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Abstract

Due to their immobile nature and filter-feeding habits, which enable biological particles to accumulate in their tissues, mussels
are recognized as vectors of foodborne diseases. Consuming these shellfish uncooked or partly processed might result in food
poisoning because of accumulated bacteria originating from the culture environment and unhygienic handling. The present
study aimed to assess the presence of Salmonella and Escherichia coli as well as to biochemically and serotypically confirm
Salmonella spp. in mussels (Mytilus galloprovincialis) taken from two locations in Morocco: Zenata and Mansouria. A total of 90
mussel samples were collected from October 2022 to August 2023. Two methods were employed in this study: AFNOR NF EN
ISO 6579-1 (2017) for the detection of Salmonella spp., and the most probable number method (MPN) using Norm ISO/TS
166493 (2017) for E. coli. The number of E. coli varied between 0.2/100 g and 1.7 x 10%/100 g of mussels. The percentage of
Salmonella spp. detected in mussel samples was 4,4%. Further analysis revealed the identification of two distinct Salmonella
serotypes, namely S. kentucky (1 isolate) and S. Typhimurium (3 isolates). This research highlights the potential risks to public
health due to the presence of pathogenic bacteria in mussels from two regions of Morocco where shellfish farming and coastal
tourism are significant contributors to the local economy.
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INTRODUCTION toplankton and zooplankton for nutrition (Sferlazzo et

al., 2018). Unfortunately, this filter-feeding behaviour
Bivalve molluscs are known for their ability to filter inor-  can also result in the ingestion of harmful pathogens
ganic matter, including viruses and bacteria, from the such as bacteria (e.g. Salmonella, Arcobacter, Vibrio,
surrounding water. However, they selectively filter phy-  Shigella, pathogenic Escherichia coli), viruses (e.g.
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Norovirus, Hepatitis A virus) (Ghaichat et al., 2023), and
protozoans (Giardia duodenales, Cryptosporidium spp.,
Toxoplasma gondii). These pathogens can contaminate
shellfish, particularly when they are grown in water pol-
luted by human sewage or animal waste from livestock,
wildlife, or agriculture (Butt et al., 2004 ; Campos et al.
2015 ; Gyawali et al., 2020 ; Lorenzoni et al., 2021 ;
Marceddu et al., 2017 ; Mudadu et al., 2021 ; Polo et
al., 2015 ; Tedde et al., 2019). Therefore, eating raw or
undercooked shellfish can pose a threat to public
health. These risks are internationally recognized and
regulations exist around the world to control them
(Potasman et al., 2002 ; Dabrowski et al., 2014).
Bacteria, parasites, and viruses from both humans and
animals are often carried to the sea via land runoff or
sewage systems. During heavy rainfall, particularly fol-
lowing a dry spell, there is likely to be a surge in the
amount of animal faeces that makes its way to the sea
(Bjern et al., 2016). E. coli is often linked to warm-
blooded animals and is widely regarded as a dependa-
ble indicator of water contamination caused by faeces
from both animals and humans, which may suggest the
presence of harmful bacteria known as enteric patho-
gens (Baylis et al., 2011; Jang et al., 2017). While E.
coli is a common microorganism that typically resides in
the mucous layer of the mammalian colon, its presence
is often associated with contaminated water and subop-
timal handling practices. Although many strains of E.
coli are harmless, certain strains can lead to illnesses
affecting the gastrointestinal, urinary, or central nervous
systems (Kaper et al., 2004; Costa, 2013).

Salmonella is a major culprit in causing food-related
illnesses worldwide, ranking third among bacterial path-
ogens responsible for foodborne diseases in humans,
following Escherichia coli and Campylobacter, accord-
ing to the World Health Organization (OMS, 2015).
Presently, there are many salmonella serotypes, and
over 2600 serotypes have been classified based on the
reactivity of antiserum to O and H antigens (Stevens et

al., 2009). Raw food, especially those of animal origin,
is the main source of salmonellosis (Hackney and Pot-
ter, 1994). Salmonella is also detected in aquatic envi-
ronments where it can survive for over four weeks
(Roszak et al., 1984). The bacteria primarily inhabit the
gastrointestinal tracts of animals and contaminated
environments with human or animal waste (Huss,
1994). Salmonella is responsible for the majority of
foodborne diseases or gastroenteritis cases character-
ized by symptoms such as diarrhea, abdominal
cramps, vomiting, nausea, and fever (Sanjee and Ka-
rim, 2016).

The present study aimed to work on samples of mus-
sels (Mytilus galloprovincialis) collected in two regions
of Morocco, Zenata and Mansouria, to detect the pres-
ence or absence of Escherichia coli and Salmonella, as
well as to biochemically and serotypically confirm Sal-
monella spp.

MATERIALS AND METHODS

Description of the study area

The Zenata (33° 38' 59" N, 7° 28' 38" O) site is strategi-
cally located between the two cities of Casablanca and
Mohammedia. The site is located on the outskirts of
Casablanca, northeast of the city, in the commune of
Ain Harrouda. It covers an area of 1,830 hectares with
5 km of coastline opening onto the Atlantic Ocean
(Fig.1).

Mansouria (Latitude: 33.75, Longitude: -7.3 33° 45' 0"
North, 7° 18’ 0" West. Altitude of El Mansouria, 12 m.)
is a town in the Ben Slimane Department of Casablan-
ca Settat, Morocco. According to the 2004 census, the
population of Mansouria was 12,955 (Fig.2).

Sampling

The study was conducted from October 2022 to August
2023. Mussels were sampled twice weekly for viral and
bacterial analyses (E. coli and Salmonella). A total of
90 mussels (Mytilus galloprovincialis) samples from two

Fig.1. Location of mussel sampling areas from the Zenata Morocco area (https://www.google.com/maps/place/

Rue+De+Zenata,+Casablanca)
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Fig. 2. Location of mussel sampling areas from the Mansouria Morocco area (https.//www.google.com/maps/place/

El+Mansouria)

different regions (Zenata and Mansouria) were exam-
ined (Fig. 1 and 2). Depending on the size of M. gallo-
provincialis, 30-60 individuals from each sample were
randomly selected for analysis. All samples were sent
to the National Health and Safety Administration labor-
atory in a refrigerated condition according to standards.
Analysis began within 24 hours of sampling and was
performed quickly while maintaining standards.

Escherichia coli analysis

To count E. coli in all bivalve samples, the five-tube
most-probable-number (MPN) technique was used, in
compliance with the European Union reference method
ISO 16649-3:2017 (International Organization for
Standardization, Geneva) (ISO 16649-3, 2017). A sam-
ple of 90 mussels was externally cleaned and asepti-
cally prepared for microbiological analysis following
ISO. Enumeration of E. coli was carried out according
to the reference method 1ISO 16649-3 with 5 tubes and
4 dilutions of the most probable number (MPN) (ISO
16649-3, 2017). The MPN was calculated based on the
number of positive tubes from 5 x 4 MPN arrays. Fol-
lowing a homogenous combination created by blending
30 g of mussel samples with the peptone water in a
blender mixer, the mixture was added to 70 ml of pep-
tone water in a stomacher bag. Five tubes of double-
strength mineral-modified glutamate medium (Oxoid,
Basingstoke, UK) were filled with 10 mL of the original
solution (1/10). In addition, five tubes containing single-
strength mineral-modified glutamate medium (Oxoid)
were filled with aliquots of 1 mL of the 1:10 homoge-
nate. Finally, 1 mL of additional dilutions (10?, 107, 10"
*) were transferred to each of the five single-strength
mineral-modified glutamate medium tubes. All tubes
were incubated aerobically at 37°C for 24 h. Incubated
tubes were considered positive if their color changed
from purple to yellow, indicating the presence of acid.

Subcultures from these tubes were plated on chromo-
genic tryptone bile glucuronide (TBX) agar (Oxoid) to
obtain isolated colonies and confirm B-glucuronidase
activity. TBX plates were incubated aerobically at 44°C
for 24 h. At the end of incubation, the plates were ex-
amined for the presence of colonies with dark, light
blue, or blue-green hues. This indicates the presence
of putative B-glucuronidase-positive E. coli (Donovan et
al., 1998).

Salmonella spp. analysis

All samples were tested for Salmonella spp. analyzed.
Detection according to ISO 6579-1:2017 (ISO 6579-1,
2017). 25 g of each sample was added to 225 mL of
buffered peptone water and incubated at 37 °C for 24
h. After incubation, 100 uL of culture (Sample + Buff-
ered peptone water) was inoculated into 10 mL of Rap-
paport-Vassiliadis soy peptone concentrate broth and
incubated at 41.5 °C for 24 h. At the same time, 1 ml of
culture was transferred to 10 ml of Muller-Kaufman
tetrathionate novobiocin broth modified with iodine and
novobiocin, and 1 ml of culture was similarly trans-
ferred to 10 ml. It was mixed with cystine selenite broth
and incubated at 37 °C for 24 h. After incubation, the
three broths were subcultured on the surface of Xylose
-lysine-deoxycholic acid agar plates, Hektoen agar,
and another bismuth sulfite agar (bioMérieux, Marcy
I'Etoile, France) to obtain well-separated colonies. In-
cubate for 24 hours at 37 °C. After incubation, the
plates were examined for characteristic Salmonella-like
colonies. Suspicious colonies (black centers and slight-
ly transparent reddish areas on Xylose-lysine-
deoxycholic acid agar; black colonies surrounded by a
metallic sheen on bismuth agar; translucent pale green
or greenish on Hectoene agar blue colonies) were
identified. On each plate, identify distinctive colonies
for subculturing and confirmation. On the non-selective
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agar plate's surface, isolate the indicated colonies. The
seeded plates should be incubated for 24 hours at 37°
C on non-selective agar.

Biochemical confirmation of Salmonella spp.

Then, for biochemical confirmation, first place a disc of
oxidase on a slide or petri dish with a loop, select a well
-separated colony from the positive sample, gently rub
the colony on the disc, and observe the purple color
change. A negative sample for oxidase, i.e., the disc
does not change color, is considered positive. After the
oxidase test step, an API gallery was performed on the
oxidase negative (-) samples, and the samples were
incubated at 37°C for 24 hours.

Serotyping confirmation of Salmonella spp.

The identified biochemical isolates were analyzed using
serotyping techniques, which involved the determina-
tion of somatic (O) and flagellar (H) antigens through
slide agglutination tests, as described by Kauffman
(1974); Grimont et al. (2007).

RESULTS AND DISCUSSION

Escherichia coli

During the study period, among the 90 samples exam-
ined for the presence of E. coli, 3 samples (3.33%) had
MPN values of less than 20 colony-forming units (CFU)
per 100 grams, 20 samples (22.22%) had MPN values
between 20 and 230 E. coli 100 g™ (Class A areas), 20
samples (22.22%) had MPN values between 230 and
4600 E.coli 100 g” (Class B areas), and 39 samples
(43.33%) had MPN values greater than 4600 E. coli
100 g’ (Class C areas). The samples from the
Mansouria zone were between 0.2 to 49 E. coli 100 g'1,
which shows that the Mansouria zone was classified in
class A and B and the Zenata zone was between 1.1 to
1.7 x 10° E. coli 100 g™, which shows that this area is
classified in class C. The highest MPN value detected
was 1.7 x 10° E. coli 100 g”, which was found in a
mussel sample from the Zenata area. Table 1 provides
a summary of the classification criteria for shellfish har-
vesting areas.

The results obtained on samples from the Zenata area
indicated that this zone should be classified as C. How-
ever, the Mansouria region had samples between 20
and 4600 E. coli 100 g- 1, classifying it as A and B.
According to Regulation (EU) 2019/627 (2019), bivalve
molluscs production areas are classified into three cat-
egories (A-C) based on E. coli levels in their flesh and
intravalvular fluid. This regulation aims to safeguard
human health. Consequently, the microbiological quali-
ty of bivalve mollusks sold may depend on the origin's
quality and the effectiveness of post-harvest treatment
(Mudado et al., 2022). E. coli was detected in Mansou-
ria with values ranging from 0.2 to 49 MPN per 100

grams, and in Zenata with values ranging from 1.1 to
1.7 x 10° MPN per 100 grams. The highest E. coli levels
were found in Zenata. Zenata's higher level of contami-
nation is caused by the amount of industrial pollutants
that are discharged into the coastline via urban sewers.
The present results align with those of Mannas et al.
(2014), who detected E. coli with values ranging from
1.4 x 10° to 1.8 x 10> MPN per 100 grams along the
western Atlantic coast of Morocco Anza, Agadir. Anoth-
er study by Lamon et al. (2020) found E. coliin 100% of
samples, with a load of 39 and 37 most probable num-
ber (MPN) per 100 grams in M. galloprovincialis sam-
ples, respectively. The present research aligns with the
findings of Ates et al. (2011), who detected E. coli in
100% of the stuffed mussel (Mytilus galloprovincialis)
samples they examined in Ankara.

This suggests there were issues with hygiene and cross
-contamination during cooking or from external sources.
Additionally, Bingol and Colak (2008) analyzed stuffed
mussels (Midye Dolma) in Istanbul and found that 31
out of the 168 samples they tested were unacceptable
(18.4%). It is important to note that our samples were
only collected from street vendors.

Salmonella spp.

Out of the 90 samples tested for Salmonella spp., 40
were suspected to be positive based on their lack of
oxidase activity and unchanged disc coloration. A colo-
ny from each plate was isolated in nutrient agar and
incubated for 24 hours at 37°C. Following incubation,
the API gallery was performed on the 40 suspect sam-
ples. The results of the API gallery are presented in
Table 2. The API gallery results showed that of the 40
suspected samples, 4 were positive for Salmonella spp.
(4.4%).

Table 3 indicated that out of the 4 samples tested, 3
originated from the Zenata region, while the remaining
1 sample was from the Mansouria region. From a public
health perspective, eating raw shellfish carries a high
risk of Salmonella contamination. However, there are
few studies on the presence of human pathogens in live
shellfish and their role in public health. Several other
studies have shown lower rates of Salmonella. The pro-
portion of seafood varies greatly depending on the
country's development level in which the study was
carried out. In this study, Salmonella spp. it was detect-
ed in both locations, with a prevalence of 4.4% in the
Zenata and Mansouria samples. In agreement with this
finding, Lozano-Leon and colleagues detected 19 Sal-
monella positive samples out of 5907 batches of mus-
sels, showing a prevalence of 0.3%, significantly lower
than the 8% previously reported (Lozano-Leon et al.,
2019). The results also agree with Mancini et al.,
(2023) who reported that only a small number of shell-
fish samples (5 out of 296) are affected by Salmonella
spp. 1.7% and Boutaib et al. (2011) detected Salmonel-
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Table 1. Classification categories of shellfish

Category E. coli level (MPN 100 g™") Treatment required

Class A 20 <E <230 May go for direct human consumption

Class B 230 < E < 4600 Must. be depurated, heat treated or relayed to meet class A
requirements

Class C < 46 000 Must be relayed for 2 months to meet class A or class B re-

quirements — may also be heat treated

Table 2. AP| Gallery Results

Samples Area API code API results
Zenata 5044552 Esherichia coli
Zenata 6704752 Salmonella spp.
Zenata 6704752 Salmonella spp.
Mansouria 3204532 Citrobacter freundii
Mansouria 6704752 Salmonella spp.
Zenata 3304573 Enterobacter cloacae
Zenata 3304573 Enterobacter cloacae
Mansouria 1604772 Citrobacter freundii

MUSSELS Mansouria 3304573 Enterobacter cloacae
Zenata 3304573 Enterobacter cloacae
Zenata 3304573 Enterobacter cloacae
Mansouria 3304573 Enterobacter cloacae
Zenata 3214773 K. pneum. Pneumoniae
Zenata 3304773 Enterobacter cloacae
Zenata 0374000 Morganella morganii
Zenata 3304573 Enterobacter cloacae
Zenata 1704753 Citrobacter freundii
Zenata 3604512 Citrobacter freundii
Zenata 6704752 Salmonella spp.
Mansouria 0174000 Morganella morganii
Mansouria 3304773 Enterobacter sakazakii
Mansouria 3304573 Enterobacter cloacae
Mansouria 1200373 Pantea spp 4
Mansouria 1204573 Pantea spp 2

la in 7 out of 104 samples 6.7% of Callista chione and
Acanthocardia tuberculatum collected from faecal con-
tamination in Morocco (Rabat). In contrast, Zahli et al.
(2021) discovered a Salmonella prevalence of 19.15%
in mussels obtained from Moroccan markets; similarly,
Mannas et al. (2014) and Setti et al. (2009) observed a
Salmonella prevalence of 15.4% and 10%, respectively,
in mussel samples collected from the Atlantic coast of
Morocco. Other studies, such as Salmonella was re-
ported in 8.0% of the samples collected from Alexan-
dria, Egypt by Bakr et al. (2011) and Rubini et al.
(2018), have also detected the presence of Salmonella
in oysters and mussels, respectively, at varying preva-
lence rates.

Serotyping confirmation

The results of the Salmonella serological tests indicat-
ed the Salmonella family as either Anti-Salmonella
OMA and Anti-Salmonella OMB (O-Group Pool test

reagent). Further analysis revealed the identification of
two distinct Salmonella serotypes, namely S. Kentucky
(1 isolate) and S. typhimurium (3 isolates). The serotyp-
ing results are presented in Table 4.

Regarding the serotyping part, two serotypes were de-
tected in four Salmonella isolates. Salmonella typhi-
murium was the most commonly isolated serotype, ac-
counting for 75% of all isolates. S. kentucky was isolat-
ed once each case and accounted for 25% of all iso-
lates. The present results are consistent with those of
Baudart et al. (2000) where, S. typhimurium has been
shown to be one of the major serotypes isolated from
humans and animals, especially bovine species. The
present results are consistent with those of Mancini et
al., (2023), involving a sole strain of S. typhimurium
sourced from humans in the Apulia Region of Italy. Oth-
er studies have found that S. Typhimurium is the most
common clinically important serotype of Salmonella
present in the marine environment (Lozano-Leon et al.,
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Table 3. Results of Esherichia coli and Salmonella

Positive samples Esherichia coli

Salmonella

Mussel 2 (Zenata)
460 E. coli 100 g~
1,7 E. coli 100 g™
310 E. coli 100 g™

Mussel 3 (Zenata)
Mussel 6 (Mansouria)
Mussel 43 (Zenata)

1700 E. coli 100 g’

Salmonella spp.
Salmonella spp.
Salmonella spp.
Salmonella spp.

Table 4. Results of the serological test and serotyping of the 4 Salmonella found in mussels

Salmonella Serological confirmation O Antigens H Antigens Phase 1 H Antigens Phase 2
OMA OMB

S. Kentucky OMB 08 8,20 i z6

S. Typhimurium  OMA 04 1,4,[56],12 i 1,2

2019), with a study in Galicia's coastal waters identify-
ing it as the second most prevalent serotype, making
up 15% of isolates (Martinez-Urtaza et al., 2004). Con-
sistent with this hypothesis, research conducted on the
coast of Colombia found a connection between ineffec-
tive sewage treatment systems and the existence of
Salmonella in coastal waters (Soto-Varela et al., 2021).
S. typhimurium is the second highest serotype linked to
human salmonellosis in the European Union, so coastal
regions with high populations may face possible con-
tamination by human pathogenic Salmonella serotypes
(EFSA, 2017).

Conclusion

The present study found particularly high rates of E.
coli in the Zenata region and the presence of S. typhi-
murium and S. kentucky in street-sold wild mussels
collected in the Zenata and Mansouria regions between
October 2022 and August 2023. The Zenata area was
identified as the most polluted area in the study be-
cause of the large amount of industrial pollutants being
released into the coastline through urban sewers. Sell-
ing ready-to-eat foods such as mussels outdoors with-
out precautions can be a major cause of food poison-
ing. Thus, better controls are needed to protect these
foods from contamination, and cooking and distribution
conditions need to be controlled.

Conflict of interest
The authors declare that they have no conflict of
interest.

FUNDING SOURCE
No funding was received to assist with the preparation
of this study.

REFERENCES

1. Ates, M., Ozkizilcik, A. & Tabakoglu, C. (2011). Microbio-
logical Analysis of Stuffed Mussels Sold in the

Streets. Indian J. Microbiol., 51, 350-354. https://
doi.org/10.1007/s12088-011-0174-6.

Bakr, W.M.K., Hazzah, W.A. & Abaza, A.F. (2011). Detec-
tion of Salmonella and Vibrio species in some seafood in
Alexandria. J. American Sci., 2011, 7 (9), 663-668. (ISSN:
1545-1003).

Baudart, J., Lemarchand, K., Brisabois, A., &Lebaron, P.
(2000). Diversity of Salmonella strains isolated from the
aquatic environment as determined by serotyping and
amplification of the ribosomal DNA spacer regions. Appl.
Environ. Microbiol., 66, 1544—-1552. DOI: 10.1128/
aem.66.4.1544-1552.2000.

Baylis, C., Uyttendaele, M., Joosten, H., & Davies,
A. (2011). The Enterobacteriaceae and their significance
to the food industry. Available at:  https://
www.cabdirect.org/cabdirect/
FullTextPDF/2014/20143006754.pdf , Accessed 11th Nov
2021. ISBN: 9789078637332.

Bingol, Baris, Colak, E., Hampikyan, H., &Muratoglu,
K. (2008). "The microbiological quality of stuffed mussels
(Midye Dolma) sold in Istanbul". British Food Journal, Vol.

110, No. 11, pp. 1079-1087. https://
doi.org/10.1108/00070700810917992.
Bjern, Tore Lunestad, Frantzen, Sylvia, Cecilie,

Smith, Svanevik, Irja, Sunde, Roiha, & Arne, Duinker,.
(2016). Time trends in the prevalence of Escherichia
coli and enterococci in bivalves harvested in Norway dur-
ing 2007-2012. Food Control., Volume 60, February 2016,
Pages 289-295. https://doi.org/10.1016/
j.foodcont.2015.08.001.

Boutaib, R., Marhraoui, M., Oulad Abdellah, M.K., &
Bouchrif, B., (2011). Comparative Study on Faecal Con-
tamination and Occurrence of Salmonella spp. and Vibrio
parahaemolyticus in Two Species of Shellfish in Morocco.
Open Environmental Sciences, 2011, 5, 30-37. DOI:
10.2174/1876325101105010030.

Butt, A.A., Aldridge, K.E., & Sanders, C.V. (2004). Infec-
tions related to the ingestion of seafood Part I: Viral and
bacterial infections. The Lancet Infectious Diseas-
es, 4 (4) (2004), pp. 201-212. https://doi.org/10.1016/
S1473-3099(04)00969-79. Commission Implementing
Regulation (EU) 2019/627. (2019). Official Journal of the
European Union, Article 52: Classification of production
and relaying areas for live bivalve molluscs, L 131/51, 15
March 2019.

1120


https://doi.org/10.1007/s12088-011-0174-6
https://doi.org/10.1007/s12088-011-0174-6
https://doi.org/10.1128%2Faem.66.4.1544-1552.2000
https://doi.org/10.1128%2Faem.66.4.1544-1552.2000
https://www.cabdirect.org/cabdirect/FullTextPDF/2014/20143006754.pdf
https://www.cabdirect.org/cabdirect/FullTextPDF/2014/20143006754.pdf
https://www.cabdirect.org/cabdirect/search/?q=bn%3a%229789078637332%22
https://www.emerald.com/insight/search?q=Enver%20Baris%20Bingol
https://www.emerald.com/insight/search?q=Hilal%20Colak
https://www.emerald.com/insight/search?q=Enver%20Baris%20Bingol
https://www.emerald.com/insight/search?q=Karlo%20Muratoglu
https://www.emerald.com/insight/publication/issn/0007-070X
https://doi.org/10.1108/00070700810917992
https://www.sciencedirect.com/journal/food-control/vol/60/suppl/C
https://doi.org/10.1016/j.foodcont.2015.08.001
https://doi.org/10.1016/j.foodcont.2015.08.001
https://benthamopen.com/TOENVIRJ/home/
https://doi.org/10.1016/S1473-3099(04)00969-7

Sara, G. et al. / J. Appl. & Nat. Sci. 16(3), 1115 - 1122 (2024)

10.

1

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Campos, C.J., Avant, J., Gustar, N., Lowther, J., Powell,
A., Stockley, L., &N lees, D. (2015). Fate of human no-
roviruses in shellfish and water impacted by frequent sew-
age pollution events. Environmental Science & Technolo-
gy, 49 (14) (2015), pp. 8377-8385. https://doi.org/10.1021/
acs.est.5b0126811. Costa, R.A. (2013). Escherichia coli in
seafood: A brief overview. Advances in Bioscience and
Biotechnology, 4 (2013), 450-454. http://
dx.doi.org/10.4236/abb.2013.43A060 P.

Dabrowski, T., Doré, W.J., Lyons, K., & Nolan, G.D.
(2014). Numerical modelling of blue mussel (Mytilus edu-
lis) bacterial contamination. J. Sea Res., 89 (2014), 52-63.
https://doi.org/10.1016/j.seares.2014.02.005.

. Donovan, T. J., Gallacher, S., Andrews, N., Greenwood,

M., Graham, J., Russell, J., Roberts, S., &Lee, R. (1998).
Modification of the standard method used in the United
Kingdom for counting Escherichia coli in live bivalve mol-
luscs. Commun. Dis. Publ. Health, 1 (3), 188—196. PMID:
9782634.

Ghaichat, S., Mahari, |., Zekhnini, H., El, Mellouli, F., &
Lakhiari, H. (2023). Molecular analysis and prevalence of
Hepatitis A and Norovirus Gl and Gl of mussels by real-
time reverse transcription in the Zenata area, Morocco.
Teikyo Medical Journal, Volume 46, Issue 6, June, 2023.
ISSN: 03875547.

Grimont, P., Une, D., &Weill, F.X. (2007). Antigenic formu-
lae of the Salmonella serovars. Institut du Pasteur (9th
edition).

Gyawali, P., & Hewitt. J. (2020). Fecal contamination in
bivalve molluscan shellfish: Can the application of the
microbial source tracking method minimize public health
risks? Current Opinion in Environmental Science &
Health, 16 (2020), pp. 14-21. DOI: 10.1016/
j-coesh.2020.02.005.

Hackney, C.R., &Potter, M.E. (1994). Animal-associated
and terrestrial bacteria pathogens. In Hackney C.R., and
Pierson (ed.) M. D., Environmental indicators and shellfish
safety, Chap- man & Hall, New York, p. 172-209.

Huss, H.H., (1994). Assurance of seafood quality. FAO
Fisheries Technical Paper, 334 (1994), p. 169. ISBN 92-5-
103446-X.

ISO 16649-3, 2017 (2017). Food chain microbiology —
Horizontal method for the enumeration of beta-
glucuronidase positive Escherichia coli — Part 3: Most
probable number investigation and technique using bromo
-5-chloro-4-indolyl-3 B-D-glucuronate. International Organ-
ization for Standardization, Geneva.

20. ISO 6579-1, 2017 (2017). Microbiology of the food
chain — Horizontal method for the detection, enumeration
and serotyping of Salmonella — Part 1: Detection of Sal-
monella spp. International Organization for Standardiza-
tion, Geneva.

Jang, J., Hur, H.G., Sadowsky, M.J., Byappanahalli,
M.N., Yan, T, & Ishii, S. (2017). Environmen-
tal Escherichia coli: Ecology and public health implica-
tions—a review. Journal of Applied Microbiolo-
gy, 123 (3) (2017), pp. 570-581. DOI: 10.1111/jam.13468.
Kaper, J.B., Nataro, J.P., & Mobley, H.L.T. (2004). Patho-
genic Escherichia coli. Nature Reviews Microbiolo-
gy, 2 (2004), pp. 123-140. DOI: 10.1038/nrmicro818.
Kauffman, G. (1974). Kauffman white scheme. WHO. Pd
172, 1, rev. 1. Acta Pathol. Microbiol. Scand., A -

22.

23.

24.

25.

26.

27.

28.

20.

30.

B, 61 (1974), p. 385.

Lamon, S., Piras, F.,, Meloni, D., Agus, V., Porcheddu,
G., Pes, M., Giovanna, M., Giuseppe, C., Federica,
E., Simonetta, F., Consolati, G., & Mureddu, A. (2020).
Enumeration of Escherichia coli and determination
of Salmonella spp. and verotoxigenic Escherichia coli in
shellfish (Mytilus galloprovincialis and Ruditapes decus-
satus) harvested in Sardinia, Italy. /fal. J. Food Saf., 2020
Dec 3, 9(4), 8625. DOI: 10.4081/ijfs.2020.8625.
Lorenzoni, G., Tedde, G., Mara, L., Bazzoni, A.M., Esposi-
to, G, Salza, S., &Piras, G., Tiziana, T., Bazzardi, R., Ar-
ras, |., Uda, M.T., Virgilio, S., Meloni, D., & Mudadu, A.G.
(2021). Presence seasonal distribution and biomolecular
characterization of Vibrio parahaemolyticus and Vibrio
vulnificus in shellfish harvested and marketed in Sardinia
(Italy) between 2017 and 2018. Journal of Food Protec-
tion, 84 (9) (2021), pp. 1549-1554. DOI: 10.4315/JFP-21-
059.

Lozano-Leon, A., Garcia-Omil, C., Dalama, J., Rodriguez-
Souto, R., Martinez-Urtaza, J., & Gonzalez-Escalona, N.
(2019). Detection of colistin resistance mcr-1 gene
in Salmonella enterica serovar Rissen isolated from mus-
sels, Spain, 2012 to 2016. Eurosurveillance 2019, 24 (16),
1900200. DOI: 10.2807/1560-
7917.ES.2019.24.16.1900200.

Mancini, M.E., Alessiani, A., Donatiello, A., Didonna, A.,
D’Attoli, L., Faleo, S., Occhiochiuso, G., Carella, F., Di
Taranto, P., Pace, L., Rondinone, V., Damato, A.M., Cop-
pola, R., Pedarra, C., & Goffredo, E. (2023). Systematic
Survey of Vibrio spp. and Salmonella spp. in Bivalve
Shellfish in Apulia Region (ltaly): Prevalence and Antimi-
crobial Resistance. Microorganisms. 11(2), 450. https://
doi.org/10.3390/microorganisms11020450.

Mannas, H., Mimouni, R., Chaouqy, N., Hamadi, F., &
Martinez-Urtaza, J. (2014). Occurrence
of Vibrio and Salmonella species in mussels (Mytilus gal-
loprovincialis) collected along the Moroccan Atlantic
coast.  SpringerPlus, 3, 265 (2014). https://
doi.org/10.1186/2193-1801-3-265.

29. Marceddu, M., Lamon, S., Consolati, S.G., Ciulli,
S., Mazza, R., Mureddu, A., & Meloni, D. (2017). Determi-
nation of Salmonella spp., E. coli VTEC, Vibrio spp., and
norovirus GI-GlI in bivalve molluscs collected from grow-
ing natural beds in Sardinia (Italy). Foods, 6 (10) (2017),
p. 88. DOI: 10.3390/foods6100088.

Martinez-Urtaza, J., Saco, M., de Novoa, J., Perez-
Pifieiro, P., Peiteado, J., Lozano-Ledn, A., &Garcia-Martin,
0. (2004). Influence of environmental factors and human
activity on the presence of Salmonella serovars in a ma-
rine environment. Appl. Environ. Microbiol., 70, 2089-
2097. DOI: 10.1128/AEM.70.4.2089-2097.2004.

Mudado, A.G., Spanu, C., Pantoja, J.C.F., Dos Santos,
M.C., De Oliveira, C.D., Salza, S., Piras, G., Uda,
M.T., Virgilio, S., Giagnoni, L., Pereira, J.G., & Tedde,
T. (2022). Association between Escherichia
coli and Salmonella spp. food safety criteria in live bivalve
molluscs from wholesale and retail markets. Food Con-
trol., Volume 137, July 2022, 108942. https://
doi.org/10.1016/j.foodcont.2022.108942.

Mudadu, A.G., Salza, S., Melillo, R., Mara, L., Piras,
G., Spanu, C., Giovanni, Terrosu, Fadda, A., Virgilio, S., &
Tedde, T. (2021). Prevalence and pathogenic potential

1121


https://doi.org/10.1021/acs.est.5b01268
https://doi.org/10.1016/j.seares.2014.02.005
https://doi.org/10.1016/j.coesh.2020.02.005
https://pubmed.ncbi.nlm.nih.gov/?term=Lamon%20S%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Pes%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Cambula%20MG%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Pes%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Fois%20F%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Consolati%20SG%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Mureddu%20A%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7731884/
https://doi.org/10.4315/JFP-21-059
https://doi.org/10.3390/foods6100088
https://doi.org/10.1128/aem.70.4.2089-2097.2004
https://www.sciencedirect.com/journal/food-control
https://www.sciencedirect.com/journal/food-control
https://www.sciencedirect.com/journal/food-control/vol/137/suppl/C
https://doi.org/10.1016/j.foodcont.2022.108942
https://www.researchgate.net/profile/Giovanni-Terrosu?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Fadda-A?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/scientific-contributions/Sebastiano-Virgilio-2045519413?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/scientific-contributions/Tiziana-Tedde-2045487158?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19

Sara, G. et al. / J. Appl. & Nat. Sci. 16(3), 1115 - 1122 (2024)

31.

32.

33.

34.

35.

36.

of Arcobacter spp. isolated from edible bivalve molluscs in
Sardinia. Food Control, 127 (4), 108139. DOI: 10.1016/
j.foodcont.2021.108139.

OMS. (2015). OMS estimates of the global burden of
foodborne disease Foodborne diseases burden epidemiol-
ogy reference group 2007-2015.http://apps.who.int/iris/
handle/10665/199350) (accessed 29 November 2023).
Polo, D., Varela, M.F., & Romalde, J.L. (2015). Detection
and quantification of hepatitis A virus and norovirus in
Spanish authorized shellfish harvesting areas. Internation-
al Journal of Food Microbiology, 193 (2015), pp. 43-50.
DOI: 10.1016/j.ijffoodmicro.2014.10.007.

Potasman, |., Paz, A., & Odeh, M. (2002). Infectious out-
breaks associated with bivalve shellfish consumption: a
worldwide perspective. Clin. Infect. Dis., 35 (8), pp. 921-
928. DOI: 10.1086/342330.

Roszak, D.B., Grimes, D. J., &Colwell, R.R. (1984). Viable
but nonrecoverable stage of Salmonella enteritidis in
aquatic systems. Can. J. Microbiol., 30 (3), 334-338.
DOI: 10.1139/m84-049.

Rubini, S., Giorgio, G., D’Incau, M., Govoni,
G., Boschetti, L., Berardelli, C., Barbieri, S., Merialdi,
G., Formaglio, A., Guidi, E., Bergamini, M., Piva,
S., Serraino, A., & Giacometti, F. (2018). Occurrence

of Salmonella enterica subsp. enterica in bivalve molluscs
and associations with Escherichia coli in molluscs and
faecal coliforms in seawater. Food Control, Volume
84, February 2018, Pages 429-435. https://
doi.org/10.1016/j.foodcont.2017.08.035.

Sanjee, S.A., & Karim, M.E. (2016). Microbiological quality
assessment of frozen fish and fish processing materials
from Bangladesh. International Journal of Food Sci-

37.

38.

39.

40.

41.

ence, 8605689 1-6. DOI:
10.1155/2016/8605689.

Setti, |, Rodriguez-Castro, A., Pata, M.P.,, Cadarso-
Suarez, C., Yacoubi, B., Bensmael, L., Moukrim, A., &
Martinez-Urtaza, J. (2009). Characteristics and dynamics
of Salmonella contamination along the coast of Agadir,

Morocco. Appl. Environ. Microbiol., 75 (24), 7700-9. DOI:

(2016), pp.

10.1128/AEM.01852-09. Epub 2009 Oct 9. PMID:
19820155, PMCID: PMC2794122.
Sferlazzo, G., Meloni, D., Lamon, S., Marceddu,

M., Mureddu, A., Consolati, S.G., Pisanu, M., & Virgilio, S.
(2018). Evaluation of short purification cycles in naturally
contaminated Mediterranean mussels (Mytilus galloprovin-
cialis) harvested in Sardinia (Italy). Food Microbiology, 74,
pp. 86-91. DOI: 10.1016/j.fm.2018.03.007.

Stevens, M.P., Humphrey, T.J., &Maskell, D.J. (2009).
Molecular insights into farm animal and zoono-
tic Salmonella infections. Philos. Trans. R. Soc. Lond. B.
Biol. Sci., 364, 2709-2723. DOI: 10.1098/rstb.2009.0094.
Tedde, T., Marangi, M., Papini, R., Salza, S., Normanno,
G., Virgilio, S., & Giangaspero, A. (2019). Toxoplasma
gondii and other zoonotic protozoans in Mediterranean
mussel (Mytilus galloprovincialis) and blue mussel (Mytilus
edulis): A food safety concern. Journal of Food Protec-
tion, 82 (3) (2019), pp. 535-542. DOI: 10.4315/0362-
028X.JFP-18-157.

Zahli, R., Soliveri, J., Abrini, J., Copa-Patifo, J.L., Nadia,
A., Scheu, A.K.,, & Nadia, S.S. (2021). Prevalence, typing
and antimicrobial resistance of Salmonella isolates from
commercial shellfish in the North coast of Morocco. World
J. Microbiol. Biotechnol., 37 (10), 170. DOI: 10.1007/
s$11274-021-03136-w. PMID: 34487261.

1122


https://doi.org/10.1016/j.foodcont.2021.108139
https://doi.org/10.1016/j.foodcont.2021.108139
http://apps.who.int/iris/handle/10665/199350〉
http://apps.who.int/iris/handle/10665/199350〉
https://doi.org/10.1016/j.ijfoodmicro.2014.10.007
https://doi.org/10.1086/342330
https://doi.org/10.1139/m84-049
https://www.sciencedirect.com/journal/food-control/vol/84/suppl/C
https://www.sciencedirect.com/journal/food-control/vol/84/suppl/C
https://doi.org/10.1016/j.foodcont.2017.08.035
https://doi.org/10.1016/j.foodcont.2017.08.035
https://doi.org/10.1016/j.fm.2018.03.007
https://doi.org/10.4315/0362-028X.JFP-18-157

