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Keywords Summary

PCR, This study aimed to isolate, define the genetic profile, assess potential pathogenicity and
PFGE, evaluate the seasonal distribution of Vibrio cholerae, Vibrio parahaemolyticus, and Vibrio
River, vulnificus strains isolated from the Vibrata river (Abruzzo Region, Italy) during a monitoring
Vibrio spp., period of one year. Detection was performed according to ISO/TS 21872-1-2:2007. Species
Virulence genes. identification and characterisation were achieved using molecular methods. Vibrio spp. were

detected in 50% (23) of the water samples. In particular, V. cholerae, V. parahaemolyticus,
and V. vulnificus were isolated in 18 (39.1%), 4 (8.7%), and 2 (4.3%) samples, respectively.
All V. parahaemolyticus strains were tdh gene negative, 75% were positive for trh gene. In
30 V. cholerae isolates, the polymerase chain reaction (PCR) assay for detecting virulence and
regulatory genes (ctxA, toxR, tcpA, ompU, hlyA, tcpl, zot, and stn/sto) revealed 6 genotypes
associated to different levels of pathogenicity. Pulsed-field gel electrophoresis (PFGE)
characterisation of the V. cholerae strains identified 13 different pulsotypes. A greater degree
of similarity was shown for strains isolated in the same period of the year. Results of our study
reveal a potential health risk associated with the waters of the Vibrata river, which are used
for irrigation and next to the swimming areas of Abruzzo coastline.

Identificazione e caratterizzazione di Vibrio potenzialmente patogeni
nelle acque del torrente Vibrata (Abruzzo, Italia)

Parole chiave Riassunto

Geni di virulenza, Il presente studio ha avuto l'obiettivo di identificare, caratterizzare e valutare I'andamento
PCR, stagionale di ceppi di Vibrio cholerae, Vibrio parahaemolyticus e Vibrio vulnificus, isolati
PFGE, da campioni d’acqua prelevati nel torrente Vibrata (Abruzzo, Italy) durante un periodo di
Torrente, monitoraggio di un anno, al fine di definirne il profilo genetico e la potenziale patogenicita.
Vibrio spp. La ricerca di Vibrio spp. € stata eseguita con isolamento su piastra (ISO/TS 21872-1-2:2007),

I'identificazione di specie, la ricerca dei geni di patogenicita e la caratterizzazione delle specie
V. cholerae, V. parahaemolyticus e V. vulnificus mediante tecniche molecolari. Dei 46 campioni
analizzati, il 50.0% (23) e risultato contaminato da Vibrio spp. In particolare, sono stati isolati
V. cholerae, V. parahaemolyticus e V. vulnificus rispettivamente in 18 (39.1%), 4 (8.7%) e 2
(4.3%) campioni esaminati. Tutti gli isolati di V. parahaemolyticus sono risultati negativi per
la presenza del gene tdh mentre il 75% di essi & risultato positivo per il gene trh. La ricerca,
mediante PCR multiplex, dei geni di patogenicita ctxA, toxR, tcpA, ompU, hlyA, tcpl, zot e stn/
sto sui 30 isolati di V. cholerae ha permesso di rilevare sei diversi genotipi corrispondenti a
diversi potenziali di patogenicita. | profili dei ceppi di V. cholerae ottenuti mediante PFGE
hanno evidenziato la presenza di 13 pulsotipi diversi anche se un maggior grado di similarita
e stato evidenziato tra i ceppi isolati nello stesso periodo dell'anno. Questi risultati rivelano
un potenziale rischio sanitario associato alle acque del torrente Vibrata, spesso utilizzate per
irrigazione di colture e prossime alle zone balneabili della costa abruzzese.
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Introduction

The Vibrio genus includes more than 100 species
(Romalde et al. 2014); in light of the wide genetic
variability of the group this is a number which
probably will increase. Vibrio species are one of the
most representative toxin producer microorganisms
of aquatic environments, especially in coastal,
brackish, and estuarine waters. The Italian Food and
Drug Administration (FDA-BAM 2004) considers
9 species of Vibrio as potentially pathogenic to
humans. Amongst them, Vibrio cholerae (serogroups
O1 and 0139), Vibrio parahaemolyticus, and Vibrio
vulnificus are considered the most commonly
associated with seafood-borne infections.

Strains of V. cholerae belonging to the serogroups
O1 and 0139 are the causative agent of cholera,
an epidemic diarrheal disease, which still affects
millions of people in most developing countries
of Asia, Africa, and Latin America. Besides the
toxigenic O1 and 0139 serogroups, V. cholerae
strains belonging to more than 200 serogroups are
widespread in aquatic environments. A number
of reports have demonstrated that some strains
of these serogroups can cause diarrhea or local
infections including otitis and wound infections
(Octavia et al. 2013, Shirmeister et al. 2014).

Vibrio parahaemolyticus is recognised throughout
the world as the leading causal agent of human
gastroenteritis resulting from the consumption
of raw seafood. Enteropathogenic strains of
V. parahaemolyticus generally produce a thermostable
direct hemolysin (TDH) and/or a TDH-related
hemolysin (TRH). The genes tdh and trh code for TDH
and TRH, respectively (Cantet et al. 2013).

Vibrio vulnificus is able to cause severe or
life-threatening infection in susceptible individuals.

Torresi et al.

The spectrum of illness can vary from gastroenteritis
to ‘primary sepsis’ and necrotising fasciitis. The
case-fatality rate has been reported to exceed 50%in
primary sepsis. Infection may result from consuming
or handling contaminated seafood (usually shellfish
such as oysters) or from exposing open wounds or
broken skin to contaminated salt or brackish water.
The presence of pathogenic Vibrio spp. in estuarine
and coastal waters of the Mediterranean Sea has
been previously reported (Gugliandolo et al. 2009).

The hydrographic basin (116 km?) of the Vibrata
river is located in the northern part of the Abruzzo
Region (central Italy), and extends eastward
and upright to the Adriatic shoreline (Figure 1).
Ten waste-water treatment plants are located
along the basin. The river is designated as a
Nitrate Vulnerable Zone according to European
legislation, and was classified as having a ‘bad’
ecological status in 2012 (Di Lorenzo et al. 2012,
Regione Abruzzo-Monitoraggio acque superficiali,
2010-2012). The problems of the Vibrata are due
to an inadequate water flow because of its use for
irrigation and industries, and because of the strong
anthropisation of the area and poor self-purifying
capacity of the river. Urban sewage is often the
main source of microbial contamination of aquatic
environments posing a risk to human health for
recreational activities involving water, and limiting
the use of water as an economic resource.

Between the 17% and the 25" of August, 2010, a high
mortality rate was recorded in fishes of the Vibrata
river. During the same time period, many cases of
human gastroenteritis were also reported in the
area (unpublished data).

A monitoring programme was then implemented
in order to check faecal, chemical, and biological
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Figure 1. The hydrographic basin of the River Vibrata located in the northern part of the Abruzzo Region (central Italy).
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contaminants in the river. Different human
pathogens have been detected in water samples,
including Vibrio spp.

This study aimed to isolate, characterise, define the
genetic profile, assess potential pathogenicity and
evaluate the seasonal distribution of V. cholerae,
V. parahaemolyticus, and V. vulnificus strains in water
samples of the Vibrata river.

Despite statistical correlations between genotypes
and strains of clinical or environmental origin,
pathogenetical studies in V. vulnificus have not yielded
genotypic markers that predict virulence unequivocally
(Reynaud et al. 2013). To date, no available molecular
marker has sufficient resolving power to categorise
with absolute certainty the pathogenicity of a
V. vulnificus strain. For this reason, the focus of studies
on V. vulnificus was on detection only.

Materials and methods

Sampling

From August 2010-August 2011 a total of 46 samples
(1 litre), 23 upstream and 23 downstream (20 meters
from the estuary) were collected from the
waste-water treatment plant in the town of Alba
Adriatica (Teramo, Italy).

Sampling was performed according to the Decree of
the Italian Ministry of Health'.

The samples were then placed in a refrigerated cool
box at 4 + 1°C, sent to the laboratory, and analysed
within 24 hours.

Microbiological analysis

Analysis of the water samples was performed using
the membrane filter technique. Each 1-litre sample
was filtered through 0.45 pm diameter membrane
(ISO 8199:2005%) and analysed according to 1SO/
TS 21872-1:2007 ISO/TS 21872-2:20073. Briefly,
after filtration, 100 mL of alkaline peptone water
(APW) was added to the membrane and incubated
at 37 = 1°C for 6 hours for its first enrichment and
cell growth. An aliquot (1 mL) was inoculated into

" Decreto 30/03/2010. Definizione dei criteri per determinare il divieto
di balneazione, nonché modalita e specifiche tecniche per I'attuazione
del decreto legislativo 30 maggio 2008, n. 116, di recepimento della
direttiva 2006/7/CE, relativa alla gestione della qualita delle acque di
balneazione. Off J Suppl 97,119, 24/05/2010.

21SO 8199. 2005. Water quality - General guidance on the enumeration
of micro-organisms by culture. International Organization for
Standardization. Geneva.

31SO/TS 21872-1. 2007. Microbiology of food and animal feeding stuffs
- Horizontal method for the detection of potentially enteropathogenic
Vibrio spp. - Part 1: Detection of Vibrio parahaemolyticus and Vibrio
cholerae. ISO/TS 21872-2. 2007 Part 2: Detection of species other than
Vibrio parahaemolyticus and Vibrio cholerae. International Organization
for Standardization. Geneva.
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9 mL of APW (second enrichment) and incubated at
37°C for 18 hours. At the same time, an aliquot was
streaked in Thiosulfate Citrate Bile Salts Sucrose Agar
(TCBS) and modified Cellobiose Polymyxin B Colistin
(mCPC) agar. These media were then incubated
at 37 £ 1°C for 24 + 3 hours. A second passage on
TCBS and mCPC agar was done starting from the
second enrichment broth. A minimum of five typical
colonies were picked from each selective media and
cultured on Saline Nutrient Agar (SNA) in order to
perform species identification through multiplex
polymerase chain reaction (PCR).

Presumptive V. cholerae colonies were sent to the
Istituto Superiore di Sanita (ISS) to confirm species
identification and to perform serological test with
01/0139 antisera.

Molecular analysis

Species identification

Species identification was performed using
multiplex PCR targeting a housekeeping gene that
encodes heat shockprotein 40 (dnal) according
to Nhung and colleagues (Nhung et al. 2007). This
method has been used both to identify the colonies
that are biochemically recognised as Vibrio spp., and
to screen the first enrichment broth (APW) in which
the membrane filter was placed.

The method used to extract DNA diverged from
the reference protocol. Briefly, each isolate, that
had been biochemically identified as Vibrio spp.
and cultured on SNA for 24 hours at 37 + 1°C, was
suspended in 500 pL of Tris-EDTA buffer (50 mM
Tris-HCI pH 8.0 - 1 mM EDTA pH 8.0), and then
centrifuged (Eppendorf 5402 rotor F-45-18-11,
Milan, Italy) at 13400 rpm for 5 minutes. The pellet
was then reconstituted in 300 uL of Tris-EDTA,
heated at 100 + 1 °C for 15 minutes and transferred
to at 4 + 1°C. After centrifugation at 13400 rpm for
5 minutes, the supernatant containing the DNA was
transferred to a clean test tube and stored at 4 + 1°C.

When the method was used to screen the
enrichment broth, few more steps were added
before suspending the pellet in 500 pL of Tris-EDTA
buffer. Briefly, 1 mL of the second enrichment broth
was centrifuged at 13400 rpm for 6 minutes, the
pellet was then washed in 1T mL of Tris-EDTA buffer,
centrifuged at 13400 rpm for 6 minutes and then
suspended in 500 pL of Tris-EDTA buffer.

The primers (MWG, Ebersberg, Germany) used
for dnaJ) amplification are listed in Table I. Vibrio
alginolyticus (ATCC 17749), V. cholerae (ATCC 9458),
V. mimicus (ATCC 33653), V. parahaemolyticus (ATCC
17802), and V. vulnificus (ATCC 27562) were added
to each PCR run as positive control; nuclease free
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Table 1. Primers used in this study.

Torresi et al.

Primer Primer sequence Gene target Amplicon length
VM-F Univ 5'- CAGGTTTGY TGCACG GCG AAG A- 3 dna)
VC-R 5'- AGCAGCTTATGA CCA ATA (GCC-3 dna)\C 375bp
VP-R 5"-TGC GAA GAA AGG CTCATCAGA G- 3 dna) VIP® 96 bp
VW-R 5'- GTA CGA AATTCT GACCGATCA A- 3 dna) V V¢ 412bp
VM-R 5'-YCTTGA AGA AGC GGT TCGTGC A- 3 dna) VM 177 bp
V.al2-MmR 5"- GAT CGA AGT RCCRACACT MGG A- 3 dna) Ve 144 bp
TrhF 5TTGGCTTCGATATTTTCAGTATCT 3
Trh VP 500 bp
TrhR 5"CAT AAC AAA CAT ATG CCCATTTCCG 3

TdhF 5'GTA AAG GTCTCT GACTTTTGG AC3'

Tdh VP 269 bp

TdhR 5'TGG AAT AGA ACCTTCATCTTCACC3'

(txAF 5'(GGGCAGATTCTAGACCTCCTGY

(txAVC 564 bp
(txAR 5 (GATGATCTTGG AGCATT CCCAC3
OmpUF 5'ACG (TG ACG GAATCA ACCAAAG 3
OmpuVvC 869 bp
OmpUR 5'GCGGAAGTTTGG CTTGAAGTAG3'
otk 5'TCG CTT AACGAT GGCGCGTTTT 3’
Zot\C 947 bp
ZotR 5'AACCCCQTTTCACTTCTACCCA Y
VC-ToxR F 5'CCTTCG ATCCCCTAAGCAATA C 3
ToxRVC 779 bp
VC-ToxR R 5'AGG GTT AGCAACGAT GCGTAAG 3’

TcpA F 5 CACGAT AAG AAA ACCGGT CAAGAG 3 451 bp (El Tor)
TepAR1 5'CGAAAG CACCTTCTTTCA CGTTG 3 TepAVC 620 bp (Clas)
TecpAR2 5'TTA CCA AAT GCA ACG CCGAATG 3

Tepl F 5'TAG CCTTAGTTCTCA GCA GGCA 3’

TeplVC® 862 bp

TeplR 5'GGC AAT AGT GTC GAG CTCGTTA 3
HIyAF1 5'GGCAAA CAG (GA AACAAATACCS 481 bp (ElTor)
HIyA F2 5'GAG(CGGCATTCATCTGA AT 3’ HlyAVC 738/727 bp (Clas)
HlyAR 5 (TCAGC GGG CTAATA CGGTTTA Y
Stn/sto F 5'TCG CATTTA GCCAAA CAGTAG AAA Y

Stn/sto\C® 172 bp
Stn/sto R 5'GCT GGATTG CAA CATATTTCG C3

F = forward primer; R = reverse primer; bp = base pair. *Vibrio cholerae; " Vibrio parahaemolyticus; “ Vibrio vulnificus; ¢ Vibrio mimicus; ¢ Vibrio alginolyticus.

water (Ambion®- Life Technologies, Monza, Italy)
was added as negative control.

A reaction mixture containing 12.5 pL of PCR master
mix (Promega, Madison, USA), 1 uM of each primer
(10 pM), nuclease free water and 2 pL of DNA was
prepared for a final volume of 25 pL. The reaction
was performed with the thermal cycler Applied
Biosystem 9700 (Applied Biosystems, Foster City, CA,
USA) under the following conditions: one cycle of
3 minutes at 96 °C, 35 cycles of 0.5 minute at 95 °C,
0.5 minute at 60 °C, and 1 minute at 72 °C, a final
cycle of 7 minutes at 72 °C, and storage at 4 + 1°C.

PCR products were analysed by electrophoresis in a
2% agarose gel (Agarose D-1- LOW EEO, Eppendorf,
Milan, Italy) and stained with SYBR® Safe DNA gel
stain (2.5 uL/100 mL) (Invitrogen, Eugene, OR, USA).
Bands were visualised using a UV trans-illuminator
and photographed using the programme
Chemilmager 5500. AmpliSize™ Molecular Ruler

50-2000 bp Ladder (Sigma-Aldrich, St Louis, USA)
was used as a molecular weight marker.

Virulence gene detection

Vibrio parahaemolyticus

Vibrio parahaemolyticus strains were tested for
the virulence genes (tdh and trh) according to the
protocol set out by Bej and colleagues (Bej et al.
1999), with one minor change: in this study single
instead of multiplex PCRs were used.

The DNA extraction process was performed as
previously described. Primers (MWG, Ebersberg,
Germany) used for tdh and trh amplification are
listed in Table I.

ATCC 17802 and ATCC 43996 strains of Vibrio
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parahaemolyticus were added to each PCR run
as positive controls for trh and tdh, respectively.
Nuclease-free water was added as negative control.

A reaction mixture containing 25 pL of PCR master
mix (Promega, Madison, USA), 1 uL of each primer
(50 uM), 3 pL of MgCl, (25 mM), nuclease-free water,
and 2 pL of DNA was prepared. The final volume was
50 pL. Reactions were performed with a thermal
cycler Applied Biosystem 9700 (Applied Biosystems,
Foster City, CA, USA) under the following conditions:
one cycle of 10 minutes at 94 °C, 30 cycles of
1 minute at 94 °C, 1 minute at 58 °C, and 2 minutes
at 72 °C, a final cycle of 7 minutes at 72 °C and then
storageat4 £ 1°C.

PCR products were analysed by electrophoresis
in a 1.8% agarose gel (Agarose D-1- LOW EEO,
Eppendorf, Milan, Italy). Bands were visualised as
previously described.

Vibrio cholerae

Vibrio cholerae strains were tested for genes
encoding a protein for regulation of virulence
(VC-toxR), an hemolysin (hlyA), the cholera toxin
(ctxA), the toxin-coregulated pilus (tcpA), a homolog
of methyl-accepting chemotaxis protein (tcpl),
an outer membrane protein (ompU), a zonula
occludens toxin (zot), and a heat-stable enterotoxin
(stn/sto) according to the protocol set out by Rivera
and colleagues (Rivera et al. 2001), with one minor
change: in this study single instead of multiplex
PCRs were used. The DNA extraction process was
performed as previously described. Primers (MWG,
Ebersberg, Germany) are listed in Table I.

Vibrio cholerae (Ogawa El Tor 77/65) was added to
each PCR run as a positive control. Nuclease-free
water was added as a negative control. For stn gene,
it was not possible to have a positive control, but
all the strains identified as V. cholerae, were sent to
the Istituto Superiore di Sanita (ISS) to confirm their
identification and to evaluate their pathogenicity.

The reaction mixture contained 12.5 pyL of PCR
master mix (Promega, Madison, USA), 1 pL of each
primer (20 pM), nuclease-free water, and 3 pL of
DNA.The final volume was 25 uL. The reactions were
performed with a thermal cycler Applied Biosystem
9700 (Applied Maths, Saint-Martens-Latem, Belgio)
under the following conditions: one cycle of
10 minutes at 94 °C, 30 cycles of 1 minute at 94 °C,
1 minute at 60 °C, and 2 minutes at 72 °C, a final cycle
of 7 minutes at 72 °C and then storage at 4 + 1 °C.
The Stn/sto detection process was performed at an
annealing temperature of 55 °C instead of 60 °C. PCR
products were analysed by electrophoresisina 1.5%
agarose gel (Agarose D-1- LOW EEO, Eppendorf,
Milan, Italy). Bands were visualised as previously
described.
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Pulsed-field gel electrophoresis (PFGE)
of V. cholerae strains

Vibrio cholerae strains were characterised using
PFGE according to the PulseNet protocol (Cooper
et al. 2006) which includes the restriction enzymes
(Sfil and Notl) and Salmonella serotyped Braenderup
(H9812) as the standard. Bacterial suspensions were
included in agarose, lysed, washed, and digested
with the restriction enzymes. The digested samples
underwent electrophoresis in SeaKem® Gold
agarose 1% (Lonza, Milan, Italy) in the Chef Mapper
XA (BioRad Inc, CA, USA) at 6 V/cm with the following
2 block programmes: Block 1:2 seconds - 10 seconds,
13 hours, Block 2: 20 seconds - 25 seconds, 6 hours.

The PFGE profiles were analysed using
BioNumerics software version 6.6 (Applied Maths,
Kortrijk, Belgium). The similarities between the
macrorestriction profiles (MRPs) were calculated
using the Dice coefficient (Grothues e Tummler,
1991), applying an optimisation coefficient and
band tolerance of 1.5% for both enzymes. Clustering
was performed and dendrograms generated by the
unweighted pair group method using arithmetic
averages (UPGMA). MRPs were assigned according
to Tenover and colleagues (Tenover et al. 1995) and
Barrett and colleagues (Barrett et al. 2006).

Results

Microbiological analysis

Potentially pathogenic Vibrios were detected in
23 samples (50%) (n = 23). In particular, Vibrio spp.
strains were identified in 14 samples collected
upstream and in 9 collected downstream of the
waste-water treatment plants.

Phenotypic identification led to the isolation of
more than one colony for each sample, resulting in
a total of 61 strains potentially belonging to Vibrio
genus. These strains were picked from each selective
media and cultured on SNA for species identification
by multiplex PCR.

Molecular analysis

Species identification

When multiplex PCR for dnaJ gene PCR was applied
on broths, 24 samples of the 46 tested were positive
to Vibrio spp. As from 1 sample it was not possible
to isolate any strain, so this sample was considered
positive to molecular screening but negative to
isolation.

Of the 61 biochemically identified strains as
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Figure 2. Temporal distribution of potentially pathogenic Vlibrio spp.
isolates.

Vibrio spp., multiplex PCR recognised 30 V. cholerae
strains, 4 V. parahaemolyticus strains, and 2 V. vulnificus
strains in 18 (39.1%), 4 (8.7%), and 2 (4.3%) samples,
respectively. The other isolates (25) gave negative
results for the expected amplicons and were collected
as Vibrio spp. Isolate number according to sampling
date are shown in Figure 2.

Serological tests of V. cholerae strains, performed at
ISS, identified all isolates as non-O1/non- O139.

Detection of pathogenic genes

Vibrio parahaemolyticus

V. parahaemolyticus was detected in 4 of the
46 samples. Three V. parahaemolyticus strains (75%)
were identified as trh-positive. Vice-versa, we did not
detect isolates encoding the thermostable direct
hemolysin (tdh) gene.

Vibrio cholerae

All the strains identified as V. cholerae, with
biochemical methods and with dnaJ PCR (n = 30),
were characterised according to the protocol set out
by Rivera and colleagues (Rivera et al. 2001). Each

Table II. Pathogenicity patterns of V. cholerae isolates (N = 30).

Torresi et al.

strain was tested for the following genes: Vc-toxR,
hlyA, ctxA, tcpl, tcpA, ompU, zot, and stn/sto. Vibrio
cholerae El Tor 77/65 strain was used as positive
control.

PCR results showed that all the strains were toxR-VC
positive, confirming the previous identifications
of V. cholerae. Moreover, all the tested strains gave
a hlyA amplicon of 481 bp, meaning that they
belonged to biotype El Tor. Even if all the isolates
resulted negative for the stn toxin, a wide range
of variability emerged in the pathogenic profiling.
Among the 30 isolates, 6 different pathogenic
patterns were found. The 6 pathogenic patterns are
showed in Table Il.

Pulsed-field gel electrophoresis

Of the 30 strains tested, only 22 were typeable with
the restriction enzymes (Sfil and Notl). Both enzymes
displayed the same discriminatory power, allowing
us to obtain 13 macrorestriction profiles for each
one. Genetic relationship of the 13 pulsotypes,
obtained from the combined analysis of MRPs,
is graphically represented in the dendrogram in
Figure 3. Pulsotypes can be grouped into 3 clusters
(I, 1, M): Cluster 1, including almost potentially
pathogenic strains, contained isolates sampled in
Summer 2010 and 2011. Clusters Il and lll contain
strains isolated between September-October 2010
and in November 2010, respectively.

Discussion

This study aimed to isolate, characterize, and
evaluate the seasonal distribution of V. cholerae,
V. parahaemolyticus, and V. vulnificus strains in the
Vibrata river in order to define the genetic profile
and assess potential pathogenicity.

Of the 46 samples, 23 (50%) were found positive to
Vibrio spp. when tested by biochemical methods
and multiplex PCR. In particular, V. cholerae,
V. parahaemolyticus, and V. vulnificus strains were
isolatedin 18 (39.1%), 4 (8.7%), and 2 (4.3%) samples,
respectively.

Pathogenicity Pathogenicity patterns Strain number (%)
toxR+ txA- tepA ET- tepl- hlyA ET+ ompU- z0t- stn/sto- 30(n=9)
toxR+ txA- tepA ET- tepl- hlyA ET+ ompU+ z0t- stn/sto- 233(n=7)
toxR+ CtxA- tepA ET- tepl+ hlyA ET+ ompU- 70t- stn/sto- 16.7(n=5)
toxR+ CtxA- tepA ET- tepl+ hlyA ET+ ompU-+ z0t- stn/sto- 33(n=1)

' toxR+ CtxA- tepA EP+ tepl+ hlyA ET+ ompU-+ z0t- stn/sto- 133(n=4)
toxR+ CtxA- tepA EP+ tepl+ hlyA ET+ ompU-+ zot+ stn/sto- 133(n=4)

2ET=EITor Biotype.
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Figure 3. Cluster analysis of 22 Vlibrio cholerae strains isolated from water of Vibrata river samples based on combined Sfil and Not! macrorestriction
profiles. Similarity analysis was performed using Dice coefficients, with a 1.5% band position tolerance and 1.5% optimization. Clustering and
dendrogram construction were performed using the Unweighted Pair Group Method Analysis with averages (UPGMA). MRP = Macrorestriction Profile.

The percentage of samples positive to V. cholerae
strains found in this study was higher than that
reported in similar studies on Italian rivers (Barbieri
etal. 1999, Gugliandolo et al. 2009). The proportion of
samples positive to V. vulnificus strains was also higher
than that found by Gugliandolo and colleagues
(Gugliandolo et al. 2009) and Serracca and colleagues
(Serracca et al. 2011), in which prevalence was 0.5%
and 2%, respectively. V. vulnificus is more frequently
isolated from estuarine habitats than coastal marine
waters. This is probably due to the salinity of the
water, as more than 25 parts-per-thousand can have
an adverse effect on the distribution of V. vulnificus
(Serraccaetal. 2011).

The percentage of samples positive to
V. parahaemolyticus was instead similar to that found
by Gugliandolo and colleagues in the Alcantara River
in Sicily (Gugliandolo et al. 2009), but lower than that
detected by Serracca and colleagues in the Magra
river (Liguria region) (Serracca et al. 2011).

The one year (August 2010-August 2011) monitoring
periodallowedustoanalysetherelationshipbetween
the isolation of potentially pathogenic Vibrio

Veterinaria Italiana 2018, 54 (2), 125-135. doi: 10.12834/Vetlt.759.3673.2

strains and seasonality. There was no correlation
between V. cholerae isolation and seasonality, as
the isolates were detected continuously (Figure 2).
Conversely, V. parahaemolyticus and V. vulnificus
strains were isolated in the warmer months (from
June to September). These findings were in line
with what described in the existing literature that
demonstrated an increased presence of these
species when the surface water exceeded 15 °C
(Caburlotto et al. 2008, Caburlotto et al. 2012, Haley
etal 2014, Vezzulietal 2011).

On the other hand, the continuous detection of
V. cholerae strains during the monitoring year might
suggest the presence of a constant population that
is able to adapt or, alternatively, has been protected
from climate change. Constantisolation of Vibrio spp.
was also reported by other authors. It was attributed
to their adaptability to the adverse conditions
by adhering to different substrates or planktonic
organisms (Gugliandolo et al. 2009, Vezzulli et al.
2009). A recent review by Lutz and colleagues (Lutz
et al. 2013) elucidates the complex mechanisms
enabling V. cholerae to withstand temperature
fluctuation, salinity variation, and predation.
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To date, the thermostable direct hemolysin and
tdh-related hemolysin are considered the most
distinctive factors of Vibrio parahaemolyticus
virulent strains (Ceccarelli et al. 2013, Chen et al.
2011, Shimohata et al. 2010).

Several studies have reported that about 90% of
clinical strains contain tdh and trh, whereas, in
environmental strains, these genes are typically
reported in a very low percentage (0.3 to 3%)
(Caburlotto et al. 2008, Ceccarelli et al., 2013,
Gutierrez et al. 2013, Nordstrom et al. 2007). Other
studies on Italian rivers reveal a very low percentage
for the tdh gene (0-0.3%) (Gugliandolo et al. 2009,
Serracca et al. 2011). Our results substantiate these
findings, as all of our samples did not contain tdh
gene. In contrast, trh gene was identified in 3 of the
4 isolated strains (75%).

According to previous studies (Rivera et al. 2001,
Shirmeister et al. 2014), the characterisation of
V. cholerae strains confirmed the predominance
of biotype El Tor among V. cholerae environmental
strains, since gene encoding El Tor type hemolysin
(hlyA ET) was detected in all isolates. Furthermore,
in other studies of biotypes of non-O1/non-0139
V. cholerae, all the strains gave an amplicon of 451 bp,
confirming they belong to biotype El Tor (Bhowmick
etal. 2009).

In this study, TcpA gene, encoding toxin-coregulated
pilus was detected in 26.7% (n=8) of theisolates while
Tepl gene, encoding a putative methyl-accepting
chemotaxis protein, was detected in 46.7% (n = 14)
of the isolates. This is consistent with the 56.4%
reported by Rivera and colleagues (Rivera et al. 2001).
The Tepl geneis the first gene in the TCP cluster and is
associated with the synthesis of tcpA. It may function
as aregulator to determine the virulence of the Vibrio
pathogenicity island (Teh et al. 2010).

In this study, the detection of virulence genes in
30 of the non-O1/non-0139 V. cholerae strains
produced 6 different patterns. The most frequent
patterns found were: toxR-hlyAET (30.0%, n = 9),
toxR-hlyAET-ompU(23.3%,n=7),and toxR-hlyAET-tcpl
(16.7%, n = 5). Genotype toxR-hlyAET-ompU-tcpl,
the most frequently appearing in the Rivera’s
work (Rivera et al. 2001), was found in 1 strain only
(3.3%). A greater pathogenicity was recorded in our
results when compared with other studies of Italian
coastal waters, in which 95% of non O1/non 0139
V. cholerae strains showing genotype toxR-hlyAET
were reported (Ottaviani et al. 2009). In addition
we detected 13.3% (n = 5) of strains containing
genotype toxR-hlyAET-ompU-tcpl-tcpA-zot,  this
pattern differs from that of pathogenic strains
because of the lack of the ctxA gene. It is important
to note that in this study the zot gene, encoding
zonula occludens toxin, was present even when
lacking the gene for the toxin ctxA. This finding is
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somewhat unexpected, since the 2 genes, together
with the ace gene, are part of the CTX genetic
element. However, similar results were obtained in
other studies (Theophilo et al. 2006, Vital-Brazil et al.
2002) that analysed the prevalence of V. cholerae
virulent strains in environmental and clinical
samples isolated in Brazil. Theophilo and colleagues
hypothesise that there was lost ctxA later integration
of CTXf DNA into the V. cholerae chromosome.
It could be the same for our strains meaning that
the waters of the Vibrata river represent a risk for
human health.

To date, even if serogroups O1 and 0139 remain the
causative agents of epidemic diarrheal disease, the
current serotyping scheme of V. cholerae includes
more than 200 serogroups that are widespread in
aquatic environments. A number of reports has
demonstrated that some strains of these serogroups
can cause diarrheal diseases or local infections,
but they do not have the ability to cause epidemic
outbreaks (Bhowmick et al. 2009, Bidinost et al. 2004,
Chatterjee et al. 2009, Faruque et al. 2003, Ottaviani
etal. 2009, Shirmeister et al. 2014).

Non-O1/non-0139 strains isolated from different
clinical cases as well as environmental cases
demonstrated the ability to cause disease even in
the absence of ctxAB and tcpA genes (Chatterjee
etal. 2009, Octavia etal. 2013, Shirmeister et al. 2014).

Strains isolated in this study can be considered
as potentially pathogenic and convertible to
toxigenic. Colonisation of the intestinal mucosa is a
fundamental step in the ability of enteric pathogens
to create productive infection. The presence of
tcpA, tepl, ompU, and zot genes in some isolates,
which are essential for colonisation, makes them
potentially virulent. Even if V. cholerae strains were
isolated constantly during the year, the potentially
pathogenic strains were found during the summer
months and soon after a human gastroenteritis
outbreak. Besides virulence genes and the genetic
elements mediating their transfer, the single most
important contributor to the evolution of pathogenic
V. cholerae is the human host itself, which supports
the selective enrichment of pathogenic strains from
a diverse mixture of environmental Vibrio strains.
Pathogenic strains evolve from environmental forms
that are able to colonise the intestine through the
acquisition of new genetic elements by horizontal
gene transfer (Bhowmick et al. 2009, Faruque et al.
2003, Li etal. 2014, Rivera et al. 2001).

The increase of population during the summer
months in areas popular with tourists could create
the appropriate environment for the development
of strains that are more dangerous than resident
bacterial flora.

A remarkable feature of all Vibrio species is the
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highly plastic genome. The 2 chromosomes are
shaped by horizontal gene transfer involving,
among others, antibiotic resistance, virulence,
and niche adaptation (Kirkup et al. 2010). The
carriage of virulence factors by non-O1/non-0139
strains creates an environmental reservoir of
critical virulence genes, which may contribute to
the evolution of pathogenic V. cholerae through
recombination events and horizontal gene transfer.

Further surveillance and investigation is required to
understand the molecular evolution, epidemiology,
and pathogenicity of non-O1/non-0139 isolates of
environmental origin (Liu et al. 2014).

PFGE of 22 V. cholerae typeable strains gave
13 pulsotypes clustered in 3 groups. In spite of
the use of thiourea, which is recommended to
prevent electrophoresis-related DNA degradation
(Zamudio et al. 2011), 8 (26.7%) V. cholerae strains
could not be typed.

A linkage between cluster and season of sampling
could be established since each cluster contained
strains isolated during the same period. Typing results
highlighted a variable genetic population clustering
according to sampling period. Similarity between
strains isolated during the summer period (cluster )
supports the point that environmental conditions
could induce changes and acquisitions of genetic
elements that create a ‘sub-population’ of potentially
more pathogenic strains during the summer.
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Many studies used PFGE analysis to compare clinical
and environmental strains in order to establish
epidemiological and phylogenetic relationships
among strains from different countries and sources
(Lizarraga et al. 2009, Staley et al. 2010, Tapchaisri
et al. 2008, Teh et al. 2010, Zamudio et al. 2011). This
could be useful for tracing epidemics of indigenous
strains in order to improve environmental
surveillance and carry-out a risk assessment at
national or international levels.

In summary, our results highlighted a human health
risk associated with the detection of potentially
pathogenic V. cholerae, V. parahaemolyticus, and
V. vulnificus in the waters of the Vibrata river, which
are used for irrigation and are situated next to the
swimming areas of Abruzzo coastline.

The continuous detection of potentially pathogenic
non-01/non-0139 V. cholerae strains underlined
that a more comprehensive surveillance and
investigation are required in order to understand

their molecular evolution, epidemiology, and
pathogenicity.
Surveillance at national level could have

public-health implications, not only for tracing
epidemics of existing strains, but also in order to
recognise strains with new genotypes that may
emerge in the future.

133




Potentially pathogenic Vibrio spp. in Vibrata river

134

References

Torresi et al.

Barbieri E., Falzano L., Fiorentini C., Pianetti A., Baffone W.,
Fabbri A., Matarrese P, Casiere A., Katouli M., Kiihn 1.,
Mollby R., Bruscolini F. & Donelli G. 1999. Occurrence,
diversity, and pathogenicity of halophilic Vibrio spp.
and non-O1 Vibrio cholerae from estuarine waters
along the Italian Adriatic coast. Appl Environ Microbiol,
65 (6), 2748-2753.

Barrett T.J. Gerner-Smidt P. & Swaminathan B. 2006.
Interpretation of pulsed-field gel electrophoresis
patterns in foodborne disease investigations and
surveillance. Foodborne Pathog Dis, 3 (1), 20-31.

Bej AK., Patterson D.P, Brasher C.W., Vickery M.C., Jones
D.D. & Kaysner C.A. 1999. Detection of total and
hemolysin-producing  Vibrio parahaemolyticus in
shellfish using multiplex PCR amplification of t/, tdh
and trh. J Microbiol Methods, 36 (3), 215-225.

Bhowmick T.S., Das M., Ruppitsch W., Stoeger A., Pietzka
A.T., Allerberger F., Rodrigues D.P. & Sarkar B.L. 2009.
Detection of virulence-associated and regulatory
protein genes in association with phage typing of
human Vibrio cholerae from several geographical
regions of the world. J Med Microbiol, 58, 1160-1167.

Bidinost C., Saka H.A., Aliendro O., Sola C., Panzetta-Duttari
G., Carranza P, Echenique J., Patrito E. & Bocco J.L. 2004.
Virulence factors of non-O1 non-0139 Vibrio cholerae
isolated in Cérdoba, Argentina. Rev Argent Microbiol,
36 (4), 158-163.

Caburlotto G., Bianchi F.,, Gennari M., Ghidini V., Socal
G., Aubry F.B., Bastianini M., Tafi M. & Lleo M.M. 2012.
Integrated evaluation of environmental parameters
influencing Vibrio occurrence in the coastal Northern
Adriatic Sea (Italy) facing the Venetian Lagoon. Microb
Ecol, 63 (1), 20-31.

Caburlotto G., Ghidini V., Gennari M., Tafi M.C. & Lleo M.M.
2008. Isolation of a Vibrio parahaemolyticus pandemic
strain from a marine water sample obtained in the
northern Adriatic. Euro Surveill, 13 (11), 8068.

CantetF., Hervio-Heath D.,Caro A., Le Mennec C., Monteil C,,
Quéméré C., Jolivet-Gougeon A., Colwell R.R. & Monfort
P.2013. Quantification of Vibrio parahaemolyticus, Vibrio
vulnificus and Vibrio cholerae in French Mediterranean
coastal lagoons. Res Microbiol, 164 (8), 867-874.

Ceccarelli D, Hasan N.A, Hug A. & Colwell RR. 2013.
Distribution and dynamics of epidemic and pandemic
Vibrio parahaemolyticus virulence factors. Front Cell
Infect Microbiol, 3, 97.

Chatterjee S., Ghosh K., Raychoudhuri A., Chowdhury G.,
Bhattacharya M.K., Mukhopadhyay A.K., Ramamurthy
T, Bhattacharya S.K., Klose K.E. & Nandy R.K. 2009.
Incidence, virulence factors, and clonality among
clinical strains of non-O1, non-0139 Vibrio cholerae
isolates from hospitalized diarrheal patients in Kolkata,
India. J Clin Microbiol, 4 (4), 1087-1095.

ChenY.,, Stine O.C,, Badger J.H., Gil A.l,, Nair G.B., Nishibuchi
M. & Fouts D.E. 2011. Comparative genomic analysis
of Vibrio parahaemolyticus: serotype conversion and
virulence. BMC Genomics, 12, 294.

Cooper K.L, Luey CK, Bird M., Terajima J., Nair G.B., Kam
K.M., Arakawa E., Safa A., Cheung D.T., Law C.P, Watanabe
H., Kubota K., Swaminathan B. & Ribot E.M. 2006.
Development and validation of a PulseNet standardized
pulsed-field gel electrophoresis protocol for subtyping
of Vibrio cholerae. Foodborne Pathog Dis, 3 (1), 51-58.

Di Lorenzo T, Brilli M., Del Tosto D., Galassi M.P.D. & Petitta
M. 2012. Nitrate source and fate at the catchment
scale of the Vibrata River and aquifer (central Italy):
an analysis by integrating component approaches
and nitrogen isotopes. Environmental Earth Sciencies,
67 (8), 2383-2398.

Faruque S.M., Sack D.A.,, Sack R.B.,, Colwell R.R., Takeda Y.
& Nair G.B. 2003. Emergence and evolution of Vibrio
cholerae O139. Proc Nat! Acad Sci USA, 100 (3), 1304-1309.

FDA, Food and Drug Administration. 2004. Bacteriological
analytical manual, Chapter 9 Vibrio. Authors: Charles
A. Kaysner and Angelo De Paola, Jr. http://www.fda.
gov/food/foodscienceresearch/laboratorymethods/
ucm070830.htm. Accessed on 25/05/2015.

Grothues D. & Tummler B. 1991. New approaches in
genome analysis by pulsed-field gel electrophoresis:
application to the analysis of Pseudomonas species. Mol
Microbiol, 5, 2763-2776.

Gugliandolo C., Lentini V. Fera M.T, La Camera E. &
Maugeri T.L. 2009. Water quality and ecological status
of the Alcantara River estuary (Italy). New Microbiol,
32(1),77-87.

Gutierrez West CK., Klein S.L. & Lovell C.R. 2013. High
frequency of virulence factor genes tdh, trh, and tlh in
Vibrio parahaemolyticus strains isolated from a pristine
estuary. Appl Environ Microbiol, 79 (7), 2247-2252.

Haley B.J., Kokashvili T., Tskshvediani A., Janelidze N.,
Mitaishvili N., Grim, C.J., Constantin de Magny G., Chen
A.J., Taviani E., Eliashvili T., Tediashvili M., Whitehouse
C.A., Colwell R.R. & Hug A. 2014. Molecular diversity
and predictability of Vibrio parahaemolyticus along
the Georgian coastal zone of the Black Sea. Front
Microbiol, 5, 45.

Kirkup B.C. Jr, Chang L., Chang S., Gevers D. & Polz M.F.
2010. Vibrio chromosomes share common history. BMC
Microbiol, 10, 137.

Li F, Du P, Li B, Ke C,, Chen A., Chen J, Zhou H., Li J,
Morris J.G. Jr, Kan B. & Wang D. 2014. Distribution of
virulence-associated genes and genetic relationships
in non-01/0139 Vibrio cholerae aquatic isolates from
China. Appl Environ Microbiol, 80 (16), 4987-4992.

Lizarraga-Partida M.L., Mendez-Gémez E., Rivas-Montafo
AM.,  Vargas-Herndndez E. Portillo-Lépez A,
Gonzélez-Ramirez A.R, Hug A. & Colwell R.R. 2009.
Association of Vibrio cholerae with plankton in coastal
areas of Mexico. Environ Microbiol, 11 (1), 201-208.

Lutz C., Erken M., Noorian P, Sun S. & Mc Dougald D.
2013. Environmental reservoirs and mechanisms of
persistence of Vibrio cholerae. Front Microbiol, 4, 375.

Nhung PH., Ohkusu K., Miyasaka J., Sun X.S. & Ezaki T.
2007. Rapid and specific identification of 5 human

Veterinaria Italiana 2018, 54 (2), 125-135. doi: 10.12834/Vetlt.759.3673.2




Torresi etal.

pathogenic Vibrio species by multiplex polymerase
chain reaction targeted to dnal gene. Diagn Microbiol
Infect Dis, 59 (3), 271-275.

Nordstrom J.L., Vickery M.C., Blackstone G.M., Murray
S.L. & DePaola A. 2007. Development of a multiplex
real-time PCR assay with an internal amplification
control for the detection of total and pathogenic Vibrio
parahaemolyticus bacteria in oysters. Appl Environ
Microbiol, 73, 5840-5847.

Octavia S., Salim A., Kurniawan J,, Lam C,, Leung Q., Ahsan
S., Reeves PR. Nair G.B. & Lan R. 2013. Population
structure and evolution of non-O1/non-0139 Vibrio
cholerae by multilocus sequence typing. PLoS One, 8
(6):e65342

Ottaviani D., Leoni F.,, Rocchegiani E., Santarelli S., Masini L.,
Di Trani V., Canonico C,, Pianetti A, Tega L. & Carraturo
A. 2009. Prevalence and virulence properties of non-O1
non-0139 Vibrio cholerae strains from seafood and
clinical samples collected in Italy. Int J Food Microbiol,
132(1),47-53.

Regione Abruzzo. Monitoraggio Acque superficiali
(2010-2012) ai sensi del D.M. 260/10. Relazione fiumi
2012. http://www.regione.abruzzo.it/acquepubbliche/
index.asp?modello=qualitaAcque&servizio=xList&
stileDiv=mono&template=default&msv=navigazi7.
Accessed on 25/05/2015.

Reynaud Y., Pitchford S., De Decker S., Wikfors G.H. &
Brown C.L. 2013. Molecular typing of environmental
and clinical strains of Vibrio vulnificus isolated in the
northeastern USA. PLoS One, 8 (12), e83357.

Rivera I.N., Chun J., Huq A., Sack R.B. & Colwell R.R. 2001.
Genotypes associated with virulence in environmental
isolates of Vibrio cholerae. Appl Environ Microbiol, 67 (6),
2421-2429.

Romalde J.L., Dieguez AL, Lasa A. & Balboa S. 2014. New
Vibrio species associated to molluscan microbiota: a
review. Front Microbiol, 4, 413.

Shimohata T. & Takahashi A. 2010. Diarrhea induced by
infection of Vibrio parahaemolyticus. J Med Invest,
57 (3-4), 179-182.

Schirmeister F,, Dieckmann R., Bechlars S., Bier N., Faruque
S.M. & Strauch E. 2014. Genetic and phenotypic analysis
of Vibrio cholerae non-01, non-0139 isolated from
German and Austrian patients. Eur J Clin Microbiol Infect
Dis, 33 (5), 767-778.

Veterinaria Italiana 2018, 54 (2), 125-135. doi: 10.12834/Vetlt.759.3673.2

Potentially pathogenic Vibrio spp. in Vibrata river

Serracca L., Battistini R., Rossini I., Prearo M., Ottaviani D.,
Leoni F. & Ercolini C. 2011. Vibrio virulence genes in
fishes collected from estuarine waters in Italy. Lett Appl
Microbiol, 53 (4), 403-408.

Staley C. & Harwood V.J. 2010. The use of genetic typing
methods to discriminate among strains of Vibrio
cholerae, V. parahaemolyticus, and V. vulnificus. J AOAC
Int, 93 (5), 1553-1569.

Tapchaisri P, Na-Ubol M., Tiyasuttipan W. Chaiyaroj
S.C., Yamasaki S., Wongsaroj T., Hayashi H., Nair G.B.,
Chongsa-Nguan M., Kurazono H. & Chaicumpa W. 2008.
Molecular typing of Vibrio cholerae O1 isolates from
Thailand by pulsed-field gel electrophoresis. J Health
Popul Nutr, 26 (1), 79-87.

Tenover F.C., Arbeit R.D., Goering R.V., Mickelsen PA., Murray
B.E., Persing D.H. & Swaminathan B. 1995. Interpreting
chromosomal DNA restriction patterns produced by
pulsed-field gel electrophoresis: criteria for bacterial
strain typing. J Clin Microbiol, 33 (9), 2233-2239.

Teh CS., Chua KH. & Thong K.L. 2010. Multiple-locus
variable-number tandem repeat analysis of Vibrio
cholerae in comparison with pulsed field gel
electrophoresis and virulotyping. J Biomed Biotechnol,
2010:817190.

Theophilo G.N., Rodrigues Ddos P, Leal N.C. & Hofer E.
2006. Distribution of virulence markers in clinical and
environmental Vibrio cholerae  non-O1/non-0139
strains isolated in Brazil from 1991 to 2000. Rev Inst Med
Trop Sao Paulo, 48 (2), 65-70.

Vezzulli L., Pezzati E, Moreno M., Fabiano M., Pane L.,
Pruzzo C. & Vibrio Sea Consortium. 2009. Benthic
ecology of Vibrio spp. and pathogenic Vibrio species in
a coastal Mediterranean environment (La Spezia Gulf,
Italy). Microb Ecol, 58 (4), 808-818.

Vital Brazil J.M., Alves R.M., Rivera LN., Rodrigues D.P,
Karaolis DK. & Campos L.C. 2002. Prevalence of
virulence-associated genesin clinicaland environmental
Vibrio cholerae strains isolated in Brazil between 1991
and 1999. FEMS Microbiol Lett, 215 (1), 15-21.

Zamudio M.L, Meza A., Bailén H., Martinez-Urtaza J. &
Campos J. 2011. Experiences in the epidemiological
surveillance of foodborne pathogens by pulsed field
gel electrophoresis (PFGE) in Peru. Rev Peru Med Exp
Salud Publica, 28 (1), 128-135.

135




