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ABSTRACT 

 

We investigated the distribution of vibrios in Shenzhen coastal waters in order to obtain valuable 

information for the aquaculture industry and a health warning system. Quantities of vibrios from surface 

waters ranged from 0 to 4.40×104 CFUs mL-1 in April (spring), while from 0 to 2.57×103 CFUs mL-1 in 

September (autumn); the abundance of V. alginolyticus-like species from surface water ranged from 0 to 

6.72×103 CFUs mL-1 in April (spring) and from 0 to 1.28×103 CFUs mL-1 in September (autumn); higher 

counts were observed in spring. The V. alginolyticus-like species was dominant in Shenzhen coastal waters, 

with the highest abundance in the clean region (stations YMK001 and GDN064) in April, suggesting that 

Vibrio spp. were naturally occurring bacteria in marine environments. The correlation between the 

abundance of vibrios (including V. alginolyticus-like species) and environmental factors varied in different 

regions and different seasons. There were no vibrios detected when the salinity was less than 11.15‰ in the 

Zhujiang River estuary, which indicated that salinity played a key role in the distribution of vibrios and V. 

alginolyticus-like species.  

 

Key words: Distribution, Vibrio alginolyticus-like species, season, Shenzhen coastal waters, China. 

 

INTRODUCTION 

 

Vibrios are ubiquitous in marine and estuarine water 

environments. Of the known Vibrio species, at least 12 are 

pathogenic to humans (5, 10). Vibrio species also represent a 

major causal agents in aquaculture industry (2, 4, 14). So this 

genus has acquired increasing attention in recent 20 years.  

As a representative of the halophilic vibrios, Vibrio 

alginolyticus is isolated from coastal waters and sediments all 

over the world (7, 9, 18, 20, 42, 44), and is considered to be 

part of the normal marine microflora. However, V. 

alginolyticus is an important bacterial pathogen of humans, 

causing wound infections, otitis media, otitis externa, 

endophthalmitis and gastrointestinal infection (11, 26, 36, 37). 

This bacterium also belongs to the most important 

opportunistic pathogens of aquatic animals, including fish,
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shellfish, crustaceans, coral and echinoids, causing serious 

disease and damage in cultured fish and important economic 

losses (3, 4, 12, 25, 29). Several virulence factors, including the 

iron uptake system (28), extracellular haemolysin (1, 25) and 

proteases (40) are suggested as the major contributors to 

pathogenicity in this species. 
In the south coast of China, V. alginolyticus causes large 

losses in the marine aquaculture industry (21, 45). However, 

studies of the distribution, dynamics of this species have rarely 

been addressed in China (38, 44, 46). When we examined the 

diversity of vibrios in Shenzhen coastal waters, we found that 

V. alginolyticus-like species was the dominant Vibrio species. 

Since V. alginolyticus was the dominant vibriosis pathogen in 

Guangdong waters, we decided to investigate the distribution of 

this bacterium in order to obtain valuable information for the 

aquaculture industry and for a health warning system. 

 

MATERIALS AND METHODS 

 

Bacterial strains and media 

Isolates were stored at -20°C in 50% (vol/vol) glycerol in 

marine broth 2216 prepared with tryptone (5 g) and yeast 

extract (1 g) in 1 liter of seawater (33.8‰) and then 

autoclaved. The following media were used for bacterial 

enumeration: (i) 2216 agar, marine broth 2216 plus agar (1.5%) 

(2216A); and (ii) thiosulfate citrate bile salts agar (TCBS) plus 

20 g NaCl. Selected environmental isolates from the TCBS 

media were identified using the 16S rDNA-PCR-RFLP (16S 

rRNA gene - polymerase chain reaction - restriction fragment 

length polymorphism) method and 16S rDNA sequencing. 

 

Sampling methods 

 

The sampling sites in Shenzhen coastal waters employed 

in this study are shown in Fig. 1. The ten sampling positions 

were selected based on long-term environmental monitoring by 

the Shenzhen Environmental Protection Monitoring Center, 

which distribute along the coast and could be the representative 

sites to objectively reflect the environmental quality of the sea 

area. Stations GDN053, GDN057, GDN058, GDN060, 

GDN062 and GDN063 were on the west coast, while stations 

GDN059, GDN061, GDN064 and YMK001 were on the east 

coast. Surface water samples were collected at west coast 

stations. At stations GDN059 and GDN061 water samples 

were collected from 0 m and 10 m below the surface, while at 

stations GDN064 and YMK001 they were collected from 0 m, 

10 m below the surface and 1 m above the bottom or 20 m 

below the surface. Samples were collected in April (spring) and 

September (autumn) 2008. A plexiglass sampler (5 liters) 

(WB-PM, Beijing Purity Instrument Co., China.) was used to 

collect water samples. Vertical profiles of temperature, salinity 

and pH were determined using a YSI 6600 multi-parameter 

unit (YSI, Yellow Springs, OH). Chlorophyll-a (Chl-a) was 

measured as chlorophyll fluorescence in ethanol extracts of 

phytoplankton cells captured on Whatman GF/F filters (19). 50 

µL, 100 µL and 200 µL of all samples were spread on TCBS 

plates, and the plates were incubated at 26±2°C for 24 h. 20 - 

80 clones were randomly isolated from TCBS plates from each 

station. Vibrios were identified using the 16S rDNA-PCR-

RFLP method and 16S rDNA sequence analysis. The TCBS 

clone counts were analyzed and the percentage of vibrios and 

V. alginolyticus in each 20 - 80 clones calculated in order to 

obtain their abundance. The total number of culturable 

heterotrophic bacteria per milliliter was expressed as the 

average counts from two to three 2216A plates at the 

appropriate dilution. Fecal coliforms were enumerated using 

the membrane filtration method (13). The total bacterial 

abundance in each sample was determined using direct 

microscopic counts, using the SYBR Green I staining 

technique (33). Data from only these surface water samples 

were discussed in this paper.  

 

Detection of V. alginolyticus-like species 

After the isolates from TCBS media had been cultured on 
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2216A plates, samples of each clone were placed into a 0.2 mL 

eppendorf tube with 50 µL SDS-NaOH solution (SDS 1%, NaOH 

0.1 mol L-1 ) to allow cell lysis, and then they were 2-fold to 5-fold 

diluted in distilled water. The cell lysates were used as the 

template DNA solution for PCR amplification. 

The 16S rDNA fragment was amplified using the primer set 

27F (5’-AGA GTT TGA TCC TGG CTC AG-3’) and 1492R (5’-

GGT TAC CTT GTT ACG ACT T-3’) (8). The PCR mixture 

contained 1 µL of cell lysate, each primer at 0.2 µmol L-1, each 

deoxynucleoside triphosphate at 200 µmol L-1, 5 µL of 10× PCR 

buffer, and 2.5 U of Taq DNA polymerase (Takara, Dalian, 

China). The final volume was adjusted to 50 µL with distilled 

water. PCR amplifications were performed in a Master Cycler 

gradient (Eppendorf, Hamburg, Germany). The PCR reaction 

conditions were: denaturation at 94°C for 5 min, 30 cycles of 94°C 

for 45 s, 55°C for 45 s and 72°C for 45 s, plus one additional cycle 

with a final 10 min of chain elongation. The presence of PCR 

products and their concentrations were determined by 

electrophoresis of 5 µL of the product on 1.0% agarose gels.  

The amplified PCR products of the correct size (1.5 kb) were 

used for RFLP analysis. 5 µL of PCR amplified product was 

digested with the restriction enzymes MspI plus RsaI (Takara, 

Dalian, China) at 37°C overnight. The resulting RFLP products 

were separated by gel electrophoresis on 5% polyacrylamide gels 

in 1× TAE with 90 V for 2 h. The gel was stained with 0.5 µg mL-

1 ethidium bromide, and visualized using UV excitation. The 

RFLP patterns were compared by eye. 

DNA sequences of 16S rDNA of each different RFLP pattern 

were determined using an ABI 3730 automated sequencer 

according to the manufacturers’ instructions (GenScript). The 

sequences were submitted to GenBank for comparative sequence 

analyses. The TCBS strains with the similarity of the 16S rDNA 

sequences 99% identical to V. alginolyticus were described as V. 

alginolyticus-like species in the present study. All partial 16S 

rDNA sequences were deposited in the GenBank database under 

accession numbers GU371661 to GU371719. 

 

Statistical analysis of the results 

The results for the vibrios and V. alginolyticus-like isolates 

were then statistically analyzed to observe pearson correlations 

coefficient with environmental factors using Microsoft Office 

Excel (2007) (39). 

 

 
Figure 1. Shenzhen coastal waters sampling stations employed in this study 
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RESULTS AND DISCUSSION 

 

Distribution of vibrios 

The total surface presumptive and culturable vibrio counts 

(growing on modified TCBS, TCBS numbers or TCBS clone 

counts) in east coast water samples were significantly higher 

with a mean value of 1.50×104 CFUs mL-1 when compared to 

that in west coast waters with a mean value of 3.35×102 CFUs 

mL-1 in April. However, in September, there was no significant 

difference in TCBS numbers: east coast samples had a mean 

value of 1.27×103 CFUs mL-1, and west coast samples had a 

mean value of 2.06×103 CFUs mL-1. Random colonies from 

TCBS plates (about 600 isolates from April samples and 700 

isolates from September samples) were identified to the species 

level using the 16S rDNA-RFLP analysis method and DNA 

sequencing. The percentages of vibrios to TCBS numbers 

ranged from 42% to 100%, except at stations GDN058 and 

GDN060 (no vibrios detected) in April, while those in 

September ranged from 12% to 82%, except at stations 

GDN058, GDN060 and GDN062 (no vibrios detected). 

Quantities of vibrios ranged from 0 to 6.62×102 CFUs mL-1 

with a mean value of 2.66×102 CFUs mL-1 in west coast water 

and from 5.10×102 to 4.40×104 CFUs mL-1 with a mean value 

of 1.50×104 CFUs mL-1 in east coast water, and there were no 

significant difference with the TCBS clone counts in April. In 

September, the quantities of vibrios ranged from 0 to 1.56×103 

CFUs mL-1 with a mean value of 5.09×102 CFUs mL-1 in west 

coast waters and from 1.41×102 to 2.57×103 CFUs mL-1 with a 

mean value of 8.89×102 CFUs mL-1 in east coast waters, which 

were significantly lower than the TCBS numbers. The 

incidence of vibrios in different samples varied (Table 1, Fig. 

2). 

Analysis of the linear coefficient (r) of the environmental 

data (Table 2, Fig. 2, Fig. 3) revealed that: (i) in April 2008, the 

isolation of vibrios was positively correlated with water 

temperature (22.85°C - 26.53°C), salinity (17.18‰ - 33.79‰ 

(W/V)), pH (7.77 - 8.24), and the presence of total bacteria and 

culturable bacteria; but negatively correlated with the levels of 

fecal coliforms and Chl-a concentration; and (ii) in September 

2008, the isolation of vibrios was positively correlated with 

Chl-a concentration, the presence of total bacteria and 

culturable bacteria; and negatively correlated with levels of 

fecal coliforms, water temperature (29.0°C - 31.5°C), salinity 

(19.4‰ - 30.81‰) and pH (6.33 - 8.71). 

 

Table 1. Abundance and percentage composition of culturable vibrios at different stations (n=20-80) 

Apr 2008 Sep 2008 

Stations TCBS clone 
number  

(CFUs mL-1) 

Percentage  
of vibrios 

No. of  vibrios 
(CFUs mL-1) 

Vibrios/ 
culturable 
bacteria 

TCBS clone 
number  

(CFUs mL-1) 

Percentage 
 of vibrios 

No. of  vibrios 
CFUs mL-1 

Vibrios/ 
culturable 
bacteria 

YMK001S 4.40×104 100% 4.40×104 11.89% 3.13×103 82% 2.57×103 0.88% 

GDN064S 1.46×104 100% 1.46×104 1.74% 5.10×102 82% 4.18×102 0.67% 

GDN061S 9.60×102 97% 9.31×102 0.73% 3.80×102 37% 1.41×102 0.08% 

GDN059S 5.10×102 100% 5.10×102 0.15% 1.04×103 41% 4.26×102 0.22% 

GDN053S 7.90×102 70% 5.53×102 1.10% 2.52×103 62% 1.56×103 1.44% 

GDN057S 7.20×102 92% 6.62×102 1.21% 1.77×103 12% 2.12×102 0.04% 

GDN063S 1.50×102 42% 6.30×101 0.09% 5.33×103 24% 1.28×103 0.38% 

GDN062S 3.50×102 90% 3.15×102 0.12% 2.72×103 0 0 0 

GDN060S 2.00×101 0 0 0 8.50×101 0 0 0 

GDN058S 2.00×101 0 0 0 8.00×101 0 0 0 

Mean value 6.21×103 69% 6.16×103 1.70% 1.76×103 34% 6.60×102 0.37% 
n=20-80, which is the number of colonies used for identification from each sample. Relative error is less than 5%. 
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Figure 2. Relationship between the abundance of V. alginolyticus-like species and four other organisms parameters measured at 

the ten sampling sites in Shenzhen coastal waters during different seasons.  

A, Total bacteria. B, Culturable bacteria. C, Fecal coliforms. D, Vibrios abundance. E, The abundance of V. alginolyticus-like 

species. 

1, YMK001; 2, GDN064; 3, GDN061; 4, GDN059; 5, GDN053; 6, GDN057; 7, GDN063; 8, GDN062; 9, GDN060; 10, GDN058. 

Error bars represent the relative errors. 

 
 

Table 2. Correlation coefficient between environmental parameters and V. alginolyticus-like species and vibrios abundance  

 Water 
temperature Salinity pH Chl-a Level of 

total bacteria 
Level of 

fecal coliforms 
Level of 

cultureable bacteria 

April            n=8 0.6000 0.6400a 0.3700 -0.7603a 0.0561 -0.4671 0.9085b Abundance of 
V. alginolyticus September   n=7 -0.5763 -0.5831 -0.8135a 0.0429 0.3645 -0.28052 0.3479 

April           n=8 0.1700 0.5301 0.3243 -0.1072 0.5929 -0.4063 0.4411 Vibrios 
abundance September   n=7 -0.2488 -0.2134 -0.3866 0.7411a 0.5788 -0.0200 0.0166 

aP < 0.05. bP < 0.01. n=7 or 8, is the number of stations where vibrios were detected. 
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Figure 3. Four environmental parameters measured at the ten sampling sites in Shenzhen coastal waters during different seasons.  

A, Water temperature. B, Salinity. C, pH. D, Chlorophyll-a concentration.  

1, YMK001; 2, GDN064; 3, GDN061; 4, GDN059; 5, GDN053; 6, GDN057; 7, GDN063; 8, GDN062; 9, GDN060; 10, GDN058. 

Error bars represent the relative errors. 

 
 

Study (35) shows that water temperature is highly 

correlated to the density of vibrios. Our data indicates that 

seasonal variations of culturable vibrios in Shenzhen coastal 

waters were obvious, and the water temperature of April 

(average value 24.20°C) seemed more acceptable for the 

isolation of total vibrios than that of September (average value 

30.6°C). Eiler et al. (9) reported that total vibrio abundances 

are correlated significantly with salinity (P < 0.01). In our 

study, we found that the salinity (17.18‰-33.79‰) was not 

significantly correlated (P > 0.05) with the distribution of 

vibrios. Otherwise, when the salinity was less than 11.15‰, no 

vibrios were detected. 

Several authors report a considerable rise in the numbers of 

vibrios isolated from water samples in summer (30, 31, 44). In 

contrast, and in agreement with the results of Harriague et al 

(16), our study showed that the mean numbers of vibrios in 

April was higher than that in September. Pfeffer et al. (35) 

report a positive correlation between Vibrio spp. and culturable 

bacteria in the estuarine waters of Eastern North Carolina. 

Table 2 shows correlations between different environmental 

parameters and the abundances of vibrios, which indicated that 

total bacteria counts were more highly and stably positively 

correlated with the level of vibrios.  

Our results concerning the relationship between fecal 

coliform counts and the presence of vibrios in Shenzhen 

coastal waters were in agreement with the findings of other 

authors (17, 24, 34). As shown in Table 2, there were negative 

but no statistically significant correlation (P > 0.05) between 

the two parameters. The results of our investigation also 

confirmed that, monitoring fecal coliform counts could not 

indicate the level of marine vibrios, despite the substantial 

amount of time and resources that go into investigating the 

fecal coliform parameters as required by current legislation. 

Thus, consumer health may not be adequately safeguarded 

(34). In agreement with other authors (16), we believed that to 

properly protect human health and to reduce the incidence of 

food-borne diseases due to the consumption of raw marine 

product, it would be advisable to carry out long-term 

monitoring and direct investigation of the presence and 

properties of Vibrio species in different coastal water 

compartments. 

In agreement with the results of Uchiyama (42), the present 

study found that the percentage of vibrios to TCBS groups 

(bacteria grown on TCBS agar plates) changed depending on 
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the samples and seasons. In the fresh or brackish region, such 

as Zhujiang estuary, when salinity was less than 11‰, there 

was not culturable vibrios detected,  and the percentage of 

vibrios was 0%, which indicated that there was totally no 

correlation between the abundance of TCBS groups and 

vibrios; and when salinity was above 11‰ there, the 

percentage of vibrios was 12-92%, which indicated that there 

was not significant correlation between the abundance of 

TCBS groups and vibrios. The percentage of vibrios was 37-

100% in more saline sea waters, and the correlation between 

the abundance of TCBS groups and vibrios was significant. 

These results suggested that the identification of the TCBS 

groups is a necessary procedure to detect vibrios abundance 

together with TCBS agar count, expecially in fresh or brackish 

region. In our study, vibrios and V. alginolyticus-like species 

were identified, using TCBS agar, 16S rDNA-RFLP and 16S 

rDNA sequence analysis methods, which are more reliable than 

the classical phenotypic identification techniques (41). 

 

Distribution of V. alginolyticus-like species 

Vibrios (including V. alginolyticus-like species) were 

readily detectable in surface water samples collected 

throughout Shenzhen coastal waters (except some Zhujiang 

River estuarine stations, where no Vibrio spp. were recovered), 

but compared with previous studies (23) it did not constitute a 

significant proportion of the total culturable heterotrophic 

bacterial population in samples collected during 2008 (Tables 1 

and 3). The culturable heterotrophic population in seawater, 

enumerated on 2216A medium, ranged from 2.30×103 to 

8.39×105 CFUs mL-1 of surface water in April and from 

6.05×104 to 6.94×105 CFUs mL-1 in September, while vibrios 

averaged 2.13% in April (average of the 8 stations where 

vibrios were detected) and 0.49% in September (average of the 

7 stations where vibrios were detected) (Table 1). When 

detected, the numbers of V. alginolyticus-like species in surface 

water ranged from 2.10×101 to 6.72×103 CFUs mL-1 with a 

mean of 1.39×103 CFUs mL-1 in April (average of the 8 

stations where vibrios were detected), and from 8.85×101 to 

1.28×103 CFUs mL-1 with a mean of 4.51 ×102 CFUs mL-1 in 

September (average of the 7 stations where vibrios were 

detected). These averages represented 0.31% and 0.29% of the 

total culturable bacterial population, 27.89% and 50.20% of the 

vibrio abundance, and 24.50% and 22.14% of TCBS clone 

counts in April and September, respectively (Table 3). 

Abundance of V. alginolyticus-like species was monitored in 

Shenzhen coastal water samples collected from areas with 

salinities ranging from 2.38‰ to 33.79‰, as shown in Fig. 3B. 

When salinities ranged from 2.385‰ to 11.15‰ in the 

Zhujiang River estuary, no V. alginolyticus-like species were 

recovered from any site. The abundance of V. alginolyticus-like 

species in the water was highest at station GDN064 (6.72×103 

CFUs mL-1) and station YMK001 (3.52×103 CFUs mL-1) in 

April, and station GDN053 (1.21×103 CFUs mL-1) and station 

GDN063 (1.28×103 CFUs mL-1) in September (Fig. 2E). 

In agreement with previous studies in Chinese coastal 

waters (15, 32, 44), we found that the V. alginolyticus-like 

species was the most frequent and dominant Vibrio species in 

Shenzhen coastal waters.  

The correlation coefficients between environmental 

factors and the abundance of V. alginolyticus are shown in 

Table 2. Previous studies note significant correlation between 

Vibrio (including V. alginolyticus) abundance and water 

temperature at three beaches in the northern Adriatic Sea 

(Italy) (16) and in Ligurian Coast Rock Pools (Tyrrhenian Sea, 

Italy) (6). Water temperatures at our study stations were always 

between 22.85°C to 26.53°C in April and 29.0°C to 31.5°C in 

September (Fig. 3A), values within the optimal growth range 

for V. alginolyticus (10). Thus, it was likely that no significant 

relationship would be found between water temperature and the 

abundance of V. alginolyticus-like species. However, water 

temperature had a positive effect in April and a negative effect 

in September on the variability of V. alginolyticus-like species, 

which showed that the optimum ambient temperature for the 

distribution of V. alginolyticus-like species might be between 
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26.53°C and 29.0°C instead of the temperature that was stated 

to be close to the optimal growth temperature (around 36°C) 

(43). 

Eiler et al. (9) conclude that high-salinity populations 

(including V. alginolyticus) were dominant in Skagerrak Sea 

samples and significantly positively correlated with salinity (P 

< 0.01). Salinities measured at our study stations showed no 

significant difference in different seasons (Fig. 3B). Table 2 

shows that salinity was significantly positively correlated with 

the abundance of V. alginolyticus-like species in April but not 

significantly negatively correlated with that in September at 

stations where V. alginolyticus-like species were detected. The 

salinities in these stations were always between 17.18‰ and 

33.79‰ in both seasons, values almost within the optimal 

growth salinity range, but the effect of the two seasons on the 

abundance of V. alginolyticus-like species was opposite. Thus, 

it was likely that the variability of V. alginolyticus-like species 

isolated from these water samples did not depend on the 

salinity (17.18‰ - 33.79‰) directly. In the other hand Ò there 

were no V. alginolyticus-like species detected in the Zhujiang 

River estuary (stations GDN058 and GDNO60 in April; 

stations GDN058, GDNO60 and GDN062 in September), 

which suggested that the salinity levels between 2.38‰ and 

11.15‰ at the stations were limiting to the growth of the 

bacterium (optimal salinity range is from 2‰ to 10% (W/V) 

(5)). This result confirmed that the species was originally in 

seawater unaffected by the runoff of the Zhujiang River, and 

that salinity was important and controlled the distribution of V. 

alginolyticus-like species to a certain degree. 

Chan et al. (7), comparing their study in the subtropical 

coastal waters of Hongkong with a study in the coastal waters 

of the United States, believe that the pH (5.6-6.6) of the water 

might be one of the important environmental factors affecting 

the relative abundance of sucrose-negative and sucrose-positive 

vibrios (most of the sucrose- positive vibrios detected were V. 

alginolyticus) in coastal waters. While the statistical analyses 

in the present study revealed a significantly negative 

correlation between the abundance of V. alginolyticus-like 

species and pH (6.33-8.71) in September and a small positive 

correlation with pH (7.79-8.08) in April, this was 

understandable, since the pH in April varied little in different 

stations in the present study, which was not limiting to the 

growth of V. alginolyticus.  

Hsieh et al. (20) report positive correlation between the 

abundance of vibrios and Chl-a, whilst the present study 

revealed a significantly negative correlation in April, and little 

positive correlation in September, between the two parameters 

in question. Since the concentration of Chl-a varied together 

(Fig. 3D) at different stations in both seasons, it seemed that 

the variability of V. alginolyticus-like species isolated from the 

water samples also did not depend on Chl-a directly. 

Data from Chan et al. (7) indicate the positive correlations 

between the abundance of V. alginolyticus (P < 0.05) and both 

culturable bacteria and the level of fecal coliforms (0.05 < P < 

0.1). The present study revealed no significant positive 

correlation with total bacteria (P > 0.1), small negative 

correlation (P > 0.1) with fecal coliforms, and significant 

positive correlation (P < 0.01) with culturable bacteria in April.  

In summary, the correlation between the abundance of 

vibrios and environmental factors varied in different regions, 

different species and different seasons. The abundance of 

vibrios might have been due to the combined effect of all the 

environmental factors, and the correlation might not be linear. 

It was interesting to note that higher counts of vibrios were 

observed in the clean region (stations YMK001 and GDN064) 

in east coast waters in April when compared with the polluted 

west coast (22, 27), and there were no vibrios detected when 

the salinity was less than 11.15‰ in the Zhujiang River 

estuary. These results indicated that salinity was important to 

the distribution of vibrios (includes V. alginolyticus-like 

species) and suggested that Vibrio spp. were naturally 

occurring bacteria in marine environments and played a key 

role in the marine ecosystem. 
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Table 3. Abundance and percentage composition of V. alginolyticus-like species at different stations (n=20-80) 

Apr 2008 Sep 2008 

Stations 
No. of  V. alginolyticus-

like species (CFUs mL-1) 

Percentage 
of TCBS 

clone counts 

Percentage of 
vibrios 

Percentage 
of culturable 

bacteria 

No. of  V. alginolyticus-
like species (CFUs mL-1) 

Percentage of 
TCBS clone 

counts 

Percentage of 
vibrios 

Percentage 
of culturable 

bacteria 

YMK001S 3.52×103 8% 8.00% 0.95% 9.39×101 3% 3.66% 0.03% 
GDN064S 6.72×103 46% 46.00% 0.80% 2.35×102 46% 56.10% 0.37% 
GDN061S 4.32×102 45% 46.39% 0.34% 2.66×101 7% 18.92% 0.01% 
GDN059S 1.58×102 31% 31.00% 0.05% 2.29×102 22% 53.66% 0.12% 
GDN053S 2.37×101 3% 4.29% 0.05% 1.21×103 48% 77.42% 1.11% 
GDN057S 1.08×102 15% 16.30% 0.20% 8.85×101 5% 41.67% 0.02% 
GDN063S 2.10×101 14% 33.33% 0.03% 1.28×103 24% 100.00% 0.38% 
GDN062S 1.19×102 34% 37.78% 0.05% 0 0 0 0 
GDN060S 0 0 0 0 0 0 0 0 
GDN058S 0 0 0 0 0 0 0 0 

n=20-80 is the number of colonies used for identification from each sample. Relative error is less than 5%. 
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V. alginolyticus is a ubiquitous organism isolated in 

seawater and appears to be present in seawater in larger 

numbers than other Vibrio species (15, 16, 18, 44). The present 

study found that V. alginolyticus-like species was the dominant 

Vibrio species in Shenzhen coastal waters especially during 

April (Table 3). Although it accounted for only a small 

proportion of the bacterial populations of coastal waters in 

Shenzhen, it might accumulate in marine animals and cause a 

public health hazard when people eat uncooked or only 

partially cooked marine products (e.g. oysters) contaminated 

by the bacterium. If more relationships between the density of 

V. alginolyticus and various environmental factors can be 

elucidated, it may be possible to pre-warn of potential 

infections and vibriosis of aquaculture animals caused by this 

bacterium.  
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