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ARTICLE INFO ABSTRACT

Keywords: The aim of the present study was to investigate the genetic variability of Vibrio parahaemolyticus strains isolated
Shellfish from naturally contaminated Mediterranean mussels (Mytilus galloprovincialis) and Grooved carpet shells
Vibrio (Ruditapes decussatus) from three harvesting areas of Sardinia (Italy) using a combination of different typing

BOX PCR methods: traditional phenotypic systems and molecular techniques. Ninety-nine putative V. parahaemolyticus
EEFCP}S:(}}R strains isolated from shellfish collected before and after purification were included in the study. Seventy-two

isolates were confirmed as V. parahaemolyticus and were submitted to REP, ERIC and BOX PCRs. The combined
dendrogram showed the similarity of the data set of the three typing methods and demonstrates how the dif-
ferent techniques grouped the strains in two clusters in accordance with each singular dendrogram. Several
strains rendered a unique pattern regardless of the typing method, which indicates the high discriminatory
power of the methods. Moreover, the use of multiple typing methods allowed a more accurate characterization of
the genetic profiles of isolates and the identification of clones hardly revealed through the common techniques.
The intraspecific typing of environmental V. parahaemolyticus can be of great interest in order to recognize clonal
relationships between environmental contamination, foodborne disease, and geographical/temporal distribution
of this pathogen. The comparative analysis focusing on the obtained genetic profiles supports the possibility for
typing methods to discriminate strains with similar phenotypic profile, identifying the level of genetic corre-
lation among the strains and the presence of genetic clones.

1. Introduction

Vibrio parahaemolyticus strains carrying the virulence genes asso-
ciated with enteropathogenicity (tdh and/or trh) are considered pa-
thogenic to human (Leoni et al., 2016; Nishibuchi and Kaper, 1995;
Suffredini et al., 2014; Zhang and Austin, 2005; Zhang and Orth, 2013).
V. parahaemolyticus is responsible for many food poisoning cases in
some countries, e.g. USA and Japan (Alam et al., 2002; Carraro et al.,
2015; Newton et al., 2012; Kaysner and DePaola, 2000). In Europe, only
a few outbreaks or sporadic cases caused by V. parahaemolyticus were
reported in the last decade (Martinez-Urtaza et al., 2004, 2005; 2013;
McLaughlin et al., 2005; Ottaviani et al., 2008, 2009; 2010, 2012a;
Quilici et al., 2005; Wootipoom et al., 2007). V. parahaemolyticus is

usually found in estuarine, marine and coastal environments in a free-
swimming state with its motility conferred by a single polar flagellum
or affixed to inert and animate surfaces including zooplankton, fish,
shellfish or any suspended matter underwater (Baffone et al., 2006;
Gode-Potratz et al., 2011). V. parahaemolyticus infection is associated
with the consumption of raw or under-cooked shellfish and seafood
(Newton et al., 2012; Zarei et al., 2012) or exposure of skin wounds to
contaminated sea water. Salinity is the main key factor influencing the
occurrence of pathogenic Vibrio species (Caburlotto et al.,, 2012;
Martinez-Urtaza et al., 2008). In winter months, with unfavourable
water temperatures, V. parahaemolyticus may be undetectable
(Passalacqua et al., 2016; Sferlazzo et al., 2018; Su and Liu, 2007).
Pathogenic strains might have a selective advantage in surviving colder
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conditions in marine sediments or they would be the first strains to
have appeared in the environment and are gradually being replaced by
non-pathogenic strains, as the water warms (DePaola et al., 2003;
Rodriguez-Castro et al., 2010). A significant obstacle for the study of
emergent pathogenic strains of V. parahaemolyticus is the lack of un-
derstanding of factors that define virulence and that could be used to
detect pathogens within mostly non-pathogenic populations (Xu et al.,
2015). A few of the diagnostic markers most commonly used to define
pathogens are implicated in disease, including two genes associated
with enteropathogenicity (tdh and trh) and a horizontally acquired type-
three secretion system (T3SS2) (Banerjee et al., 2014; Garcia et al.,
2009; Hiyoshi et al., 2010; Thongjun et al., 2013). The presence of
pathogenic strains in the environment does not often correlate with the
incidence of food poisoning cases (Johnson et al., 2012; Jones et al.,
2012). Molecular methods have given significant advances over con-
ventional phenotypic methods to the identification and differentiation
of closely related species allowing a deeper understanding of the epi-
demiology of V. parahaemolyticus strains. In literature, different genetic
approaches for the identification of Vibrio species have been proposed
(Blackstone et al., 2003; Gubala, 2006; Kim et al., 1999; Nandi et al.,
2000; Panicker et al., 2004; Takahashi et al., 2005). Vibrios seem to
have fewer mobile genetic elements, e.g., transposons and phages, and
DNA regions with a different content of G + C in comparison with the
whole-genome average, which are indicative of recent horizontal
transfer contributing to the plasticity of vibrio genomes (Heidelberg
et al., 2000; Makino et al., 2003). The most common strain typing
methods including Pulsed Field Gel Electrophoresis (PFGE), Intergenic
Spacer Region (ISR-1), and Restriction Fragment Length Polymorph-
isms (RFLP) have been used to group similar V. parahaemolyticus strains
(Banerjee et al., 2014; Chowdhury et al., 2004; Jones et al., 2012;
Liideke et al., 2014; Nair et al., 2007). Multi-locus sequence analysis
(MLSA) of conserved housekeeping genes can better define relatedness
and recombination among strains (Banerjee et al., 2014; DePaola et al.,
2003; Ellis et al., 2012; Gonzalez-Escalona et al., 2011; Jolley et al.,
2004; Martinez- Urtaza et al., 2013; Paranjpye et al., 2012; Sawabe
et al,, 2007; Thompson et al., 2005; Turner et al., 2013). En-
terobacterial Repetitive Intergenic Consensus (ERIC)-PCR, Repetitive
Extragenic Palindromic (REP)-PCR and Highly Conserved Repetitive
DNA Elements (BOX)-PCR have been successfully applied to investigate
the genetic variability among V. parahaemolyticus strains (Kingston
et al., 2009; Maluping et al., 2005; Rao and Surendran, 2010; Rodriguez
et al., 2006; Silva-Rubio et al., 2008; Staley and Harwood, 2010; Yoke-
Kqueen et al., 2013; van Belkum et al., 2001). These methods revealed
good discriminative ability and can be used as rapid tools to compare
Vibrio strains in epidemiological investigations. Most of these methods
have some limitations for resolving evolutionary relationships, espe-
cially when used individually: not a single method is sufficient to un-
ambiguously examine the genetic relatedness among the endemic en-
vironmental V. parahaemolyticus population (Marshall et al., 1999).
Sometimes, single analyses did not provide sufficient resolution or gave
conflicting results. Therefore, a combination of methods may be re-
quired to achieve the complete typing of different V. parahaemolyticus
strains, improving phylogenetic accuracy and resolution (Wong and
Lin, 2001). In the present study, we have studied ninety-nine strains V.
parahaemolyticus strains using a combination of phenotypic and mole-
cular techniques to investigate the diversity and the relationship be-
tween V. parahaemolyticus isolated from naturally contaminated Medi-
terranean mussels (Mytilus galloprovincialis) and Grooved carpet shells
(Ruditapes decussatus) harvested in Sardinia (Italy).

2. Materials and methods
2.1. Bacterial strains

Putative V. parahaemolyticus strains were isolated from naturally
contaminated Mediterranean mussels (M. galloprovincialis) and Grooved
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carpet shells (R. decussatus) samples collected before and after pur-
ification from three harvesting areas (respectively, A, O and S) of
Sardinia (Italy). Purification centres annexed to these production areas
can be described as “recirculating”systems. In all the plants short pur-
ification protocols of 8 h were carried out. Shellfish were placed in high
density polyethylene (HDPE) tanks supplied by water disinfected by
ozone and/or UV. A monthly sampling was carried out from April 2011
to May 2012. Seasons were considered as: summer (July-September);
autumn (October-December); winter (January-March) and spring
(April-June). Recordings of environmental parameters (temperature,
pH and salinity) of the water were included. Twenty-five grams of flesh
and intra-valvular liquid from each sample were added to 225ml of
Alcaline Peptone Water (APW, Sigma Aldrich, Saint Louis, MO, USA),
supplemented with NaCl 1%, and then homogenized in a stomacher
Lab-Blender 400 (Seward Medical, London, UK) for 2 min. Detection
and isolation of Vibrio spp was carried out plating 1 ml of each shellfish
homogenate in APW (NaCl 1%) onto the surface of CHROMagar
(Oxoid) and Modified Cellobiose-Polymyxin B-Colistin (mCPC, Oxoid)
Agar plates. All the plates were incubated at 37 °C for 48 h. Presumptive
identification of Vibrio spp. isolates was performed by means of con-
ventional biochemical tests: five colonies randomly selected from the
plates of each medium were streaked on 3% NaCl tryptone soya agar
plates (TSA-s, Oxoid) and incubated at 30 °C for 24 h. The colonies on
TSA-s were selected for typical appearance (convex, light yellow and
opaque, with a diameter between 1 and 2mm) and successively
screened through oxidase and catalase tests, Gram staining, sugar fer-
mentation and sensitivity to vibriostatic agent 0129. Biochemical
identification was carried out by the API20NE identification system
(bioMérieux, Marcy I’Etoile, France).

2.2. Molecular identification and virulence profile of V. parahaemolyticus

Firstly, V. parahaemolyticus isolates identified by phenotypic and
biochemical methods have been submitted to molecular identification
by means of a single polymerase chain reaction (s-PCR) assay targeting
the toxR gene as described by Bej et al. (1999). Virulotyping of V.
parahaemolyticus isolates was performed by means of two different s-
PCR assays (s-PCR 1 and s-PCR 2) targeting the virulence genes asso-
ciated with enteropathogenicity (tdh and trh) according to the protocols
of Bej et al. (1999). S-PCR 1 aimed to amplify the trh gene to identify
thermostable direct haemolysin-related and s-PCR 2 aimed to amplify
the tdh gene to identify thermostable direct haemolysin. Positive (V.
parahaemolyticus ATCC 43996 toxR +, tdh +, trh; V. para-
haemolyticusATCC 17802 toxR +, tdh -, trh +) and negative controls
(Listeria spp. strain from internal collection of University of Sassari)
were included in all s-PCR tests. All PCR amplifications were performed
by using a GeneAmp PCR System 9700 (Applied Biosystems, Foster
City, CA, US). PCR products were separated by electrophoresis on 1.2%
(w / v) agarose gel and visualized under ultraviolet light after ethidium
bromide (0.1 mg/ml) staining. The gel images were visualized by
Quantity-One software (Bio-Rad, Hercules, CA, USA) and captured
using the Gel-Doc UV trans-illuminator (Bio-Rad). All the isolates
confirmed as V. parahaemolyticus by biomolecular tests were submitted
to genotyping characterization.

2.3. Genotypic characterization

V. parahaemolyticus isolates confirmed by PCR tests were submitted
to Repetitive Extragenic Palindromic (REP), Enterobacterial Repetitive
Intergenic Consensus (ERIC) and highly conserved repetitive DNA ele-
ment (BOX) PCRs. Genomic DNA was extracted from pure bacterial
cultures using Insta-Gene matrix (Bio-Rad, Hercules, CA, USA). The
concentration of DNA was quantified spectrophotometrically and ad-
justed to a concentration of 100 ng/ul. For the ERIC, REP and BOX-PCR
analysis, a reference strain (V. parahaemolyticus ATCC 43996 (toxR +,
tdh +, trh -) was included in each PCR test. REP PCR was performed in
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Table 1
Vibrio parahaemolyticus strains (n=24) isolated from Mediterranean mussels in relation with season, harvesting area and environmental parameters of seawater.
Date Harvesting area Water temperature (°C) Water salinity (ppt) Water pH Strain code toxR tdh+ trh+
May 2011 A 19.64 40 8.72 Bl + - -
June 2011 S 21.29 33 8.37 C2 + - -
July 2011 A 22.81 40 7.93 D1 + - -
July 2011 A 22.81 40 7.93 D12% + - -
July 2011 A 22.81 40 7.93 D18* + - -
Sept. 2011 A 23.7 40 7.92 E10 + - -
Sept. 2011 S 22.94 36 8.55 Ell + - -
Sept. 2011 S 22.94 36 8.55 E12 + - -
Nov. 2011 A 17.86 39 7.58 G93 + - -
Nov. 2011 A 17.86 39 7.58 G94 + - -
Nov. 2011 A 17.86 39 7.58 G109" + - -
Nov. 2011 A 17.86 39 7.58 G110 + - -
Nov. 2011 A 17.86 39 7.58 G111*° + - -
Nov. 2011 A 17.86 39 7.58 G115° + - -
Dec. 2011 A 13.12 38 9.53 H39 + - -
Dec. 2011 A 13.12 38 9.53 H42 + - -
Dec. 2011 A 13.12 38 9.53 H120 + - -
Dec. 2011 A 13.12 38 9.53 H25 + - -
Dec. 2011 A 13.12 38 9.53 H45 + - -
Dec. 2011 A 13.12 38 9.53 H40 + - -
Dec. 2011 A 13.12 38 9.53 H32 + - -
Dec. 2011 A 13.12 38 9.53 H30 + - -
Dec. 2011 A 13.12 38 9.53 HA48 + - -
Dec. 2011 A 13.12 38 9.53 H10 + - -

2 Isolated from samples collected after purification.

accordance with Versalovic et al. (1991). The two primers that anneal
the so-called repetitive DNA elements distributed more or less randomly
over the genome were: REP1D (5-3'NNNRCGYCGNCATCMGGC) and
REP2D (5’-3’'AGCGCTCTTATCACGGCCTAC). ERIC-PCR fingerprinting
was carried out with two repetitive primer sequences ERIC1R (5’-3’
ATGTAAGCTCCTGGGGATTCA) and ERIC2 (5-3'AAGTAAGTGACTGG
GGTGAGCG) according to Versalovic et al. (1991). BOX-PCR was car-
ried out using highly conserved repeated DNA elements according to
Versalovic et al. (1994). The single oligonucleotide employed was BOX
A1R (5’-CTACGGCAAGGCGACGCTGACG-3’). PCR amplifications were
performed by using a Mastercycler Engine DNA Thermal Cycler (Ep-
pendorf). PCR products were separated by electrophoresis on 1% (w /
v) agarose gel and visualized under ultraviolet light after ethidium
bromide (0.5pug/ml) staining. The gel images were visualized by
Quantity-One software (Bio-Rad) and captured using the Gel-Doc UV
trans-illuminator (Bio-Rad). Gel images were saved as TIFF files, nor-
malized with the FastRuler™ Ladder 1kb molecular weight marker.
Molecular patterns were analyzed using the Diversity Database soft-
ware (Bio-Rad).

2.4. Polyphasic analysis

To obtain the diversity index for each typing method and their
different combinations, clustering and construction of different den-
drograms were performed through the Unweighted Pair Group Method
using arithmetic averages (UPGMA) and a similarity value of 70%. Data
of harvest, origin of samples and genotyping (ERIC-REP-BOX PCR
patterns) were introduced and analyzed using the software package
Bionumerics v. 6.6.4 (Applied Maths NV, Sint-Martens-Latem, BE).

2.5. PCR of subunit 16s rDNA

A selection of isolates not confirmed as V. parahaemolyticus was
sequenced using 16s ribosomal RNA. According to Lane (1991), the
following PCR primers were used to amplify the 16S rRNA gene pro-
viding the phylogenetic information: 27FY (5’- AGAGTTTGATCMTGG
CTCAG-3’) and 1510R (5’-TACGGYTACCTTGTTACGACTT-3’). Ready-
To-Go Pcr Beads (GE Healthcare Europe GmbH, Freiburg, GE) were
used to set a conventional PCR to amplify 16s rRNA gene. Each Ready-

To-Go Pcr Beads tube contained 1l of the suspension of extracted
template DNA, sterile distilled water and 1pl of each primer. PCR
amplifications were performed by using an Eppendorf Mastercycler
Engine DNA Thermal Cycler (Eppendorf, Hamburg. Ge). PCR products
were separated by electrophoresis on 1.5% (w / v) agarose gel and were
dispatched to STAB VIDA laboratories (Universidade Nova de Lisboa-
Monte da Caparica Campus-Life Sciences Department). The sequences
were analyzed using the software DNASTAR Lasergene. The application
SeqMan was used for counting, assembly and analysis while EditSeq for
importing and editing file types. BLAST (http://blast.ncbi.nlm.nih.gov/
) and EzTaxon (http://147.47.212.35:8080/index.jsp) were used to
compare nucleotide sequences with sequences databases and calculate
the statistical significance of matches.

3. Results

3.1. Phenotypic and biochemical identification of V. parahaemolyticus
strains

A total of ninety-nine putative V. parahaemolyticus strains have been
submitted to presumptive phenotypic and biochemical identification.
Seventy strains were isolated from R. decussatus and twenty-nine strains
from M. galloprovincialis. Altogether, eighty-six isolates have been
identified as V. parahaemolyticus by phenotypic and biochemical
methods and were submitted to biomolecular confirmation and vir-
ulotyping.

3.2. Molecular identification and virulence profile of V. parahaemolyticus

The eighty-six isolates confirmed as V. parahaemolyticus by bio-
chemical methods were submitted to genotyping characterization.
Altogether, seventy-two isolates were confirmed as V. parahaemolyticus.
Twenty-four strains were isolated from Mediterranean mussels and
forty-eight strains from Grooved carpet shells (Tables 1 and 2). Among
these, sixty-five strains were isolated before and seven after purifica-
tion. Potentially pathogenic V. parahaemolyticus strains were a min-
ority: two strains carried the tdh gene associated to thermostable direct
haemolysin-and one strain carried the trh gene associated to thermo-
stable direct haemolysin-related. All these strains have been isolated
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Table 2
Vibrio parahaemolyticus strains (n=48) isolated from Grooved carpet shells in relation with season, harvesting area and environmental parameters of seawater.
Date Harvesting Area Water temperature (°C) Water salinity (ppt) Water pH Strain code toxR tdh+ trh+
May 2011 A 19.6 40 8.7 B14 + + -
June 2011 A 21.5 40.12 8.2 c23 + - -
June 2011 (0] 22.5 331 8.3 C4 + - -
July 2011 A 22.8 40.1 7.9 D25 + - -
July 2011 A 22.8 40.1 7.9 D26 + - -
July 2011 A 22.8 40.1 7.9 D28 + - -
July 2011 O 24.5 34.9 8.3 D56 + - -
July 2011 O 24.5 34.9 8.3 D8 + - -
Sept. 2011 A 23.7 40.5 7.9 E13 + - -
Sept. 2011 A 23.7 40.5 7.9 El15 + - -
Sept. 2011 A 23.7 40.5 7.9 El6e + - -
Sept. 2011 A 23.7 40.5 7.9 E17 + - -
Sept. 2011 A 23.7 40.5 7.9 E28 + - -
Sept. 2011 A 23.7 40.5 7.9 E54 + - -
Oct. 2011 A 20.8 40.1 7.9 F12 + - -
Oct. 2011 A 20.8 40.1 7.9 F13 + - -
Oct. 2011 A 20.8 40.1 7.9 F14 + - -
Oct. 2011 A 20.8 40.1 7.9 F15 + - -
Oct. 2011 A 20.8 40.1 7.9 F16 + - -
Oct. 2011 A 20.8 40.1 7.9 F32 + - -
Oct. 2011 (¢} 20.5 38 8.6 F33 + - -
Oct. 2011 (6] 20.5 38 8.6 F66 + -
Oct. 2011 (0] 20.5 38 8.6 F67 + - -
Oct. 2011 (0] 20.5 38 8.6 F74 + + -
Oct. 2011 [0} 20.5 38 8.6 F75 + - -
Nov. 2011 A 17.9 39.5 7.6 G12 + - -
Nov. 2011 A 17.9 39.5 7.6 G13 + - -
Nov. 2011 A 17.9 39.5 7.6 Gl4 + - -
Nov. 2011 A 17.9 39.5 7.6 G26 + - -
Nov. 2011 (0] 16 27 8.3 G41 + - -
Dec. 2011 A 13.1 38.9 9.5 H17 + - -
Dec. 2011 A 13.1 38.9 9.5 H21 + - -
Dec.2011 A 13.1 38.9 9.5 H41 + - -
Dec. 2011 A 13.1 38.9 9.5 H37 + - -
Dec. 2011 A 13.1 38.9 9.5 H44 + - -
Dec. 2011 A 13.1 38.9 9.5 H16 + - -
Dec. 2011 A 13.1 38.9 9.5 H12 + - -
Dec. 2011 A 13.1 38.9 9.5 H20 + - -
Dec. 2011 A 13.1 38.9 9.5 H3 + - +
Dec. 2011 A 13.1 38.9 9.5 H9 + - -
Dec. 2011 [0} 16 36.4 8.3 H54 + - -
Dec. 2011 (6] 16 36.4 8.3 H55 + - -
Dec. 2011 (0] 16 36.4 8.3 H56 + - -
Dec. 2011 (o} 16 36.4 8.3 H57 + - -
Dec. 2011 (6] 16 36.4 8.3 H58 + - -
Dec. 2011 (0] 16 36.4 8.3 H59 + - -
Dec. 2011 (0] 16 36.4 8.3 H62 + - -
Dec. 2011 O 16 36.4 8.3 H63 + - -

@ Isolated from samples collected after purification.

from Grooved carpet shells sampled before purification. Not a single
strain was tdh+ /trh+.

3.3. Genotypic characterization

The seventy-two isolates confirmed as V. parahaemolyticus by con-
ventional PCR were further characterized by ERIC-PCR, REP-PCR and
BOX-PCR methods. Genotyping by ERIC-PCR allowed the identification
of profiles having 9-13 amplification bands, ranging from 90 to
2780kb (Fig. 1). Genotyping by REP-PCR allowed the identification of
profiles having 9-15 amplification bands, ranging from 102 to 2128 kb
(Fig. 2) while genotyping by BOX-PCR allowed the identification of
profiles having 8-10 amplification bands, ranging from 98 to 2780 kb
(Fig. 3).

3.4. Polyphasic analysis

The clonal relationship among the seventy-two V. parahaemolyticus
strains were examined through UPGMA-cluster analysis of the PCR-

generated profiles and are presented in dendrograms. The ERIC-PCR
profiles were firstly allotted into four groups (similarity = 70%) la-
belled as I-II-III-IV (Fig. 1). Dendrogram patterns produced two major
clusters designated as A and B (Fig. 1). Cluster A consisted of 23 strains
from areas A and O, while Cluster B represented 49 isolates from areas
A, O and S. The dendrogram pattern generated from REP-PCR (Fig. 2)
produced two major clusters designated as A and B, consisting of 15 and
57 strains respectively. Cluster A grouped strains from rearing sites A
and O. Cluster B strains, from sites A, O and S, were allotted into two
groups (similarity = 70%) labelled as I-II. The dendrogram pattern
generated from BOX-PCR (Fig. 3) produced two major clusters desig-
nated as A (7 strains) and B (65 strains). Cluster A and B grouped iso-
lates from rearing A, O and S. The combined data set of the three typing
methods (Fig. 4) grouped the strains in 2 clusters (A and B) in ac-
cordance with each singular dendrogram. Cluster A consisted of 42
strains isolated in autumn, while the distribution of the remaining 30
isolates in cluster B was more heterogeneous. Interestingly, strains
isolated in summer grouped together.
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Fig. 1. Gel electrophoresis on agarose gel (A) and dendrogram (B) representing genetic relationship between V. parahaemolyticus ERIC-PCR profiles through UPGMA

clustering.

3.5. PCR of subunit 16s rDNA

The fourteen isolates not confirmed as V. parahaemolyticus, were
compared to select the most similar according to the profile bands in
the s-PCR. Four strains were selected (F1, D2, F73 and H13)and se-
quenced using 16s ribosomal RNA to clarify their phylogenetic struc-
ture. Several Vibrionaceae species have nearly identical 16S rRNA gene
sequences (Table 3). Two different databases (BLAST and EzTaxon)
showed high similarity values between V. parahaemolyticus (99%) and
other different species (V. alginolyticus 99%, V. azureus 99%, V. owensii
99%, V. natriegens 99%). Seven species appeared to be closely related,
sharing an overall level of sequence similarity of 91.3% (V. alginolyticus,

= molecular weight marker DNA Ladder; 1= negative control; 2-12= bacterial isolates;

13=V. parahaemolyticus ATCC 43996

V. campbellii, V. harveyi, V. natriegens, V. parahaemolyticus, V. vulnifcus
and V. proteolyticus).

4. Discussion

This study provided a different occurrence of V. parahaemolyticus in
the different investigated hosts, sites and seasons: eighty-six isolates
identified as V. parahaemolyticus by phenotypic and biochemical
methods were submitted to biomolecular confirmation and vir-
ulotyping. Seventy-two isolates (84%) were confirmed as V. para-
haemolyticus mostly isolated from R. decussatus: they are usually har-
vested in muddy-sand sediments of shallow coastal waters, while M.
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Fig. 2. Gel electrophoresis on agarose gel (A) and dendrogram (B) representing genetic relationship between V. parahaemolyticus REP-PCR profiles through UPGMA

clustering.
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galloprovincialis are harvested on suspended ropes. These results were in Potentially toxigenic V. parahaemolyticus strains (i.e. carrying tdh and/
contrast with previous studies about the distribution of V. para- or trh genes) were recovered in low numbers: the prevalence of each
haemolyticus in Italian marine coastal waters (Ottaviani et al., 2012b). virulent factor was 0.9%. According to Carraro et al. (2015), in
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Fig. 4. Combined dendrogram representing phylogenetic relationship between V. parahaemolyticus ERIC-PCR, REP-PCR and BOX-PCR profiles through UPGMA
clustering.
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Sardinian production areas the presence of potential pathogenic V.
parahaemolyticus trh + strains is very low, and it is unrelated to the
total vibrio population (Johnson et al., 2012). These results suggest that
potentially pathogenic V. parahaemolyticus strains transited in Sardinian
coastal habitats only during a limited period and are found extremely
rarely or they are unlikely detectable. In literature, the prevalence of
pathogenic V. parahaemolyticus ranges from 1% to 33% (Bauer et al.,
2006; DePaola et al., 2003; Deter et al., 2010; Di Pinto et al., 2008;
Hervio-Heath et al., 2002; Nishibuchi and Kaper., 1995; Ottaviani et al.,
2010; Passalacqua et al., 2016; Robert-Pillot et al., 2004; Rodriguez-
Castro et al., 2010; Wagley et al., 2008; Serracca et al., 2011; Suffredini
et al., 2014). The seventy-two isolates confirmed as V. parahaemolyticus
by conventional PCR were subjected to PCR-based fingerprinting with
short random primers or primers directed against repetitive sequences
in the bacterial genome (Colombo et al., 1997 Maluping et al., 2005;
Olive and Bean, 1999; Rodriguez et al., 2006; Versalovic et al., 1991).
REP-PCR and ERIC-PCR methods revealed a good discriminative ability
(Wong and Lin, 2001) in comparison with BOX-PCR and showed the
high heterogeneity existing among the V. parahaemolyticus strains. This
was proved by the highest number of different DNA fragment patterns
(33 patterns with REP-PCR, 31 patterns with ERIC-PCR, and 30 with
BOX-PCR). The combined dendrogram showed the similarity of the data
set of the three typing methods and demonstrates how the different
techniques grouped the strains in two clusters (A and B) in accordance
with each singular dendrogram. Cluster A grouped strains isolated
mainly in autumn, while the distribution of the isolates in cluster B was
more heterogeneous. In our study, the greater number of V. para-
haemolyticus strains were isolated on December 2011 in comparison
with the isolates of the other months. In general, the data on V. para-
haemolyticus distribution were not in agreement with those of other
Italian researchers (Croci et al., 2001; Ottaviani et al., 2010) who re-
ported a high frequency of isolation during warmer months. According
to ERIC and REP PCR, the majority of strains allotted in the cluster A,
including trh + and tdh + isolates, showed a clear temporal distribu-
tion, grouping all the strains isolated in autumn. The strains allotted in
cluster B were more irregular in terms of sampling period and host.
According to ERIC PCR, the V. parahaemolyticus strains isolated on
December 2011 clustered in B as in A. BOX-PCR did not show a close
relationship between the clusters and the sampling seasons. Several
genetic profiles persisted over time: according to Caburlotto et al.
(2012) strains showing very similar genetic patterns were isolated for
two or three subsequent months. The strains B14 and F74 (tdh+) were
allotted in the same cluster (A) with ERIC-PC. Virulence genes can be
acquired, via horizontal genetic transfer (Caburlotto et al., 2012): BOX-
PCR method grouped the strains B14, F74 (tdh+) and H3 (trh+) in the
cluster B. REP-PCR instead, allotted the strains B14 (tdh+) and H3 (trh
+) in the cluster B. Several profiles suggested a close relationship be-
tween isolates and harvesting area. The three samples carrying the
genetic virulence markers trh and tdh (H3 trh+, B14 tdh+ and F74 tdh
+) were from the same host (R. semidecussatus) and two of them (B14
and H3) from the same geographic area (A).

5. Conclusions

The intraspecific typing of environmental V. parahaemolyticus can be
of great interest for the recognition of clonal relationships between
environmental contamination, foodborne disease, and geographical and
temporal distribution of this pathogen. Moreover, the use of multiple
typing methods would allow a more accurate characterization of the
genetic profiles of isolates and the identification of clones hardly re-
vealed through the common techniques. The comparative analysis fo-
cusing on the obtained genetic profiles and the presence of virulence
genes further supports the possibility for typing methods to dis-
criminate strains with similar phenotypic profiles, identifying the level
of genetic correlation among the strains and the presence of genetic
clones. These typing methods have also been shown to be capable of
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discriminate among very similar strains isolated in the same sampling
session, but in a different sampling site.
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Table 3
PCR of subunit 16s rDNA of four isolates not confirmed as V. parahaemolyticus
with conventional PCR

Strain Blast % EzTaxon %
F1 V. alginolyticus (99%) V. owensii (99.44%)
V. azureus (99%)
V. parahaemolyticus (99%) V. azureus (99.31%)
D2 V. owensii (99%) V. azureus (99.46%)
V. azureus (99%)
V. natriegens (99%) V. owensii (99.44%)
F73 V. azureus (99%) V. owensii (99.44%)
V. parahaemolyticus (99%)
V. owensii (99%) V. azureus (99.31%)
H13 V. alginolyticus (99%) V. alginolyticus (99%)
V. azureus (99%)
V. parahaemolyticus (99%) V. azureus (99.31%)
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