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Abstract
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Sireli T., Guzel M., Karakullukcu A., Kocazeybek B., van der Poel W., Richt J., Turan N. (2018): Investigation of

hepatitis A and E viruses in mussels collected from the Bosphorus, in Istanbul, Turkey — short communication.
Czech J. Food Sci., 36: 215-220.

Hepatitis A and E viruses (HAV and HEV) are recognised as food- and water-borne infections and shellfish are a well-
documented source of these viruses. The presence of HAV and HEV in mussels has not previously been investigated in
Bosphorus, Istanbul, Turkey, and therefore the aim of this study was to investigate the frequency of HAV and HEV in
mussels collected from this location. A total of 92 pooled samples representing 736 mussels originating along the Bos-
phorus coast were collected from fish distributors. RNA was extracted using the RNeasy Plant Mini Kit and a TagMan
real-time RT-PCR was performed using primers specific to HAV and HEV. Amongst the 92 pooled samples tested, three
(3.3%) were found to be positive for HAV by the TagMan real-time RT-PCR. No HEV was detected in any of the mus-
sels tested. A 174 bp product was observed on gel electrophoresis with HAV positive samples detected by SYBR Green
real-time PCR after reverse transcription. This product was sequenced and confirmed to contain HAV sequences by
alignment using the data in GenBank. This is the first report describing the presence of HAV in mussels harvested in the

Bosphorus, Istanbul, Turkey, indicating the potential contamination of aquatic environment and risk to public health.
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Hepatitis A and E are enterically transmitted dis- major cause of food- and water-borne viral hepatitis
eases which are endemic in Asia, Africa and in the = worldwide and is frequently associated with the con-
Middle East. Hepatitis A virus is recognised as a  sumption of contaminated shellfish, sandwiches, fresh
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vegetables, fruits and water (KoorPMANS & DUIZER
2004; Cook & RzezuTkA 2006; KOKKINOS et al.
2012; RODRIGUEZ-LAZARO et al. 2012; MAUNULA et
al.2013). Food-borne transmission of HEV has been
associated with the consumption of undercooked
pork products (CoLsON et al. 2010; SAID et al. 2014),
with the possibility of several thousand people being
infected each year (HEwWITT et al. 2014). HEV has
also been detected in mussels, shellfish and other
bivalves (DONIA et al. 2012).

Replication of HAV and HEV in cell cultures is dif-
ficult. Therefore, molecular techniques like reverse
transcription PCR (RT-PCR), SYBR-Green real-time
RT-PCR and quantitative real-time RT-PCR are pre-
ferred in most laboratories for detection of HAV and
HEV in shellfish and other food matrices (SCHULTZ
et al. 2007; PINTO et al. 2009; NaMSsALI et al. 2011;
BiGoORAjJ et al. 2014; PoLo et al. 2015). HAV and
HEV occurrence in shellfish has been investigated
in many countries (HANSMAN et al. 2008; NAMSAI et
al. 2011; CROSSAN et al. 2012; BIGORAJ et al. 2014
SUFFREDINI et al. 2014; PoLo et al. 2015), but there
have been no similar studies conducted in Turkey.
Therefore, this study was performed to detect and
investigate the frequency of HAV and HEV in mus-
sels collected from the Bosphorus, Istanbul, Turkey.

MATERIAL AND METHODS

Mussel collection and processing of samples. Raw
shelled mussels were collected each month from
September 2014 to August 2015 as well as from Janu-
ary to August 2016 from the fish distributors who
collected them along the Bosphorus coast (Kumkapi,
Rumelikavagi, Sariyer, Donkey Island and Ambarli)
for consumer markets in Istanbul. Sampling was
the modification of the method described by others
(BoxMAN et al. 2006; YILMAZ et al. 2010). Briefly, in
each month 8-10 mussels were randomly selected
from a bucket/pack containing about 500 mussels.
On the day of visit, 2—4 randomly selected buckets/
packs were sampled depending on the number of
buckets/packs the seller holds. Mussels were trans-
ported to the laboratory at 4-8°C (using a Dewar
container) and processed within 24 hours. Digestive
tissues were removed from each mussel, and these
materials taken from 8 mussels were pooled. By this
method, 92 mussel pools were formed representing
736 mussels. Approximately 2 g of pooled digestive
tissue were used for RNA extraction. The tissue was
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homogenised using 1-mm glass beads (0.5 g) and a cell
disrupter for 40 s at 4 m/s (Ribolyser-Cell Disrupter;
Hybaid, Turkey). After homogenisation, 350 ml of
the supernatant was used for RNA extraction.
Spiking of the norovirus and RNA extraction.
For extraction control, human stool positive for
Norovirus GII was spiked into 2 grams of digestive
tissue as described previously (YILMAZ et al. 2010).
The tissue was homogenised as above. After homog-
enisation, the supernatant was collected and used
for RNA extraction. Viral RNA was extracted from
test samples and Norovirus GII spiked samples us-
ing a RNeasy® Plant Mini Kit (Qiagen, Germany) as
described by the manufacturer. The amount of RNA
in the extracted material of all samples was measured
using a Nano-Drop spectrophotometer (Nano-Drop
1000c; Thermo Scientific, USA). Final concentration
was adjusted prior to RT and the conditions of the
real-time PCR for NoV Genogroup II were the same
as described previously (YIiLMAZ et al. 2010).
Reverse transcription and detection of HAV and
HEYV. Reverse transcription was performed in two
steps as described previously (YILMAZ et al. 2011). For
the first step, 9 ml of RNA template (about 950 ng)
was used. For the second step, a total volume of
20 ml reaction mixture was prepared consisting
of 10 ml RNA/primer mixture from the first step.
Thirty milliliters of nuclease-free water was added to
each cDNA sample and kept at —70°C until required.
For the TagMan real-time RT-PCR to detect HAV
and HEV RNA, the total volume of 25 ml reaction
mixture was prepared. The location and target region
of the primers used for the TagMan real-time RT-PCR
are summarized in Table 1. All primers and probe
were synthesised by Qiagen (Turkey). The method
used for the TagMan real-time RT-PCR for HAV
(CoSTAFREDA et al. 2006) and HEV (JOTHIKUMAR et
al. 2006) were similar as described previously. In case
of positivity found in a TagMan real-time RT-PCR
assay, a real-time RT-PCR was performed by using
SYBR-Green and the product was visualised by
agarose gel (1.5%) electrophoresis and sequenced
by a commercial company (Refgen, Turkey).
Controls included during extraction and TagMan
real-time RT-PCR. For the positive controls, mussel
sample spiked with human stool containing norovirus
GII, and cDNA from HAV-positive sera (obtained
previously in Turkey) and HEV-RNA (kindly sup-
plied by Professor Wim van der Poel, Wageningen
University) were used. For the negative controls,
RNA extracted from uncontaminated mussels (giving
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Table 1. Primers and probe used in this study

Primers Sequences (5-3’) ?roduct Target Target References
size (bp) gene sequences

HAV68 TCACCGCCGTTTGCCTAG 68-85°

, COSTAFREDA
HAV150 FAM-CCTGAACCTGCAGGAATTAA-MGB 174 5UTR 150-169 ot al. (2006)
HAV240 GGAGAGCCCTGGAAGAAAG 241-223 '
JVHEVF GGTGGTTTCTGGGGTGAC 5.237-5.254"
JVHEVP FAM-TGATTCTCAGCCCTTCGC-BHQ 70 capsid 5.260-5.277 ];)tT;;H((;OI\(/;g)R
JVHEVR AGGGGTTGGTTGGATGAA 5.306-5.289
HAV BR5F TTGTCTGTCACAGAACAATCA a0 VPUVP2A  2952-2.973°  REuTER et al.
HAV newRT AGC AGT CACTCCTCT CCA G junction 3.294-3.311 (2006)

ANC_001489; "NC_001434; “M14707

consistent negative real-time RT-PCR signals) and
reaction mixture with nuclease-free water in place
of template were included.

RT-PCR for sequencing. Samples found to be
positive for HAV by TagMan real-time RT-PCR
were subjected to sequencing by using the meth-
ods described previously (COSTAFREDA et al. 2006;
REUTER et al. 2006). The primers used in RT-PCR
for sequencing are given in Table 1.

RESULTS AND DISCUSSION

Amongst the 92 pooled mussel samples (represent-
ing 736 mussels), 3 (3.3 %) were found to be posi-
tive for HAV. HEV was not detected in any mussel
sample. A HAV positive signal was obtained using
the TagMan real-time RT-PCR in 3 mussel pools
collected in December and November 2014 and July
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2015; CT values were 34, 34.3 (Figure 1), and 38,
respectively. Positive mussel samples showed a real-
time RT-PCR signal in both undiluted and 10-fold
diluted cDNA. 174 bp products were observed on gel
electrophoresis with HAV positive samples detected
by SYBR Green real-time RT-PCR. This product
was sequenced and confirmed to contain HAV se-
quences by alignment using the data in GenBank.
Despite several attempts, we were unsuccessful in
amplifying a 360 bp product from HAV positive mus-
sels (CT values 34, 34.3, and 38) for sequencing by
RT-PCR. Using NoV Genogroup II positive controls
(human stool diluted 1/10) the real-time PCR for
NoV Genogroup II virus showed the threshold cycle
(CT) value between 25 and 28 and a 100-bp amplicon
by agarose gel. For HAV and HEV positive controls,
CT of 29.7 (Figure 1) and 28 (data not shown) were
obtained, respectively. No CT value was obtained
with negative controls.
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Figure 1. Real-time PCR results of 2 of the 3 positive mussel pools: a — HAV positive control; b — positive mussel

pool; ¢ — another positive mussel pool; d — negative control
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HAV and HEV are important food- and water-
borne viruses causing hepatitis and the majority of
the patients require hospitalisation. The viruses are
usually transmitted by vegetables, fruits, sandwiches,
undercooked sea products and water (KOOPMANS &
DuizeRr 2004; KOKKINOS et al. 2012; MAUNULA et al.
2013). Mussels have been described as the bivalves
which are most contaminated with human enteric
viruses (GABRIELI et al. 2007). In Turkey, mussels
are frequently consumed and they are either fried
or steam cooked. Neither of these cooking methods
may result in a temperature in the mussels digestive
organs high enough to inactivate viruses (KIRKLAND
et al. 1996; McDONNELL et al. 1997; CrocCI et al.
2005). Therefore, such mussels may pose a risk to
human health in Turkey, however this has not been
investigated until now. Therefore, this study was
performed to investigate the presence of HAV and
HEV in mussels collected from the coast of Bos-
phorus, Turkey.

The presence of HAV and HEV in shellfish has been
investigated in many countries by using RT-PCR or
RT-qPCR (ForRMIGA-CRUZ et al. 2002; PINTO et al.
2009; NaMsAl et al. 2011; SUFFREDINI et al. 2014;
Poro et al. 2015). Detection of HAV was performed
in shellfish collected from five European countries —
Greece, Spain and United Kingdom — and HAV was
detected in 4, 3 and 1 sample, respectively, but not
in Sweden (FORMIGA-CRUZ et al. 2002). In Spain,
between 10.1-75% of the shellfish samples were
found to be positive for HAV (BoscH et al. 2001;
PiNTO et al. 2009; MANsO et al. 2010; PoLo et al.
2015). However, in Italy 0.9 and 14.1% of the tested
shellfish samples were positive for HAV (MACALUSO
et al. 2006; SUFFREDINI et al. 2014). In Poland, HAV
was detected in 9 (7.5%) of the shellfish (BIGORA]
et al. 2014). In the USA, HAV was present in 4.4%
of the shellfish analysed (DErAOLA et al. 2010). In
Thailand, it was found that 3.8% of the shellfish
and 2.9% of the cockles and 6.5% of mussels were
contaminated with HAV, respectively (NAMSATI et
al. 2011). In Japan, HAV was detected only in one
of the 57 shellfish packages (HANSMAN et al. 2008).
In China, 4.3% of tested shellfish was found to be
positive for HAV (MING et al. 2014). In the present
study, 3 (3.3%) of 92 mussel pools representing 736
mussels were found to be positive for HAV. Results of
this study are similar to what was found in the USA,
China (DEPAOLA et al. 2010; MING et al. 2014) but
different from Spain, Poland and Thailand (BoscH
et al. 2001; PiNTO et al. 2009; MANSO et al. 2010;
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NaMsAI et al. 2011; BiGORrAJ et al. 2014; PoLo et
al. 2015). The difference in detection rate may be
because of the viral extraction methods, the test and
primers used, the season the samples were taken and
the place of samples taken (high or low contaminated
areas) (COSTAFREDA et al. 2006; RUTJES ef al. 2006;
DE Ropa HusMAN et al. 2007; SCHULTZ et al. 2007;
Croci et al. 2008; UHRBRAND et al. 2010; PoLo et
al. 2015).

In comparison with HAV, the detection rate re-
ported for HEV is either absent or low in many
countries. In Italy no HEV was detected in eleven
samples analysed (LA Rosa et al. 2012). In the United
Kingdom, HEV was detected in 1 shellfish sample out
of the 48 samples analysed (CROSSAN et al. 2012).
In China, the overall HEV-positive detection rate
was approximately 17.5% per kilogram of shellfish
(Gao et al. 2015). In Thailand, no HEV was detected
in any of the tested samples (NAMSsALI et al. 2011).
All shellfish were found to be negative in a study
conducted in Denmark (KroG et al. 2014). Similar
results were obtained in France (GRODZKI et al.
2014). Similarly, no HEV was detected in any of the
samples analysed in the present study. Results of the
above studies and this study indicate that mussels
do not seem to be playing a major role in transmis-
sion of HEV to people. In contrast, HEV has been
associated with the consumption of undercooked
pork products (CoLSON et al. 2010; SAID et al. 2014).

CONCLUSIONS

HAV was found in 3.3% of the pooled mussel sam-
ples collected from Bosphorus in Istanbul and may
pose a risk to public health and contamination of
aquatic environment. HEV was not detected in any
of the mussel samples tested, indicating that mussels
may not be a significant vehicle for this virus in this
region of Turkey.

References

Bigoraj E., Kwit E., Chrobociniska M., Rzezutka A. (2014):
Occurrence of norovirus and hepatitis A virus in wild
mussels collected from the Baltic Sea. Food and Envi-
ronmental Virology, 6: 207-212.

Bosch A., Sdnchez G., Le Guyader F,, Vanaclocha H., Hau-
garreau L., Pinté R.M. (2001): Human enteric viruses in
Coquina clams associated with a large hepatitis A out-
break. Water Science and Technology, 43: 61-65.



Czech J. Food Sci., 36, 2018 (3): 215-220

Food Microbiology and Safety

https://doi.org/10.17221/233/2017-CJFS

Boxman L.L., TilburgJ.J., Te Loeke N.A., Vennema H., Jonk-
er K., de Boer E., Koopmans M. (2006): Detection of
noroviruses in shellfish in the Netherlands. International
Journal of Food Microbiology, 108: 391-396.

Colson P., Borentain P., Queyriaux B., Kaba M., Moal V.,
Gallian P, Heyries L., Raoult D., Gerolami R. (2010): Pig
liver sausage as a source of hepatitis E virus transmis-
sion to humans. The Journal of Infectious Diseases, 202:
825-834.

Cook N., Rzezutka A. (2006): Hepatitis viruses. In: Motarje-
mi Y., Adams M. (eds): Emerging Foodborne Pathogens.
Cambridge, Woodhead Publishing: 282-308.

Costafreda M., Bosch A., Pinté R.M. (2006): Development,
evaluation, and standardization of a real-time TagMan
reverse transcription-PCR assay for quantification of
hepatitis A virus in clinical and shellfish samples. Ap-
plied and Environmental Microbiology, 72: 3846—3855.

Croci L., De Medici D., di Pasquale S., Toti L. (2005): Re-
sistance of hepatitis A virus in mussels subjected to dif-
ferent domestic cookings. International Journal of Food
Microbiology, 105: 139—144.

Croci L., Dubois E., Cook N., de Medici D., Charlotte
Schultz A., China B., Rutjes S.A., Hoorfar J., van der
Poel W.H.M. (2008): Current methods for extraction
and concentration of enteric viruses from fresh fruit
and vegetables: towards international standards. Food
Analytical Methods, 1: 73-84.

Crossan C., Baker P.J., Craft J., Takeuchi Y., Dalton H.R.,
Scobie L. (2012): Hepatitis E virus genotype 3 in shell-
fish, United Kingdom. Emerging Infectious Diseases, 18:
2085-2107.

DePaola A., Jones J.L., Woods J., Burkhardt W. 3 Calci
K.R., Krantz J.A., Bowers ].C., Kasturi K., Byars R.H.,
Jacobs E., Williams-Hill D., Nabe K. (2010): Bacterial
and viral pathogens in live oysters: 2007 United States
market survey. Applied and Environmental Microbiol-
ogy, 76: 2754—2868.

de Roda Husman A.M., Lodder-Verschoor F., van den Berg
H.H., Le Guyader E.S., van Pelt H., van der Poel W.H.M.,
Rutjes S.A. (2007): Rapid virus detection procedure for
molecular tracing of shellfish associated with disease
outbreaks. Journal of Food Protection, 70: 967-974.

Donia D., DelllAmico M.C., Petrinca A.R., Martinucci [.,
Mazzei M., Tolari F., Divizia M. (2012): Presence of hepa-
titis E RNA in mussels used as bio-monitors of viral
marine pollution. Journal of Virological Methods, 186:
198-202.

Formiga-Cruz M., Tofino-Quesada G., Bofill-Mas S., Lees
D.N., Henshilwood K., Allard A.K., Conden-Hansson
A.C., Hernroth B.E., Vantarakis A., Tsibouxi A., Papa-
petropoulou M., Furones M.D., Girones R. (2002): Dis-

tribution of human virus contamination in shellfish from
different growing areas in Greece, Spain, Sweden and the
United Kingdom. Applied and Environmental Microbiol-
ogy, 68: 5990-5998.

Gabrieli R., Macaluso A., Lanni L., Saccares S., Di Giambe-
rardino F., Cencioni B., Petrinca A.R., Divizia M. (2007):
Enteric viruses in molluscan shellfish. New Microbiology,
30:471-475.

Gao S, LiD., Zha E., Zhou T., Wang S., Yue X. (2015): Sur-
veillance of hepatitis E virus contamination in shellfish in
China. International Journal of Environmental Research
and Public Health, 12: 2026—-2036.

Grodzki M., Schaeffer J., Piquet J.C., Le Saux J.C., Chevé
J., Ollivier J., Le Pendu J., Le Guyader E.S. (2014): Bioac-
cumulation efficiency, tissue distribution, and environ-
mental occurrence of hepatitis E virus in bivalve shellfish
from France. Applied and Environmental Microbiology,
80: 4269-4276.

Hansman G.S., Oka T., Li T.C., Nishio O., Noda M., Takeda
N. (2008): Detection of human enteric viruses in Japanese
clams. Journal of Food Protection, 71: 1689-1695.

Hewitt P.E., Jjaz S., Brailsford S.R., Brett R., Dicks S., Hay-
wood B., Kennedy L.T., Kitchen A., Patel P., Poh J., Russell
K., Tettmar K.I., Tossell J., Ushiro-Lumb I., Tedder R.S.
(2014): Hepatitis E virus in blood components: a preva-
lence and transmission study in southeast England. The
Lancet, 384: 1766—-1773.

Jothikumar N., Cromeans T.L., Robertson B.H., Meng X.J.,
Hill V.R. (2006): A broadly reactive one-step real-time
RT-PCR assay for rapid and sensitive detection of hepa-
titis E virus. Journal of Virological Methods, 131: 65-71.

Kirkland K.B., Meriwether R.A., Leiss ].K., Mac Kenzie W.R.
(1996): Steaming oysters does not prevent Norwalk-like
gastroenteritis. Public Health Reports, 111: 527-530.

Kokkinos P., Kozyra I., Lazic S., Bouwknegt M., Rutjes S.,
Willems K., Moloney R., de Roda Husman A.M., Kaupke
A., Legaki E., D’Agostino M., Cook N., Rzezutka A., Petro-
vic T., Vantarakis A. (2012): Harmonised investigation of
the occurrence of human enteric viruses in the leafy green
vegetable supply chain in three European countries. Food
and Environmental Virology, 4: 179-191.

Koopmans M., Duizer E. (2004): Foodborne viruses: An
emerging problem. International Journal of Food Micro-
biology, 90: 23—41.

Krog].S., Larsen L.E., Schultz A.C. (2014): Enteric porcine
viruses in farmed shellfish in Denmark. International
Journal of Food Microbiology, 186: 105-109.

La Rosa G., Fratini M., Spuri Vennarucci V., Guercio A.,
Purpari G., Muscillo M. (2012): GIV noroviruses and
other enteric viruses in bivalves: a preliminary study.
New Microbiology, 35: 27-34.

219



Food Microbiology and Safety

Czech J. Food Sci., 36, 2018 (3): 215-220

Macaluso A., Petrinca A., Lanni L., Saccares S., Amiti S.,
Gabrieli R., Divizia M. (2006): Identification and se-
quence analysis of hepatitis A virus detected in market
and environmental bivalve molluscs. Journal of Food
Protection, 69: 449-452.

Manso C.F., Polo D., Vilarifio M.L., Romalde J.L. (2010):
Genotyping of hepatitis A virus detected in bivalve shell-
fish in Galicia (NW Spain). Water Science and Technol-
ogy, 61: 15-24.

Maunula L., Kaupke A., Vasickova P., Séderberg K., Kozyra
L., Lazic S., van der Poel W.H., Bouwknegt M., Rutjes
S., Willems K.A., Moloney R., D’Agostino M., de Roda
Husman A.M., von Bonsdorff C.H., Rzezutka A., Pavlik
I., Petrovic T., Cook N. (2013): Tracing enteric viruses
in the European berry fruit supply chain. International
Journal of Food Microbiology, 167: 177-185.

McDonnell S., Kirkland K.B., Hlady W.G., Aristeguieta C.,
Hopkins R.S., Monroe S.S., Glass R.I. (1997): Failure of
cooking to prevent shellfish-associated viral gastroenteri-
tis. Archives of Internal Medicine, 157: 111-116.

Ming H., Fan]., Wu L., Yue L., Gao X., Liang Y. (2014): Con-
tamination of typical human enteric viruses in economic
shellfish along the Chinese coast. Acta Microbiologica
Sinica, 54: 69-79.

Namsai A., Louisirirotchanakul S., Wongchinda N., Siri-
panyaphinyo U., Virulhakul P., Puthavathana P. (2011):
Surveillance of hepatitis A and E viruses contamination
in shellfish in Thailand. Letters in Applied Microbiology,
53: 608-613.

Pinté R.M., Costafreda M.I., Bosch A. (2009): Risk assess-
ment in shellfish-borne outbreaks of hepatitis A. Applied
and Environmental Microbiology, 75: 7350-7355.

Polo D., Varela M.F.,, Romalde J.L. (2015): Detection and
quantification of hepatitis A virus and norovirus in Span-
ish authorized shellfish harvesting areas. International
Journal of Food Microbiology, 193: 43-50.

Reuter G., Juhdsz A., Kosztolanyi L., Lefler E., Fekete Z.
(2006): Co-circulation of genotype IA and new variant
IB hepatitis A virus in outbreaks of acute hepatitis in
Hungary — 2003/2004. Journal of Medical Virology, 78:
1392-1397.

Rodriguez-Léazaro D., Cook N., Ruggeri F.M., Sellwood J.,
Nasser A., Nascimento M.S., D’Agostino M., Santos R.,

220

https://doi.org/10.17221/233/2017-CJES

Saiz J.C., Rzezutka A., Bosch A., Gironés R., Carducci A.,
Muscillo M., Kovac¢ K., Diez-Valcarce M., Vantarakis A.,
von Bonsdorff C.H., de Roda Husman A.M., Hernandez
M., van der Poel W.H. (2012): Virus hazards from food,
water and other contaminated environments. FEMS Mi-
crobiology Reviews, 36: 786—814.

Rutjes S.A., Lodder-Verschoor F., van der Poel W.H., van
Duijnhoven Y.T., de Roda Husman A.M. (2006): Detection
of noroviruses in foods: A study on virus extraction pro-
cedures in foods implicated in outbreaks of human gas-
troenteritis. Journal of Food Protection, 69: 1949-1956.

Said B,, Jjaz S., Chand M.A., Kafatos G., Tedder R., Mor-
gan D. (2014): Hepatitis E virus in England and Wales:
indigenous infection is associated with the consumption
of processed pork products. Epidemiology and Infection,
142: 1467-1475.

Schultz A.C., Saadbye P., Hoorfar J., Norrung B. (2007):
Comparison of methods for detection of norovirus in
oysters. International Journal of Food Microbiology,
114: 352-356.

Suffredini E., Lanni L., Arcangeli G., Pepe T., Mazzette R.,
Ciccaglioni G., Croci L. (2014): Qualitative and quantita-
tive assessment of viral contamination in bivalve molluscs
harvested in Italy. International Journal of Food Micro-
biology, 184: 21-26.

Uhrbrand K., Myrmel M., Maunula L., Vainio K., Trebbien
R., Norrung B., Schultz A.C. (2010): Evaluation of a rapid
method for recovery of norovirus and hepatitis A virus
from oysters and blue mussels. Journal of Virological
Methods, 169: 70-78.

Yilmaz H., Bostan K., Turan N., Muratoglu K., Yilmaz A.,
Ozkul A.A., Kocazeybek B., Helps C.R. (2010): Real-time
PCR detection of norovirus in mussels collected from the
Bosphorus in Istanbul, Turkey. Food and Environmental
Virology, 2: 64—68.

Yilmaz H., Turan N., Altan E., Bostan K., Yilmaz A., Helps
C.R., Cho K.O. (2011): First report on the phylogeny of
bovine norovirus in Turkey. Archives of Virology, 156:
143-147.

Received: 2018—-03-22
Accepted after corrections: 2018—-03-01
Published online: 2018-06—-04



