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Vibrio parahaemolyticus, Vibrio vulnificus, and Vibrio cholerae of the non-O1/non-O139 serotype are present in coastal lagoons
of southern France. In these Mediterranean regions, the rivers have long low-flow periods followed by short-duration or flash
floods during and after heavy intense rainstorms, particularly at the end of the summer and in autumn. These floods bring large
volumes of freshwater into the lagoons, reducing their salinity. Water temperatures recorded during sampling (15 to 24°C) were
favorable for the presence and multiplication of vibrios. In autumn 2011, before heavy rainfalls and flash floods, salinities ranged
from 31.4 to 36.1‰ and concentrations of V. parahaemolyticus, V. vulnificus, and V. cholerae varied from 0 to 1.5 � 103 most
probable number (MPN)/liter, 0.7 to 2.1 � 103 MPN/liter, and 0 to 93 MPN/liter, respectively. Following heavy rainstorms that
generated severe flash flooding and heavy discharge of freshwater, salinity decreased, reaching 2.2 to 16.4‰ within 15 days, de-
pending on the site, with a concomitant increase in Vibrio concentration to ca. 104 MPN/liter. The highest concentrations were
reached with salinities between 10 and 20‰ for V. parahaemolyticus, 10 and 15‰ for V. vulnificus, and 5 and 12‰ for V. chol-
erae. Thus, an abrupt decrease in salinity caused by heavy rainfall and major flooding favored growth of human-pathogenic
Vibrio spp. and their proliferation in the Languedocian lagoons. Based on these results, it is recommended that temperature and
salinity monitoring be done to predict the presence of these Vibrio spp. in shellfish-harvesting areas of the lagoons.

Vibrio parahaemolyticus, Vibrio vulnificus, and Vibrio cholerae
are Gram-negative halophilic bacteria autochthonous to ma-

rine and estuarine environments and components of those eco-
systems (1). These vibrios are recognized throughout the world as
agents of gastroenteritis resulting from consumption of raw or
undercooked seafood and serious infections caused by exposure
of skin wounds to seawater (2).

Subpopulations of V. parahaemolyticus and V. vulnificus are
potential agents of disease outbreaks. For example, enteropatho-
genic strains of V. parahaemolyticus produce a thermostable direct
hemolysin (TDH) and/or a TDH-related hemolysin (TRH), and
the genes tdh and trh code for TDH and TRH, respectively (3).
Other factors are associated with virulence of V. vulnificus, includ-
ing the vvhA gene encoding hemolytic cytolysin (4, 5). It is impor-
tant to note that V. parahaemolyticus is the leading cause of
bacterial human gastroenteritis associated with seafood consump-
tion, especially in the United States and Japan (6, 7, 8). In the
United States, V. vulnificus is responsible for 95% of all seafood-
related deaths, with a mortality rate of around 50% (5). V. chol-
erae, the etiologic agent of cholera, has been detected in natural
freshwater and brackish water worldwide, even in areas where no
clinical cases of cholera have been reported (1). Most environ-
mental isolates of V. cholerae are of the non-O1/non-O139 sero-
type but are capable of causing diarrheal outbreaks (7, 9). The
presence and isolation of these three Vibrio spp. have also been
documented to occur in coastal waters and shellfish-rearing areas
in Europe, i.e., Spain (10), Italy (11, 12), Denmark (13), and Nor-
way (14). These vibrios have been isolated in French coastal waters
and shellfish at different locations along the English Channel, the
Atlantic Ocean, and the Mediterranean Sea (15, 16, 17, 18).

Vibrios are less frequently associated with outbreaks of disease
in Europe than in the United States and Asia, and specifically, the
risk of V. parahaemolyticus infection is considered to be low (8,
19). In France, 100 cases of V. parahaemolyticus infection were
reported in 2001, following consumption of mussels imported
from Ireland (20). Since then, only sporadic cases of Vibrio infec-
tions have been described (21, 22).

From the perspective of vibrio ecology, the spatiotemporal dis-
tribution of vibrios has been linked to environmental factors, with
temperature being one of the most important, because it is related
to seasonal distribution in temperate coastal areas, with maximal
abundance during summer through early fall (23, 24, 25, 26, 27,
28). Many studies have shown that these bacteria enter a viable-
but-nonculturable state when water temperatures average less
than 15°C and temperatures above 20°C favor their growth (23,
24, 25, 26, 28). Salinity is also an important parameter influencing
the dynamics of human-pathogenic vibrios in aquatic systems.
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Lower salinity favors Vibrio growth and proliferation, particularly
in brackish waters (29, 30, 31). Other biotic factors, such as phy-
toplankton and zooplankton populations, have also been found to
be important in the ecology and dynamics of vibrios (32, 33, 34).

In a previous investigation, we studied the occurrence of V.
parahaemolyticus, V. vulnificus, and non-O1/non-O139 V. chol-
erae in the coastal lagoons of southern France, showing three hu-
man-pathogenic Vibrio spp. to be present in water, shellfish, and
sediment of those lagoons (15). The lagoons receive watershed
input that is exchanged with seawater through small channels, the
“grau.” Mediterranean rainfall is short in duration (a few days)
but intense, resulting in flash floods, particularly in the autumn,
bringing large volumes of freshwater into the lagoons and reduc-
ing their salinity (35, 36). Fishing and other recreational activities
occur in some of the lagoons, and mollusk farming as well. The
objective of the study reported here was to investigate the effect of
Mediterranean autumnal flash floods on the occurrence and dis-
tribution of three pathogenic Vibrio species in these lagoons and
channels.

MATERIALS AND METHODS
Area of study and sample collection. Figure 1 shows the location of sam-
pling sites along the French Mediterranean coast (Languedoc area) char-
acterized by a succession of lagoons (saline marshes). These lagoons are of
different sizes and volumes and are connected to the sea by short channels,
or “grau” (an Occitan term). All are connected by a navigable waterway
linking the Rhône River to Sète (the Rhône-to-Sète waterway). In addi-
tion, coastal rivers flow into the lagoons (e.g., the Vidourle River), and
others run through the lagoons by a channel to the sea and connect with
the lagoons (e.g., the Lez River). Thus, these lagoons form a complex
hydrosystem that receives input of seawater or freshwater, depending on
rainfall, drought, and whether winds are from the north or south.

Sampling stations were selected based on the hydrological complexity
of the lagoons and their representation of various hydrological condi-
tions. Station 1 is positioned in the Ponant Lagoon (2.0 km2 wide with a
2.7-m mean depth but 4 m deep in the center), and it is the site of some
recreational activity. During floods, part of the Vidourle River is diverted
into the Ponant Lagoon to protect the Grau du Roi city from flooding.
Station 2 is situated in the Vidourle Lagoon (0.405-km2 area and 2-m
mean depth), which receives the main flow of the Vidourle River. The
Grau du Roi channel (station 3) is where the Vidourle and Vistre rivers
flow to the sea. Station 4, Ponant grau, is where the Ponant Lagoon con-
nects with the sea. The Mauguio Lagoon (31.7-km2 area and 0.8-m mean
depth, with a depth of 1.3 m deep in the center) has controlled seawater
entry and significantly lower salinity than the other lagoons. Station 5 is
located in the Mauguio grau that communicates with the Mauguio La-
goon and the sea but also with the Rhône-to-Sète waterway. The Lez River
crosses the Arnel and Prévost lagoons and exchanges water with these
lagoons through small channels and the Rhône-to-Sète waterway. Station
6 is situated in the channel of Lez that leads to the sea.

Surface water samples (one sample of 5 liters) were collected at each
station during the rainy season, in September, October, and November
2011 and in September 2012. Samples were transported in coolers (15 to
18°C) to the laboratory and processed within 4 h after collection.

Enumeration of V. parahaemolyticus, V. vulnificus, and V. cholerae
by MPN employing real-time PCR. Enumeration of the three Vibrio spp.
in water samples was accomplished by enrichment in alkaline peptone
water (APW) and using a combined most-probable-number (MPN)–
real-time PCR method (15, 37). Water samples (1 liter, 100 ml, and 10 ml)
were filtered in triplicate through 0.45-�m-pore-size nitrocellulose mem-
branes (Whatman, GE Healthcare, Versailles, France), and the filters were
incubated in APW at 41.5°C for 18 h. Smaller volumes (i.e., 1 ml of undi-
luted sample and 1 ml of 10-fold and 100-fold dilutions) were inoculated,
in triplicate, directly into APW broth and incubated at 41.5°C for 18 h.

After enrichment, bacterial DNA was extracted from 1 ml of the APW by
boiling and used as the template (10-fold-dilution) for PCR.

Real-time PCR amplification of toxR (total V. parahaemolyticus) and
tdh and trh2 (enteropathogenic V. parahaemolyticus), when the APW was
positive for toxR, was run in a 10-�l volume containing 0.1 mM forward
primer and 0.3 mM reverse primer, 0.3 mM TaqMan probe, 2 mM MgCl2,
5 �l of 2� Platinum quantitative PCR SuperMix-UDG (Invitrogen, Life
Technologies, Carlsbad, CA), 1.05 �l of RNase-, DNase-, and protease-
free water (5 Prime, Hamburg, Germany), and 2 �l of a DNA extract
diluted 10-fold or 2 �l of RNase-, DNase-, and protease-free water for a
negative control (15, 38). The PCR positive control was a plasmid with the
amplicon of the target gene (2 �l of a 106 copies/�l). The presence of
potential PCR inhibitors was detected simultaneously by real-time PCR
amplification using the TaqMan kit exogenous internal positive control
reagents (Invitrogen; Life Technologies, Carlsbad, CA). Real-time PCR
thermal cycling was run using the LightCycler 480 (Roche Diagnostics,
Mannheim, Germany). The thermal program for V. parahaemolyticus
consisted of a 10-min denaturation step at 95°C, followed by 45 cycles of
amplification at 95°C for 10 s and 60°C for 1 min.

Real-time PCR amplification for V. vulnificus and V. cholerae was per-
formed using primers for the dnaJ gene and 16S-23S rRNA intergenic
spacer region, respectively (38, 39, 40). The real-time PCR mixture of 10
�l was composed of 0.4 mM each primer for V. cholerae and 0.5 mM
forward primer and 0.3 mM reverse primer for V. vulnificus plus 5 �l of
2� mixture of Sybr 250 buffer (Roche Diagnostics, Mannheim, Ger-
many), 2.2 �l of RNase-, DNase-, and protease-free water (5 Prime, Ham-
burg, Germany), and 2 �l of a DNA extract diluted 10-fold or 2 �l of
RNase-, DNase-, and protease-free water serving as a negative control.
The PCR positive control was a plasmid with the amplicon of the target
gene (2 �l at 106 copies/�l). The real-time PCR program was run in a
LightCycler 480 (Roche), consisting of one cycle at 95°C for 10 min and 45
cycles at 95°C for 15 s, 63°C for 15 s, and 72°C for 15 s. The program
terminated with a final dissociation curve analysis consisting of one step at
63°C for 30 s and gradual heating to 95°C.

Environmental parameters. Temperature and salinity were recorded
in situ using a WTW LF 196 conductimeter at the time of sampling. For
chlorophyll a (Chl a) analysis, ca. 25 to 200 ml water was filtered under
vacuum on GF/F filters (Whatman, GE Healthcare, Versailles, France)
and stored at �20°C in glass tubes. Upon thawing, filters were sonicated in
5 ml of 90% acetone and incubated for 24 h in the dark at 4°C. After
centrifugation, Chl a concentrations were measured in the supernatant by
spectrofluorimetry (41). For analysis of particulate organic carbon and
nitrogen (POC and PON, respectively), filtration (25 to 500 ml of water)
was done using precombusted GF/F filters (450°C for 4 h), and samples
were stored frozen at �80°C until analyzed using the Dumas combustion
method (42) and the FlashEA 1112 organic elemental analyzer. To quan-
tify suspended particulate matter (SPM), 25 to 500 ml of each water sam-
ple was filtered under vacuum on a GF/F membrane dried at 105°C for 2
h and weighed. The filters were washed with the same quantity of distilled
water, dried overnight at 105°C, and weighed again. Data for river flow
were provided by Banque Hydro (Eau-France) at three gauging stations
situated upstream of the lagoon area on the Vidourle, Vistre, and Lez
rivers (station Y3464010 at Marsillargues, station Y3534010 at Cailar, and
station Y3204030 at Montpellier, respectively). Rainfall data were pro-
vided by Météo-France at three rain gauges representative of coastal rain-
fall located on catchments of the Vidourle, Vistre, and Lez rivers at Vil-
levielle, Nîmes Courbessac, and Prades le Lez, respectively. River flow was
recorded every 5 min during flooding and every hour outside the flood
periods. Rainfall was also recorded hourly and daily, respectively. Mean
daily river discharge and daily rainfall are calculated using these data.

Sampling strategy. Sampling was organized according to when the
weather forecast was for heavy rain. The objective was to sample the dif-
ferent stations before any freshwater input to the lagoons and until, dur-
ing, and after rain in order to observe the effect on salinity. As the Vibrio
quantification method is time-consuming, sampling and monitoring at
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FIG 1 Location of sampling sites along the French Mediterranean coast (Languedoc area). Station 1, Ponant Lagoon; station 2, Vidourle Lagoon; station 3, Grau
du Roi channel; station 4, Ponant grau; station 5, Mauguio grau; station 6, Lez channel. Maps © IGN—2015.
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the six stations were done only weekly. Sampling was done on the first day
of the rain and depended on the duration and intensity of the rain.

The sites were sampled first on only on 1 day, 5 September, 2011, when
the rain was brief. The second sampling began on 24 October 2011, when
there was a forecast for a very strong atmospheric depression. Sampling
occurred during significant rain and flooding on 27 October, 2 Novem-
ber, and 9 November. On 3 and 24 September 2012, sampling was done
following a short rain.

Statistical analyses. Data were analyzed using R software available at
http://www.R-project.org and R package FactoMineR (43). The distribu-
tion of data was determined by Shapiro-Wilk test. Principal component
analysis (PCA) was used to visualize relationships between Vibrio abun-
dance and environmental variables, and Spearman’s rank analysis was
used to define statistically significant relationships.

RESULTS
Distribution of V. parahaemolyticus, V. vulnificus, and V. chol-
erae. On 5 September 2011, sampling was performed after a short
rainfall that lasted from 3 to 4 September (Fig. 2). Rainfall was
32 mm at Villevielle (Vidourle watershed), 16 mm at Nîmes
Courbessac (Vistre watershed), and 24 mm at Montpellier (Lez
watershed). During this period of time, the flows of the Vidourle,
Vistre, and Lez rivers increased slightly from 0.1 to 0.56, 0.8 to 1.3,
and 0.45 to 7.8 m3/s, respectively. The three sampling stations
were more directly influenced by coastal river flow (Ponant La-
goon, Vidourle Lagoon, and Grau du Roi channel), with lower
salinities (23.8, 14.7, and 10.6‰, respectively), than the three sta-
tions by seawater (Ponant grau, Mauguio grau, and Lez channel)
(30.8, 26.5, and 27‰, respectively) (Fig. 3). Vibrio concentrations
were higher in the Ponant Lagoon, Vidourle Lagoon, and Grau du
Roi channel (4.6 � 103 to 1.1 � 104 MPN/liter V. parahaemolyti-
cus and V. vulnificus and 1.5 � 102 to 1.1 � 104 MPN/liter V.
cholerae) than in the Ponant grau, Mauguio grau, and Lez channel
(1.1 � 103 to 2.4 � 103 MPN/liter V. parahaemolyticus, 2.3 to
9.3 � 102 MPN/liter V. vulnificus, and 0.36 to 2.9 � 102 MPN/liter
V. cholerae) (Fig. 3). Water temperatures ranged from 23 to 23.9°C
at all sampling sites.

The sampling for October to November 2011 was done during
a flood period (Fig. 2). Water temperatures ranged from 15 to
17°C during this time. Three intense rain showers (24 to 25 and 27
to 28 October and 1 November) with 15 to 56 mm accumulated
rainfall measured at each rain gauge were responsible for three
successive increases in river flow: up 10, 9, and 24 m3/s for the
Vidourle, Vistre, and Lez rivers, respectively. At the time of sam-
pling (24 and 27 October), water salinity ranged from 31.4 to
36.1‰ at all sampling sites, except Mauguio grau, on 27 October
(28.5‰) (Fig. 3). These salinities were high and close to that mea-
sured on the seacoast (36.5‰). On these dates, V. parahaemolyti-
cus, V. vulnificus, and V. cholerae concentrations varied from 0 to
1.5 � 103 MPN/liter, 0.7 to 2.1 � 103 MPN/liter, and 0 to 93
MPN/liter, respectively (Fig. 3).

Heavy rainstorms (3 to 6 November) (between 135 and 195
mm accumulated rainfall measured at each rain gauge) generated
a major flood. The flows of the Vidourle, Vistre, and Lez rivers
corresponded to discharges of up to 350, 47, and 80 m3/s, respec-
tively (Fig. 2). The last rain showers on 8 to 9 November resulted
in accumulated rainfalls of 16 and 32 mm, as measured at each
rain gauge, and high river discharge lasted until 16 November.
This was followed by a rapid decrease in salinity, reaching between
19 and 27‰ at all sampling sites on 2 November, except at the Lez
channel (3.5‰), and values of between 2.2 and 5.7‰ on 9 No-

vember, except at the Mauguio grau (16.4‰) (Fig. 3). V. parah-
aemolyticus, V. vulnificus, and V. cholerae concentrations in-
creased abruptly during the 6 days after the first intense rains,
reaching between 74 and 1.1 � 104 MPN/liter, 1.1 � 102 and 1.1 �
104 MPN/liter, and 2.3 and 93 MPN/liter, respectively, on 2 No-
vember (Fig. 3). On 9 November, the Vibrio concentrations were
up to 3.8 � 104 MPN/liter for V. parahaemolyticus in the Ponant
Lagoon and 2.1 � 104 MPN/liter in the Ponant grau and up to
4.6 � 104 MPN/liter for V. vulnificus and V. cholerae in the Vid-
ourle Lagoon.

The dynamics of Vibrio spp. in September 2012 showed similar
patterns to those observed during the autumn of 2011. Short rain
storms from 27 to 30 August 2012 (between 58 and 82 mm of
accumulated rainfall at each rain gauge) generated brief increases
in river discharge from 0.9 to 17 m3/s, from 0.2 to 10 m3/s, and
from 0.5 to 27 m3/s for the Vidourle, Vistre, and Lez rivers, respec-
tively (Fig. 2). Water temperatures ranged from 17 to 20°C. Con-
centrations of vibrios ranged from 9.3 � 102 to 9.3 � 103 MPN/
liter at sites where the salinity was lower (Ponant Lagoon, 18.4‰;
Vidourle Lagoon, 17.9‰; and the Grau du Roi channel, 12.5‰)
and from 2.3 to 9.3 � 102 MPN/liter at sites where the salinity was
high (Ponant grau, 36.5‰; Mauguio grau, 33.8‰; and Lez chan-
nel, 36.5‰) (Fig. 3).

There was very little rain before the 24 September 2012 sam-
pling (Fig. 2). Water salinity ranged from 32.7 to 36‰ and water
temperature from 17 to 20°C at all sampling sites. V. parahaemo-
lyticus, V. vulnificus, and V. cholerae concentrations varied from 93
to 2.4 � 103 MPN/liter, 3.6 to 7.4 � 102 MPN/liter, and 1.4 to 7.5
MPN/liter, respectively (Fig. 3).

Enteropathogenic tdh� V. parahaemolyticus was not detected
in any of the water samples collected at the stations included in
this study. Enteropathogenic trh2� V. parahaemolyticus was de-
tected in 36 of 42 water samples collected at all sites, at concentra-
tions ranging from 0.9 to 4.6 � 103 MPN/liter (Table 1). These
data did not show any detectible pattern with respect to site, date,
or salinity.

Relationship between V. parahaemolyticus, V. vulnificus,
and V. cholerae and environmental parameters. Concentrations
of chlorophyll a (Chl a), suspended particulate matter (SPM),
particulate organic carbon (POC), and particulate organic nitro-
gen (PON) were relatively high and varied regardless of site or
date, from 1 to 48 �g/liter, 2.5 to 83 g/liter, 2 to 64 mg/liter, and
0.25 to 8.7 mg/liter, respectively. The pH was stable at ca. 8 (7.64 to
8.17).

Principal component analysis (PCA) of environmental param-
eters and Vibrio abundance, except SPM which was highly auto-
correlated with POC and PON, explained 46.13% of the total vari-
ance (Fig. 4). Abundance of V. vulnificus, salinity, and pH were
principal factors contributing to axis 1. POC, temperature, and
abundance of trh2� V. parahaemolyticus contributed to axis 2. A
highly significant negative correlation was observed between
abundance of V. parahaemolyticus (r � �0.55, P � 0.001), V.
cholerae (r � �0.71, P � 0.001), and V. vulnificus (r � �0.51, P �
0.001) and salinity, whereas a highly significant positive correla-
tion was observed between abundance of enteropathogenic trh2�

V. parahaemolyticus and V. parahaemolyticus (r � 0.53, P � 0.001)
and temperature (r � 0.57, P � 0.001).

The results of the statistical analysis showed that salinity was a
determining factor explaining the dynamics of the three Vibrio
spp. Furthermore, when the log concentration of the vibrios was
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FIG 2 Daily rainfall and river discharge versus time: The hydrograph (lines) was combined with the hyetograph (vertical bars): dark gray lines/bars represent
Vidourle stations, light gray lines/bars represent Vistre stations, and black lines/bars represent Lez stations. The heavy black bars on the date axis indicate the dates
of sampling.
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FIG 3 Concentrations of Vibrio parahaemolyticus (Vp [black bars]), V. vulnificus (Vv [dark gray bars]), and V. cholerae (Vc [light gray bars]) in water samples
collected from the Ponant Lagoon, Ponant grau, Vidourle Lagoon, Mauguio grau, Grau du Roi channel, and Lez channel in September, October, and November
2011 and in September 2012. Salinity is indicated on the graphs. The temperature was stable (see the text) and hence is not shown.
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plotted against salinity, an adverse effect of salinity for all vibrios
was detected: namely, their concentration decreased when salin-
ity increased (Fig. 5). The relationships were not linear, and
smoothed curves showed the most favorable salinity for these
Vibrio spp. varied according to Vibrio species between 10 and
20‰ for total V. parahaemolyticus, �18‰ for enteropathogenic
trh2� V. parahaemolyticus, 10 to 15‰ for V. vulnificus, and 5 to
12‰ for V. cholerae. A salinity higher than 20‰ caused a drop in
concentration of all three of the vibrios but most dramatically for
V. cholerae: i.e., at a salinity higher than 30‰, the concentration of
V. cholerae was less than 10 MPN/liter, and for V. vulnificus and V.
parahaemolyticus, the concentrations were between 10 and 100
MPN/liter and 100 and 1,000 MPN/liter, respectively.

DISCUSSION

Temperature has been shown by many investigators to be a major
factor explaining the population dynamics of vibrios in coastal
marine ecosystems (15, 16, 23, 27, 32, 33, 44). Water temperatures
recorded during sampling done in this study (15 to 24°C) were
favorable for both the presence and multiplication of V. parahae-
molyticus, V. vulnificus, and V. cholerae, as has been reported by
other investigators (23, 24, 25, 26, 28). The concentrations of the
three Vibrio spp. ranged from less than 10 MPN/liter to more than
104 MPN/liter.

The highest concentrations were detected when the salinity was
between 10 and 20‰ for V. parahaemolyticus, 10 and 15‰ for V.

vulnificus, and 5 and 12‰ for V. cholerae. V. vulnificus and V.
cholerae showed less tolerance to high salinity than V. parahaemo-
lyticus (45). It had been shown previously that salinity has a sig-
nificant and highly negative effect on the dynamics of these three
Vibrio spp. in aquatic systems (30). The results of this study are
consistent with those of the meta-analysis of Takemura et al. (46)
and the observations of many other environmental studies show-
ing a strong correlation between the presence of these Vibrio spp.
and temperature and salinity (1, 25, 26, 47, 58). Interestingly, sa-
linity was not found to be significantly correlated with the concen-
tration of enteropathogenic trh2� V. parahaemolyticus, with the
highest numbers at a salinity of ca. 18‰. Temperature was posi-
tively correlated with this pathogenic Vibrio and consistent with
observations along the French Atlantic coast reported by Deter et
al. (16).

Other environmental parameters measured in this study (Chl
a, SPM, POC, and PON) did not show significant correlation with
the concentration of any of the three vibrios, even though these
parameters have been shown by other investigators to influence
the dynamics of these bacteria (32, 46). It may be possible that, in
this study, temperature and salinity have a stronger measurable
effect than the other parameters.

In the lagoons, temperature alone did not modulate the con-
centration of these vibrios. It is concluded that in the absence of a
significant change in temperature, salinity becomes the determin-
ing factor controlling the number of vibrios, with low salinity
related to increased numbers of V. parahaemolyticus, V. vulnificus,
and V. cholerae in the lagoons during the summer and autumn
months. This effect of salinity on Vibrio concentrations has been
demonstrated for V. parahaemolyticus in the rias of Galicia, Spain,
by Martinez-Urtiza et al. (10), for V. vulnificus in Barnegat Bay,
NJ, by Randa et al. (31), and for V. cholerae in the Mississippi
Sound by Griffitt and Grimes (29).

Climate anomalies, such as El Niño, and increase in sea surface
temperature (SST)—two consequences of climate change— have
been linked to cholera epidemics (48) and to the spread of V.
parahaemolyticus and V. vulnificus in coastal marine systems, in-
creasing the risk of Vibrio illnesses in the latter case (49). SST
anomalies were concluded to explain V. parahaemolyticus out-
breaks in Alaska in 2004, Galicia, Spain, in 1999, and Peru in 1997
and the lengthening of the summer season to V. vulnificus illnesses
in the United States (50, 51). Exceptional weather events, such
Hurricane Irene in the Chesapeake Bay in 2011 (52) or the storm
Xynthia in the Pertuis Breton (Atlantic coast, France) in 2010 (53),
have been related to ecosystem disruption and, thereby, to

TABLE 1 Concentration of enteropathogenic trh2� V. parahaemolyticus in water samples collected in September to November 2011 and September
2012 from the Ponant Lagoon, Ponant grau, Vidourle Lagoon, Mauguio grau, Grau du Roi channel, and Lez channel

Sampling date
(mo/day/yr)

trh2� V. parahaemolyticus concn (MPN/liter) in samples from:

Ponant Lagoon Vidourle Lagoon
Grau du Roi
channel Ponant grau Mauguio grau Lez channel

09/05/11 240 1,100 240 240 93 240
10/24/11 110 46 0 1.1 240 0
10/27/11 24 0 0.36 0 0.36 0
11/02/11 2,400 430 4,600 0 7.5 0.92
11/09/11 0.92 0.92 2.3 1.4 4.3 9.3
09/03/12 43 93 430 23 24 15
09/24/12 38 240 230 240 240 46

FIG 4 Principal component analysis of data. Vp, V. parahaemolyticus; Vv, V.
vulnificus; Vc, V. cholerae; Vp trh2, trh2� V. parahaemolyticus; T, temperature;
Sal, salinity; Chla, chlorophyll a; POC, particulate organic carbon; PON, par-
ticulate organic nitrogen; Dim, dimension.
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changes in the concentration of V. parahaemolyticus and V. vulni-
ficus or the emergence of enteropathogenic tdh� V. parahaemo-
lyticus, respectively.

Our results show that an abrupt decrease in salinity caused by
heavy rainfall and major flooding notably favored growth of V.
parahaemolyticus, V. vulnificus, and V. cholerae and was linked to
their rapid proliferation in the brackish waters of the Languedo-
cian lagoons. These results clearly indicate that flood events can
strongly affect the abundance of these vibrios, as already shown for
components of the microbial food web in the Thau Lagoon (35).
To our knowledge, this is the first time that such rapid prolifera-
tion of vibrios has been shown in situ following coastal flooding
and sudden decrease in salinity.

Prediction of a changing climate portends an increase in the
frequency and/or intensity of heavy rainstorms (54). Our results
suggest that such storm events will result in increased presence
and abundance of these three Vibrio spp. in the lagoons of south-
ern France. Some of these lagoons are sites of significant shellfish
production, and previous research has shown the presence of V.
parahaemolyticus and V. vulnificus in mussels and clams (15). It is
clear that shellfish harvesting from the lagoons where the salinity
has significantly decreased may contain dangerously high num-
bers of human-pathogenic Vibrio concentrations posing a signif-
icant risk to public health.

Monitoring temperature and salinity in lagoons would allow

mapping of the two parameters using spatial interpolation. It
would then be possible to build a prediction system for the risk
posed by V. parahaemolyticus, V. vulnificus, and V. cholerae of the
non-O1/non-O139 serotype in shellfish-breeding zones, indepen-
dent of bacteriological analysis, as has been done for the Chesa-
peake Bay (55, 56, 57). Future work that includes monitoring
these parameters and modeling the presence of pathogenic vibrios
surely will provide preventive measures to be developed for man-
agement of shellfish safety.
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