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In the present work we develop a multiplex PCR assay for the detection and identification of the fish
pathogen Vibrio vulnificus biotype 2 with discriminating potential for zoonotic strains (serovar E). The PCR
assay allowed the identification of two new biotype 2 serovar E human isolates from culture collections. Finally,
the multiplex was successfully applied to both diagnosis and carrier detection in field samples.

Vibrio vulnificus is an aquatic bacterium from warm and
tropical ecosystems, with pathogenic potential for humans and
fish (mainly eels). Human vibriosis occurs after eating contam-
inated seafood or exposing open wounds to seawater (7, 16,
19), and fish vibriosis occurs after immersion in contaminated
water or contact with diseased animals or carriers (2). The
species is subdivided into three biotypes on the basis of differ-
ences in biochemical, genetic, and serological tests, as well as
on the basis of the host range (4, 20). At present, biotyping
involves tedious and time-consuming tests (3, 4). For this rea-
son, the clinical strains from fish are directly classified as bio-
type 2 (BT2), and those from humans as biotype 1, with the
exception of the cellobiose-negative isolates from Israel, con-
sidered to be biotype 3.

The first link between diseased fish manipulation and human
diseases was established by Veenstra et al. in The Netherlands
in 1992 (23). These authors hypothesized that diseased eels
could constitute a risk for public health because the fish patho-
gen V. vulnificus BT2 could sporadically infect humans. The
hypothesis was confirmed after the identification of one human
isolate from the ATCC as belonging to BT2 and serovar E
(BT2-SerE) (1). Although new human cases of vibriosis, ac-
quired after fish manipulation, have been reported in northern
Europe (5, 6, 9, 14, 22), none of these isolates has been iden-
tified at a subspecies level. These cases have been related to an
increase in seawater temperature surrounding Baltic countries
(water with salinity adequate for V. vulnificus survival) due to
atypically warm years.

The main objective of the present work was to develop a
biotyping procedure based on a PCR assay that simplifies the
identification of the V. vulnificus BT2 fish pathogen and, at the
same time, allows for the discrimination of those isolates with
human pathogenic potential (SerE). A secondary objective was
to adapt the PCR protocol to vibriosis-diagnostic and -sensitive
detection of the pathogen in subclinical carrier fish.

For the design of the PCR primer sets, we selected the
cytolisin gene whA, which is present in all V. vulnificus strains
regardless of the biotype (13, 24, 25), and two DNA sequences
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specific for BT2 and SerE. These sequences were obtained
from a study in which genomic DNA of eel-virulent and of
eel-avirulent strains of different biotypes was compared by
suppression subtractive hybridization (15). The BT2-specific
sequences could be considered virulence markers since they
are present only in the fish-virulent strains (15). Table 1 shows
the sequences of the three primer pairs used in this study.
PCRs were performed in 50-pl reaction volumes that con-
tained 1X PCR buffer (Roche Diagnostics), 1.5 mM MgCl,,
200 wmol of each deoxynucleoside triphosphate (Roche), 1.5
U of Taq polymerase (Roche Diagnostics), primer concentra-
tions specified in Table 1, and 2 to 5 pl of sample (culture
supernatant, cell lysates, extracted or purified DNA). The mul-
tiplex PCR was performed on a TC-312 thermal cycler
(Techne, Duxford, Cambridge, United Kingdom), and the se-
lected parameters were as follows: an initial denaturation step
at 94°C for 4 min, followed by 35 serial cycles of 1 min at 94°C
for denaturing, 45 s at 64°C for annealing, and 1 min at 72°C
for extension, and a final extension step at 72°C for 10 min. A
negative control (no template DNA) and a positive control (2
ng of purified DNA from the BT2-SerE strain CECT 4602)
were included in each batch of PCR. The amplified products
were separated by electrophoresis on 1.8% agarose gels and
visualized by staining with ethidium bromide.

To test the specificity of the multiplex PCR, a total of 108 V.
vulnificus strains (Table 2), most of which have been previously
biotyped (1, 3, 15), together with 37 strains of other Vibrio
species and related genera (Table 3) were used. No amplicon
was obtained from the strains belonging to the species listed in
Table 3, whereas all V. vulnificus strains gave the expected
amplification products (Table 2 and Fig. 1). Specificity of the
method, calculated as a percentage of coincident results with
those produced by the traditional methods, was 100%. Inter-
estingly, two new isolates of human origin, not previously bio-
typed, presented three bands after PCR amplification (Table
2). The isolates were subjected to the conventional subtyping
procedure that involves biochemical and serological identifica-
tion and virulence tests in eels (1). The results confirmed that
isolates CIP 81.90 from human blood (France, 1980) and
CCUG 38521 from wound infection (Sweden, 1997) belonged
to BT2-SerE, since they were virulent for eels (50% of the
lethal dose < 10* CFU/fish), agglutinated with anti-SerE-spe-
cific serum, and gave an API20E profile (Biomerieux, France)
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TABLE 1. Sequences and concentrations of the primers used in the
multiplex PCR assay
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TABLE 3. Sources and origins of the non-Vibrio vulnificus strains
used in this study

Product Final
Primer Sequence (5'—=3") size (bp) concn Reference
PP (M)
SerE-R  CGCGCTTAGATTTGTCTCACC 665 0.2 15

SerE-F TGTTGTTCTTGCCCACTCTC

Bt2-R  GGACAGATATAAGGGCAAATGG 344 0.2 15
Bt2-F  AGAGATGGAAGAAACAGGCG

whA-R CCGCGGTACAGGTTGGCGC 519 0.1 13
whA-F CGCCACCCACTTTCGGGCC

similar to those previously published for BT2-SerE isolates
(5106005 and 5306005, respectively). No information about the
source of infection has been reported for strain CIP 81.90
(Institute Pasteur Collection), but in the case of strain CCUG
38521 (Swedish Type Culture Collection), the patient was
wounded with a fishhook while fishing. The rest of the human
strains identified as BT2-SerE in previous works (1, 3, 15)
came from Australia, Denmark, and the United States, and
only those from Denmark were clearly related to eel manip-
ulation. Our results suggest that seawater or other fish spe-
cies apart from eels should be considered as putative reser-
voirs for this pathogen.

To adapt the multiplex PCR to fish vibriosis diagnosis, we
artificially infected eels by intraperitoneal injection and pro-
cessed liver and kidney from moribund animals recovered be-
fore 48 h postinfection for both microbiological and PCR anal-
ysis. For DNA extractions, samples of 100 wl of homogenated
fish tissue (approximately 1.5 to 2.5 mg in phosphate-buffered
saline [PBS]-1) plus 300 pl of lysis solution (10 mM Tris-HCI,
5mM EDTA, 200 mM NaCl, 0.4% sodium dodecyl sulfate, 100

TABLE 2. Strains of Vibrio vulnificus, original biotyping, and results
of multiplex PCR

Original No. of PCR result®

Origin Source biotyping” strains g vy BT2
Humans  Blood/wound Biotype 3 6 s
Wound Biotype 1 3 -+ -
BT2-SerE 2 + + o+
ND P o+ + 4+
Lung Biotype 1 1 - + -
Blood Biotype 1 13 -+ -
BT2-SerE 2 + + o+
ND P o+ o+ 4+
Aquatic ~ Diseased eels Biotype 1 5 i
animals BT2-SerE 18 + + o+
BT2-no-SerE 12 -+ +
Healthy eels Biotype 1 1 -+ -
BT2-SerE 2 + + o+
Diseased shrimps BT2-SerE 1 + + o+
Healthy fish Biotype 1 1 -+ -
Opysters Biotype 1 9 -+ -
Water Seawater/brackish Biotype 1 8 i
water BT2-SerE 2 + + o+
Tank water from  Biotype 1 14 i
a fish farm BT2-SerE 6 + + o+

“ND, not done.
> New human clinical cases due to BT2-SerE.
¢ SE, serovar E; VV, Vibrio vulnificus.

Strain® Source Country
Aeromonas allosaccharophila Diseased elver Spain
CECT 4199"
Aeromonas encheleia CECT 4342" Healthy elver Spain
Aeromonas hydrophila CECT 839T Tin of milk with
fishy odor
Aeromonas jandaei CECT 4338 Diseased elver Spain
Aeromonas sobria CECT 42457 Diseased carp
Aeromonas jandaei M6 Eel mucus Spain
Edwarsiella tarda CECT 886 Diseased eel US.
Photobacterium damselae subsp. Internal organ of Spain
damselae RG191 turbot
Plesiomonas shigelloides CECT Liver from Spain
4354 healthy eel
Pseudomonas spp. Diseased tilapia Spain
Shewanella spp. Diseased tilapia Spain
Vibrio aestuarianus CECT 6257 Oyster
Vibrio alginolyticus CECT 5217 Horse mackerel
Listonella anguillarum 775 Diseased fish
Vibrio campbellii CECT 523" UsS.
Vibrio carchariae CECT 4215 Kidney of brown U.sS.
shark
Vibrio cholerae CECT 653 Water India
Vibrio cincinnatiensis CECT 42167 Human blood U.sS.
Vibrio diazotrophicus CECT 627" Gastrointestinal Canada
tract of sea
urchin
Vibrio fischeri CECT 524"
Vibrio fluvialis CECT 42177 Seawater Spain
Vibrio furnissii CECT 4203 Human feces Japan
Vibrio furnissii CECT 4349 Brackish water Spain
of an eel farm
Vibrio harveyi CECT 605 Marine plankton U.sS.
Vibrio mediterranei CECT 621" Coastal marine Spain
sediment
Vibrio mimicus CECT 4218" Human ear U.sS.
Vibrio mytili CECT 632" Mussels Spain
Vibrio natriegens CECT 5267 Salt marsh mud UsS.
Vibrio nereis CECT 5957 Seawater U.sS.
Vibrio nigripulchritudo CECT 628" Seawater us.
Vibrio ordalii CECT 5827 Kidney of coho uUs.
salmon
Vibrio orientalis CECT 6297 Seawater China
Vibrio parahaemolyticus CECT 611 Spain
Vibrio proteolyticus CECT 630" Wood-boring U.S.
isopod
Vibrio salmonicida CECT 41957 Atlantic salmon Norway
Vibrio splendidus CECT 528" Marine fish
Vibrio scophthalmi CECT 4638" Turbot us.

“ CECT, Spanish Type Culture Collection.

pg/ml proteinase K, pH 8) were incubated at 55°C for 2 h in a
water bath. Cell debris was discarded by centrifugation at
10,000 X g for 5 min, and two volumes of ice-cold absolute
ethanol was added, drop by drop, to the supernatant. Samples
were placed at —20°C for 20 min, DNA was precipitated by
centrifugation at 1,000 X g for 15 min, washed in 70% ethanol,
and resuspended in 30 to 40 pl of 10 mM Tris-HCI, pH 8
(extracted DNA samples). All tissue samples were positive for
microbiological and PCR identification (Fig. 1). In order to
test the sensitivity of the assay, we contaminated eel tissue with
10-fold dilutions in PBS-1 of an overnight culture in Tryptica-
sein soy broth plus 0.5% NaCl of the BT2-SerE strain CECT
4602 and processed the sample as described above. The min-
imal number of cells that gave a clear, positive reaction was 15
CFU/mg tissue, which is similar to the detection limits de-
scribed by other authors (10, 17).

The PCR protocol was then tested with eels naturally af-
fected with vibriosis. These eels came from an intensive fish
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FIG. 1. Agarose gel electrophoresis of the multiplex PCR products
obtained for different samples. Lane MK, molecular weight DNA
ladder, low range (Fermentas); lanes 1 to 4, V. vulnificus BT2 Ser E
(CECT 4602), BT2 Ser A (CECT 5198), biotype 1 (ATCC 275627),
and biotype 3 (VV12) control strains; lane 5, DNA extracted from the
liver of an eel infected with strain CECT4602; lane 6, DNA extracted
from the kidney of an eel infected with strain CECT 4602; lane 7, DNA
extracted from enrichment broth from gill mucus of an asymptomatic
carrier (farm B); 8, DNA from the kidney of a naturally infected eel
from fish farm A; lane 9, negative control (no DNA).

farm that cultures eels in freshwater (farm A). Four moribund
eels were processed for both microbiological and PCR analy-
ses. In all cases, a BT2-no-SerE amplification profile was ob-
tained from the DNA of the infected tissues (Fig. 1). The
bacterial isolates were serologically identified with specific an-
tisera as serovar A (11, 12). This serovar was described for the
first time in 2000 in Spain (11) and has spread to Northern
Europe, producing vibriosis in eels cultured in freshwater (12).
Thus, the PCR protocol would allow the diagnosis of natural
vibriosis from eel tissues in less than 5 h from the point of
DNA extraction to observation in an agarose gel.

To adapt the multiplex PCR to the detection of healthy
carriers, we sampled apparently healthy eels from another lo-
cal farm that had registered vibriosis 1 year before (farm B).
Gills were selected for sampling since the fish pathogen pref-
erentially colonizes this organ (21). Gills were extracted and
processed for DNA extraction and PCR analysis as described
before. In parallel, gill mucus was sampled with swabs soaked
in eel serum broth, a selective enrichment broth designed for
the isolation of BT2 strains from environmental samples, or in
alkaline peptone water (18). Swabs were incubated in the same
medium for 6 h, and DNA was extracted from the cultures (500
wl). The isolation of V. vulnificus from enrichment broths and
its identification and biotyping were performed according to
conventional procedures (8, 18). V. vulnificus Bt2-SerE was
detected by multiplex PCR from 2 of 10 samples but only after
enrichment in the appropriate enrichment broth (Fig. 1). The
same PCR-positive samples were also positive for the isolation
of the pathogen, confirming the feasibility of the protocol. This
result is in accordance with previous studies that suggested that
survivors of vibriosis can act as carriers (21). Thus, the PCR
protocol would allow the detection of carriers without killing
the animals. In this case, PCR would be recommended after
preenrichment in alkaline peptone water (eel serum broth is
more difficult to use since it contains eel serum that contains
more PCR inhibitors) for 6 h.

In conclusion, the multiplex PCR developed in the present
work is a useful tool to detect and identify the fish pathogen V.
vulnificus BT2 from multiple types of sample. The assay would
allow discrimination of those pathological cases that constitute
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a risk to public health. In addition, the multiplex assay could be
used in epidemiological studies to correctly biotype clinical
isolates and clarify the status of BT2 as a human pathogen.
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200504688 from the Spanish Ministry of Science and Technology and
grant MTKD-CT-2004-0145019 from the EU.
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