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 Abstract 

The aim of this study was to evaluate the survival responses of four strains of Vibrio 

alginolyticus in seawater under starvation conditions. We used microcosms containing 

sterilised seawater and incubated at ambient temperature (22-25°C). Vibrio alginolyticus 

maintained its culturability for at least nine months. Long-term-starved cells showed an 

absence or a decrease in their enzymatic activities. Resuscitation assays of viable but non-

culturable (VBNC) cells were conducted and the recovery of these cells was achieved after 

the addition of nutrients. Amplified 16S ribosomal DNA (rDNA) restriction analysis 

(ARDRA) was used to confirm that the same strain of Vibrio alginolyticus persisted in all 

microcosms during a long period of time. Starved cells maintained their infectivity for gilt 

head sea bream (Sparus aurata) and sea bass (Dicentrachus labrax) as determined by 

intraperitoneal challenges.  

Key words: Vibrio alginolyticus, survival, seawater, VBNC, ARDRA, virulence.  
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1. Introduction 

Lack of nutrients in natural ecosystems are often the limiting factor for microbial populations. 

Under unfavourable environmental conditions, Vibrio spp., like other bacterial species 

including Aeromonas, Campylobacter, Salmonella  and Shigella, have a survival strategy, 

entering a viable but not culturable (VBNC) state (Biosca, Amaro, Marco-Noales, & Oliver 

1996; Jiang & Chai 1996). In this state, the cells remain viable but no longer grow in, or 

develop colonies on, the non-selective media normally employed for their culture (Jiang & 

Chai 1996).  

In the last decade, it has been frequently reported that under appropriate conditions, these 

microorganisms are nevertheless able to recover from this dormant state, becoming 

metabolically active and fully culturable (Nilsson, Oliver, & Kjelleberg, 1991; Whitesides & 

Oliver, 1997). However, it has been proposed that the VBNC state is an adaptative strategy of 

microorganisms against stress from which cells may be able to recover once optimal 

conditions are restored (Huq & Colwell 1995; Nybroe, 1995; Oliver 1995). This problem is 

even more complex for bacterial pathogens, since these microorganisms in VBNC state may 

remain pathogenic (Rahman, Shahamat, Kirchman, Russek-Cohen, & Colwell, 1994). 

 Vibrio alginolyticus is a species with a broad geographical distribution in marine and 

estuarine waters; especially in bathing areas (Barbieri et al., 1999; Baffone, Pianetti, 

Bruscolini, Barbieri, & Citterio, 2000). It has been associated with several diseases of marine 

animals, including fish and shellfish (Balebona, Andreu, Bordas, Zorrilla, Moriñigo, Borrego, 
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1998; Gomez-Leon et al., 2005; Ben kahla-Nakbi et al., 2006). The route of infection and 

transmission of this species remains to be investigated. One method of transmission might be 

through seawater, either as bacterioplankton or on the surface of particles. It is also not known 

whether this bacterium is endemic to the marine environment and whether it behaves as an 

opportunistic fish pathogen.  

The aim of the present work was to investigate the effect of marine stress on the behaviour of 

V. alginolyticus incubated in seawater microcosms. In addition, to assess the environmental 

health hazard posed by this bacterium, we studied the ability of long-term-starved cells to 

express virulent exoenzymes and  infect cultured fish.  

2. Materials and Methods  

2.1. Bacterial Strains and Growth Conditions 

 Four strains of V. alginolyticus isolates representative of different epizootic events were used 

in this study. All were recovered from the internal organs of diseased gilt head sea bream 

(VD4, VD5) and sea bass (VL12, VL13) in a Tunisian aquaculture centre. Stock cultures 

were frozen at -80°C with 20% (vol/vol) glycerol. Bacteria were routinely cultured on tryptic 

soy agar (TSA-1) or in tryptic soy broth (TSB-1) supplemented with 1% NaCl (Difco) at 

22°C. 

Bacterial strains were subjected to standard morphological, physiological and biochemical 

plate and tube tests using the procedures described in Bergey’s Manual of Systematic 

Bacteriology (Krieg and Holt, 1984). Gram staining, the oxidase test, morphology, motility, 

susceptibility to the vibriostatic compound O/129 and growth on thiosulfate citrate bile 

sucrose agar were the main assays employed to identify the organisms. A commercial 

miniaturized API 2OE Kit (Bio-Mérieux) was also used.  

2.2. Survival Assay 
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 A 24-hour culture was centrifuged at 12000g, 4°C for 15 min. The pellet was washed three 

times with a saline solution. Then the cells were inoculated into Erlenmeyer flasks containing 

500 ml of sterile seawater from the Tunisian coast of Monastir (salinity 4%, pH = 8)  until a 

concentration varying between 106 and 108 colony-forming units (CFU) per ml was reached. 

All microcosms were incubated in a static state at ambient temperature (22-25°C). 

 

2.3. Enumeration Techniques 

 Microcosms were sampled daily during the first week, weekly during the first three months, 

and then once a month. Time zero (inoculation time) and subsequent samples were taken for 

plate counts. Plate counts of culturable cells were determined by the drop plate method 

(Hoben & Somasegaran 1982), using marine agar (MA) and selective medium Thiosulfate-

Citrate-Bile Salts-Sucrose (TCBS). The plates were incubated at room temperature, and the 

number of colonies was counted after 24 and 48 h).  

2.4. Statistical Analysis 

Two microcosms per strain were constructed. Three samples per microcosm were taken for 

plate counts using marine agar (MA) and selective medium (TCBS). Culturable-cell counts 

from the experiments were processed for variance analysis  using the procedure of the general 

lineal model with repeated measures available in the SPSS package. 

. 

2.5. Resuscitation of VBNC Cells 

When cells were considered to be non-culturable (<1 CFU/ml), reversion to a culturable state 

was attempted by removing 5 ml of seawater from each microcosm at ambient temperature 

and placing them in a 10 ml Luria -Bertani (LB) broth. After incubation at 28°C, culturability 

was assayed in marine agar. 

2.6. Biochemical Activities and Exoenzyme Expression 
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Biochemical activities of initial cells of V. alginolyticus and long-term-starved cells incubated 

in seawater was performed on API 20E (Bio-Mérieux).  The presence of several exoenzymes 

was determined using the API Zym System (Bio-Mérieux) composed of 19 enzymatic 

substrates. The activities of various other enzymes were determined following inoculation of 

cultures onto TSA-1 to which the following substrates had been added: 0,2% [wt/vol] strach 

for amylase, 1% [wt/vol] skim milk for caseinase, 1% [wt/vol] gelatin for gelatinase, 1% 

Tween 80 for lipase, 5% [vol/vol]) egg yolk for phospholipase (lecithinase) and 5% [vol/vol]) 

sheep red blood cells for haemolysin. 

2.7. ARDRA (Amplified Ribosomal DNA Restriction Analysis) 

Amplified 16S ribosomal DNA (rDNA) restriction analysis (ARDRA), using enzyme HaeIII 

was applied to starved cells of V. alginolyticus (cells incubated in seawater microcosms) and 

initial cells to compare their profiles.  

Samples to be used for ARDRA analysis were obtained by centrifuging 5 ml of the starvation 

microcosm at 16,000 g for 5 min. Cells were washed and resuspended in 10 ml of LB broth. 

After 24-hour incubation at 28°C, chromosomal DNA was extracted using a Wizard Genomic 

Purification Kit (Promega). The amplified 16S rRNA gene was obtained from each isola te 

and reference strain by PCR with the universal primers F (5' AAT CAC TAC CGG AAA 

CAG CG 3') and R (5' TGC ACT CAA TGA GGG AAT CA 3'), targeted to universally 

conserved regions and permit the amplification of an approximate 1,500-bp fragment. PCR 

amplification was performed by 2 µl of bacterial DNA, 0.25µl of Go Taq DNA polymerase 

(Promega), 1.25  µl of Green Go Taq tampon; 1,5 µl of MgCl2 (50 mM), 0.2 mmol of each 

dATP, dCTP, dGTP and dTTP and 50 pmol of each primer. The PCR program consists of 30 

cycles having the following parameters: denaturation at 94 °C for 1 min, hybridization at 55 

°C for 1 min and annealing at 72 °C for 1 min and 30s. Amplified DNA was used as such for 

restriction w ith the enzyme HaeIII (1U) at 37°C for 3h 30.  
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PCR products were run in 2% agarose gels electrophoresis submerged in 1X Tris -borate-

EDTA buffer (TBE) under 90 volts. 

DNA in the gel was visualized by exposure to UV light and photographed using a Gel Doc 

XR apparatus (Bio-rad, USA). The size of DNA fragments was estimated using a 100 bp 

DNA ladder (Promega). 

 

2.8. Virulence for Fish  

The virulence potential of starved cells was tested in tanks containing 50 litres of seawater 

maintained at 25°C with sea bass (10 g body weight) for VL13 and gilt head sea bream (10 g 

body weight) for VD5. Groups of ten fish were injected intraperitoneally with 0.1 ml of 

bacterial suspension of resuscitated cells (104-106 CFU/ ml). Mortality was recorded daily 

during a 10-day period and was considered only if the bacterium was reisolated as a pure 

culture from internal organs. Fish inoculated with phosphate buffer saline (PBS) and 

exponential phase growth cells were also included as controls. Percent mortality at the end of 

the experiments was recorded.  

3. Results 

3. 1. Survival Curves during Starvation  

The survival of V. alginolyticus in sterilised seawater at ambient temperature under starvation 

was investigated. Cultivability on MA and selective medium TCBS was studied. Our results 

showed that cells remained culturable for prolonged periods of time in all microcosms (Fig 1, 

2). At room temperature (22-25°C) no difference showed in the culturability for VD4 and 

VD5. The survival curves fell into three stages. At the beginning of starvation, cells lost 

culturability rapidly within two weeks. This was followed by a slow decline in culturability 

and then a drop of plate counts to less than 1 cell per ml after nine months for VD4 and VD5, 

seven months for VL12 and six months for VL13.  
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The selective medium, TCBS, was compared with the non-selective medium, MA, for 

enumeration of culturable cells. The difference between TCBS and MA counts of strains 

VL12 and VL13 was about 1 log at the initial time point, but thereafter, the difference became 

greater. However, we did not observe any difference between TCBS and MA counts of strains 

VD4 and VD5. Theoretically, the plate count difference between non-selective and selective 

media represents the number of injured cells that have been exposed to a sublethal physical or 

chemical environment, such as heat, refrigeration, freezing, and so on (Jiang & Chai 1996). 

For the VD4 and VD5 strains, it appeared that starvation did not cause cell injury, since the 

difference between MA and TCBS counts was constant regardless of how long the cells were 

starved (Fig 1). In contrast, more cells were injured for the strains VL12 and VL13, as 

evidenced by an increasing difference between MA and TCBS plate counts (Fig 2).  

3.2. Enzymatic Changes of V. alginolyticus during Starvation 

The results of API 20E tests showed no modification in the biochemical profile of all V. 

alginolyticus strains incubated in seawater microcosms after a long period of starvation. Thus, 

on API ZYM galleries, and after six months of starvation, VD4 and VD5 lost many of their 

enzymatic activities. VD4 express only the Naphtol-AS-BI-phosphohydrolase and VD5 

express the Naphtol-AS-BI-phosphohydrolase and Leucine arylamidase (Fig 3 A). In 

prepared mediums, VD4 lost all its virulence factors and for VD5, only caseinase, DNASE 

and lipase activities were detected (Table 1). However, strains isolated from sea bass (VL12 

and VL13)  showed a remarkable decrease in their enzymatic production level (Fig 3 B), 

except for the phosphatase alkaline and Naphtol-AS-BI-phosphohydrolase produced by 

VL13.  These findings could be explained by the preparation of cells to enter into the VBNC 

state characterized by low metabolic rate, reduction in size, morphological changes or 

synthesis of specific proteins. This adaptation strategy developed by bacteria in aquatic 

environments allows them to survive during a long period of time.  
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3.3. Results of ARDRA 

V. alginolyticus cells starved for as long as one year were able to regain the ability to be 

amplified with the addition of nutrients to starved cells from microcosms. VBNC cells were 

resuscitated by adding seawater microcosms to LB broth and incubation at 28°C. DNA was 

easily extracted and PCR amplification did not fail with the primers selected, giving a unique 

pattern at 1500 bp (Fig 4, lanes 12, 13, 14, 15, 16, 17, 18, 19). ARDRA showed the same 

profile for the strains of V. alginolyticus isolated from gilt head sea bream (VD4 and VD5) 

and sea bass (VL12 and VL13). Profiles of initial cells were similar to the profile of starved 

cells (incubated 1year) (Fig 5, lanes 3, 4, 5, 6, 7, 8, 9, 10). These data confirm that this was 

the same strain that resists in all microcosms during a long period of time.  

3.4. Virulence Assay 

This test was assayed for the strain VL13 and VD5. Cells from microcosms were able to 

infect cultured fish, gilt head sea bream (Sparus aurata) and sea bass (Dicentrarchus labrax) 

by i.p. injection, even after one year of starvation (Table 2). Starved cells presented a degree 

of virulence similar to that of non-starved cells used as controls.  The retention of virulence 

under conditions simulating those found in the aquatic environment is additional evidence 

supporting the hypothesis that water is one of the natural reservoirs of this pathogen.  

4. Discussion 

Under adverse conditions, Vibrio species can survive and adapt for a long period of time, and 

like many other microorganisms, they can enter a viable but non-culturable state (Morita, 

1993; Oliver, 1995). This state was employed mainly by gram-negative bacteria and has been 

proposed as a strategy for survival by bacteria in the natural environment (Ben kahla -Nakbi, 

Besbes, Bakhrouf, 2006; Baffone et al., 2003; Gupte, De Rezende, & Joseph, 2003; 
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Whitesides & Oliver, 1997). Temperature (Oliver, Nilsson & Kjelleberg, 1991), as well as 

nutrient limitation (Fouz, Toranzo, Marco-Noales, & Amaro, 1998), levels of osmolarity, 

humidity (Heidelberg et al., 1997) , and aeration (Rollins & Colwell 1986), have been found to 

be important factors that contribute to the induction of the VBNC state.However, the stresses 

of nutrient deprivation and low temperature have been shown to be the main causes of the 

induction of VNC stages in some pathogenic bacteria (Oliver, 1993; Colwell & Huq, 1994).  

This study showed the development of the VBNC state in V. alginolyticus in nutrient-limiting 

microcosms for prolonged periods of time. It was possible to resuscitate the non-culturable  

organisms by nutrient addition at 28°C. Many reports suggested that the culturable population 

which appears is a result of regrowth of one or more culturable cells in the population that had 

not been detected when the population was assayed (Weichart, Oliver, & Kjelleberg, 1992; 

Jiang & Chai, 1996). Ravel et al. (1995) reported that recovery of VNC cells of V. cholerae 

from starvation at 4°C in nutrient-limited artificial seawater after a temperature upshift to 

30°C was due to regrowth of surviving cells but not resuscitation of all VNC cells. However, 

Oliver et al. (1995) demonstrated that the rapid development of culturability represents a true 

resuscitation of the VBNC population to the actively metabolizing, culturable state and is not 

a result of growth of a few residual cells present in membrane diffusion chambers. Whitesides 

and Oliver (1997) noted that, regardless of the duration for which the VBNC cells were 

present in a high level of nutrient, the number of culturable cells ultimately present did not 

exceed that of control cells resuscitated at room temperature, but without being exposed to the 

added nutrient. They supposed that if culturable cells had been present among the VBNC 

cells, a population approaching 108 CFU/ml or greater would have been expected following 

these conditions of incubation. This observation argues that no culturable cells were present in 

the microcosms. And to further examine whether regrowth of undetected culturable cells, as 

opposed to true resuscitation of VBNC cells, might account for the appearance of the large 
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culturable populations routinely observed following a temperature upshift in nutrient-free 

artificial seawater (ASW), the same group made different dilutions of ASW, and they 

concluded that resuscitation occurred in each dilution, with final culturable populations 

reaching levels reflecting the dilution applied. 

Recently, Kong et al., 2004 reported that entry of V. vuln ificus into the VBNC state is due 

largely to the loss of catalase activity in these cold-incubated cells, and that resuscitation is 

likely due to the production of catalase in H2O2-free diluents (e.g. ASW) at permissive (e.g.  

room) temperatures. 

VBNC cells do indeed leave this dormant state upon removal/reversal of the inducing factor; 

in our case, the absence of nutrients and osmotic shock during nine months were the inducing 

factors of entrance into the VBNC state. Moreover, the resuscitation phenomenon occurred 

once these adverse conditions were reversed (addition of nutrients). 

Various viability assays have been successfully employed to detect the presence of VBNC 

cells, such as direct viable count (Kogure, Simidu & Taga, 1979); florescence microscopy 

using various stains, e.g., cyanoditolyl tetrazolium chloride (CTC) (Rodriguez, Phipps, 

Ishiguru & Ridgway,1992); and more recently molecular  genetic methods (Warner, & Oliver, 

1998; Lázaro, Cárcamo, Audicana, Perales & Fernández-Astorga, 1999). However, the  

eventual proof of vitality is through resuscitation  of the cells and confirmation that the 

recovered cells are indeed identical to the starting cells (Gupte, De Rezende, & Joseph, 2003). 

In this study, ARDRA was used to confirm that the same strain of Vibrio alginolyticus resists 

in all microcosms during a long period of time and transforms into a VBNC state (Fig 5). 

Yaron & Matthews (2002) reported a variety of genes, including those required for 16S rRNA 

synthesis, continued to be expressed in nonculturable cells of E. coli O157:H7.  

However, the question posed by many authors was “Can starved cells retain their virulence 

factors and still remain pathogenic for humans and animals?”  
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Long-starved cells of V. vulnificus biotype 2 maintained their ability to infect eels and 

humans. culturable cells from saline microcosms were able to infect eels and mice, even after 

two years of starvation (Macro–Noals, Biosca, & Amaro, 1999) . Stable virulence of other 

bacterial species  in the VBNC state was reported previously. VBNC Escherichia coli and V. 

cholerae cells, for example, were isolated from rabbit ileal loops in which enterotoxigenicity 

was exhibited (Colwell et al. 1985; Grimes & Colwell, 1986). 

Vibrio spp.  can be transmitted through seawater. They are attached to surfaces or surviving in 

sediments; they can reinfect fish farms seasonally when conditions are favourable (Hoff, 

1989).  

Our experiences showed that, on the one hand, starved cells of V. alginolyticus can retain their 

virulence enzymes (VD5 and VL13) and can reinfect cultured fish even after a long period of 

starvation. On the other hand, starved cells of VD4 and VL12 appeared to lose all or an 

important part of their exoenzymes (Table 1). The pathogenicity and conservation of 

virulence factors seems to be a strain-specific expression.  The high diversity of strains 

belonging to the same species may explain the strain-specific expression of virulence factors 

and, consequently, the different data obtained from various geographic areas (Baffone, 

Vittoria, Campana, Citterio, Casaroli, Pierfelici, 2005). Moreover, the loss of virulence 

enzymes of the two studied strains (VD4 and VL12) might be virtual, and cells could be 

resuscitated after passage in the animal. Baffone et al., (2003) demonstrated that VBNC forms 

of two environmental strains V. alginolyticus and V. paraheamolyticus obtained by culturing 

bacteria in seawater microcosms and incubating at 5 °C can be resuscitated and retain their 

virulence properties after two consecutive passages of the strains in the rat ileal loop model.  

5. Conclusion 

In summary, our results suggest that V. alginolyticus has developed strategies that allow it to 

survive in seawater in the absence of nutrients and outside its natural host. Under these 
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conditions, this bacterium maintains its potential to infect fish. Our results are in accordance 

with those obtained in similar studies performed with other species of Vibrio, autochthonous 

members of aquatic ecosystems. This means that V. alginolyticus is an opportunistic pathogen 

whose main reservoir is probably the aquatic environment where it can survive at different 

rates, depending on temperature. From these environments, the bacterium could infect 

susceptible fish, multiply in them following the development of vibriosis and be liberated in 

large numbers into the environment.  
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Table 1. Exoenzymes expression (prepared mediums) by V. alginolyticus strains before 

and after incubation in sea water microcosms. 

Exoenzymes expression by strain: Exoenzymes  

VD4i VD4s VD5i VD5s VL12i VL12s VL13i VL13s 

Amylase  

Caseinase 

DNASE 

Gelatinase  

 Lipase  

Phospholipase 

Hemolysin 

+ 

+ 

+ 

+ 

+ 

+ 

- 

- 

- 

- 

- 

- 

- 

- 

+ 

+ 

+ 

+ 

+ 

+ 

+ (ß) 

- 

+ 

+ 

- 

+ 

- 

+(a) 

+ 

- 

- 

+ 

+ 

+ 

- 

- 

- 

- 

- 

+ 

- 

- 

+ 

+ 

+ 

+ 

+ 

- 

+(ß) 

+ 

+ 

+ 

+ 

+ 

- 

- 

 

 i: initial cells (Strain before incubation in sea water microcosms), s: starved strain (after 6 months of incubation 

in sea water microcosms),  (ß): complete haemolysis,  (a ): incomplete haemolysis. 
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Table 2.  Mortality of fish inoculated with starved cells and of controls of V. alginolyticus 

during 10 days  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Strains  Dose CFU/ml % mortality 

Control  cells 

 

6.67 x 104 

5 x105 

60%  

80%  

VL13 

Starved cells 1.07 x 104 

6.3 x 105 

 

 

50%  

60%  

 

Control  cells 

 

 

 

 

 

 

5 x105 

4.3 x106 

 

 

 

60%  

70%  

 

 

VD5 

Starved cells 5 x105 

6 x106 

40%  

50%  
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 Fig 1. Survival curves of strains VD5, VD4 at ambient temperature solid line: Marine Agar (MA), 
dashed line: Thiosulfate-Citrate-Bile Salts-Sucrose (TCBS) 
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Fig 2. Survival curves of strains VL12, VL13 at ambient temperature solid line : MA, dashed line : TCBS 
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 Fig 3. Changes in Api ZYM enzymatic profile of initial cells (not incubated in sea water) (i) and  
starved cells incubated in sea water (s) of  Vibrio alginolyticus. (A): VD4 and VD5, (B) VL12 
and VL13. 
1 : alkaline phosphatase , 2 : C4 esterase,  3 : C8 esterase lipase, 4 : C14 lipase,  5 : leucine 
arylamidase, 6 : valine arylamidase, 7 : cystine arylamidase, 8 : trypsine, 9 : α-chymotrypsine, 
10 : acid phosphatase, 11 : naphtol-AS-BI-phosphohydrolase, 12 : α-galactosidase, 13 : β-
galatosidase, 14 : β–glucoronidase, 15 : α-glucosidase, 16 : β–glucosidase, 17 :  N-acetyl- β–
glucosaminidase, 18 : α-mannosidase, 19 : α  fucosidase.   
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Fig 4. Overview of the patterns obtained after restriction of the amplified 16S rRNA gene with 
the enzyme HaeIII of V. alginolyticus strains. Lanes 1, 11, molecular size marker (100-bp ladder; 
Promega). 2, negative control. 3, 5, 7, 9  (respectively VD4, VD5, VL12 and VL13 not incubated 
in microcosms) 4, 6, 8, 10 (respectively VD4, VD5, VL12 and VL13 after 1 year of incubation in 
sea water microcosms) 12, 13, 14, 15, 16, 17, 18 and 19 pattern at 1500 bp of different forms of 
V. alginolyticus cited above.  


