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BIVALVE SUSCEPTIBILITY TO INFECTION 

Microorganisms 
 

Environment 
 

Aquaculture 
pratices 

 

Bivalve 
 genetics and 

physiology 
 

e.g. 
•trophic conditions  
•elevated SST 
•pollution 

 

e.g. 
• Marteilia  
• Vibrios 
• Nocardia 
• Herpesvirus 

VIBRIOS VIBRIO AESTUARIANUS  
VIBRIO TASMANIENSIS 
(SPLENDIDUS CLADE) 



VIBRIO SURVIVAL IN THE MARINE ENVIRONMENT  
VIABILITY & CULTURABILITY IN WATER AND SEDIMENT 

Inoculum: 107cells/ml   
in conditions mimicking those of 
coastal waters 
• 5°C and 25°C temperature  
• 20‰ and 35‰ salinity 

 

•CULTURABLE: Luria–Bertani Agar +  

NaCl (3%) and/or  Marine Agar 

 

•TOTAL: Real time PCR  

 

•VIABLE: Real time PCR after propidium 

monoazide treatment (00 µM) and  photoactivation  

with a 300W (3200K) halogen lamp 

 

 

Viable PCR 

sterile air 

   Heater 

MICROCOSM EXPERIMENTS VIBRIO TASMANIENSIS 
LGP32 

VIBRIO AESTUARIANUS 
01/32 



VIBRIO TASMANIENSIS 
LGP32 

VIBRIO AESTUARIANUS 
01/32 
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VIBRIO STRAINS RAPIDLY LOSE 

CULTURABILITY IN SEAWATER 

RESULTS ARE % OF TOTAL BACTERIA 

CULTURABLE 

VIABLE 
- - - - 

- - - - 

Vt, Va SURVIVAL IN SEAWATER 

Seawater 



VIBRIO TASMANIENSIS 
LGP32 

VIBRIO AESTUARIANUS 
01/32 

SEDIMENT 

5°C, 20 ‰ 
SALINITY 
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ASW 

5°C, 20 ‰ 
SALINITY 
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DAY DAY 

IN SEDIMENT VIBRIO STRAINS MAINTAIN 

VIABILITY AND CULTURABILITY FOR LONGER TIMES  

THAN IN SEA WATER 

Vt, Va SURVIVAL IN THE SEDIMENT 

Seawater 

Sediment 
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V. tasmaniensis

LGP32

V.aestuarianus

01/32
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Vt, Va INTERACTIONS WITH: 

chitin 
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V.tasmaniensis

LGP32

V.aestuarianus

01/32
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copepods 

CHITIN PARTICLES COPEPODS (T. fulvus) 



Adherence of V. cholerae O1  
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 Adherence of V. cholerae O1  
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V. TASMANIENSIS  LGP32 mshA+ 

ROLE OF MSHA and GBPA ligands 

V. AESTUARIANUS 01/032 mshA+, gbpA+ 

Adherence of V. cholerae O1  
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V. CHOLERAE ELTOR 14034 

mshA+, gbpA+ 

co
n

tr
o

l 
(Zampini et al., 2005; Stauder et al., 2012) 

N-acetylglucosamine-
binding protein (GbpA) 

Mannose-sensitive 
hemagglutinin (MSHA) 



BIOFILM FORMATION 
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25°C 

FOLD DIFFERENCE BETWEEN ABS545 AT 72 H 

VS V. TASMANIENSIS VS V. CHOLERAE 

V. TASMANIENSIS 1.6 

V. AESTUARIANUS 3.0 4.7 

MICROTITER PLATE BIOFILM ASSAY 



V. AESTUARIANUS 01/32 AND V. TASMANIENSIS LGP32 

 

• MAINTAIN CULTURABILITY AND VIABILITY FOR LONGER TIME IN 

THE SEDIMENT 

• ATTACH TO CHITIN PARTICLES AND INTERACT WITH 

ZOOPLANKTON T. FULVUS  

• DEVELOP BIOFILM ON MICROTITER PLATES  

 

Conclusions I 



VIBRIO TASMANIENSIS  LGP32 

VIBRIO AESTUARIANUS O1/32 
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- - - - 
VIABLE 

CULTURABLE 

Vt, Va ENTERING THE VBNC STATE 

80,7% 

19,3% 

>0.2 um 

73,2% 

26,8% 

<0.2 um 

104 CFU/ML 

7,5% 

92,5% 

>0.2 um 

81,0% 

19,0% 

<0.2 um 

D 

D D 

D 

L 

L 

L L 

< 0.1 CFU/ML 

< 0.1 CFU/ML 

101 CFU/ML 

ARTIFICIAL 

SEA WATER  
 

INOCULUM: 106/ML 
 

5°C  
20 ‰ SALINITY  

90 DAY INCUBATION 



Adherence of V. cholerae O1  
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Pruzzo et al. 2003. Environ. Microbiol. 5:850 

V. CHOLERAE 

Adherence of V. cholerae O1  
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monolayer
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V. TASMANIENSIS 

Adherence of V. cholerae O1  
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V. AESTUARIANUS 
% reduction  

VBNC vs stationary 

chitin monolayer 

V. splendidus 58% 43% 

V. aestuarianus 42% 48% 

V. cholerae 44% 38% 

VBNC 
VBNC 

VBNC 

VBNC 

VBNC 

VBNC 

Vt, Va VBNC INTERACTIONS WITH CHITIN AND CELLS 

chitin 

chitin 



V. AESTUARIANUS 01/32 AND V. TASMANIENSIS LGP32 

 
• CAN ENTER A VBNC STATE AFTER EXTENDED INCUBATION AT 

5°C A CONDITION THAT COULD BE MET DURING THE WINTER 

SEASON IN ENVIRONMENTS WHERE BIVALVE FARMING 

GENERALLY TAKES PLACE 

 

• VBNC CELLS MAINTAIN ADHESIVE PROPERTIES TOWARDS 

CHITIN AND BIVALVE CELLS 

 

Conclusions II 



MUSSEL (BACT/G) 

MUSSEL (BACT/G) 

OYSTER (BACT/G) 

OYSTER (BACT/G) 

PLANKTON(BACT/G) 

PLANKTON(BACT/G) 

WATER (BACT/ML) 

WATER (BACT/ML) 

SEDIMENT(BACT/G) 

SEDIMENT(BACT/G) 

1,E+00 1,E+02 1,E+04 1,E+06 1,E+08 1,E+00 1,E+02 1,E+04 1,E+06 1,E+08

1,E+00 1,E+02 1,E+04 1,E+06 1,E+08 1,E+00 1,E+02 1,E+04 1,E+06 1,E+08

VIBRIO SPLENDIDUS CLADE 

VIBRIO AESTUARIANUS 

REAL-TIME PCR COUNTS 

67% 

100% 

100% 

85% 

83% 

67% 

83% 

50% 

44% 

100% 

50% 
22% 

45% 

WARM MONTHS  
(18-27°C; 21-24 ‰ SALINITY) 

COLD MONTHS 
(4-14°C; 25-29 ‰ SALINITY) 

PERCENTAGES OF SAMPLES WITH TOTAL VS, VA BACTERIA ARE SHOWN 

IN FIELD STUDIES  
(GORO LAGOON) 

55 samples 



PLANKTON REPRESENT  

AN ENVIRONMENTAL RESERVOIR  

FOR V. AESTUARIANUS 01/32 AND V. SPLENDIDUS (CLADE) 

Conclusions III 



THE EXPERIMENTS 
WERE 

RUN IN TRIPLICATE 

VECTORS  
Nannochloropsis gaditana 

Chitin particles 
Marine Snow particles 

ROLE OF PLANKTON AS VECTOR FOR Va INFECTIONS 



V. aestuarianus 02/041 and Vibrio-like bacteria concentration in 
hemolymph of oysters infected with either V. aestuarianus 02/041 
bacteria alone, or chitin fragments  alone, or mixture of bacteria plus 
chitin 

Analysis of hemocyte LMS of the tested samples (treated and 
untreated with bacteria and chitin both alone and in combination) 
showed no statistically significant differences in NRRT (not shown). 

INFECTION  
EXPERIMENTS 

RESULTS 

Chitin fragments  
(size <100µm) 

NOT SIGNIFICANT 

EXPERIMENTAL INFECTIONS (CHITIN FRAGMENTS) 



V. aestuarianus 02/041 and Vibrio-like bacteria concentration in 
hemolymph of oysters infected with either V. aestuarianus 02/041 
bacteria alone, or N. gaditana cells alone, or mixture of bacteria plus 
microalgae 

Effects of low salinity stressed oyster challenge with either V. 
aestuarianus 02/041 bacteria alone, or N. gaditana cells alone, or 
mixture of bacteria plus microalgae on hemocyte LMS 

INFECTION  
EXPERIMENTS 

RESULTS 

Nannochloropsis gaditana 

SIGNIFICANT 

EXPERIMENTAL INFECTIONS (PHYTOPLANKTON) 



V. aestuarianus 02/041 and Vibrio-like bacteria concentration in 
hemolymph of oysters infected with either V. aestuarianus 02/041 
bacteria alone, or marine snow alone, or mixture of bacteria plus 
marine snow 

Effects of low salinity stressed oyster challenge with either Vibrio 
aestuarianus 02/041 bacteria alone, or marine snow alone, or mixture 
of bacteria plus marine snow on hemocyte LMS 

INFECTION  
EXPERIMENTS 

RESULTS 

Marine snow particles  
(size <150µm) 

SIGNIFICANT 

EXPERIMENTAL INFECTIONS (MARINE SNOW) 



Conclusions IV 

PLANKTONIC MATRICES (MARINE SNOW AND 

PHYTOPLANKTON) FAVOR V. AESTUARIANUS 

TRANSMISSION TO THE C. GIGAS HOST  



INTERACTION  
EXPERIMENTS 
EXPERIMENTAL  

SET-UP 

MARINE SNOW PARTICLES  
(SIZE <150µM) 

EFFECT OF THE INTERACTION Va/PLANKTON ON THE VIBRIO 
VIRULENCE 

V. AESTUARIANUS 02/041  

MARINE SNOW PARTICLES  
(SIZE <150µM) + 

V. AESTUARIANUS 02/041  

ASW 

15ppt 
18°C 

Marine snow particles  
(size <150µm) 

Transcriptomics analysis and 
extracellular protease acivities 



Va TRANSCRIPTOMICS ANALYSIS 

Va Va + marine snow 



INTERACTION  
EXPERIMENTS 

RESULTS 

Effect of the presence of either chitin fragments or 
marine snow particles on extracellular 

aminopeptidase activity produced by different Vibrio 
strains (* p<0.05) 

Va EXTRACELLULAR PROTEASE ACTIVITY 

extracellular enzymatic 
aminipoetpidase activity using 

fluorogenic assays 
 

Chitin fragments  
(size <100µm) 

Marine snow particles  
(size <150µm) 



Conclusions V 

INTERACTION WITH PLANKTONIC MATRICES (MARINE SNOW) MAY 

INCREASE VIRULENCE POTENTIAL OF V. AESTUARIANUS 



PLANKTONIC MATRICES (MARINE SNOW AND PHYTOPLANKTON) FAVOR V. 

AESTUARIANUS TRANSMISSION TO THE BIVALVE HOST  

INTERACTION WITH PLANKTONIC MATRICES (MARINE SNOW) MAY INCREASE 

VIRULENCE POTENTIAL OF V. AESTUARIANUS (E.G. EXTRACELLULAR PROTEASE ACTIVITY) 

GENERAL CONCLUSIONS 

PLANKTON REPRESENT AN ENVIRONMENTAL RESERVOIR  

FOR V. AESTUARIANUS 01/32 AND V. SPLENDIDUS (CLADE) 



• adhesion to environmental chitin substrates  

• biofilm formation 

•  zooplankton and sediment likely represent 
environmental reservoirs 

• entering a VBNC state  

V. splendidus and V. aestuarianus persist in the 
aquatic environment adopting different strategies 

new background information for to a better 
understanding of the epidemiology of their associated 

diseases. 
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