enteric viruses and public health risk in
groundwaters. Journal of Applied Microbiology, 88, 5-21.

LEE, S.-H., KIM, S.-J. 2002. Detection of infectious enteroviruses and
adenoviruses in tap water in urban areas in Korea. Water Research, 36, 248-256.
LEES, D. 2000. Viruses and bivalve shellfish. International Journal of Food
Microbiology, 59, 81-116.




JMBFS / Nourlil et al. 2013 : 3 (2) 97-100

LEGAY, V., CHOMEL, JJ., FERNANDEZ, E., LINA, B., AYMARD, M.,
KHALFAN, S. 2002. Encephalomyelitis due to human parechovirus type 1.
Journal of Clinical Virology, 25, 193-195.

LEGEAY, O., CAUDRELIER, Y., CORDEVANT, C., RIGOTTIER-GOIS, L.,
LANGE, M. 2000. Simplified procedure for detection of enteric pathogenic
viruses in shellfish by RT-PCR. Journal of Virological Methods, 90, 1-14.
MULLENDORE, J.L., SOBSEY, M.D., SHIEH, Y.C. 2001. Improved method
for the recovery of hepatitis A virus from oysters. Journal of Virological
Methods, 94, 25-35.

PINTO, R.M., GAJARDO, R., ABAD, F.X., BOSCH, A. 1995. Detection of
fastidious infectious enteric viruses in water. Environmental Science and
Technology, 29,2636-2638.

RIGOTTO, C., HANLEY, K., ROCHELLE, P.A., DE LEON, R., BARARDI,
C.R.M., YATES, M.V. 2011. Survival of adenovirus types 2 and 41 in surface
and ground waters measured by a plaque assay. Environmental Science and
Technology, 45, 4145-4150.

ROMALDE, J.L., AREA, E., SANCHEZ, G., RIBAO, C., TORRADO, I,
ABAD, X, PINTO, R.M., BARJA, J.L., BOSCH, A. 2002. Prevalence of
enterovirus and hepatitis A virus in bivalve molluscs from Galicia (NW Spain):
inadequacy of the EU standards of microbiological quality. International Journal
of Food Microbiology, 74, 119-130.

ROMPRE, A., SERVAIS, P., BAUDART, J., DE-ROUBIN, M.R., LAURENT,
P. 2002. Detection and enumeration of coliforms in drinking water: current
methods and emerging approaches. Journal of Microbiological Methods, 49, 31—
54.

SPIGLAND, 1., FOX, J.P.,, ELVEBACK, L.R., WASSERMANN, F.E.,
KETLER, A., BRANDT, C.D., KOGON, A. 1966. The Virus Watch program: a
continuing surveillance of viral infections in metropolitan New York families. 1I.
Laboratory methods and preliminary report on infections revealed by virus
isolation. American Journal of Epidemiology, 83, 413—435.

UEKI, Y., SHOJI, M., SUTO, A., TANABE, T., OKIMURA, Y., KIKUCHL Y.,
SAITO, N., SANO, D., OMURA, T. 2007. Persistence of caliciviruses in
artificially contaminated oysters during depuration. Applied and Environmental
Microbiology, 73, 5698-5701.

WARD, C. 1978. Severe arrhythmias in Coxsackievirus B3 myopericarditis.
Archives of Disease in Childhood, 53, 174-176.

YATES, M.V., MALLEY, J., ROCHELLE, P., HOFFMAN, R. 2006. Effect of
adenovirus resistance on UV disinfection requirements : A report on the state of
adenovirus science. Journal - American Water Works Association, 98(6), 93—106.

100




