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Abstract: Seafood can vehiculate foodborne illnesses from water to humans. Climate changes, in-
creasing water contamination and coastlines anthropization, favor the global spread of Vibrio spp.
and the occurrence of antibiotic-resistant isolates. The aim of this study was to evaluate the spread of
potentially pathogenic Vibrio spp. in fishery products collected in Sicily and to assess their antibiotic
resistance. Bacteriological and molecular methods were applied to 603 seafood samples to detect
V. parahaemolyticus, V. cholerae, V. vulnificus, and Vibrio alginolyticus in order to assess their pathogenic-
ity and antimicrobial resistance. About 30% of bivalves and 20% of other fishery products were
contaminated by Vibrio spp.; V. parahaemolyticus accounted for 43/165 isolates, 3 of which were
carrying either tdh or trh; V. cholerae accounted for 12/165 isolates, all of them non-O1 non-O139 and
none carrying virulence genes; and V. vulnificus accounted for 5/165 isolates. The highest rates of
resistance were observed for ampicillin, but we also detected strains resistant to antibiotics currently
included among the most efficient against Vibrio spp. In spite of their current low incidence, their rise
might pose further issues in treating infections; hence, these results stress the need for a continuous
monitoring of antimicrobial resistance among fishery products and an effective risk assessment.

Keywords: pathogenic Vibrio spp.; antimicrobial resistance; molecular characterization; food safety; seafood

1. Introduction

Seafood can be responsible for various foodborne illnesses due to the contamination
of water by chemicals, metals, toxins, and infectious agents such as bacteria, viruses,
and parasites [1]. Mussels in particular can filter a great amount of water; hence, they
accumulate in their bodies various toxins and microorganisms from the environment, and
their consumption can expose a high risk of food poisoning, especially when ingested raw
or undercooked [2]. Vibrio species are autochthonous to marine, riverine, and estuarine
environments; globally widespread in freshwater [3,4]; and commonly detected in seafood.
To date more than 100 species of vibrios have been described, 13 of which are classified as
human pathogens [5], even though with differences in terms of epidemiological relevance.
V. parahaemolyticus, V. cholerae, and V. vulnificus are the most important pathogens for
humans [6], and they are considered as a serious and expanding threat for public health.
Vibriosis is also one of the main bacterial diseases of larvae and juvenile bivalves affecting
the early development stages of shellfish growth, with deleterious effects on both the
aquaculture sector and aquatic ecosystems.

V. parahaemolyticus occurs naturally in the marine environments and may be abundant
in shellfish. It is considered one of the leading causes of seafood-borne diseases [7] and
recognized as a common cause of acute gastroenteritis worldwide [8]. Moreover this is con-
sidered an emerging species because of its involvement in outbreaks subsequent to the con-
sumption of contaminated food, in particular undercooked fish and shellfish [9,10]. Among
all strains of V. parahaemolyticus, the ones responsible for the majority of disease symptoms
and deaths are characterized by two virulence genes associated with enteropathogenicity:
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a thermostable direct hemolysin (TDH) and a thermostable related hemolysin (TRH), en-
coded by the tdh and trh genes respectively [11]. So far only a few foodborne outbreaks
from V. parahaemolyticus or sporadic cases have been reported in Europe [12,13], while
many foodborne outbreaks have been reported in the United States, Chile, and Japan [10].

V. cholerae is a cosmopolitan aquatic species whose ability to survive in different
environmental niches is attributed to its adaptation to nutrient deprivation, fluctuations
in salinity, and temperature [10,14]. Strains within the serogroups O1 and O139 produce
cholera toxin and are the causative agents of endemic and epidemic cholera, representing
an important cause of morbidity and mortality in countries with inadequate access to
clean water and sanitation facilities [15]. In 1994, cholera outbreaks occurred also in Italy
and Albania [3,16]. The cholera disease requires quarantine and must be reported to
the World Health Organization. V. cholerae strains not included in the aforementioned
serogroups as well as other Vibrio spp. are referred to as non-cholera Vibrio spp. and have
a worldwide distribution, especially in warm estuarine and marine ecosystems [17]. The
number of outbreaks caused by V. cholerae non-O1/O139 is increasing over time, probably
also because of the progressive rise of sea surface temperature [18,19]. Europe lacks
mandatory notification systems for Vibrio-associated illnesses other than those caused by
V. cholerae O1/O139, and this prevents an accurate estimation of the number of infections.

V. vulnificus is an opportunistic human pathogen responsible for 95% of seafood-related
deaths in the USA [20]. V. vulnificus biogroup 1 infects humans through the ingestion of
contaminated seafood or skin lesions. Following infection, healthy individuals may suffer
from gastroenteritis or wound infections, whereas in immunocompromised hosts the
infection often leads to primary or secondary septicemia, with a high mortality rate [21].

V. alginolyticus is ubiquitous in marine and estuarine environments, and people can come
into contact with this bacterium through water exposure or through eating contaminated
seafood [22]. Nevertheless, V. alginolyticus is more frequently related to ear infections rather
than foodborne illnesses, and it has been mostly reported as the cause of wound infections
through the exposure of cuts or abrasions of the skin to seawater containing Vibrio [23] and
among the most frequent causative agents for nonfoodborne Vibrio infections (NFVI) in the
USA [24]. Even though V. alginolyticus is not included among the most relevant foodborne
pathogens, this species is particularly widespread in the aquatic environment and may play
an important role as a reservoir of resistance genes, favoring their diffusion among other
pathogenic species possibly present in the same microbial communities.

A rapidly warming marine environment, together with the increase of extreme weather
events such as heatwaves, is supporting the spread of Vibrio spp. Worldwide, and larger
Vibrio spp. outbreaks have been reported recently in temperate regions such as Spain [25],
Sweden, and Finland [13]. Moreover, resistance to various antibiotics has emerged over the
last decades among the Vibrio spp. circulating in marine environments [26,27]. The acquisition
of resistance in bacteria or bacterial communities arises via genetic transfer events under the
positive pressure of various phenomena currently on the rise, such as the environmental
antimicrobial contamination [28,29] and the emergence of microenvironments with high-
density microbial communities like highly anthropized aquatic environments or sewage
treatment plants, where indigenous bacteria and those derived from humans and animals co-
exist [30]. Naturally occurring aquatic bacteria, including pathogenic Vibrio strains, can serve
as a reservoir of resistance genes and may play an important role in the evolution and spread of
antibiotic resistance in aquatic environments [31–34]. Considering that seafood and especially
bivalves can concentrate these bacteria, they also represent a potential reservoir of resistance
genes, transmitted to humans through their consumption. For this reason, monitoring the
occurrence of antibiotic resistance among Vibrio spp. isolated from these samples is of great
relevance for a deeper assessment of human exposure to foodborne risks, as well as a better
estimation of the anthropic impact on local environments and data collection for improving
control strategies. Referring to the evaluation of prevalence and genetic characterization
of potentially pathogenic vibrios in seafood, while data are available from investigations
conducted in various Italian regions, including the south and Sardinia [2,3,35,36], with only
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limited data reported from Sicily. The present study aims to provide a contribution to the
knowledge of the occurrence and potential pathogenicity of V. parahaemolyticus, V. cholerae,
and V. vulnificus in shellfish and fishery products collected in Sicily, as well as on antibiotic
resistance profiles of the circulating strains.

2. Materials and Methods

Sampling was carried out from January 2015 to December 2019 in retail outlets and
shellfish farms. The analyses described were performed on a total number of 603 seafood
samples, including 366 mussels, 46 clamps, 18 oysters, 139 fish, 28 cephalopods, and
6 crustaceans. All samples were maintained at +4 ◦C and processed immediately after their
arrival at the laboratory. Shellfish were rinsed in sterile distilled water to remove any debris
on the shell, then opened aseptically in accordance with UNI EN ISO 6887-3/2003 standard
procedure. The content of each bivalve (flesh and intravalvular liquid) was transferred into
stomacher bags up to a total weight of 25 g per each sample, then mashed in a stomacher
for 2 min. Microbiological analyses were performed on the homogenate.

Referring to fish, cephalopods, and crustaceans, 25 g of tissues were split aseptically
from each sample and transferred into stomacher bags for the subsequent procedures.

2.1. Isolation and Identification of Vibrio spp.

A pre-enrichment was performed by diluting 25 g of each sample in 225 mL of alkaline
peptone water (APW) and incubating at 37/41.5 ◦C overnight. At the end of the incubation
period, an inoculating loop of the culture broth was seeded onto thiosulfate citrate bile
salt agar (TCBS) (Microbiol, Cagliari, Italy) and CHROMagar Vibrio (CHROMagar™, Paris,
France) plates. Plates were incubated for 24 h at 37 ◦C. After incubation, presumptive
colonies from V. parahaemolyticus (green on TCBS Agar, mauve on CHROMagar), V. cholerae
(yellow on TCBS Agar, turquoise on CHROMagar), and V. vulnificus (green on TCBS Agar,
turquoise on CHROMagar) were streaked onto trypticase soy agar (TSA) supplemented
with 3% NaCl, and their phenotypes were characterized by the following laboratory pro-
tocol: oxidase and catalase tests, Gram staining, sugar fermentation, and sensitivity to
vibriostatic agent O12. Biochemical identification was performed following the API 20NE
identification system (BioMerieux, Marcy l’Etoile, France). Also the strains identified as
V. cholerae were processed by agglutination tests, using commercial polyvalent anti-O1
and anti-O139 antisera (Denka Seiken Co., Ltd., Tokyo, Japan). All isolates presumptively
identified as V. parahaemolyticus, V. cholerae, and V. vulnificus were confirmed and further
characterized by means of molecular tests.

2.2. Molecular Analyses

All isolates biochemically identified as V. parahaemolyticus were confirmed by PCR for
the detection of a highly conserved species-specific marker gene (toxR) [37]. Virulotyping of
the isolates identified as V. parahaemolyticus was performed with a PCR assay targeting the
virulence genes associated with enteropathogenicity (tdh and trh) according to the protocols
described by Bej et al. [38]. Appropriate primer sets targeting the three aforementioned
genes were designed, and each batch of PCR assays included V. parahaemolyticus NTCT
10884-ATCC 17802 as a positive control and molecular grade water as negative control. All
isolates biochemically identified as V. vulnificus and V. cholerae were confirmed by PCR for
the detection of species-specific marker genes (VVH and prVC, respectively). Each batch
of PCR assays included V. vulnificus ATCC 27562 and V. cholerae ATCC 1473A as positive
controls and molecular grade water as negative control. The primer sequences and the
expected sizes for each amplicon are listed in Table 1.
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Table 1. Primer sequences used in this study and size expected for the specific amplicons.

Target Species Genetic Marker Primer Sequences (5′-3′) Product Size References

Vibrio parahaemolyticus

toxR F: GTCTTCTGACGCAATCGTTG
R: ATACGAGTGGTTGCTGTCATG 368 bp [37]

tdh F: GTAAAGGTCTCTGACTTTTGGAC
R: TGGAATAGAACCTTCATCTTCAC 269 bp [38]

trh F: TTGGCTTCGATATTTTCAGTATCT
R: CATAACAAACATATGCCCATTTCCG 500 bp [38]

Vibrio vulnificus VVH F: CCGGCGGTACAGCTTGGCGC
R: CGCCACCCACTTTCGGGCC 519 bp [39]

Vibrio cholerae

prVC F: TTAAGCSTTTTCRCTGAGAATG
R: AGTCACTTAACCATACAACCCG 295–310 bp [39]

ctxA F: CGGGCAGATTCTAGACCTCCTG
R: CGATGATCTTGGAGCATTCCCAC 564 bp [40]

stn/sto F: TCGCATTTAGCCAAACAGTAGAAA
R: GCTGGATTGCAACATATTTCGC 172 bp [40]

tcpA F: CACGATAAGAAAACCGGTCAAGAG
R: TTACCAAATGCAACGCCGAATG 620 bp [40]

hlyAET F: GGCAAACAGCGAAACAAATACC
R: CTCAGCGGGCTAATACGGTTTA 481 bp [40]

Bacterial DNA was extracted using the following protocol: an isolated colony from
saline nutrient agar was resuspended in 1 mL physiological solution or ultrapure water.
Each tube was boiled for 5 min at 95 ◦C, cooled at 4 ◦C, and centrifuged at 10,000× g for
1 min. The supernatant was collected for DNA amplification. PCR assays targeting ToxR
and VVH loci were performed under the following conditions: a first step denaturation
at 96 ◦C for 5 min and 30 cycles of a 3-step amplification (denaturation at 94 ◦C for 1 min,
annealing at 63 ◦C for 1.5 min, and extension at 72 ◦C for 1.5 min), followed by a final
extension step at 72 ◦C for 7 min. PCR assays targeting the VC locus were performed under
the following conditions: a first step denaturation at 94 ◦C for 2 min and 30 cycles of a
3-step amplification (denaturation at 94 ◦C for 1 min, annealing at 50 ◦C for 1 min, and
extension at 72 ◦C for 1.5 min) followed by a final extension step at 72 ◦C for 10 min. PCR
assays targeting tdh and trh loci were performed under the following conditions: a first step
denaturation at 94 ◦C for 3 min and 30 cycles of a 3-step amplification (denaturation at 94 ◦C
for 1 min, annealing at 58 ◦C for 1 min, and extension at 72 ◦C for 1 min) followed by a final
extension step at 72 ◦C for 5 min. After PCR amplification, 10 µL of each reaction product
were loaded into 2.0% agarose gels in Tris-acetate-EDTA buffer (Bio-Rad Laboratories,
Hercules, CA, USA), containing 5 µL SYBR® Safe DNA gel stain (Thermo Fisher Scientific,
Waltham, MA, USA). The amplicons were visualized under a UV transilluminator (GelDoc-
It Imaging System, EuroClone, Milano, Italy). The isolates of non-O1 non-O139 V. cholerae
(NCV) were processed to detect the virulence genes ctxA, stn/sto (non-O1 heat-stable
enterotoxin), tcpA, and hlyAET [40].

2.3. Antimicrobial Susceptibility

Antimicrobial susceptibility patterns were determined for 165 strains of Vibrio spp. Iso-
lated from seafood that included 105 V. alginolyticus isolates, 43 V. parahaemolyticus,
12 V. cholerae, and 5 V. vulnificus. The aforementioned assessments were performed with
the Kirby–Bauer method, using the following 15 antimicrobials: ampicillin (Amp; 10 µg), cefo-
taxime (Ctx; 30 µg), ceftriaxone (CRO; 30 µg), ceftazidime (Caz; 10 µg), cephalothin (Kf; 30 µg),
ciprofloxacin (Cip; 5 µg), chloramphenicol (C; 10 µg), gentamicin (Cn; 10 µg), kanamycin
(K; 30 µg), streptomycin (S; 10 µg), trimethoprim/sulfamethoxazole (Stx; 25 µg), tetracycline
(Te; 10 µg), colistin sulphate (Ct; 10 µg) cefazolin (Kz; 30 µg), and amoxicillin/clavulanic
acid (Amc; 20 µg/10 µg). Inhibition zones were measured and interpreted according to the
guidelines of the Clinical and Laboratory Standards Institute (CLSI) [41].
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2.4. Data Analysis

The prevalence of Vibrio was calculated with a 95% confidence interval (CI). Chi-square test
was used for comparison of the prevalence, and the significance level was set at p-value = 0.01.

3. Results
3.1. Isolation and Identification of Vibrio spp.

Among the 603 samples analyzed, 165 (27.4%) were contaminated with Vibrio spp.
(95% CI: 23.8 to 30.9%). Those included 104/366 (28.4%) samples of mussels, 16/46 (34.8%)
samples of clamps, 10/18 (55.5%) samples of oysters, 29/139 (20.9%) samples of fish,
5/28 (17.8%) samples of cephalopods, and 1/6 (16.7%) samples of crustaceans (Figure 1).
The prevalence of Vibrio spp. was significantly higher in oysters compared to fish and
cephalopods (p < 0.01), while the slightly higher prevalence revealed in comparison to
other species of bivalves and crustaceans was not statistically significant.
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Among the 165 Vibrio spp. Detected, 105 isolates (63.6%) were identified as
V. alginolyticus, 43 isolates (26.1%) were identified as V. parahaemolyticus, 12 isolates (7.3%)
were identified as V. cholerae (NCV), and 5 isolates (3%) were identified as V. vulnificus
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3.2. Molecular Analyses

PCR analyses revealed the virulence genes associated with enteropathogenicity (tdh
and trh) in 3 out of 43 V. parahaemolyticus isolates (n = 2 mussels and n = 1 fish). In particular
one isolate was tdh+/trh− (2.3%), and two isolates were tdh−/trh+ (4.6%). Following
serological analysis, the 12 strains of V. cholerae isolated were identified as non-O1 non-
O139 V. cholerae (NCV). None of them carried the researched virulence genes (ctxA, stn/sto,
tcpA, or hlyAET).
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3.3. Antimicrobial Susceptibility

• V. parahaemolyticus isolates were resistant to ampicillin, cefazolin, cephalothin, strep-
tomycin, and tetracycline at the rate of 70%, 30.2%, 21%, 19%, and 14%, respec-
tively. Intermediate resistance was revealed to colistin sulphate (21%), ceftazidime
and kanamycin (18.6%), and cefotaxime (14%). A pattern of multidrug resistance
was exhibited in 2/43 isolates (Table 2). In contrast, all isolates were sensitive
to four antimicrobials (ceftriaxone, ciprofloxacin, chloramphenicol, and trimetho-
prim/sulfamethoxazole), and >90% of the isolates were susceptible to amoxicillin-
clavulanic acid and gentamicin.

• V. cholerae isolates were resistant to ampicillin (75%), trimethoprim/sulfamethoxazole
(42%), ceftriaxone, ceftazidime, and cephalothin (17%). Intermediate resistance to
cephalothin was shown in 50% of the isolates, and 17% exhibited intermediate resis-
tance to streptomycin and ceftazidime. All isolates were susceptible to cefotaxime,
ciprofloxacin, chloramphenicol, and tetracycline.

• All tested V. vulnificus isolates (n = 5) were susceptible to streptomycin, and a large
percentage of strains were sensitive to all the tested antibiotics including drugs recom-
mended by the Center for Disease Control and Prevention (CDC) for the treatment of
V. vulnificus infections: tetracycline, ciprofloxacin, and trimethoprim/sulfamethoxazole.
One strain, whereas, showed intermediate sensitivity to tetracycline and ciprofloxacin
and resistance to cefazolin.

• Among the 105 V. alginolyticus isolates, 88.6% were resistant to ampicillin and 22%
to gentamicin. Intermediate resistance to streptomycin and kanamycin were also
observed, showing an incidence of 55.2% and 10.5%, respectively. All isolates were
sensitive to the remaining antimicrobials.

Table 2. Antimicrobial resistances of Vibrio spp. strains analyzed in this study.

Drugs

Strains

V. parahaemolyticus V. vulnificus V. cholerae NCV V. alginolyticus

n = 43 n = 5 n = 12 n = 105

R a I b MDR c R I MDR R I MDR R I MDR

Amp 30 2 d 9 93

Ctx 6

Cro 2

Caz 8 2 2 12 13

Kf 9 9 2 6

Cip 1

C

Cn 2 23 12

K 2 8 11

S 8 9 5 2 58

Stx 5

Te 6 4 1 12

Ct 2 9

Kz 13 1

Amc 2 2
Amp Ampicillin, 10 µg. Ctx Cefotaxime, 30 µg. CRO Ceftriaxone, 30 µg. Caz Ceftazidime, 10 µg. Kf Cephalothin,
30 µg. Cip Ciprofloxacin, 5 µg, C Chloramphenicol, 10 µg. Cn Gentamicin, 10 µg. K Kanamycin, 30 µg. S Streptomycin,
10 µg. Stx Trimethoprim/Sulfamethoxazole, 25 µg. Te Tetracycline, 10 µg. Ct Colistin Sulphate, 10 µg. Kz Cefazolin,
30 µg. Amc Amoxicillin/Clavulanic Acid, 20 µg/10 µg. a Resistant. b Intermediate. c Multidrug resistant. d MDR
pattern AMP/KF/S.

4. Discussion

The aim of this study was to estimate the abundance of Vibrio spp. in Sicilian fishery
products and to assess the prevalence of potentially pathogenic specimens. The higher
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prevalence of V. parahaemolyticus and the lower rate of confirmation for V. cholerae NCV
and V. vulnificus are consistent with previous research carried out in Italy, also reporting
the lower prevalence of the last two species compared to the first one [12]. In particular,
a study carried out in two regions of Italy (Emilia Romagna and Sardinia) revealed a
prevalence among clams (Ruditapes philippinarum) of 27.8% and 30.3% for V. parahaemolyticus,
10.1% and 6.1% for V. vulnificus, and 0% and 3% for V. cholerae in Emilia Romagna and
Sardinia, respectively [3]. Less recently Normanno et al. [2] had reported a prevalence
of 8% for V. parahaemolyticus, 3% for V. vulnificus, and 0.3% for V. cholerae among mussels
(Mytilus galloprovincialis) sold in Puglia. As per our analyses, the majority of Vibrio spp.
Isolates (105 out of 165) belonged to the species V. alginolyticus, which was the most
abundant one, especially in mussels. This species can cause illness among both aquatic
animals and humans, even though the mechanisms underpinning its pathogenicity are not
fully understood. Moreover some strains may carry both virulence genes derived from
pathogenic V. cholerae and V. parahaemolyticus [42] and antibiotic-resistant genes [43,44],
thus acquiring increasing relevance under the “One-Health” perspective. In fact they can
constitute a natural reservoir for virulence and antibiotic resistance genes that could reach
other bacteria and new habitats, leading to new risks for humans and animals.

As reported previously by other authors, our results confirmed that potentially pathogenic
V. parahaemolyticus constitutes a minority in this species. In fact Vongxay et al. [45] character-
ized V. parahaemolyticus pathogenicity in clinical and environmental samples, reporting that
only 2% and 4% of the isolates carried the tdh gene and the trh gene, respectively. In addition,
analogous analyses carried out on crustaceans collected in Italy revealed a 1.4% incidence of
tdh gene among the pathogenic Vibrios detected [36]. Even though most of V. parahaemolyticus
isolates are tdh/trh-negative, they should not be neglected. In fact, regardless of the tdh
production, these bacteria can alter the epithelial barrier of the host, inducing rearrangements
in the cytoskeleton, an apro-inflammatory response, and/or cell death due to the involvement
of other virulence factors [46]. Consistently with these observations, various food poisoning
outbreaks related to V. parahaemolyticus lacking tdh/trh genes were reported [47–49], and a
study conducted in Italy showed that about 10% of the clinical strains related to infections
contained neither the gene tdh nor trh [50]. Furthermore, in spite of the absence of tdh and
trh genes, the V. parahaemolyticus strains can carry other markers of virulence and reveal high
rates of resistance to antimicrobial drugs that could be ineffective for treating infections [10].

Referring to the assessment of antimicrobial resistance in V. parahaemolyticus, our
findings are similar to those reported by other authors about the incidence of ampicillin
resistance [10,31,33], while we found a lower rate of resistance to streptomycin compared
to others [51]. Referring to cefazolin and cephalothin, our results are comparable to
those reported by Shaw et al. in 2014 [33] and Kang et al. in 2017 [51], while greater
rates of resistance were reported more recently [10,31]. Apart from slight differences
in terms of percentages obtained, our findings confirmed that the V. parahaemolyticus
isolates were resistant to ampicillin and first generation cephalosporins, in agreement with
previous reports. This suggests that the first generation cephalosporins may have been
misused widely, thereby reducing their efficiency in the treatment of V. parahaemolyticus
infections [10,52].

Silva et al. [10] reported a 100% sensitivity for tetracycline and gentamicin that, to-
gether with cefotaxime, are included among the most efficient antibiotics against
Vibrio parahaemolyticus [31]. On the contrary, our results showed that 14% and 4.6% of
the isolates of V. parahaemolyticus were resistant to tetracycline and gentamicin, respectively,
while intermediate resistance to cefotaxime was observed in 14% of them.

Our findings about V. cholerae confirm high rates of complete or intermediate resistance
to antibiotics included in therapeutic protocols, such as ampicillin and streptomycin [18,31],
and susceptibility to cefotaxime, ciprofloxacin, chloramphenicol, and tetracycline [18]. Our
results confirm the sensitivity of V. vulnificus to antibiotics, including drugs recommended by the
Centers for Disease Control and Prevention (CDC) for the treatment of infections—tetracycline,
ciprofloxacin, and trimethoprim/sulfamethoxazole [53]—except for one strain of V. vulnificus
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that showed intermediate sensitivity to tetracycline and ciprofloxacin and resistance to cefazolin.
Referring to V. alginolyticus isolates, our results are comparable to those of other authors that
report more than an 80% incidence of resistance to beta-lactams and 100% susceptibility to
ceftriaxone [42].

Some studies that were conducted to characterize the antibiotic susceptibility profile
of Vibrio spp. indicated that V. parahaemolyticus and V. vulnificus have developed multiple
antibiotic resistances, which may lead to the failure of the available treatment options for
common infections [54]. Although ampicillin is widely accepted as a first choice drug in the
treatment of foodborne diseases, it has a low efficacy against Vibrio spp. [55,56], because first
generation antibiotics, including ampicillin, are widely used in aquaculture, thus reducing
the sensitivity of Vibrio to these antibiotics and the effectiveness of treatment [31,57].

5. Conclusions

The present study highlighted the role of seafood and especially bivalves as potential
sources of resistant Vibrio spp. that possibly are disseminated to humans after ingestion.
About 30% of bivalves and 20% of other fishery products were contaminated by Vibrio
spp.; even though the majority of isolates were non-pathogenic, high rates of antimicrobial
resistance were observed especially for ampicillin. An alarming result is represented by
the detection of strains resistant to tetracycline and gentamicin, currently included among
the most efficient antibiotics against Vibrio spp. In spite of its low incidence, resistance to
these antibiotics might pose further issues in treating infections, and their spread in the
environment should be monitored. The detection of Vibrio spp. in molluscs collected at
retail outlets highlights that current depuration treatments are ineffective, and new ones
should be implemented, in order to guarantee the protection of consumers. Moreover,
in order to avoid cross-contamination at retail, each type of seafood should be kept in
separate areas with no reciprocal contact. Finally, even though thorough cooking might
limit the risk of foodborne illness, potential cross-contamination during preparation or
consumption of raw or undercooked seafood might pose a risk of Vibrio infection. For
this reason both consumers and professionals in the catering sector should be properly
informed and trained, in order to both increase their awareness of the issue and improve
their management skills for adequate food preservation and preparation.

Author Contributions: Conceptualization, A.C. (Annamaria Castello), G.B. and A.C. (Antonella Costa);
data curation, A.C. (Annamaria Castello), S.S. and A.C. (Antonella Costa); funding acquisition, A.C.
(Antonella Costa); investigation, V.A., S.S., G.O., C.C. and G.B.; methodology, V.A. and S.S.; supervision,
C.C. and A.C. (Antonella Costa); visualization, A.C. (Antonella Costa); writing—original draft, A.C.
(Annamaria Castello), V.A., S.S., G.O. and A.C. (Antonella Costa); writing—review and editing, A.C.
(Annamaria Castello). All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Italian Ministry of Health, Research Project IZS SI 06/18 RC.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Iwamoto, M.; Ayers, T.; Mahon, B.E.; Swerdlow, D.L. Epidemiology of Seafood-Associated Infections in the United States. Clin.

Microbiol. Rev. 2010, 23, 399–411. [CrossRef] [PubMed]
2. Normanno, G.; Parisi, A.; Addante, N.; Quaglia, N.C.; Dambrosio, A.; Montagna, C.; Chiocco, D. Vibrio parahaemolyticus, Vibrio

vulnificus and Microorganisms of Fecal Origin in Mussels (Mytilus galloprovincialis) Sold in the Puglia Region (Italy). Int. J. Food
Microbiol. 2006, 106, 219–222. [CrossRef] [PubMed]

3. Passalacqua, P.L.; Zavatta, E.; Bignami, G.; Serraino, A.; Serratore, P. Occurrence of Vibrio Parahaemolyticus, Vibrio Cholerae and
Vibrio Vulnificus in the Clam Ruditapes Philippinarum (Adams & Reeve, 1850) from Emilia Romagna and Sardinia, Italy. Ital. J.
Food Saf. 2016, 5, 5709. [CrossRef] [PubMed]

4. Brumfield, K.D.; Usmani, M.; Chen, K.M.; Gangwar, M.; Jutla, A.S.; Huq, A.; Colwell, R.R. Environmental Parameters Associated
with Incidence and Transmission of Pathogenic Vibrio spp. Environ. Microbiol. 2021, 23, 7314–7340. [CrossRef]

5. Ramamurthy, T.; Chowdhury, G.; Pazhani, G.P.; Shinoda, S. Vibrio fluvialis: An Emerging Human Pathogen. Front. Microbiol. 2014,
5, 91. [CrossRef] [PubMed]

http://doi.org/10.1128/CMR.00059-09
http://www.ncbi.nlm.nih.gov/pubmed/20375359
http://doi.org/10.1016/j.ijfoodmicro.2005.05.020
http://www.ncbi.nlm.nih.gov/pubmed/16226820
http://doi.org/10.4081/ijfs.2016.5709
http://www.ncbi.nlm.nih.gov/pubmed/27800436
http://doi.org/10.1111/1462-2920.15716
http://doi.org/10.3389/fmicb.2014.00091
http://www.ncbi.nlm.nih.gov/pubmed/24653717


Microorganisms 2023, 11, 53 9 of 11

6. Caburlotto, G.; Bianchi, F.; Gennari, M.; Ghidini, V.; Socal, G.; Aubry, F.B.; Bastianini, M.; Tafi, M.; Lleo, M.M. Integrated
Evaluation of Environmental Parameters Influencing Vibrio Occurrence in the Coastal Northern Adriatic Sea (Italy) Facing the
Venetian Lagoon. Microb. Ecol. 2012, 63, 20–31. [CrossRef]

7. Jeamsripong, S.; Khant, W.; Chuanchuen, R. Distribution of Phenotypic and Genotypic Antimicrobial Resistance and Virulence
Genes in Vibrio Parahaemolyticus Isolated from Cultivated Oysters and Estuarine Water. FEMS Microbiol. Ecol. 2020, 96, fiaa081.
[CrossRef]

8. Ward, L.N.; Bej, A.K. Detection of Vibrio Parahaemolyticus in Shellfish by Use of Multiplexed Real-Time PCR with TaqMan
Fluorescent Probes. Appl. Environ. Microbiol. 2006, 72, 2031–2042. [CrossRef]

9. Pereira, C.S.; Possas, C.d.A.; Viana, C.M.; Rodrigues, D.d.P. Characteristics of Vibrio parahaemolyticus isolated from mussels
(Perna perna) commercialized at Niterói, Rio de Janeiro. Rev. Soc. Bras. Med. Trop. 2007, 40, 56–59. [CrossRef]

10. Silva, I.P.; Carneiro, C.d.S.; Saraiva, M.A.F.; Oliveira, T.A.S.d.; Sousa, O.V.d.; Evangelista-Barreto, N.S. Antimicrobial Resistance
and Potential Virulence of Vibrio Parahaemolyticus Isolated from Water and Bivalve Mollusks from Bahia, Brazil. Mar. Pollut.
Bull. 2018, 131, 757–762. [CrossRef]

11. Costa Sobrinho, P.d.S.; Destro, M.T.; Franco, B.D.G.M.; Landgraf, M. Occurrence and Distribution of Vibrio Parahaemolyticus in
Retail Oysters in Sao Paulo State, Brazil. Food Microbiol. 2011, 28, 137–140. [CrossRef] [PubMed]

12. Lamon, S.; Consolati, S.G.; Fois, F.; Cambula, M.G.; Pes, M.; Porcheddu, G.; Agus, V.; Esposito, G.; Mureddu, A.; Meloni, D. Occur-
rence, Seasonal Distribution, and Molecular Characterization of Vibrio Vulnificus, Vibrio Cholerae, and Vibrio Parahaemolyticus
in Shellfish (Mytilus Galloprovincialis and Ruditapes Decussatus) Collected in Sardinia (Italy). J. Food Prot. 2019, 82, 1851–1856.
[CrossRef] [PubMed]

13. Baker-Austin, C.; Trinanes, J.A.; Salmenlinna, S.; Löfdahl, M.; Siitonen, A.; Taylor, N.G.H.; Martinez-Urtaza, J. Heat Wave–
Associated Vibriosis, Sweden and Finland, 2014. Emerg. Infect. Dis. 2016, 22, 5. [CrossRef]

14. Lutz, C.; Erken, M.; Noorian, P.; Sun, S.; McDougald, D. Environmental Reservoirs and Mechanisms of Persistence of Vibrio
Cholerae. Front. Microbiol. 2013, 4, 375. [CrossRef]

15. Clemens, J.D.; Nair, G.B.; Ahmed, T.; Qadri, F.; Holmgren, J. Cholera. Lancet 2017, 390, 1539–1549. [CrossRef] [PubMed]
16. Pazzani, C.; Scrascia, M.; Dionisi, A.M.; Maimone, F.; Luzzi, I. Molecular Epidemiology and Origin of Cholera Reemergence in

Italy and Albania in the 1990s. Res. Microbiol. 2006, 157, 508–512. [CrossRef]
17. Baker-Austin, C.; Trinanes, J.; Gonzalez-Escalona, N.; Martinez-Urtaza, J. Non-Cholera Vibrios: The Microbial Barometer of

Climate Change. Trends Microbiol. 2017, 25, 76–84. [CrossRef]
18. Ottaviani, D.; Medici, L.; Talevi, G.; Napoleoni, M.; Serratore, P.; Zavatta, E.; Bignami, G.; Masini, L.; Chierichetti, S.; Fisichella, S.;

et al. Molecular Characterization and Drug Susceptibility of Non-O1/O139 V. cholerae Strains of Seafood, Environmental and
Clinical Origin, Italy. Food Microbiol. 2018, 72, 82–88. [CrossRef]

19. Roux, F.L.; Wegner, K.M.; Baker-Austin, C.; Vezzulli, L.; Osorio, C.R.; Amaro, C.; Ritchie, J.M.; Defoirdt, T.; Destoumieux-Garzón,
D.; Blokesch, M.; et al. The Emergence of Vibrio Pathogens in Europe: Ecology, Evolution, and Pathogenesis (Paris, 11–12th
March 2015). Front. Microbiol. 2015, 6, 830. [CrossRef]

20. Williams, T.C.; Froelich, B.; Oliver, J.D. A New Culture-Based Method for the Improved Identification of Vibrio Vulnificus from
Environmental Samples, Reducing the Need for Molecular Confirmation. J. Microbiol. Methods 2013, 93, 277–283. [CrossRef]

21. Han, F.; Wang, F.; Ge, B. Detecting Potentially Virulent Vibrio Vulnificus Strains in Raw Oysters by Quantitative Loop-Mediated
Isothermal Amplification. Appl. Environ. Microbiol. 2011, 77, 2589–2595. [CrossRef] [PubMed]

22. Jacobs Slifka, K.M.; Newton, A.E.; Mahon, B.E. Vibrio alginolyticus Infections in the USA, 1988–2012. Epidemiol. Infect. 2017, 145,
1491–1499. [CrossRef] [PubMed]

23. Vu, T.T.T.; Alter, T.; Huehn, S. Prevalence of Vibrio Spp. in Retail Seafood in Berlin, Germany. J. Food Prot. 2018, 81, 593–597.
[CrossRef] [PubMed]

24. Dechet, A.M.; Yu, P.A.; Koram, N.; Painter, J. Nonfoodborne Vibrio Infections: An Important Cause of Morbidity and Mortality in
the United States, 1997–2006. Clin. Infect. Dis. 2008, 46, 970–976. [CrossRef] [PubMed]

25. Martinez-Urtaza, J.; Trinanes, J.; Abanto, M.; Lozano-Leon, A.; Llovo-Taboada, J.; Garcia-Campello, M.; Pousa, A.; Powell, A.;
Baker-Austin, C.; Gonzalez-Escalona, N. Epidemic Dynamics of Vibrio parahaemolyticus Illness in a Hotspot of Disease Emergence,
Galicia, Spain. Emerg. Infect. Dis. 2018, 24, 852–859. [CrossRef]

26. Lee, L.-H.; Ab Mutalib, N.-S.; Law, J.W.-F.; Wong, S.H.; Letchumanan, V. Discovery on Antibiotic Resistance Patterns of Vibrio
Parahaemolyticus in Selangor Reveals Carbapenemase Producing Vibrio Parahaemolyticus in Marine and Freshwater Fish. Front.
Microbiol. 2018, 9, 2513. [CrossRef]

27. Bier, N.; Schwartz, K.; Guerra, B.; Strauch, E. Survey on Antimicrobial Resistance Patterns in Vibrio Vulnificus and Vibrio Cholerae
Non-O1/Non-O139 in Germany Reveals Carbapenemase-Producing Vibrio Cholerae in Coastal Waters. Front. Microbiol. 2015, 6, 1179.
[CrossRef]

28. Canteón, R. Antibiotic Resistance Genes from the Environment: A Perspective through Newly Identified Antibiotic Resistance
Mechanisms in the Clinical Setting. Clin. Microbiol. Infect. 2009, 15, 20–25. [CrossRef]

29. Gillings, M.R.; Paulsen, I.T.; Tetu, S.G. Genomics and the Evolution of Antibiotic Resistance: Genomics and Antibiotic Resistance.
Ann. N. Y. Acad. Sci. 2017, 1388, 92–107. [CrossRef]

30. Christaki, E.; Marcou, M.; Tofarides, A. Antimicrobial Resistance in Bacteria: Mechanisms, Evolution, and Persistence. J. Mol.
Evol. 2020, 88, 26–40. [CrossRef]

http://doi.org/10.1007/s00248-011-9920-x
http://doi.org/10.1093/femsec/fiaa081
http://doi.org/10.1128/AEM.72.3.2031-2042.2006
http://doi.org/10.1590/S0037-86822007000100011
http://doi.org/10.1016/j.marpolbul.2018.05.007
http://doi.org/10.1016/j.fm.2010.09.006
http://www.ncbi.nlm.nih.gov/pubmed/21056785
http://doi.org/10.4315/0362-028X.JFP-19-021
http://www.ncbi.nlm.nih.gov/pubmed/31603702
http://doi.org/10.3201/eid2207.151996
http://doi.org/10.3389/fmicb.2013.00375
http://doi.org/10.1016/S0140-6736(17)30559-7
http://www.ncbi.nlm.nih.gov/pubmed/28302312
http://doi.org/10.1016/j.resmic.2005.11.013
http://doi.org/10.1016/j.tim.2016.09.008
http://doi.org/10.1016/j.fm.2017.11.011
http://doi.org/10.3389/fmicb.2015.00830
http://doi.org/10.1016/j.mimet.2013.03.023
http://doi.org/10.1128/AEM.02992-10
http://www.ncbi.nlm.nih.gov/pubmed/21357428
http://doi.org/10.1017/S0950268817000140
http://www.ncbi.nlm.nih.gov/pubmed/28202099
http://doi.org/10.4315/0362-028X.JFP-17-366
http://www.ncbi.nlm.nih.gov/pubmed/29517352
http://doi.org/10.1086/529148
http://www.ncbi.nlm.nih.gov/pubmed/18444811
http://doi.org/10.3201/eid2405.171700
http://doi.org/10.3389/fmicb.2018.02513
http://doi.org/10.3389/fmicb.2015.01179
http://doi.org/10.1111/j.1469-0691.2008.02679.x
http://doi.org/10.1111/nyas.13268
http://doi.org/10.1007/s00239-019-09914-3


Microorganisms 2023, 11, 53 10 of 11

31. Mok, J.S.; Ryu, A.; Kwon, J.Y.; Park, K.; Shim, K.B. Abundance, Antimicrobial Resistance, and Virulence of Pathogenic Vibrio
Strains from Molluscan Shellfish Farms along the Korean Coast. Mar. Pollut. Bull. 2019, 149, 110559. [CrossRef] [PubMed]

32. Cabello, F.C. Heavy Use of Prophylactic Antibiotics in Aquaculture: A Growing Problem for Human and Animal Health and for
the Environment. Environ. Microbiol. 2006, 8, 1137–1144. [CrossRef] [PubMed]

33. Shaw, K.S.; Rosenberg Goldstein, R.E.; He, X.; Jacobs, J.M.; Crump, B.C.; Sapkota, A.R. Antimicrobial Susceptibility of Vibrio
Vulnificus and Vibrio Parahaemolyticus Recovered from Recreational and Commercial Areas of Chesapeake Bay and Maryland
Coastal Bays. PLoS ONE 2014, 9, e89616. [CrossRef] [PubMed]

34. Yang, J.H.; Mok, J.S.; Jung, Y.J.; Lee, K.J.; Kwon, J.Y.; Park, K.; Moon, S.Y.; Kwon, S.J.; Ryu, A.R.; Lee, T.S. Distribution and
Antimicrobial Susceptibility of Vibrio Species Associated with Zooplankton in Coastal Area of Korea. Mar. Pollut. Bull. 2017, 125,
39–44. [CrossRef] [PubMed]

35. Ottaviani, D.; Leoni, F.; Rocchegiani, E.; Mioni, R.; Costa, A.; Virgilio, S.; Serracca, L.; Bove, D.; Canonico, C.; Di Cesare, A.; et al.
An Extensive Investigation into the Prevalence and the Genetic and Serological Diversity of Toxigenic Vibrio parahaemolyticus in
Italian Marine Coastal Waters: Toxigenic V. parahaemolyticus from Italian Coastal Waters. Environ. Microbiol. 2013, 15, 1377–1386.
[CrossRef]

36. Caburlotto, G.; Suffredini, E.; Toson, M.; Fasolato, L.; Antonetti, P.; Zambon, M.; Manfrin, A. Occurrence and Molecular
Characterisation of Vibrio Parahaemolyticus in Crustaceans Commercialised in Venice Area, Italy. Int. J. Food Microbiol. 2016, 220,
39–49. [CrossRef] [PubMed]

37. Kim, Y.B.; Okuda, J.; Matsumoto, C.; Takahashi, N.; Hashimoto, S.; Nishibuchi, M. Identification of Vibrio Parahaemolyticus Strains
at the Species Level by PCR Targeted to the ToxR Gene. J. Clin. Microbiol. 1999, 37, 1173–1177. [CrossRef]

38. Bej, A.K.; Patterson, D.P.; Brasher, C.W.; Vickery, M.C.L.; Jones, D.D.; Kaysner, C.A. Detection of Total and Hemolysin-Producing
Vibrio Parahaemolyticus in Shellfish Using Multiplex PCR Amplification of Tl, Tdh and Trh. J. Microbiol. Methods 1999, 36,
215–225. [CrossRef]

39. Hartnell, R.E.; Stockley, L.; Keay, W.; Rosec, J.-P.; Hervio-Heath, D.; Van den Berg, H.; Leoni, F.; Ottaviani, D.; Henigman, U.;
Denayer, S.; et al. A Pan-European Ring Trial to Validate an International Standard for Detection of Vibrio Cholerae, Vibrio
Parahaemolyticus and Vibrio Vulnificus in Seafoods. Int. J. Food Microbiol. 2019, 288, 58–65. [CrossRef]

40. Ottaviani, D.; Leoni, F.; Rocchegiani, E.; Santarelli, S.; Masini, L.; Di Trani, V.; Canonico, C.; Pianetti, A.; Tega, L.; Carraturo, A.
Prevalence and Virulence Properties of Non-O1 Non-O139 Vibrio Cholerae Strains from Seafood and Clinical Samples Collected
in Italy. Int. J. Food Microbiol. 2009, 132, 47–53. [CrossRef] [PubMed]

41. Performance Standards for Antimicrobial Susceptibility: Supplement M100, 31st ed.; Clinical and Laboratory Standards Institute:
Wayne, PA, USA, 2021; ISBN 978-1-68440-105-5.

42. Hernández-Robles, M.F.; Álvarez-Contreras, A.K.; Juárez-García, P.; Natividad-Bonifacio, I.; Curiel-Quesada, E.; Vázquez-Salinas,
C.; Quiñones-Ramírez, E.I. Virulence Factors and Antimicrobial Resistance in Environmental Strains of Vibrio Alginolyticus. Int.
Microbiol. 2016, 19, 191–198. [CrossRef] [PubMed]

43. Hossain, S.; Wickramanayake, M.V.K.S.; Dahanayake, P.S.; Heo, G.-J. Occurrence of Virulence and Extended-Spectrum β-
Lactamase Determinants in Vibrio Spp. Isolated from Marketed Hard-Shelled Mussel (Mytilus coruscus). Microb. Drug Resist. 2020,
26, 391–401. [CrossRef] [PubMed]

44. Costa, W.F.; Giambiagi-deMarval, M.; Laport, M.S. Antibiotic and Heavy Metal Susceptibility of Non-Cholera Vibrio Isolated
from Marine Sponges and Sea Urchins: Could They Pose a Potential Risk to Public Health? Antibiotics 2021, 10, 1561. [CrossRef]
[PubMed]

45. Vongxay, K.; Wang, S.; Zhang, X.; Wu, B.; Hu, H.; Pan, Z.; Chen, S.; Fang, W. Pathogenetic Characterization of Vibrio Para-
haemolyticus Isolates from Clinical and Seafood Sources. Int. J. Food Microbiol. 2008, 126, 71–75. [CrossRef] [PubMed]

46. Nair, G.B.; Ramamurthy, T.; Bhattacharya, S.K.; Dutta, B.; Takeda, Y.; Sack, D.A. Global Dissemination of Vibrio Parahaemolyticus
Serotype O3:K6 and Its Serovariants. Clin. Microbiol. Rev. 2007, 20, 39–48. [CrossRef] [PubMed]

47. Lozano-Leòn, A.; Torres, J.; Osorio, C.R.; Martínez-Urtaza, J. Identification of Tdh-Positive Vibrio Parahaemolyticus from an
Outbreak Associated with Raw Oyster Consumption in Spain. FEMS Microbiol. Lett. 2003, 226, 281–284. [CrossRef] [PubMed]

48. García, K.; Torres, R.; Uribe, P.; Hernández, C.; Rioseco, M.L.; Romero, J.; Espejo, R.T. Dynamics of Clinical and Environmental
Vibrio Parahaemolyticus Strains during Seafood-Related Summer Diarrhea Outbreaks in Southern Chile. Appl. Environ. Microbiol.
2009, 75, 7482–7487. [CrossRef]

49. Ottaviani, D.; Leoni, F.; Serra, R.; Serracca, L.; Decastelli, L.; Rocchegiani, E.; Masini, L.; Canonico, C.; Talevi, G.; Carraturo, A.
Nontoxigenic Vibrio Parahaemolyticus Strains Causing Acute Gastroenteritis. J. Clin. Microbiol. 2012, 50, 4141–4143. [CrossRef]

50. Ottaviani, D.; Leoni, F.; Talevi, G.; Masini, L.; Santarelli, S.; Rocchegiani, E.; Susini, F.; Montagna, C.; Monno, R.; D’Annibale, L.;
et al. Extensive Investigation of Antimicrobial Resistance in Vibrio Parahaemolyticus from Shellfish and Clinical Sources, Italy.
Int. J. Antimicrob. Agents 2013, 42, 191–193. [CrossRef]

51. Kang, C.-H.; Shin, Y.; Jang, S.; Yu, H.; Kim, S.; An, S.; Park, K.; So, J.-S. Characterization of Vibrio Parahaemolyticus Isolated from
Oysters in Korea: Resistance to Various Antibiotics and Prevalence of Virulence Genes. Mar. Pollut. Bull. 2017, 118, 261–266.
[CrossRef]

52. Yu, Q.; Niu, M.; Yu, M.; Liu, Y.; Wang, D.; Shi, X. Prevalence and Antimicrobial Susceptibility of Vibrio Parahaemolyticus Isolated
from Retail Shellfish in Shanghai. Food Control 2016, 60, 263–268. [CrossRef]

http://doi.org/10.1016/j.marpolbul.2019.110559
http://www.ncbi.nlm.nih.gov/pubmed/31543492
http://doi.org/10.1111/j.1462-2920.2006.01054.x
http://www.ncbi.nlm.nih.gov/pubmed/16817922
http://doi.org/10.1371/journal.pone.0089616
http://www.ncbi.nlm.nih.gov/pubmed/24586914
http://doi.org/10.1016/j.marpolbul.2017.07.054
http://www.ncbi.nlm.nih.gov/pubmed/28781188
http://doi.org/10.1111/j.1462-2920.2012.02839.x
http://doi.org/10.1016/j.ijfoodmicro.2015.12.007
http://www.ncbi.nlm.nih.gov/pubmed/26773255
http://doi.org/10.1128/JCM.37.4.1173-1177.1999
http://doi.org/10.1016/S0167-7012(99)00037-8
http://doi.org/10.1016/j.ijfoodmicro.2018.02.008
http://doi.org/10.1016/j.ijfoodmicro.2009.03.014
http://www.ncbi.nlm.nih.gov/pubmed/19386376
http://doi.org/10.2436/20.1501.01.277
http://www.ncbi.nlm.nih.gov/pubmed/28504816
http://doi.org/10.1089/mdr.2019.0131
http://www.ncbi.nlm.nih.gov/pubmed/31596685
http://doi.org/10.3390/antibiotics10121561
http://www.ncbi.nlm.nih.gov/pubmed/34943773
http://doi.org/10.1016/j.ijfoodmicro.2008.04.032
http://www.ncbi.nlm.nih.gov/pubmed/18538875
http://doi.org/10.1128/CMR.00025-06
http://www.ncbi.nlm.nih.gov/pubmed/17223622
http://doi.org/10.1016/S0378-1097(03)00604-9
http://www.ncbi.nlm.nih.gov/pubmed/14553923
http://doi.org/10.1128/AEM.01662-09
http://doi.org/10.1128/JCM.01993-12
http://doi.org/10.1016/j.ijantimicag.2013.05.003
http://doi.org/10.1016/j.marpolbul.2017.02.070
http://doi.org/10.1016/j.foodcont.2015.08.005


Microorganisms 2023, 11, 53 11 of 11

53. Serratore, P.; Zavatta, E.; Fiocchi, E.; Serafini, E.; Serraino, A.; Giacometti, F.; Bignami, G. Preliminary Study on the Antimicrobial
Susceptibility Pattern Related to the Genotype of Vibrio Vulnificus Strains Isolated in the North-Western Adriatic Sea Coastal
Area. Ital. J. Food Saf. 2017, 6, 6843. [CrossRef] [PubMed]

54. Elmahdi, S.; DaSilva, L.V.; Parveen, S. Antibiotic Resistance of Vibrio Parahaemolyticus and Vibrio Vulnificus in Various Countries:
A Review. Food Microbiol. 2016, 57, 128–134. [CrossRef] [PubMed]

55. Han, F.; Walker, R.D.; Janes, M.E.; Prinyawiwatkul, W.; Ge, B. Antimicrobial Susceptibilities of Vibrio parahaemolyticus and Vibrio
vulnificus Isolates from Louisiana Gulf and Retail Raw Oysters. Appl. Environ. Microbiol. 2007, 73, 7096–7098. [CrossRef]

56. DeWaal, C.S.; Vaughn Grooters, S. Antibiotic Resistance in Foodborne Pathogens; Center for Science in the Public Interest: Washington,
DC, USA, 2013; pp. 1–22.

57. Letchumanan, V.; Pusparajah, P.; Tan, L.T.-H.; Yin, W.-F.; Lee, L.-H.; Chan, K.-G. Occurrence and Antibiotic Resistance of Vibrio
Parahaemolyticus from Shellfish in Selangor, Malaysia. Front. Microbiol. 2015, 6, 1417. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.4081/ijfs.2017.6843
http://www.ncbi.nlm.nih.gov/pubmed/29564231
http://doi.org/10.1016/j.fm.2016.02.008
http://www.ncbi.nlm.nih.gov/pubmed/27052711
http://doi.org/10.1128/AEM.01116-07
http://doi.org/10.3389/fmicb.2015.01417

	Introduction 
	Materials and Methods 
	Isolation and Identification of Vibrio spp. 
	Molecular Analyses 
	Antimicrobial Susceptibility 
	Data Analysis 

	Results 
	Isolation and Identification of Vibrio spp. 
	Molecular Analyses 
	Antimicrobial Susceptibility 

	Discussion 
	Conclusions 
	References

