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INTRODUCTION

Pacific oysters have suffered irregularly from sum-
mer mortalities for the last 10 yr in France. This has
concerned mainly juveniles from 3 to 18 mo of age. A
multidisciplinary study was conducted (2001 to 2006)
to identify causes of these mortalities (Samain &
McCombie 2008). The disease was characterised by a
complex syndrome that depended on several factors
including the physiological status of the oysters,
pathogens such as the herpes virus and some Vibrio
species, and environmental factors such as tempera-
ture, phytoplankton abundance, and sediment. Exper-
iments demonstrated that the proximity of oysters to
the sediment increased mortalities. This impact of sed-
iment may be caused by the release of toxic substances
and/or the presence of pathogens. High concentrations

of the herpes virus in oyster tissues explained about
50% of the mortalities until summer 2008, when its
prevalence reached around 90% in moribund oysters.
Septicaemic Vibrio spp. including V. splendidus and V.
aestuarianus have also been frequently isolated in
moribund oysters in the field during summer mortali-
ties, as well as in hatcheries and nurseries. The preva-
lence of V. aestuarianus reached about 56% (Garnier
et al. 2007) until the mortality events of 2008 and 2009.
It can be considered as a pathogen since the experi-
mental infection was reproduced by injection, as well
as by bathing (Garnier et al. 2008).

Investigations of the mechanism of Vibrio aestuari-
anus infection led to the identification of a zinc-depen-
dent metalloprotease (Vam) implicated in the virulence
of this bacterium since it notably reduces haemocyte ef-
ficiency in oysters (Labreuche et al. 2006). The gene of
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this protease was detected in the most of V. aestuari-
anus strains (Y. Labreuche unpubl. data) whatever their
virulence. Recently, taking into account its virulence
and other phenotypic traits specifically found in French
isolates, 2 subspecies were created: V. aestuarianus
subsp. aestuarianus and V. aestuarianus subsp. fran-
censis (Garnier et al. 2008). Moreover, a great hetero-
geneity in virulence was demonstrated among the V.
aestuarianus subsp. francensis strains.

Therefore, more attention has been paid to the role
of Vibrio aestuarianus as a significant Crassostrea
gigas pathogenic agent. However, few studies have
been undertaken concerning the environmental be-
haviour of either V. aestuarianus or any other Vibrio
species pathogenic for marine invertebrates.

Ecological studies would be very useful for identify-
ing the environmental sources of these Vibrio spp. and
for understanding how they infect their host, so that
appropriate measures can be taken to prevent or limit
the infection. The ecology of some human pathogenic
Vibrio spp. (V. cholerae, V. parahaemolyticus, V. vul-
nificus) has been extensively studied (Eiler & Bertils-
son 2006, Eiler et al. 2007), mainly in seawater, and
some reports (Pfeffer et al. 2003, Fukushima & Seki
2004) are available on the Vibrio populations in the
environment. These populations can be found in sea-
water, shellfish, fish, and sediment. Pathogenic Vibrio
spp. are generally found mixed with innocuous Vibrio
spp. However, each Vibrio species may have a particu-
lar behaviour and must be specifically traced to dis-
cover its ecological niches. In the present study, we
investigated the presence and abundance of V. aestu-
arianus in relationship with environmental parameters
in sediment and oyster haemolymph over 2 yr on 2
oyster farms in France.

MATERIALS AND METHODS

Sampling sites. Sampling was conducted at Fort
Espagnol in Rivière d’Auray (47° 36’ N, 2° 58’ W) and
Viviers Beg Ar Vill in Aber Benoît (48° 36’ N, 4° 36’ W),
2 estuarine regions in France where oyster farming is
highly developed. The Rivière d’Auray represents the
west part of the Gulf of Morbihan in south Brittany.
The Rivière d’Auray contains 11.75 million m3 of sea-
water. The tidal range is between 4.5 m (upstream) and
5 m (downstream). The tidal flux causes a renewal of
50% of the Gulf’s water every 10 d (20 tides).

Aber Benoît is an 8 km long estuary river situated in
northwest Finistère in Brittany. The average water
flow is about 0.418 m3 s–1. The major part of the river
consists of a basin of 12 km long with 14 km2 of surface
and open to the sea. Both sites are subjected to terres-
trial influences through catchment areas of moderate

surface and are convenient for breeding oysters due to
the presence of phytoplankton blooms (Fig. 1).

Sample collection. Three bags containing 250 2 yr
old oysters were laid on 50 cm high tables at each sam-
ple site. Sampling was performed once each month at
low tide in 2007 (June, July, August, and September)
and in 2008 (February, March, May, and June). At both
sites and on each date, 10 oysters were randomly sam-
pled per bag and 3 replicates of sediment (5 cm depth)
were taken with a 50 ml plastic tube (Polypropylene
centrifuge tube; Falcon) below the oyster tables, and 3
others were sampled 30 m away from the tables. Water
temperature and salinity were measured on site with a
salinometer (WTW LF340-B). The pH was also moni-
tored using a pH meter (WTW pH 340).

Sample treatment. For each site, the sediment sam-
ples (2 × 3 replicates) and the oyster samples (3 × 10)
were processed within 12 h of collection, following
aseptic techniques. Haemolymph was extracted from
the oysters using a 1 ml plastic syringe and stored indi-
vidually in micro-tubes. Each haemolymph sample
was observed with an optical microscope to check the
presence of haemocytes before dilution.

Ten grams of each sediment sample were suspended
in 10 ml of sterile filtrated seawater, homogenized by
vortexing for 5 min, and the supernatants were diluted
1000-fold in seawater.

Both sediment and haemolymph dilutions were
spread-plated on marine agar (Difco) for culturable het-
erotrophic bacteria (HB) counts. Vibrio aestuarianus was
enumerated by colony-blot hybridization. Marine agar is
commonly used for the non-selective cultivation and
isolation of marine bacteria. V. aestuarianus grew on this
medium within 48 h at 20°C. Using longer periods of
incubation resulted in swarming colonies, which de-
creased the accuracy of V. aestuarianus counts. Con-
sequently, culturable heterotrophic colonies were
counted after incubation for 48 h at 20°C before perform-
ing the colony blot hybridisation for V. aestuarianus.

Thiosulfate citrate bile salts sucrose agar (TCBS
agar; Difco) was used for culturable Vibrio populations.
This medium is used to isolate and cultivate the major
Vibrio populations even if some strains, including V.
aestuarianus, cannot grow on it. Colonies were
counted after incubation for 48 h at 20°C.

Digoxygenase-labelled probe and colony-blot
hybridization. The specific count of Vibrio aestuari-
anus was determined by a hybridisation technique,
using a specific V. aestuarianus 176 bp fragment probe
targeting the gyrB gene of this Vibrio species, on
marine agar isolates. In silico, this fragment had
94% similarity with the closest species, V. pacinii
(AB298264), and 82% with V. splendidus (AJ577824).
The digoxygenin-labelled probe was then PCR ampli-
fied with the following oligonucleotide sequences:
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Vaest gyrdir (positions 307 to 330): 5’-TCT TTC CTA
AAC TCT GGC GTA TGC-3’ and Vaest gyrrev3 
(positions 459 to 482): 5’-ATG CCA TCT TCT TCA
CGA GTG TGG- 3’ by using the DIG high prime DNA
labeling and detection starter kit I (Roche Applied Sci-
ence). Specificity was demonstrated by colony hybri-
dization using culture collection strains of V. aestuari-
anus and other related Vibrio species.

Colony blots were prepared from bacteria growing
on marine agar for 48 h at 20°C. First, the plates were
incubated for 30 min at 4°C. Colonies were transferred

to a nylon membrane (HybondTM-N+; GE Healthcare)
by overlaying agar plates for 1 to 3 min. Membranes
were placed on Whatman paper saturated with dena-
turing buffer, and alkaline lysis with proteinase K treat-
ment was carried out as previously described (Wright et
al. 1993). Membranes were incubated for 2 h at 42°C in
12.5 ml of hybridization buffer containing formamide
(50%) (Sigma Aldrich), saline sodium citrate (SSC) (5×)
and sodium lauryl sulphate (0.1%). Hybridization was
done overnight at 42°C, followed by membrane wash-
ing once in SSC (2×) with sodium dodecyl sulphate
(SDS) (0.1%) for 15 min at room temperature and twice
in SSC (0.5×) and (0.1×) with SDS (0.1%) for 15 min
at 65°C. Alkaline phosphatase activity was assayed
with nitroblue tetrazolium (Merck) (0.3 mg ml–1) and 5-
bromo-4-chloro-3-indolyl-phosphate (BCIP, Biochem-
ica) (0.2 mg ml–1).

Sediment DNA extraction. To detect the presence of
Vibrio aestuarianus in the sediment by PCR, DNA was
extracted according to Zhou et al. (1996), with some
slight modifications. DNA was extracted according to
this SDS-based lysis method and was suspended in
500 µl of sterile deionised water. Finally, the DNA was
purified with the Wizard® DNA Clean-Up System
(Promega) according to the manufacturer’s instructions
and was diluted to 10 ng µl–1 for PCR amplification.

Bacterial DNA extraction. Three colonies that were
isolated from sediment and one of those isolated from
oyster haemolymph after Vibrio aestuarianus-specific
colony hybridization were grown for 24 h in marine
broth and subjected to DNA extraction. Cells from the
marine broth cultures were harvested and re-sus-
pended in TE buffer (10 mM Tris-HCl, 1mM EDTA,
pH 7.5). The cell pellets were treated with 1% SDS and
proteinase K (100 µg ml–1), incubated for 1 h at 55°C,
and then NaCl (0.7 M) was added. The aqueous phase
was treated successively with phenol-chloroform and
chloroform, respectively. The resulting DNA was pre-
cipitated with 0.6 volume of isopropanol, washed with
70% ethanol, air dried, and finally dissolved in Milli-Q
water.

PCR amplification. To detect Vibrio aestuarianus in
the sediments sampled in June to September 2007 and
February 2008 for each site, V. aestuarianus specific
PCR was performed by nested PCR with DNA directly
extracted from the sediment. First, the 16S rDNA gene
was amplified using the universal eubacterial primers,
E8F and 1492R (Weisburg et al. 1991). Amplification
was performed in a 25 µl volume consisting of 10 ng of
sediment DNA, 2 µM of each primer, 4 mM dNTPs,
1.5 mM MgCl2, 1 U AmpliTaq DNA polymerase (Invit-
rogen Life Technologies) with its buffer and an appro-
priate volume of sterile Milli-Q water. The amplifica-
tion was carried out in a thermal cycler (Biorad) with
initial denaturation at 95°C for 5 min, followed by 30
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Fig. 1. (A) Aber-Benoît and (B) Rivière d’Auray in the gulf of
Morbihan. Locations of sampling sites are indicated by arrows
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cycles of amplification (denaturation at 95°C for 30 s,
annealing at 54°C for 1 min, and extension at 72°C for
1 min 30 s. Finally the samples were kept at 72°C for 7
min as the final extension. The PCR-amplified prod-
ucts were diluted 10-fold, and a second PCR amplifica-
tion was performed using V. aestuarianus 16S rDNA
specific primers: Vaest 64-99 dir 5’-GAG CGG TTA
CAT TTC AAA ACG TTG CTT TTG AAG ATG-3’ and
Vaest 664-683rev 5’-CCT CTA CAG TAC TCT AGT
CC-3’ in 25 µl volume consisting of 1 µl of the diluted
PCR product and the same concentration of the other
parameters as for the first PCR. The amplification pro-
gramme was the same except for the annealing tem-
perature, which was at 65°C.

To confirm the result obtained by colony blotting,
PCR was performed on extracted bacterial DNA to
amplify the 16S rRNA gene and the gyrB gene of Vib-
rio aestuarianus using the same programme as before,
with 300 ng and 500 ng of chromosomal DNA for 16S
rDNA PCR and gyrB PCR, respectively.

Cloning and sequencing of 16S rRNA gene. To con-
firm the specific PCR results, 16S rRNA genes of the 3
colonies isolates from sediment (07/058, 07/059, and
07/061) and one of those isolated from the oyster
haemolymph (07/118) were amplified using the uni-
versal eubacterial primers E8F and 1492R. The ampli-
fied products were cloned into the PCR II plasmids
using the TA Cloning Kit (Fisher Scientific) according
to the manufacturer’s instructions. Three clones per
strain were chosen for sequencing. The sequencing
was performed by the genomic service company
COGENICSTM. Sequences were compared to the Gen-
Bank database using online software and the basic
local alignment search tool algorithm (BLAST)
(Altschul et al. 1997).

Statistical analysis. Analysis of the results and trends
in Vibrio aestuarianus occurrence in sediment and
haemolymph samples, with respect to changes in the
physicochemical parameters of water (e.g. tempera-
ture, salinity, and pH) was carried out using Microsoft
Excel and STRATGRAPHICS Plus software, version
5.1. Bacterial concentrations were log transformed for
1-way ANOVA and multiple regression analysis, using
temperature, salinity, and pH values.

RESULTS

Seasonal abundance of total cultured heterotrophic
bacteria, TCBS agar Vibrio, and V. aestuarianus

populations

The culturable counts of heterotrophic bacteria (HB)
TCBS agar Vibrio (TV), and V. aestuarianus-like bacte-
ria detected by colony blot (Vaest) were performed

over 2 years in 2 oyster farms in Aber Benoît (Fig. 2)
and Rivière d’Auray (Fig. 3). Bacterial counts in sedi-
ment samples under and away from the tables were
not significantly different. Analyses were then con-
ducted using the combined values. HB, TV, and Vaest
showed similar seasonal trends, with highest concen-
trations during the summer months. The HB counts
fluctuated between 3 × 104 and 1 × 108 CFU ml–1 in
haemolymph, and between 1 × 104 and 3 × 106 CFU g–1

in sediment in Aber Benoît. At Rivière d’Auray their
concentrations varied between 6 × 103 and 4 × 106 CFU
ml–1 in haemolymph, while they ranged from 5 × 104 to
6 × 106 CFU g–1 in the sediment.

Throughout the survey, TV were detected both in
sediment and in haemolymph of oysters in both areas.
At Rivière d’Auray, their counts were about 1 × 102 to
3 × 104 CFU ml–1 in the haemolymph, with the highest
concentrations in July and August 2007 (water temper-
ature 19 to 22°C). In sediment samples the counts were
about 2 × 103 to 1 × 105 CFU g–1, with the highest counts
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in June to August. In June 2008 the TV counts in oyster
haemolymph and in sediment fell by 1 log. The propor-
tion of TV in relation to HB in the sediment ranged from
0.1% in February 2008 to 10% in June 2007. In the
haemolymph its relative percentage varied between
0.01% in June 2008 and 1% in June 2007.

TV concentrations were typically higher in Aber
Benoît, and ranged from 2 × 103 to 1 × 105 CFU ml–1 in
haemolymph and from 1 × 103 to 3 × 106 CFU g–1 in sed-
iment. As in Rivière d’Auray, the TV counts were
higher in the summer period in both sampling sites,
with the highest concentrations observed in June 2007
for sediment and in June to August for the haem-
olymph. The lowest occurrence of TV in haemolymph
was observed in February and March 2008. The per-
cent of TV fluctuated within the same range as in
Rivière d’Auray.

Similar to TV populations, Vaest was subject to the
same seasonal fluctuations. In Rivière d’Auray, it was

detected in the summer of 2007 in sediment and
haemolymph. In the sediment, concentrations ranged
between below the limit of detection (103 CFU g–1) and
1 × 104 CFU g–1. In haemolymph it occurred only in
June and July at concentrations of 2 × 103 CFU ml–1

and 5 × 104 CFU ml–1, respectively, while it remained
countable in the sediment until September. No Vaest
was detected in February and March 2008 in either
site. Vaest appeared again in May and June 2008 in
sediment but not yet in haemolymph.

In Aber Benoît, the Vaest concentrations in sediment
were about 103 CFU g–1 from June to September 2007,
and in May and June 2008. As in Rivière d’Auray, it
was not possible to detect Vaest either in the sediment
or in the haemolymph in February and March 2008. Its
concentration in haemolymph in June, to September
2007 varied between 8 × 103 CFU ml–1 and 4 × 105 CFU
ml–1, with the highest values recorded in July when it
exceeded the TV counts, as in Rivière d’Auray. In May
and June 2008 Vaest was not detected in the
haemolymph, while the sediment samples harboured a
concentration of 102 CFU g–1. The proportion of Vaest
in relation to TV and HB varied enormously in the
haemolymph and sediment of both locations and was
about 1% of HB in July.

Physico-chemical parameters

Vaest cultured counts in sediment and haemolymph of
oysters were compared with environmental parameters
such as temperature, salinity, and pH of the water
column. In Rivière d’Auray a higher salinity was ob-
served from June to September (30 to 35) in comparison
with February, March and May (22 to 27). The water
pH ranged between 8 and 8.60, with the lowest value
for August 2007. In Aber Benoît, the salinity did not
vary greatly between spring, autumn, and summer
months, ranging between 32 and 33. The water temper-
ature in Aber Benoît varied between 15 and 18°C during
the spring, autumn, and summer seasons and never
reached 20°C during summer (Figs. 2 & 3). The pH was
maintained around 7.9 ± 0.1. We used multiple regres-
sion analysis to compare log10 cultured TV and log10 cul-
tured Vaest abundance with environmental parameters.

A moderate positive relationship was observed be-
tween log10 cultured Vaest concentrations in haem-
olymph and the water temperature. Correlation coeffi-
cients for the Aber Benoît and Rivière d’Auray sites,
respectively, were 0.6972 (p < 0.001) and 0.5083 (p =
0.0548) (Table 1). When considering semi-partial corre-
lation, this parameter explained about 89 and 76% of the
variability of cultured Vaest counts, respectively.

There was also a relationship between temperature
and the sediment Vaest concentrations at both sites.
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The correlation coefficients were 0.68 (p < 0.0032) for
Aber Benoît and 0.3785 (p < 0.0047) for the Rivière
d’Auray. The influence of temperature on sediment
samples could reach 99% in Aber Benoît and 95% in
the Rivière d’Auray.

Salinity and pH were much weaker factors than tem-
perature in determining the prevalence of Vaest at
both sites. Indeed, we observed no significant correla-
tion between salinity with log10 cultured Vaest abun-
dance, neither in haemolymph nor in the sediment of
both sites. Nevertheless, a moderate, but negative cor-
relation was found, as shown by the correlation coeffi-
cients in Table 1 between pH and Vaest counts either
in haemolymph or in the sediment.

The log10 TV counts in haemolymph and sediment were
positively correlated in Aber Benoît to water temperature,
while in the Rivière d’Auray its influence was nominal
(Table 2). When considering semi-partial correlation, this
parameter explained about 43 and 58% of cultured TV
counts in haemolymph and sediment, respectively.

PCR with Vibrio aestuarianus 16S RNA gene specific
primers

Nested PCR was used to detect the presence of Vib-
rio aestuarianus in the sediment at Aber-Benoît and
Rivière d’Auray. The results showed that the oyster
table sediments, as the control sediments, were posi-
tive for both the Aber Benoît and Rivière d’Auray sites.

The intensities of the bands were almost identical in
Rivière d’Auray, while there were some variations in
Aber Benoît.

Identification of isolated Vibrio aestuarianus strains

The colonies detected on marine agar by colony blot-
ting were very small when originating from sediment,
while they were bigger when originating from haem-
olymph. Although Vaest detection, performed by
our species-specific probe via colony-hybridization,
allowed culturable strains of this bacterium to be quan-
tified, it was difficult to isolate it from the marine agar
plate when cultures were made from sediment sam-
ples. Indeed, after the membrane transfer to marine
agar, the colonies spread out on the agar medium and
the larger ones sometimes covered the smallest ones.
Thus, it became difficult to find Vaest colonies when
they were very small in number. Nevertheless, a total
of 21 strains resembling Vaest colonies were isolated
on marine agar from Aber Benoît. Among these strains,
3 came from sediment and 18 from haemolymph. The
DNA was later extracted and the partial sequences of
16S rRNA and gyrB genes were amplified with Vibro
aestuarianus-specific primers. The affiliation of strains
from haemolymph and sediment to V. aestuarianus
was confirmed. Indeed the 2 types of PCR were posi-
tive for all of the 18 oyster and the 3 sediment strains.
To confirm this result, the 16S rRNA gene of the 3

218

Independent variable Regression coefficient Square semi-partial correlation (%) p
Haemolymph Sediment Haemolymph Sediment Haemolymph Sediment

Temperature AB 0.6972 0.6823 89 99 <0.001 0.0032
Salinity AB –0.1914 –0.1914 2.255 0.03 0.0726 0.8129
pH AB –0.9971 –0.9971 8.699 0.761 0.0684 0.8849
Temperature RA 0.5083 0.3785 76.13 95.52 0.0548 0.0047
Salinity RA –0.5084 –0.5067 7.973 0.215 0.5837 0.8002
pH RA –0.9833 –0.9902 1.097 4.433 0.4660 0.2867

Table 1. Results of multiple regression analysis of log10 cultural Vibrio aestuarianus counts in haemolymph and sediment versus
environmental parameters at Aber-Benoît (AB) and Rivière d’Auray (RA)

Independent variable Regression coefficient Square semi-partial correlation (%) p
Haemolymph Sediment Haemolymph Sediment Haemolymph Sediment

Temperature AB 0.6972 0.6972 93.80 91 <0.001 0.2058
Salinity AB –0.1994 –0.1194 0.24 8.90 0.8275 0.6601
pH AB –0.9971 –0.9971 5.95 0.003 0.3074 0.993
Temperature RA 0.4015 0.4015 43.08 57.53 0.3247 0.0851
Salinity RA –0.5013 –0.5013 9.50 12.38 0.6261 0.3504
pH RA –0.9958 –0.9958 47.43 30.10 0.3043 0.8453

Table 2. Results of multiple regression analysis of log10 cultured Vibrio spp. counts in haemolymph and sediment versus environ-
mental parameters at Aber-Benoît (AB) and Rivière d’Auray (RA)
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strains isolated from sediment, 07/058, 07/059, 07/061,
and 1 strain from haemolymph (07/118), was cloned
and sequenced. The 07/058, 07/061, and 07/118 se-
quences presented 100% homology with V. aestuari-
anus sp. francencis (AJ845014), while the 07/059 se-
quence presented 99% homology with the same strain.

DISCUSSION

Here we used an oligonucleotide hybridization with
the gyrB gene probe to detect and quantify cultured
Vibrio aestuarianus in Crassostrea gigas haemolymph
and sediment samples at 2 estuarine sites in France.
The colonies detected by this method undoubtedly
belonged to V. aestuarianus. The sensitivity of this
method depended on the proportion of V. aestuarianus
in the total culturable bacterial population. The thresh-
old was 103 CFU g–1 in sediment over the year and
103 CFU ml–1 in haemolymph in the summer and 102 in
winter. The drop in Vibrio populations and the absence
of V. aestuarianus during winter were consistent with
other studies which showed that Vibrio concentrations
could fall dramatically in winter (Thompson et al.
2004). For example, the levels of V. vulnificus, V.
cholera, and V. parahaemolyticus were much lower in
winter than in summer or often undetectable (Ayres &
Barrow 1978, Oliver et al. 1983, O’Neill et al. 1992).
Nevertheless, Fukushima & Seki (2004) recovered V.
vulnificus and V. parahaemolyticus from the sediment
and water of coastal and brackish environments,
respectively, using the most probable number count
method. Thus the detection and recovery of a bac-
terium depend not only on the environmental condi-
tions, but also on the method used. The lower temper-
atures may be incriminated in this disappearance.
Indeed, as shown by the estimated regression coeffi-
cient in a linear multiple regression using environmen-
tal parameters, V. aestuarianus as well as TCBS agar
Vibrio spp. counts in sediment were positively corre-
lated with water temperature, which appeared to
greatly influence culturable bacterial concentrations.
A similar influence was previously reported by
Parveen et al. (2008) for V. parahaemolyticus, with a
high correlation coefficient for temperature, which
explained 68% of the variation of this species. Thus,
the HB, TV, and Vaest concentrations in the sediment
of both sites were similar during the spring and sum-
mer months, while temperatures were on average
1.5°C higher in Rivière d’Auray. At Aber Benoît, they
were at least 10× greater in haemolymph during June
to August 2007 in comparison to Rivière d’Auray.

Previous studies have demonstrated that salinity
highly influences the dynamics and physiology of sev-
eral Vibrio spp. (Soto et al. 2009). A positive correlation

between Vibrio spp. and seasonal salinity has been
shown by several authors (Hsieh et al. 2004, Fries et al.
2008, Hsieh et al. 2008), although other authors have
found temperature to be a more important factor (Pfef-
fer et al. 2003). For example, with V. parahaemolyticus,
Parveen et al. (2008) found a significant relationship
between salinity and counts of this bacterium, while
other studies did not (Ristori et al. 2007). As noted by
Ristori et al. (2007), this may have resulted from the dif-
ference in the range of observed salinity levels. The
tolerance to salinity of the Vibrio spp. under considera-
tion must also be taken into account.

In the present study no correlation was found
between pH and the Vibrio spp. concentrations, prob-
ably because the variation in pH was too weak (7.5 to
8). The fact that V. aestuarianus was absent in sedi-
ment in February and March may be explained by low
temperature, so that the concentration of the remain-
ing cells was below the limit of detection (103 CFU g–1

dry sediment). However, using specific PCR, V. aestu-
arianus was detected in the sediment samples of the 2
sites in March when the temperature remained low,
even though their intensity levels were lower than in
the June samples. These results suggest that V. aestu-
arianus is a permanent resident of both areas. One
possible reason why they could not be cultured is that
Vibrio spp. can enter into a viable but non-culturable
(VBNC) state in response to environmental stresses,
including nutrients depletion, pH, salinity, and low
temperature (Oliver 1995, Jiang & Chai 1996, Du et al.
2007, Amel et al. 2008, Chen et al. 2009, Zhong et al.
2009). The seasonality observed in culturable concen-
trations of V. aestuarianus in sediment suggests that
this bacterium could survive in the sediment in a
VBNC state when the environmental conditions are
unfavourable and rise again under favourable condi-
tions. The persistence of Vibrio spp. in the environ-
ment is also backed by their relationship with benthic
and plankton populations. Indeed, Vibrio spp. living in
marine and estuarine environments can survive by
attaching to and using the chitin exoskeleton of ben-
thic and planktonic crustaceans such as copepods
(Pruzzo et al. 1996, Bhowmick et al. 2007, Rawlings et
al. 2007, Gugliandolo et al. 2008, Harriague et al. 2008,
Seeligmann et al. 2008, Vezzulli et al. 2008). It has not
yet been demonstrated that V. aestuarianus binds to
plankton; however, analyses of its genome confirms
the presence of chitinase genes (data not shown),
which suggests some relationship with crustaceans.

After August, Vibrio populations decreased and V.
aestuarianus was no longer detected in haemolymph
in Rivière d’Auray, while the sediment still harboured
populations at a level of 103 to 104 CFU g–1. Therefore,
it is likely that another factors other than temperature
could affect the occurrence of this bacterium in haem-

219



Dis Aquat Org 91: 213–221, 2010

olymph. Its persistence depends also on the immune
and physiological status of Crassostrea gigas. Gameto-
genesis induces profound modifications in the haemo-
cyte parameters of bivalves (Cheng 2000, Chu 2000),
and oysters seem to be more sensitive to infection dur-
ing this period (Samain & McCombie 2008). Therefore
the absence of V. aestuarianus and the decrease in
Vibrio populations in the haemolymph of oysters could
be due to the immune system of C. gigas recovering
after spawning, which occurred in July 2007 in Rivière
d’Auray, but never in Aber Benoît.

In any case, not all bacteria presented in water can
penetrate, grow, and thrive in molluscs (Beleneva &
Zhukova 2006), even if the haemolymph of Pacific oys-
ters is particularly permeable to bacteria. The penetra-
tion and persistence of bacteria in their hosts may
depend on the presence of some specific genes in the
bacteria. For example, Paranjpye et al. (2007) showed
that pilA-encoded type IV pili were involved in the
persistence of Vibrio vulnificus in oysters and served in
opportunistic infections. A type IV mannose-sensitive
haemagglutinin (MSHA)-like pilus promotes and
increases the presence of V. cholerae El Tor strains in
bivalve hosts (Pruzzo et al. 2005). Analysis of the
genome sequence of V. aestuarianus revealed that it
possessed the MSHA-like gene (data not shown).

In conclusion, our hybridisation method allowed Vib-
rio aestuarianus strains to be detected and quantified in
sediment and the haemolymph of oysters from 2 French
oyster farms in Brittany. We showed a seasonal trend in
both sites, correlated mainly with temperature. In
haemolymph, the presence of V. aestuarianus could be
affected by the immune status of the oysters. Interest-
ingly, even when present in high concentrations (up to
105 ml–1) in haemolymph, this bacterium did not induce
mortality. This feature proves the capacity of oysters to
tolerate and to control V. aestuarianus, among other
bacteria, in order to avoid becoming infected.

This study highlights several questions that may
need further investigation. In vitro experiments to ver-
ify the ability of Vibrio aestuarianus to enter a VBNC
state, its ability to use chitin and further environmental
investigations integrating water, phytoplankton, and
copepods would be necessary to create a circulation
model between different biotopes. In addition, a gene
typing method should be developed to find out if the V.
aestuarianus strains in sediment and oysters are iden-
tical or not. A previous study (M. Garnier unpubl.)
demonstrated the species specificity of the gyrB probe
when tested against Vibrio and V. aestuarianus collec-
tion. Unfortunately, at the moment no specific viru-
lence marker is available for V. aestuarianus and path-
ogenic strains detection is thereby not possible.
Previous studies on vam gene detection were unsuc-
cessful because it was present in the genome of every

strain of V. aestuarianus tested. However, research is
planned to identify a virulence marker to allow devel-
opment of a PCR method to discriminate pathogens
strains from non-pathogenic. That should permit to
estimate the real risk of sediment due to the presence
of V. aestuarianus.
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