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Abstract:

In a previous study, we demonstrated the existence of an emerging cluster of Vibrio nigripulchritudo
that proved to be associated with shrimp mortality events in New Caledonia. Using sequence
polymorphisms evidenced in this previous MultiLocus Sequence Typing study, we developed two new
gquantitative PCR assays permitting the detection and quantification of V. nigripulchritudo at the
genospecies level using SYBR Green | chemistry and at the emerging cluster level using
Fluorescence Resonance Energy Transfer technology with hybridization probes.

The use of this molecular diagnostic tool evidenced the colonization of the shrimp pond ecosystem by

the pathogenic cluster at least at the onset of the disease. This new tool will allow better investigation
of the dynamics of this bacterial pathogen in the shrimp farm ecosystem.
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Introduction:

Vibrio species are widely distributed bacteria that colonize aquatic habitats, and are
notably present in and around mariculture facilities. Vibriosis, diseases caused by Vibrio
species, are known to be major disease problems in farmed marine animals, including
penaeid shrimp, in which they have been recognized as potential pathogens since the
beginning of shrimp farming activities (Lightner and Lewis, 1975 ; Bondad-Reantaso et
al., 2005). However, diagnostic tools allowing to study vibriosis in shrimp have seldom
been developed. Conventional laboratory methods based on bacterial culture and
isolation from the shrimp or its environment demand the use of suitable culture media
and subsequent identification. Moreover, they are time-consuming and require several
days to obtain confirmatory results. Additionally, the concept of “infective dose” is of
particular concern in Vibrio infections (Lobnitz et al., 2000), and was notably confirmed
in shrimp vibriosis (Saulnier et al., 2000). Therefore, the development of reliable,
quantitative and sensitive methods for the detection of bacterial shrimp pathogens is
essential both for research studies or to conceive and control sanitization practices.
Conventional polymerase chain reaction (PCR) method had the potential to make a
dramatic impact in diagnosing infectious diseases. More recently, the use of real time
PCR has made the detection and quantification of bacteria much more rapid and was
successfully applied to a number of Vibrio species (Blackstone et al., 2003 ; Panicker et
al., 2004) including shrimp pathogens (Goarant and Mérien, 2006).

Additionally, it is recognized that strains belonging to the same Vibrio species can have
different virulence patterns to shrimp (Oakey and Owens, 2000 ; Hernandez and OImos,
2004 ; Goarant et al., 2006a). However the knowledge of the pathophysiology of
vibriosis in shrimp remains limited and little is known concerning virulence factors in
Vibrio that are pathogenic to shrimp. As a consequence, there is frequently a lack of
genomic data that would enable the development of relevant molecular tools able to
discriminate between different genotypes within a Vibrio species. Very few of these
have recently been developed in the field of shrimp pathology but still require culture
and isolation of the targeted organism (Hernandez and Olmos, 2004).

In the recent years, there is increased access to high throughput sequencing throughout
the world and MultiLocus Sequence Typing (MLST) is becoming a standard for
epidemiological studies (Feil and Enright, 2004 ; Cooper and Feil, 2004 ; Hall and
Barlow, 2006). As a result, there is increased opportunity to gain access to
epidemiologically relevant sequencing data providing the basis for the design of relevant
diagnostic tools. For instance, cluster-specific sequencing data were successfully used
to design a PCR assay targeting a regional variant of Vibrio sp. associated with shrimp
disease (Rafioa and Hedreyda, 2005).

New Caledonia is located in the South Pacific between latitudes 19°S and 23°S and has
a tropical oceanic climate. Its shrimp industry is a small but growing industry that
benefits from an almost virus-free status. However, New Caledonian shrimp farming has
been affected since 1993 by a cool season vibriosis hamed Syndrome 93 and causing
high mortalities in juvenile shrimp (Mermoud et al., 1998). This disease was shown to
be caused by Vibrio_penaeicida but also implicated a few other Vibrio strains including
V. nigripulchritudo (Costa et al., 1998). These pathogenic V. nigripulchritudo strains
were geographically restricted to two adjoining farms within one bay (Goarant et al.,
1999). However V. nigripulchritudo was later isolated in December 1997 from an
outbreak of a new disease in one farm located 50 km south of the original isolation. First
diagnosed in one farm, the organism was also causing a systemic vibriosis, but in high
temperature conditions that did not fit the classical Syndrome 93 epidemiology, which
typically occurs at low water temperatures. This new disease, named “Summer
Syndrome” has affected all summer crops on this farm ever since and since 2002,
affected a new farm built close to the affected one (Goarant et al., 2006a). Currently,




another neighbouring farm is also suspecting the onset of this disease. Experimental
infections together with a molecular typing study revealed that both pathogenic and non-
pathogenic V. nigripulchritudo strains co-existed in a single shrimp farm environment
and that the disease, named “summer syndrome” was caused by a single, possibly
emerging cluster of virulent strains (Goarant et al., 2006a ; Goarant et al., 2006b). The
facts that (i) V. nigripulchritudo is associated with two distinct shrimp diseases and (ii)
that one of these (“Summer Syndrome”) is possibly emergent highlight the need for a
relevant diagnostic tool targeting the emerging cluster of pathogenic strains.

Emerging infectious diseases in marine ecosystems are recognized to be on the rise,
though it is also recognized that little progress has been made in identifying the
causative agents (Harvell et al., 1999). Regarding this issue, PCR and more recently
real-time PCR assays have allowed highly specific tools that have proven very powerful.
Here we describe the development and optimization of a real time PCR assay using
SYBR Green | chemistry for the rapid identification and quantification of V.
nigripulchritudo at the genospecies level and using the FRET technology with the
hybridization probe (HybProbe®) format (see Espy et al., 2006 for review) for specific
distinction and quantification of strains from this emerging pathogenic cluster, both on
the LightCycler platform.

Material and methods

Bacterial strains and DNASs:

Both the type strain and wild-type isolates of Vibrio nigripulchritudo were used in this
study. V. nigripulchritudo CIP 103192" (ATCC 27043) was provided by Collection de
I'Institut Pasteur, Paris, France. Twenty three wild-type isolates, from both clinical and
environmental origins, isolated between May 1995 and October 2003 in different farms
and hatcheries of the New Caledonian West Coast were included in this study (Table 1).
The origin, identification and virulence of these V. nigripulchritudo isolates towards
healthy Litopenaeus stylirostris were reported previously (Goarant et al., 2006a) (see
table 1). All 23 strains are deposited in the bacterial collection of the CRB (Centre de
Ressources Biologiques, Laboratoire de Génétique et Pathologie, Institut Francais de
Recherche pour I'Exploitation de la MER (IFREMER), La Tremblade, France).

To assess the specificity of our real-time assays, we used a panel of strains from other
Vibrio species (V. penaeicida KH-1" from Japan, V. penaeicida AM101 from New
Caledonia V. alginolyticus, V. harveyi, V. nigripulchritudo, V. aesturianus, V. tubiashii,
V. damsela, V. orientalis, V. splendidus, V. fluvialis and V. nereis). Bacterial strains
other than members of the genus Vibrio (Proteus mirabilis, Klebsiella pneumoniae,
Escherichia coli, Staphylococcus aureus, Streptococcus agalactiae, Acinetobacter
baumanni, Shigella flexneri, Salmonella sp.) were also used for specificity tests. All
strains were subcultured in adequate media and their respective genomic DNA were
extracted and purified as described by Brenner et al. (1999).

Sequence data, primers and probe design:

The sequences of six genes (rrs, toxR, gyrB, rpoD, rctB and recA) were determined
previously as part of a molecular typing study for all V. nigripulchritudo strains (Goarant
et al., 2006b). Vibrio nigripulchritudo sequences from all six genes were aligned with
BioEdit® (Hall, 1999) using CLUSTAL W (Thompson et al, 1994) and phylogenetic
trees were built using Phylo-win program (Galtier et al., 1996) applied to Neighbour
Joining method and Kimura’'s 2-parameter distances (Gascuel, 1987). Reliability of
topologies was assessed by the bootstrap method with 1000 replicates.

Twenty eight Vibrio spp. gyrB sequences retrieved from GenBank were aligned together
with 24 V. nigripulchritudo sequences (Goarant et al., 2006b) using BioEdit® (Hall,
1999). Primers specific for V. nigripulchritudo (genospecies) and probes specific for the



emerging cluster were deducted from this alignment. Primers VngF2
(CCCGAACGAAGCGAAA) and VngR2 (ACCTTTCAGTGGCAAGATG) and probes
specific of the emerging cluster VhgAl (TGTGGAGGGTGACTCTGC-Fluorescein) and
VngS1l (Red705-CCCAGCACTCTCTGAACTCTAT-Phosphate) were designed using
the LightCycler Probe Design software 2.0 (Roche Applied Science) and synthetized by
Proligo Singapore Pty Ltd (Biopolis way, Singapore). All primers and probes sequences
were checked online against the NCBI genomic database GenBank to verify their
specificity for their intended target.

Real time PCR reactions and optimization:

The LightCycler FastStart DNA Master PLUS SYBR Green | kit (Roche Applied
Science, Auckland, New Zealand) was used as the basis for the reaction mixtures,
using a 20 pl volume in each reaction capillary. Primers VngF2 and VngR2 were used
at 0.5uM and the reaction optimized for specificity. The LightCycler FastStart DNA
Master PLUS Hybridisation Probe kit (Roche Applied Science) was used with the
hybridization probes VngAl and VngS1 in conjunction with the VngF2 and VngR2
primers and the reaction optimized for optimal signal to noise ratio by testing 0.1, 0.2
and 0.4pM each probe. After distributing 15 pl aliquots of the master mix among the
capillaries, 5 pul of a DNA extract was added before the capillaries were capped,
centrifuged and placed in the LightCycler 2.0 sample carousel. A negative control with
PCR-grade water rather than template DNA was always used with the samples.
Aerosol-barrier pipette tips were used throughout the procedure. The PCR conditions
were optimized by testing various annealing temperatures (from 57 to 63°C) and
durations (from 2 to 5 seconds) and elongation duration (10, 12 or 15 seconds).
Amplification conditions involved a pre-incubation at 95°C for 10 min (FastStart Taq
DNA polymerase activation) followed by amplification of the target DNA for 45 (50 for
the probe-based assay) cycles of 95°C for 5 seconds, 62°C or 60°C for 3 seconds (for
SYBR Green | assay or hybridization probe assay respectively) and 72°C for 12
seconds using a transition rate of 20°C/second between all steps. Melting curve
analysis was performed subsequently at a linear temperature transition rate of
0.1°C/sec from 65°C to 95°C with continuous fluorescence acquisition. This step was
followed by a cooling step at 40°C for 30 sec. The first derivative of the initial melting
curve (-dF/dT) was automatically plotted against temperature for improved
determination of the melting temperature (Tn,). All experiments were repeated at least
twice for reproducibility.

Standard curves:

The amplified 258 bp product was loaded on a 1.5% agarose gel stained with ethidium
bromide and electrophoresed for 40 minutes at 15V.cm™. The amplicon was then sliced
from the gel under UV illumination and purified using the MinElute Gel Extraction kit
(Qiagen, Doncaster, Victoria, Australia). The copy number of this extract was
determined by spectrophotometer (Eppendorf BioPhotometer) and conversion based on
amplicon size (Overbergh et al., 2003). Serial dilutions of the amplicon from 7.2 to 7.2 x
10® gene copies per reaction were then amplified in triplicates in order to obtain the
standard curves. One standard curve was then calculated for each assay (SYBR Green
| and Hybridization Probes) using LightCycler Software 4.0 (Roche Applied Science)
and validated according to established parameters.

Validation with field samples:

In order to validate these assays, samples were taken from a pond in a farm affected by
the Summer Syndrome. The inlet channel, the growout pond (pond water and sediment
pore water at two different locations in the pond) and the outlet channel were sampled
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weekly for 5 weeks resulting in 25 environmental field samples and processed as
described previously (Goarant and Mérien, 2006) from one week before a mortality
outbreak. Moribund shrimp specimens were used to confirm the etiological agent of this
mortality outbreak. The mortality data, kindly provided by the farm’s staff, is presented
as the total daily number of dead and moribund shrimp found on the pond edges.

Results

Choice of target gene, primers and probes design:

Out of the six genes studied, five permitted to clearly discriminate the emerging cluster
from other V. nigripulchritudo strains. Of these, gyrB was considered the best target
choice according to its discriminating potential, as shown on the dendrogram in Figure
1. Additionally, the corresponding nucleotide sequence displayed 3 point mutations
within a 16 bp region where a cluster-specific probe pair could be designed. The Sensor
probe was designed to overlap these mutations, the Anchor probe being designed over
a conserved flanking region (Figure 2). Forward and reverse primers were chosen
within regions being conserved in all V. nigripulchritudo but variable over the genus
Vibrio. Over the possible primers, only the ones displaying at least two mismatches for
the other Vibrio species were considered.

Specificity:

The specificity of both assays (using SYBR Green | or hybridization probe format) was
assessed using DNAs from a selection of V. nigripulchritudo (see table 1) and a variety
of Vibrio spp. and non-Vibrio isolates, as listed in the Material and Methods section. All
V. nigripulchritudo strains yielded the single expected 258 bp amplicon, confirmed by
agarose gel electrophoresis. None of the non-V. nigripulchritudo strains gave any
detectable amplicon when the run was as follows: 45 cycles of 95°C for 5 sec, 62°C for
3 sec and 72°C for 12 sec, which was determined to be the optimal condition for SYBR
Green | quantification at the species level. When using hybridization probes, only the
strains belonging to the emerging pathogenic cluster of V. nigripulchritudo produced
fluorescence by FRET technology when the run was as follow: 45 cycles including 95°C
for 5 sec, 60°C for 3 sec and 72°C for 12 sec, whereas the expected 258 bp amplicon
could be detected on agarose gel for all V. nigripulchritudo strains, but not detected by
the hybridization probe format, because of sequence polymorphism preventing the
hybridization of the sensor VngS1 probe.

Genotypes and melting temperatures:

The melting curves were obtained by denaturing the amplicon at the end of the
amplification step after a SYBR Green | run. Melting temperatures of the amplicons
obtained from the emerging cluster were in the range [87.5 - 87.8] °C, from the type
strain 88.2°C, and all other V. nigripulchritudo isolates in the range [88.4 - 89.1]°C.
Unfortunately, the proximity of the type strain’s T, did not permit to distinguish with
certainty this strain from the emerging cluster. However, this should permit excluding
the emerging genotype when Ty, is over 88.3°C (+0.5°C) when using this SYBR Green |
PCR assay with clonal samples, e.g. purified DNA from an unknown strain (Figure 3 b).

When amplifying mixed populations of both the emerging cluster and other strains (so
as to reflect the diversity possibly seen in environmental samples), the T, shift between
the emerging cluster's and the other strains was not sufficient to enable the distinction
of a 2-peak shape of the melting peak curve (Figure 3 c).

Standard curves and quantification in environmental samples:
The standard curves obtained using the SYBR Green | and the hybridization probe
assays are shown in Figure 4. The detection limit was estimated using standard



LightCycler software parameters to be of 20 gene copies per capillary for the SYBR
Green | assay (after 45 cycles) and 5 gene copies per capillary for the hybridization
probe format (50 cycles).

Moribund shrimp samples from the affected farm confirmed that the observed mortality
was actually caused by the typical Summer Syndrome and that a highly pathogenic
V. nigripulchritudo from the emerging cluster was the etiological agent involved as
previously described (Goarant et al., 2006a). Using environmental samples taken from
this affected pond, V. nigripulchritudo belonging to the emerging cluster could be
evidenced from the sediment pore waters and pond water during and after the mortality
outbreak. Using the SYBR Green | assay, the species V. nigripulchritudo could be
detected from the water and the sediment pore water but seldom from the outlet
channel. The same samples studied with the hybridization probe assay demonstrated
that the emerging cluster could be found in these samples from the onset of the
disease. V. nigripulchritudo from the emerging cluster were found in pond water (4x10*
ml™) and the sediment pore water at two locations in the pond (400 mI™* in one point and
1100 ml™ in the other point) on the day the first moribund shrimp was observed and until
the last but one sample, corresponding to the end of the mortality outbreak (Figure 5).
Interestingly, it was detected only once and at a relatively low concentration from the
outlet channel (250 mlI™ with the same assumption). The last samples, taken one week
after the end of this outbreak, tested all negative. During this 5-week survey, all samples
from the pumping (renewal) water tested negative with either assay.

Discussion:

Vibriosis has been a major problem in shrimp farming since the beginning of this
activity. However, diagnostic tools have only recently been developed (Hernandez and
Olmos, 2004 ; Rafoa and Hedreyda, 2005) because researchers have often lacked the
necessary knowledge to design relevant infra-specific molecular tools.

Increased access to high throughput sequencing platforms has made MLST a typing
reference technique for epidemiology in the recent years (Enright and Spratt, 1999 ;
Urwin and Maiden, 2003 ; Cooper and Feil, 2004 ; Hall and Barlow, 2006) and has also
been used in Vibrio (Kotetishvili et al., 2003 ; O’Shea et al., 2004 ; Goarant et al., 2006b
; Lee et al.,, 2006). As a result, there is increased knowledge on group-specific
sequences variations linked to epidemiologically significant data, providing a way to
gain access to infra-specific molecular tools to study these complex pathologies.
Hybridization probes using FRET technology provide a tool to study sequence
polymorphisms within an amplicon (see Espy et al (2006) for review). A single
nucleotide mismatch in the target of a sensor probe will result in a variation of annealing
strength between the amplicon and the corresponding probe, resulting in a lower
melting temperature of the probe system. More than two or three mismatches will
abolish the FRET by preventing probe binding using an adequate annealing
temperature. This technology is of particular interest and has often been used for intra-
specific discrimination in both bacteria and viruses (Whalley et al., 2001 ; Hiratsuka et
al., 2002 ; Vernel-Pauillac et al., 2006).

Since 1997 shrimp aquaculture in New Caledonia has been affected by a seasonal
vibriosis inducing heavy mortality in two neighbouring farms. Experimental pathology
and molecular epidemiology studies demonstrated that this new disease is caused by a
single emerging cluster of virulent strains (Goarant et al., 2006b). Using sequences
derived from a MLST approach, we show that this cluster could be characterized by 3
point mutations on the gyrB gene, close enough to be covered by a single probe. These
mutations appear stable enough to be used as a basis of our diagnostic tool, being
conserved over our strain selection that covers 6 farms and more than 3 years (see
Table 1). Using these mutations, we successfully developed a quantitative PCR assay



on the LightCycler platform targeting this emerging shrimp pathogenic cluster within the
genospecies V. nigripulchritudo. Using a species-specific primer set and adequate
stringency, this assay allows the quantification of V. nigripulchritudo at the species level
using SYBR Green | chemistry. Using a pair of hybridization probes targeting cluster-
specific mutations and other optimized stringency conditions, this assay permits the
detection and quantification of a particular cluster at the sub-species level.

The gene gyrB being single-copied in Vibrio genomes, absolute quantification
corresponds to bacterial quantification. Therefore, we constructed our standard curve
based on gene copies derived from spectrophotometric readings of a PCR product and
calculation of copy numbers (Overbergh et al., 2003). It must be noted that the exact
yield of the extraction process from samples must be lower than 1 and therefore the
concentration evaluated with our assay when used with field samples is most probably
somewhat under-estimated. A standard curve could be designed using samples of
known concentrations treated with the same extraction process as the study samples as
described previously (Goarant and Mérien, 2006).

This assay was used with environmental samples from a pond affected in 2006 by the
“summer syndrome” disease, confirming (by a molecular method) the colonization of the
shrimp pond ecosystem by the pathogenic cluster at least at the onset of the disease.
Additionally, this result confirms that the targeted mutations are stable over time, being
found again 6 years after the first isolation of this emerging pathogenic strain.
Interestingly, the pathogen was seldom found in the outlet channel, even during the
mortality outbreak that most probably results in the production of large numbers of
pathogens. Considering the dilution factors of the water discharged from the farm, the
follow up of the pathogens in the farm’s surrounding environment would necessitate the
extraction of bacterial DNA from much larger volumes of seawater, at least in the range
of milliliters. This point still has to be studied before using this tool for such a purpose.
DNA extraction techniques from large environmental samples have been compared and
described by some authors (Bostrom et al., 2004 ; Mumy and Findlay, 2004) and must
be tested with our samples, formerly demonstrated to contain PCR inhibitors (Goarant
and Mérien, 2006). For such a survey or for sanitation purpose, an adequate sampling
strategy must also be decided, given the very wide volumes to be considered. As an
indication, shrimp ponds in New Caledonia are in the range 1-11 hectares with an
average 1 meter depth.

Current studies aim at developing molecular tools targeting virulence genes, that would
prove even more useful but need longer studies to be conducted. When successfully
developed, they will not only permit to study virulence expression but also to evaluate
the presence of these virulence genes in other species of the bacterioplankton,
virulence genes being frequently mobile genetic elements (Dobrindt and Hacker, 2001 ;
Burrus and Waldor, 2004).
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Table 1: Vibrio nigripulchritudo strains

Strain name  Date of isolation context Virulence
to L.

stylirostris
CIP 103195' V. nigripulchritudo type strain, oceanic waters N
AM102 May 1995 Syndrome 93, moribund shrimp hemoculture V
AM 115 May 1995 Syndrome 93, moribund shrimp hemoculture V
S065 May 1995 Syndrome 93, moribund shrimp hemoculture V
SFnl March 2000 Summer syndrome, moribund shrimp hemoculture V
SFn27 December 2000 Sediment pore water, diseased pond V
SFn115 March 2002 Lagoon water in front of pumps, diseased farm N
SFn118 April 2002 Lagoon water in front of pumps, diseased farm N
SFn135 December 2002 Growout pond water, diseased pond V
AgMnl October 2003 Healthy shrimp hemoculture, before disease outbreak N
PON3 April 2002 Healthy shrimp hemoculture, healthy pond 3, healthy farm V
PON4 April 2002 Healthy shrimp hemoculture, healthy pond 6, healthy farm N
PON12 December 2002  Healthy shrimp hemoculture, healthy pond 4, healthy farm N
PON13 December 2002  Healthy shrimp hemoculture, healthy pond 4, healthy farm N
PON19 January 2003 Healthy shrimp hemoculture, healthy pond 4, healthy farm V
AMN3 March 2003 Moribund shrimp hemoculture, opportunistic vibriosis V
wnl January 2001 Moribund shrimp hemoculture, opportunistic vibriosis V
wn3 January 2001 Moribund shrimp hemoculture, opportunistic vibriosis V
Wn13 November 2002 Moribund shrimp hemoculture, opportunistic vibriosis V
Fn2 February 2003 Healthy shrimp hemoculture, healthy pond, healthy farm N
AQn1 March 2003 Healthy shrimp hemoculture, healthy pond, healthy farm Vv
BLFn1 March 2001 Moribund shrimp hemoculture, opportunistic vibriosis V
ENnN2 June 2000 Healthy shrimp hemoculture, healthy broodstock V
Svn3 February 2003 Healthy shrimp hemoculture, healthy farm N

Bold: Isolates from farms which are affected by the Summer Syndrome.
Italics: Isolates collected during surveys specifically dedicated to the isolation of V. nigripulchritudo

strains.

Virulence: V stands for virulent and N for Non-virulent (data from Goarant et al., 2006a).
Letters in strain names spells for the isolation farms, i.e. same letters indicate same farm.
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Figure 1. Dendrogram drawn from gyrB sequences alignment over a selection of
V. nigripulchritudo strains evidencing the emerging cluster of pathogenic strains.
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