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Detection, Identification,

and Prevalence

of Pathogenic Vibrio parahaemolyticus in Fish
and Coastal Environment in Jordan
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Abstract:
human gastroenteritis in Asian countries. A total of 150 marketed fish and 50 water and sediment samples from the Gulf

Vibrio parahaemolyticus is widely distributed in the marine environments and considered the leading cause of

of Agaba were examined for the prevalence of pathogenic strains of 17 parahaemolyticus. A total of 132 typical isolates
obtained from the primary selective medium (thiosulfate-citrate bile salt sucrose agar) and showed positive biochemical
properties were subjected to confirmation by polymerase chain reaction targeting the gy/B and foxR genes. These genes
were confirmed at rates of 82% (108 isolates) and 72% (95 isolates), respectively. The foxR positive isolates were tested
for the presence of thermolabile hemolysin (t/h), thermostable direct hemolysin (tdh), and tdh-related hemolysin (frh)
virulence genes. Accordingly, the prevalence rates of pathogenic V. parahaemolyticus were 4%, 8%, and 12% in sediment,
water, and fish samples, respectively. The 16S rRNA amplification and sequences were conducted for confirmation of
the isolates and showing the relatedness among these isolates. The results showed that both 16S rRINA and foxR assays

had same sensitivity and tested isolates had high nucleotide similarity irrespective of their sources.
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Practical Application:

The prevalence rate of pathogenic 17 parahaemolyticus in seafood and coastal water in Jordan is

close to the rates reported in other studied coastal regions. The foxR gene alone cannot be used as confirmatory test for

pathogenic V. parahaemolyticus.

Introduction

Vibrio parahaemolyticus is a foodborne pathogen that is charac-
terized as Gram-negative, halophilic, mesophilic, rod-shaped bac-
terium. It is widely distributed in the marine environments and
frequently isolated from a variety of seafood (Liston 1990; Su and
Liu 2007). Consumption of raw or undercooked seafood that is
contaminated with I/ parahaemolyticus may cause acute gastroen-
teritis. Worldwide, 17 parahaemolyticus is identified as the leading
cause of human gastroenteritis associated with consumption of
seafood (Xu and others 2014). 1 parahaemolyticus has been impli-
cated in several seafood-borne infections in different regions of the
globe including the United States (McLaughlin and others 2005),
Japan (Kubota and others 2008), Spain (Lozano-Ledén and oth-
ers 2003), Italy (Paydar and others 2013), and Brazil (Leal and
others 2008). The prevalence of 1/ parahaemolyticus in seafood
samples from different parts of the world has been reported in
the range of 8% to 51% (Abd-Elghany and others 2013; Gjerde
and Boe 1981; Robert-Pillot and others 2004; Tilburg and others
2000; Wang and others 1996; Xu and others 2014); however, most
isolates of this species are nonpathogenic to humans (Nishibuchi
and Kaper 1995). The prevalence rate of pathogenic strains of
V7 parahaemolyticus in seafood has not exceeded 13% in different
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global locations (Abd-Elghany and others 2013; Paydar and oth-
ers 2013; Suffredini and others 2014; Xu and others 2014). In
environmental samples (sediments and water), the prevalence of
pathogenic strains of I parahaemolyticus was reported 17% in water
samples in Malaysia (Mohammad and others 2005), and 8.5 %
in sediment samples in China (Chao and others 2009b), 4 % in
Norway (Gjerde and Boe 1981), 5% in France (Urdaci and others
1988) and 6.3% in Spain (Rodriguez-Castro and others 2010).

Presence of the regulatory gene of the toxin operon foxR gene
or gyrB gene that encodes the B subunit protein of DNA gyrase
(topoisomerase type II) is generally used for the detection of viru-
lence factors. Taniguchi and others (1986) described the presence
of a thermolabile hemolysin (¢#h) in all virulent V. parahaemolyti-
cus strains but not in other spp. Moreover, genes encoding the
thermostable direct hemolysin (tdh) and the thermostable direct
hemolysin-related hemolysin (frh) are strongly correlated with the
virulence of V7 parahaemolyticus. The presence of these 2 virulent
factors (tdh and trh genes) is a useful tool for rapid investigation
of suspected pathogenic 17 parahaemolyticus strains in food samples
(Gutierrez West and others 2013). The 16S rRINA gene is highly
conserved among different species of bacteria. In certain cases, the
16S rRNA gene contains hyper variable region that can provide
species-specific useful signature sequence for bacteria identifica-
tion (Gerlach 2012). For the 17 parahaemolyticus, the amplification
of 16S rRINA has been conducted in many studies to confirm the
detection and the relatedness among difterent 17 parahaemolyticus
(Gauger and Gomez-Chiarri 2002; Gonzalez-Escalona and others
2005).

In Jordan, the real situation of food poisonings caused by Vibrio
spp. is unknown, and no data exists on the prevalence of I/ para-
haemolyticus in fish and costal environment. Thus, the objectives of
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this study were (i) detection and identification of the pathogenic 17
parahaemolyticus in fresh fish and in costal environment in Jordan,
and (ii) identification of the virulence properties and relatedness
among V. parahaemolyticus isolates from difterent sources.

Materials and Methods

Sample collection

Local marketed fish samples and water and sediment samples
from The Gulf of Agaba (northern tip of the Red Sea) were
collected throughout an 8-month period extended from March
to October, 2011, at biweekly intervals. A total of 150 fresh,
refrigerated and organoleptically sound fish samples represent-
ing difterent species—Greasy grouper (35 samples), Thunnus spp.
(15 samples), Lethrinus nebulosus (20 samples), Aprion spp. (10 sam-
ples), Cyprinus carpio (10 samples), Argenteus pampus (20 samples),
Commerson scomberomorous (10 samples), Sciaenops ocellatus (10 sam-
ples), Threadfin bream (10 samples), and Pagellua spp. (10 samples)—
were collected from the local market (each sample represented by
3 fish). Each sample was stored in clean bag and immediately
placed in cleaned disinfected ice box. Twenty-five surface wa-
ter samples (1 L each) from different points of the Gulf of Aqaba
coast were collected in sterile plastic bottles. Twenty-five sediment
samples (250 g each) from the upper 2 cm surface of different
locations on the coast were also collected using sterile bags. All
samples were transported to the laboratory under aseptic and cool-
ing conditions in cleaned disinfected ice boxes. The samples were
kept refrigerated at 0 °C and were analyzed within 24 h.

Isolation and identification of V. parahaemolyticus using
conventional methods

V. parahaemolyticus (ATCC 17802) bacterial strain was used in
this study as positive control. This strain is positive for gyrB,
toxR, tlh, trh, and tdh genes. Standard culture methodology as de-
scribed in the International Organization for Standardization (ISO
2007) with slight modification according to Sujeewa and others
(2009) was followed. Twenty-five gram samples from whole fish
skins and gills or from sediment samples were homogenized in
225 mL alkaline peptone saline water (APSW, Hi Media, Bombay,
India), whereas 50 mL of water samples were inoculated in 450 mL
APSW. The homogenate was mixed thoroughly for 1 min at 260
rpm using Stomacher Circular Unit 400 (Seward Ltd., London,
UK), and incubated at 41.5 °C for 8 h.

A 10th milliliter of the incubated homogenate was streaked in
duplicate on thiosulfate citrate bile salts sucrose agar (TCBS, Hi
Media) and tryptone soy agar (Oxoid Ltd., Basingstoke, Hamp-
shire, UK) supplemented with 3% NaCl (TSA + 3% NaCl). The
inoculated plates were incubated at 37 °C for 18 to 24 h. Sus-
pected colonies were streaked again on TSA + 3% NaCl to obtain
a pure isolate. Typical colonies were tested for oxidase, motility,
and urease tests and biochemically identified using Microgen™
Gn A+4B -ID System (Microgen Bioproducts Ltd. Surrey, UK).

Polymerase chain reaction (PCR) procedures

Pure V. parahaemolyticus colonies from TSA + 3% NaCl were
used to prepare the DNA templates. The DNA was extracted us-
ing the method described by Tada and others (1992) and Kim and
others (1999). PCR assay was performed separately for gyrB, toxR,
tlh, tdh, trh, and 16S rIRINA genes of the suspected V. parahaemolyti-
cus isolates. The amplification of a 285 pb DNA fragment of gyrB
gene (VP1: 5" CGG CGT GGG TGT TTC GGT AGT3' VP2
R:5 TCC GCT TCG CGC TCA TCAATA 3') was conducted

Table 1-Prevalence of Vibrio parahaemolyticus identified by con-
ventional methods in fish and costal samples.

Nr (%) of Nr (%) of
Sample Nr of positive samples positive samples
source samples on TCBS Agar by biochemical tests
Fish 150 101 (67) 101 (67)
Sediment 25 13 (52) 13 (52)
Water 25 18 (72) 18 (72)

as described by Venkateswaran and others (1988). The isolates that
possess gyrB gene were further tested for foxR gene. The amplifi-
cation of a 368 bp DNA fragment of foxR gene (R: 5GTC TTC
TGA CGC AAT CGT TG 3 F: 5ATA CGA GTG GTT GCT
GTC ATG 3') was conducted as described by Kim and others
(1999). The isolates that possess foxR gene were further tested for
the presence of virulence genes (th, trh, and tdh). The amplifi-
cation of a 450 bp DNA fragment of ilh gene (R-5" GCT ACT
TTC TAG CAT TTT CTC TGC 3’ F-5" AAA GCG GAT TAT
GCAGAA GCA CTG 3') was performed as described by Kaysner
and DePaola (2004). The amplification of a 251 bp DNA fragment
of tdh (R-5" CCA CTA CCA CTC TCA TAT GC 3’ F- 5GGT
CTAA ATG GCT GAC ATC 3') and 250 bp DNA fragment of
trh (R- 5'GGC TCA AAA TGG TTA AGCG 3' F-5' CAT TTC
CGC TCT CAT ATGC 3’) genes were performed as outlined by
Tada and others (1992).

The PCR reaction mixtures for 16S rRINA gene were prepared
as for foxR gene. The amplification conditions of a 1125 bp frag-
ment of the 16S rRNA gene (R- 5" GCA AAC AAG GAT AAG
GGT TGC GCT3 F- 5 TGA TCC TGG CTC AGA TTG
AAC GCT 3’) were 35 cycles of amplification: denaturation at
94 °C for 1 min, annealing at 58 °C for 1 min, extension at 72 °C
for 1 min and final extension at 72 °C for 7 min.

The reaction mixtures were resolved by electrophoresis in 2%
agarose gel and visualized under UV light. The presence of the
goal bands compared with the DNA molecular weight standard
(100 bp marker) was recorded. PCR products of the 16S rRNA
were gel purified and sent for sequencing by dideoxynucleotide
sequencing chemistry to Macrogen sequencing facility in Korea.

Phylogenetic analysis of the isolates based on 16S rRNA
sequencing

Sequences of 16S rRNA were viewed and edited using the
BioEdit software. After editing, the sequences were aligned by
MegAlign software of the DNA STAR software. Aligned 16S
rRNA sequences were used for preparing the phylogenetic tree
by the neighbor-joining method (Saitou and Nei 1987) using the
MegAlign software.

Results

A total of 132 different samples showed typical Vibrio colonies on
TCBS agar. Two typical colonies from each sample (264 colonies)
were tested for biochemical identity. All of the isolates were proved
biochemically as V. parahaemolyticus (Table 1). Out of these positive
suspected samples, only 8 samples carried urease positive isolates.

Isolates that were identified as V. parahaemolyticus by the
biochemical tests, represented by one isolate from each positive
sample, were examined for gyrB and foxR genes targeting
chromosomal locus at 285 and 368 bp, respectively. Accordingly,
108 samples harbored the gyrB gene, and 95 samples harbored the
toxR gene (Table 2).
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Table 2-Prevalence of Vibrio parahaemolyticus isolates containing gyrB, toxR, tlh, tdh, and trh, and genes.

tdh gene
Nr (%) of samples

tlh gene
Nr (%) of samples

trh gene
Nr (%) of samples

gyrB gene toxR gene
Sample source  Nr of samples Nr (%) of samples Nr (%) of samples
Fish 150 82 (55) 73 (49)
Sediment 25 12 (48) 10 (40)
Water 25 14 (56) 12 (48)
Total 200 108 (54) 95 (48)

18 (12) 12 (8) 6 (4)
14 14 0(0)
2 (8) 2 (8) 0 (0)

21 (11) 15 (7) 6 (3)

The isolates that were positive to foxR gene (95 samples) were
tested for the presence virulence genes (tlh, tdh, and trh) targeting
chromosomal locus at 450, 251, and 250 bp, respectively. Twenty-
one samples were positive for tlh gene. The number of samples
that were positive for the presence of tdh or trh genes was 1, 2,
and 12 samples for tdh gene and 0, 0, and 6 samples for trh gene
for sediment, water, and fish samples, respectively. Only 2 samples
were positive for the presence of both tdh and trh genes (Table 2).

The gyrB gene positive samples (108 samples) were tested for
16S rRNA. Primers used were targeting chromosomal locus
1125 bp. Ninety-five samples were positive for 16S rRNA. In
another way, all foxR positive isolates showed the presence of the
target gene in 16S rRINA (Table 2).

Phylogenetic analysis based on the 16S rRNA sequences was
conducted to show the nucleotide similarity among the isolates
from sediment, water, and fish samples (Figure 1). Generally, high
similarities were recorded among fish samples. One sediment iso-
late (isolate No. 1) had similarity of 98.8% and 98.3% toward 2
water isolates (isolates No. 5 and 7). Three water isolates (5, 7, and
8) had high similarity toward one fish isolate (isolate No. 9). One
fish isolate (isolate No. 40) had high similarity to water isolates
(isolate No.5). In comparison, three fish isolates (37, 38, and 40)
also were with high similarity to each other (Table 3).

Discussion

The most pathogenic Vibrio spp. like V. parahaemolyticus, V. ful-
nicus, and V. cholera are closely related to each other (Oliver and
Kaper 1997). Therefore, conventional bacteriology methods, se-
lective agar and biochemical tests, are inadequate techniques for
the identification of V. parahaemolyticus. Based on the results ob-
tained from the conventional method (TCBS agar and biochemical
tests), the percentages of presumptive positive understudy samples
for fish, sediment, and water samples were 67% (n = 150), 72%
(n = 25), and 52% (n = 25), respectively. Out of the 108 posi-
tive samples for the gyrB gene, only 95 samples were carrier for
toxR gene. Therefore, foxR gene is considered more specific than
gyrB gene for identification of 17 parahaemolyticus (Kim and others
1999). Therefore, this might be related to the 86.8% sequences

homology in gyrB gene between V. parahaemolyticus and V. agli-
nolyticus (Venkateswaran and others 1988), whereas the degree of
homology of the foxR gene between 1 parahaemolyticus and V.
cholera is only 52% (Kim and others 1999). The 16S rRNA has
high similarity among Vibrio spp. It has been reported that the
degree of homology between I parahaemolyticus and V. cholera is
91% to 92% (Kita-Tsukamoto and others 1993; Lin and others
1993), whereas 99.7% homology does exist between I alginolyti-
cus and 1/ parahaemolyticus (Venkateswaran and others 1988). In
this study, the result of PCR amplification of 16S rRINA was in
complete agreement with that of foxR gene. This similarity could
be related to the designed primers used in the current study. Ac-
cordingly, foxR gene can be used as a confirmatory step for 17 para-
haemolyticus. The prevalence rates for V parahaemolyticus were 49%
in fish, 40% in sediment, and 48% in water samples. These rates are
similar to those reported in other studies from different developing
global locations. A prevalence rate of 44% was observed in fish and
costal water samples in Kenya (Kagiko and others 2001) or 43%
for seawater samples and 37% for fish in Mexico (Cabrera-Garcia
and others 2004). A rate of 51% for seafood, water, and sediment
samples reported in Malaysia (Sujeewa and others 2009), and 35%
to 55% in fresh marine and brackish water fish in India (Sanjeev
2002). All of the 95 PCR (foxR) confirmed V. parahaemolyticus
isolates were examined for virulence genes. Twenty isolates were
positive for tlh gene, 14 isolates were positive for tdh gene, 6 for trh
gene, and 2 of these isolates harbored all 3 virulence genes. Eight
(8.4%) of 95 confirmed foxR positive isolates were positive for
urease production and of these 8 only 6 isolates were positive for
trh gene. It has been suggested that the production of urease can
be used as screening test for trh gene (Suthienkul and others 1995),
but as pointed out above not all urease positive necessarily carried
trh gene (Sujeewa and others 2009). The prevalence of pathogenic
V7 parahaemolyticus in fish (12%) and water (2%) comes close to
6.3% reported for coastal water in Spain (Rodriguez-Castro and
others 2010), 10% for fish caught oft Chennai, Indian Ocean
(Rajapandiyan and others 2009), and 8.5% and 1.5% of tdh and trh
positive strains, respectively, for aquatic products in china (Chao
and others 2009a). By the same meaning, a prevalence of 4%
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Table 3-Nucleotide similarity percentage among different isolates of V. parahaemolyticus 1-R.seq, 4-R.seq (sediment samples);
5-R.seq, 7-R.seq and 8-R.seq (water samples); 9-R.seq, 18-R.seq, 32-R.seq, 37-R.seq, 38-R.seq and 40-R.seq (fish samples).

Percent ldantity

1 2 3 4 5 6 7 8 9 10 11 :

1 [l 5.7 |97.7 (953|952 (986 954 (983|908 956 |95.9 1 ! 1fseq

2 2.9 B3 |954 950|962 |[904 |97.7 |9638 |B57 | 962 2 | 18R seq

3 2.1 1.5 [l =56 (972 |97 (979 (990 (958 (959|979 | 3 ! 32H.seq

® 4 [22 |22 |12 067 |947 |953 |963 [947 [958 (961 | 4 | B7Rseq
= 5 27 | 31 20 (09 (M 554 |954 |970 |95.7 |958 |958 5 ! 3BHiseq
& | 6 |09 |34 |32 6 ;. ARseq
2 7 ! 40-A.seq
B ! s5.R.seq
9 i 7R.seq
10 ! 8HR.seq

11 i aRseq

for sediments samples tested in this study do match other stud-
ies (4-6%) from developed geographical locations (Gjerde and Boe
1981; Rodriguez-Castro and others 2010) but do not match other
studies (0.6%) from tropical locations (Gopal and others 2005) or
(8.5%) from developing regions (Chao and others 2009b). More
extensive studies taking in consideration the depth level and dis-
tance from the coast might be needed to verify their effect on
level of contamination. In the nucleotide sequence analysis of the
16S rRNA, no relatedness were observed among the sources of V.
parahaemolyticus isolates (either from water, sediment or fish) due to
the high nucleotide similarity among the isolates. The nucleotide
similarity among isolates might be related to cross-contamination
during handling and marketing of fish samples where different
fish species are marketed together using contaminated utensils or
personnel.

Conclusion

In conclusion, the study confirmed the presence of pathogenic
V. parahaemolyticus in seafood and coastal water and sediment in
Jordan at similar rates found in other coastal regions. This study
supports previous findings that TCB selective agar can be used as a
rapid screening test for detection of I parahaemolyticus, but a con-
firmatory identification of the presence of toxR gene is needed.
Detection of virulence genes is necessary for the identification
of pathogenic V. parahaemolyticus. Further studies linking V. para-
haemolyticus as a diarrheal causative agent in clinical cases related to
sea food consumption in Jordan comes of particular importance.
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