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Abstract21

Background: The growth and hemolysin production of V. alginolyticus at 30 °C in22

briny Tilapia, shrimp, scallop, oyster, pork, chicken, freshwater fish and egg fried rice23

were investigated. Bacterial counts were enumerated by plate counting. Hemolysin24

production was evaluated by blood agar and hemolytic titer tests.25

Results: Based on the goodness of fit primary model statistics (R2, MSE, BF, AF),26

the modified Gompertz model was a better fit to V. alginolyticus growth in foods than27

the logistic model. Growth kinetic parameters of V. alginolyticus displayed a higher28

μmax and shorter λ in briny Tilapia > shrimp > freshwater fish > egg fried rice >29

scallop > oyster > chicken > pork. It was notable that the V. alginolyticus counts were30

similar at the stationary phase, with no significant growth behavior difference31

between raw and cooked foods. However, higher thermostable direct hemolysin32

activity and hemolytic titer were observed in briny Tilapia > egg fried rice > shrimp >33

freshwater fish > chicken > scallop > oyster > pork.34

Conclusion: V. alginolyticus growth was good in all food matrix types tested.35

Contrary to current belief, V. alginolyticus displayed a higher hemolytic activity in36

some non-seafoods (freshwater fish, egg fried rice and chicken) than in scallop or37

oyster. This is the first report of growth and toxicity of V. alginolyticus in non-seafood.38

This finding will significantly improve the accuracy of microbial risk assessment of V.39

alginolyticus in different food matrices especially during warmer climatic periods40

when it is most prevalent.41

42
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Background45

Vibrio alginolyticus, a Gram-negative, halophilic bacterium, is one of about a dozen46

of Vibrio species that cause significant morbidity and mortality in humans especially47

in those with low gastric acidity, immunodeficiency and liver disease [1, 2, 3].48

Cholera and other Vibrio illness surveillance system data analyses have shown a49

dramatic increase in the incidence of V. alginolyticus infection, the third most50

common vibriosis related disease [4]. People come into contact with this bacterium51

via contaminated water (85 %) or seafood (15 %) [5]. Although foodborne52

transmission is rare, several cases of food poisoning have been reported in China,53

Japan and America [6, 7].54

Foodborne illnesses caused by V. alginolyticus is most common during warmer55

(≧30 oC) summer and early autumn periods. Gastroenteritis is the most common56

syndrome with symptoms including fever, nausea, watery diarrhea and abdominal57

cramps [8, 9]. The bacterial growth and hemolysin production of V. alginolyticus58

contribute to its pathogenicity, causing invasive tissue damage and cytotoxicity ,59

similar to the pathogenesis of other Vibrio species [10, 11]. So, if the growth60

characteristics and hemolysin production of V. alginolyticus in foods could be61

identified, it would help to reduce the occurrence of V. alginolyticus related food62

poisoning outbreaks.63

V. alginolyticus is widely distributed in nature and has been frequently isolated64

from a variety of seafood including raw and processed briny Tilapia, shrimp, oyster,65

scallop and food processing environments [12, 13, 14]. The wet environment in66
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restaurant food processing is conducive to V. alginolyticus growth. Therefore, food67

processing gloves and cooking utensils are potential carriers of V. alginolyticus68

through contact with contaminated seafood surfaces and transfer of the organism to69

different types of food matrices, especially raw/cooked non-seafood. There is growing70

evidence that V. alginolyticus can also contaminate pork, poultry, egg and their71

products such as egg fried rice by cross-contamination [15, 16]. Thus, there is a need72

to study the growth characteristics and hemolysin production of V. alginolyticus in73

seafood and non-seafood so that the risk posed by different food matrices could be74

accurately assessed.75

V. alginolyticus was initially recognized as a biological type of V. parahaemolyticus76

but later characterized as an independent species [17]. Many studies have described77

the growth and hemolysin production of V. parahaemolyticus in various food matrices78

[18, 19] but not of V. alginolyticus. To date, most of the V. alginolyticus studies have79

focused on its prevalence [20], rapid detection [21] and pathogenic mechanisms [22].80

To our knowledge, growth and hemolysin production by V. alginolyticus in foods81

including non-seafood has not been reported.82

To better assess the risk of V. alginolyticus in seafood and non-seafood, a clear83

understanding of the influence of food matrix type on growth characteristics and84

hemolysin production. In this study, we quantified the growth of pathogenic V.85

alginolyticus in four seafood (briny Tilapia, shrimp, scallop, oyster), three86

non-seafood (pork, chicken, and freshwater fish) and three cooked food (pork,87

chicken, egg-fried-rice) types at 30 °C, then the data was used to establish the best88
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growth model by comparing different mathematical equations incorporating with89

bacterial growth. The thermostable direct hemolysin activity and total hemolytic90

activity were examinede by using blood plate and hemolytic titers.91

92

Methods93

Bacterial preparation94

Vibrio alginolyticus strain HY9901 (tdh gene positive) was originally isolated from95

spoiled Lutjnaus erythropterus which cause food poisoning [11]. This strain was96

kindly provided by the College of Fisheries, Guangdong Ocean University (Zhanjiang,97

China). The strain was confirmed using PCR by amplification of a hypervariable98

region of the 16S rDNA gene and preserved in Tryptone Soya Broth ( Huangkai,99

Guangzhou, China) supplemented with 2 % NaCl and 20 % glycerol at - 80 °C. The100

strain was selected on thiosulfate citrate bile salt sucrose (TCBS) agar and grown with101

agitation at 30 °C for 24 h in Luria-Bertani (LB) medium (Beijing Land Bridge102

Technology Co., Beijing, China) supplemented with 2 % (w/v) NaCl. The bacterial103

cells were centrifuged at 2,500 g for 5 min and re-suspended in LB medium. The104

bacterial concentration was confirmed by plate count and adjusted to 105 CFU/mL105

prior to inoculation of different food matrices.106

107

Food matrices preparation and bacterial inoculation108

Four raw seafood [shrimp (Litopenaeus vannamei), briny Tilapia, scallop, oyster] and109

three raw non-seafood [pork, chicken, freshwater fish (Ctenopharyngodon idellus)]110
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types were obtained from a local supermarket in Zhanjiang, China, and stored at111

-20 °C. The meat (muscle) from these animals/fish was used in the study. For cooked112

foods, egg-fried-rice was prepared by mixing 50 g of egg with 50 g of boiled rice and113

cooked at 85 °C for 10 min, and the thawed pork and chicken separately added to114

boiling water and left for 20 min according to the method of Xie and co-workers [23].115

Then the cooked egg-fried-rice, pork and chicken were transferred into a biosafety116

hood and left to cool to room temperature before subsequent treatment.117

The number of each food matrix used in the study was eleven (n=11). Test portions,118

10 ± 1 g each of raw briny fish, shrimp, scallop, oyster, pork, chicken and freshwater119

fish, were separately soaked in sterile water containing 100 ppm chlorine at 15 °C,120

gently shaken for 5 min and washed 10 times with sterile water to inactivate the121

native bacteria [24]. Salt (2 %) was added to all sterilized raw and cooked food122

matrices and transferred to sterile Erlenmeyer flasks. Next, each sample was123

inoculated with 1 ml of V. alginolyticus and mixed thoroughly in a vortex mixer124

(XW-80A, Qilinbei, Haimen, China) for 10 min to ensure uniform distribution of ~104125

CFU/g V. alginolyticus in the samples.126

127

Experimental procedure128

Construction of the primary growth predictive model129

The inoculated samples were stored at 30 ± 0.1 °C in isothermal temperature130

incubators. Samples were taken at 0, 2, 4, 6, 9, 12, 18, 24, and 36 h for the growth131

characteristic study. At each time point, 10 g of each food matrix was mixed with 90132
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mL of sterile 0.85 % physiological saline and vortexed (XW-80A, Qilinbei, Haimen,133

China) for 2 min. The homogenates were diluted (10×) in sterile 0.85 % physiological134

saline and 100 μL homogenate was plated onto thiosulfate citrate bile salts sucrose135

agar (TCBS, Beijing Land Bridge Technology Co., Beijing, China) in triplicate and136

incubated at 30 °C for 18-20 h. Colony forming units (CFU) were counted manually137

to determine the density of viable cells in each sample (CFU/g). Triplicates were138

independently analyzed.139

140

Model fitting141

The experimental data obtained at different time points at 30 °C and conditions often142

used to describe the bacterial growth curves of foods were fitted to a modified143

Gompertz model [Equation 1] and a logistic model using Origin Pro. 9.0. The best144

fitting model was used to describe the growth characteristics of V. alginolyticus on145

different food matrices.146
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where Nt :cell density at a particular storage time (lg CFU/g); N0: initial microbial cell148

density (lg CFU/g); λ: lag time (h); μmax : maximum specific growth rate (h-1).149

150

Evaluation of model performance151

In order to evaluate the goodness-of-fit of the modified Gompertz and logistic models,152

coefficient of determination (R2), bias factor (BF), accuracy factor (AF) and the mean153
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square error (MSE) were calculated. Goodness-of-fit of primary model was evaluated154

using the adjusted R2. The MSE was used to evaluate the difference between the155

growth data estimated by the model with that measured experimentally, with the MSE156

values approaching zero indicating a closer fit of the data for the model. Besides,157

validation experiments were carried out to evaluate the models by AF and BF. AF158

indicates the spread of the results around the predicted values. BF measures the159

relative average deviation of the predicted and observed V. alginolyticus growth. In160

the study, the predictions exceeding observed data and < 10% on average in terms of161

lg (CFU/g), were considered to be accurate. That is, 1.0 < BF < AF < 1.1 was defined162

as a satisfactory limit. R2, MSE, BF and AF were defined by the following equations163

2-5 [25, 26, 27, 28, 29].164
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In the above equations, Npredicted is the predicted bacterial number, Nobserved the172

observed bacterial number (lg CFU/g), μobserved the observed specific growth rate,173
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μpredicted the predicted specific growth rate (h-1), n the number of observations and m174

the number of parameters of the model.175

Hemolysin measurement176

All food samples were incubated at 30 °C for 24 h following which 10 g of each food177

matrix was separately washed with 10 mL of sterile 0.01 M phosphate buffered saline178

solution (PBS, pH 7.2) and the solution centrifuged (Thermo Lynx 6000, Thermo179

Scientific, Waltham, MA) at 12,000 rpm for 20 min at 4 °C. The supernatants were180

filtered (0.22 μm, Millipore, Billerica, MA) and stored at -20 °C until use. The blank181

control of the different food matrices were subjected to the same procedure except182

they were not inoculated with V. alginolyticus. The V. alginolyticus cultured in LB183

medium was used as the control group.184

185

TDH activity test186

Kanagawa phenomenon was tested as previously described by Takeda [30] with slight187

modifications. The test plate consisted of 5 % rabbit red blood cells (RBCs), 5 μg/mL188

chloramphenicol and 0.1 % arabinose in Wagatsuma agar medium (Beijing Land189

Bridge Technology Co., Beijing, China). Once the blood agar solidified, holes were190

punched in the agar plate. Then, 50 μL of the sample was added to each hole and191

cultured overnight at 37 °C. The diameter of the β-hemolysin zone around each well192

was measured, an indicator of a positive reaction for TDH activity.193

194

Hemolytic titer test195
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Total hemolytic products in the food samples were measured using a hemolytic titer196

assay [31]. Briefly, rabbit RBCs were extracted by centrifugation of blood (3,500 rpm197

for 10 min, Thermo Lynx 6000) three times (washing with PBS each time) and diluted198

to 2 % with PBS. The filtrate (100 μL) of each food matrix was mixed with 100 μL of199

PBS (0.01 M, pH 7.2) followed by serial 2-fold dilution up to 1: 4096 in a volume of200

250 μL/well in a 96-well U-bottom microtiter plate. Twenty-five microliters of 2 %201

RBCs was added to each diluted solution in wells and incubated for 1 h at 37 °C, then202

RBCs were resuspended and the plates transferred to 4 oC for 2 h. The dilution that203

gave 50 % hemolysis was counted. The reciprocal value of this dilution indicated the204

hemolytic titer in the undiluted sample.The rabbit used in this study was obtained205

from the animal center of Guangdong Province.206

207

Statistical analysis208

Results are expressed as mean ± standard error. The differences between groups were209

determined using the LSD test in SPSS software, version 19.0 (SPSS). A p value of <210

0.05 was considered as statistically significant.211

212

Results and discussion213

Growth characteristics analysis of V. alginolyticus in different food types214

The incidence of food poisoning caused by V. alginolyticus was positively correlated215

with temperature and global warming has increased it [32, 33]. Risk assessment216

investigations of V. alginolyticus in food matrices during warm temperature seasons217
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are rare in the literature. Specifically, the comparison of growth characteristics of V.218

alginolyticus on seafood and non-seafood and the relative risk posed to consumers has219

not been reported. In order to explore the growth behavior of V. alginolyticus in220

different food matrices during summer and early autumn seasons, the behavior of221

pathogenic V. alginolyticus HY9901 in terms of changes in cell number in briny222

Tilapia, shrimp, scallop, oyster, freshwater fish, pork, chicken and egg fried rice223

during incubation time at constant 30 oC were examined.224

The modified Gompertz and logistic models were applied to predict V. alginolyticus225

number and to evaluate the model suitability to study the growth pattern in seafood226

and non-seafood matrices. Performance statistics of these two primary growth models227

are shown in Table 1. The R2 values was >0.98 and MSE value 0.104 lg CFU/mL in228

each of the two models and thus met the defined criteria [27, 34]. Compared with the229

logistic model, the Gompertz model showed a good statistical fit to the observed data230

and its R2 values were closer to 1. The MSE values were also low within the precision231

of microbial enumeration indicating that the modified Gompertz model fitted232

isothermal (30 oC) growth data well. Besides, nine data sets of each food matrix were233

determined to compare observed values with model predictive values, and the bias234

factor (BF) and accuracy factor (AF) values calculated by Eqs. (4) and (5) to assess235

the performance of the two growth models. As seen in Table 1, all the BF and AF236

values of the modified Gompertz model was within the limits of 1.0 ≤ BF ≤ AF ≤ 1.1237

but not with the logistic model. The indices bias and accuracy provide an objective238

indication of model performance. In general，a BF value < 1 is considered239
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unacceptable [35]. However, the BF does not indicate the average accuracy of240

estimates because under and over predictions tend to cancel out [36]. Therefore, AF241

should be calculated, which is the sum of the absolute difference between predicted242

and observed, and describes the overall model error. The higher the AF value, lower is243

the accuracy of the estimate [37]. As shown in Table 1, the average AF of the244

modified Gompertz and logistic models were1.03 and 1.15. respectively. Results245

suggest that the predictions were almost identical with observations in the modified246

Gompertz model, and the predicted curves accurately describing the growth of V.247

alginolyticus in different food matrices at 30 oC. Ma and co-workers [38] showed248

similar results with the modified Gompertz model far more accurate than the logistic249

model in fitting Vibrio growth curves in shrimp and often been used to describe250

bacterial growth curves of different foods [39].251

All growth curves were of sigmoidal shape with the initial concentrations smoothly252

changing to the exponential phase and stabilizing at the stationary phase (Fig. 1). The253

growth kinetic parameters (Table 3) showed that the V. alginolyticus HY9901 strain254

initially inoculated at a concentration of 3.24 ± 0.24 lg CFU/g results in a maximum255

cell number of ~ 7.88 ± 0.26 lg CFU/g, regardless of the of food matrix type.256

Compared with the growth of other pathogenic organisms in seafood and meat such as257

Listeria monocytogenes [40], Clostridium botulinum [41] and Salmonella [42], V.258

alginolyticus exhibited a similar growth capacity. This means that it can survive in our259

daily food and rapidly proliferate when conditions such as temperature, salinity and260

pH become favorableAccording to Alam and co-workers [43], the ideal way to261
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inactivate Vibrios in food products is to lower the storage temperature to < 8 °C which262

would impede the growth of pathogenic and non-pathogenic bacteria and thereby263

reduce the risk of pathogenic infections.264

The maximum specific growth rate (μmax) of the HY9901 strain changed with food265

matrix type and varied between 0.76 and 1.62 h-1 and the lag time (λ) varied between266

2.27 and 3.43 h (Table 3). V. alginolyticus exhibited higher μmax values and lower λ267

values in briny Tilapia > shrimp > freshwater fish > egg fried rice > scallop > oyster >268

chicken > pork. V. alginolyticus is ubiquitous in brackish marine waters and in aquatic269

species. Its intrinsic characteristics have allowed it to adapt easily for growth in270

aquatic matrices but less in other meat types such as pork and chicken. The slow271

growth of V. alginolyticus in some non-aquatic foods may be due to the lack of water272

activity and different pHs, both of which are not suited for pathogenic V. alginolyticus273

growth in the initial 2 h. However, if egg fried rice is contaminated by other raw274

seafood, V. alginolyticus can grow quickly in < 2 h and thus increase the risk of275

human infection.276

It is worth noting, the μmax values and λ values of V. alginolyticus grown in raw277

pork and raw chicken were similar to those in cooked pork and cooked chicken (Table278

3) which means that the undercooked and cooked state of food has no bearing on the V.279

alginolyticus growth characteristics.280

281

Hemolytic activity282

TDH activity283
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TDH controls a variety of biological activities including hemolytic activity, and cyto- ,284

entero- and lethal- toxicities [44, 45]. TDH activity is the direct cause of the285

Kanagawa phenomenon in the Wagatsuma agar medium and it has been considered a286

major virulence determinant of the Vibrio species [46]. In this study, we compared287

TDH activity of pathogenic V. alginolyticus in seafood and non-seafood matrices by288

measuring the hemolytic circle diameter. The hemolytic zone diameter of briny289

Tilapia was significantly higher (p < 0.05) than in freshwater fish > shrimp >290

chicken > egg fried rice > scallop > oyster > pork matrices’ filtrates (Fig. 2) which291

means that briny Tilapia matrix can promote V. alginolyticus to produce more TDH292

than in other food matrices. Several studies [47, 48] have shown that V. alginolyticus293

always induced serious damage to different fish types. The pathogenic V. alginolyticus294

strain HY9901 used in this study was isolated from diseased fish. We believe that the295

briny Tilapia matrix was most beneficial to the growth (fast growth as shown in Fig.296

1) and TDH production of V. alginolyticus and hence people who consume briny297

Tilapia contaminated by V. alginolyticus are more likely to experience a serious food298

infection.299

Interestingly, TDH activity of V. alginolyticus in scallop and oyster was not as high300

as in freshwater fish, chicken and egg fired rice and is most frequently isolated from301

shellfish [49]. It appears that the scallop and oyster matrices cannot provide sufficient302

nutrients required for TDH production in contrast to some non-seafoods and hence303

some non-seafood cross-contaminated by V. alginolyticus may pose a higher risk to304

humans. Therefore, we suggest inclusion of non-seafood products also in V.305
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alginolyticus risk assessment.306

The TDH activity of V. alginolyticus in scallop, oyster and pork was lower than in307

the LB medium which means that these food matrices are not ideal for V. alginolyticus308

to produce TDH as shown by the growth behavior profiles (Fig. 1). Besides, there309

were no significant differences in TDH activity of V. alginolyticus in fresh and cooked310

chicken and pork. Hence we believe that the TDH-producing capability of V.311

alginolyticus is similar in both raw and cooked foods.312

313

Hemolytic titer314

Hemolytic titer reflects the total hemolytic activity and the degree of harm caused by315

V. alginolyticus extracellular products [50]. These extracellular products possess316

strong phospholipase and/or membrane pore-forming capacity and are cytotoxic to317

erythrocytes and many other cell types [51]. In our study, following incubation for 18318

h, the hemolytic titer of V. alginolyticus in briny Tilapia and egg fried rice was >1200319

U, significantly higher (p < 0.05) than in shrimp > freshwater fish > chicken >320

scallop > oyster > pork. This result is consistent with the TDH activity of V.321

alginolyticus in different foods (Fig. 2) and suggests that the briny Tilapia and egg322

fried rice are more conducive than shrimp, chicken, scallop, oyster and pork for V.323

alginolyticus to produce hemolysis. The hemolytic titer of V. alginolyticus in most324

food matrices was higher than (p < 0.05) in scallop, oyster and pork matrices in the325

LB medium indicating that scallop, oyster and pork may not be conducive for326

hemolytic activity of V. alginolyticus. There was no significant difference in327
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hemolytic titer of V. alginolyticus in fresh and cooked pork and chicken (p > 0.05)328

(Fig. 3). Because some components of extracellular products are heat-stable even after329

10 min at 100 °C [52], cooking at a lower temperature while it may kill V.330

alginolyticus bacteria, it only partly breaks down virulence factors in food products331

and hence the residual virulence factors may be harmful to human health. This means332

that when people consume unrefrigerated briny Tilapia, egg fried rice, shrimp or333

freshwater fish contaminated by V. alginolyticus and not heated to at least 100 °C,334

food poisoning may occur. Seafood products have long been regarded as the only335

carrier of V. alginolyticus and have been the focus for its toxic effects with less336

attention paid to non-seafood products. Our research suggests that if some337

non-seafood (freshwater fish, egg fried rice and chicken) are cross-contaminated by V.338

alginolyticus, these may also pose a higher risk than some seafood (e.g., scallop,339

oyster). Therefore, it is necessary to pay attention to non-seafood products also when340

risk assessment of V. alginolyticus is performed.341

It is apparent that V. alginolyticus associated hemolytic titers in different food342

matrices are determined by the natural components in each food type. We hypothesize343

that intrinsic factors in egg fried rice promote V. alginolyticus to produce a344

concentration of the hemolytic factor, related to the thermolabile hemolysin (TLH).345

Jia and co-workers [53] have shown that the TLH gene from V. alginolyticus shared346

94 % identity with the lecithin-dependent hemolysin of V. parahaemolyticus which347

can damage the cell membranes including that of flounder red blood cells. Thus, we348

deduce that the lecithin in egg fried rice stimulates the V. alginolyticus TLH gene349
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resulting in an increase in the hemolytic activity probably by co-regulation of TDH350

and TLH genes. In the human Vibrio infections reported in more recent years, the351

growth characteristics of V. alginolyticus in non-seafood has been least studied, As352

shown in our study, an important finding is that V. alginolyticus can grow and show353

intense virulence in some non-seafood. Wang and co-workers. [54, 55] reported a354

higher hemolytic activity of V. parahaemolyticus in egg fried rice than in shrimp or355

freshwater Tilapia. It appears that V. alginolyticus and V. parahaemolyticus might356

possess the same virulence and pathogenic toxicity mechanisms. However, further357

studies are required to determine toxin-producing mechanism(s) and which factor(s)358

have the most influence on the production of hemolytic products on different foods.359

360

Conclusions361

This study investigated the growth of pathogenic V. alginolyticus in briny Tilapia,362

shrimp, scallop, oyster, freshwater fish, pork, chicken and egg-fried-rice at 30 °C.363

Overall, the modified Gompertz model well fitted the growth characteristics of V.364

alginolyticus in seafood and non-seafood matrices. V. alginolyticus grew faster in365

briny Tilapia, shrimp and egg-fried-rice with larger μmax values and shorter λ values366

but all food matrices had a similar cell density of V. alginolyticus at the stable growth367

phase. Higher TDH activity and hemolytic titers were observed in briny Tilapia > egg368

fried rice > shrimp > freshwater fish > chicken > scallop > oyster > pork. Previous369

studies initially classified V. alginolyticus as a biological type of V. parahaemolyticus.370

So, the focus has been on the growth and pathogenicity of V. parahaemolyticus in371
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different seafood and not on the growth behavior and hemolysins production of V.372

alginolyticus in seafood matrices. In addition, the growth in non-seafood products and373

potential cross contamination was completely ignored. Thus, we may have over the374

years underestimated the toxicity risk of V. alginolyticus in seafood and non-seafood375

matrices. In this study, we report on the growth characteristics and hemolytic activity376

of V. alginolyticus on different food matrices for a more accurate approach to human377

risk assessment. Because prepared foods may be exposed to a wide temperature range,378

future research on the growth and hemolytic activity at different temperatures would379

further improve risk assessment for V. alginolyticus.380

381

Abbreviations382

Not applicable.383

384

Declarations385

Ethics approval and consent to participate386

The animal work (rabbit) presented in this study was approved by the Animal Care387

and Welfare Committee of Guangdong Ocean University (SYXK 2019-0204).388

389

Consent for publication390

Not applicable.391

392

Availability of data and material393



20

The datasets used and/or analyzed during the current study are available from the394

corresponding author on request.395

396

Competing interests397

The authors declare that they have no competing interests.398

399

Funding400

The design of the study, experimentation, and interpretation of the data was funded by401

Talent Project of Lingnan Normal University [No. ZL2015], Science and Technology402

Program of Zhanjiang [No.2019A03003], Young Innovative Program of Guangdong403

Provincial Department of Education [No. 2019KQNCX072], Program for Scientific404

research start-up funds of Guangdong Ocean University [No. R19050].405

406

Authors’ contributions407

XH participated in the project conception, carried out all the experimental work,408

analyzed and interpreted the data and wrote the manuscript. RW and QD, the409

corresponding authors, designed and supervised the entire project. YD, ZF, LS, YW410

and RG contributed to the design and interpretation of experimental results as well as411

editing and revising the manuscript. All authors have read and approved the final412

manuscript.413

414

Acknowledgements415



21

The authors wish to thanks Dr. Rundong Wang, School of Chemistry and Chemical416

Engineering, Lingnan Normal University for his contribution on the design and417

supervised the entire study.418

419

References420

1. Scallan E, Hoekstra R M, Angulo F J, Tauxe R V, Widdowson M A, Roy S L,421

Jones J L, Griffin P M. Foodborne illness acquired in the United States-major422

pathogens. Emerging Infectious Diseases. 2011; 17: 7-15.423

2. Morris J G, Black R E. Cholera and other vibrioses in the United States. New424

England Journal of Medicine. 1985; 312: 343–350.425

3. Sganga G, Cozza V, Spanu T, Spada, P L. Global climate change and wound care:426

case study of an off-season Vibrio alginolyticus infection in a healthy man. Ostomy427

Wound Manage. 2009; 55: 60-62.428

4. Centers for Disease Control and Prevention (CDC). Cholera and Other Vibrio429

Illness Surveillance (COVIS), summary data, 2008–2012. Atlanta, GA: US430

Department of Health and Human Services.431

(https://www.cdc.gov/vibrio/surveillance.html). Accessed 19 December 2019.432

5. Jacobs Slifka K M, Newton A E, Mahon B E.Vibrio alginolyticus infections in the433

USA, 1988-2012. Epidemiol. Infect. 2017; 145: 1491-1499.434

6. Newton A, Kendall M, Vugia D J, Henao O L, Mahon B E. Increasing rates of435

vibriosis in the United States, 1996-2010: review of surveillance data from 2436

systems. Clin. Infect. Dis. 2012; 54 (Suppl. 5): S391-S395.437



22

7. Jones E H, Feldman K A, Palmer A, Butler E. Vibrio infections and surveillance in438

Maryland, 2002–2008. Public Health Rep. 2013; 128: 537-545.439

8. Levine W C, Griffin P M. Vibrio infections on the Gulf Coast: results of first year440

of regional surveillance. Gulf Coast Vibrio Working Group. J Infect Dis. 1993; 167:441

479-483.442

9. Song Y Z, Yu P, Li B L, Pan Y J, Zhang X J , Cong J, Zhao Y Y, Wang H, Chen L443

M .The mosaic accessory gene structures of the SXT/R391-like integrative and444

conjugative elements derived from Vibrio spp. isolated from aquatic products and445

environment in the Yangtze River Estuary. China. BMC Microbiol. 2013; 13: 214.446

10. Baffone W, Casaroli A, Campana R, Citterio B, Vittoria E. In vivo studies on the447

pathophysiological mechanism of Vibrio parahaemolyticus TDH(+)-induced448

secretion. Microb. Pathog.2005; 38: 133-137.449

11. Cai S H, Wu Z H, Jian J C, Lu Y S. Cloning and expression of gene encoding the450

thermostable direct hemolysin from Vibrio alginolyticus strain HY9901, the451

causative agent of vibriosis of crimson snapper (Lutjanus erythopterus). J. Appl.452

Microbiol. 2007; 130: 289-296.453

12. George M R, John K R, Iyappan T, Jeyaseelan M J. Genetic heterogeneity among454

Vibrio alginolyticus isolated from shrimp farms by PCR fingerprinting. Lett. Appl.455

Microbiol. 2005; 40: 369-372.456

13. Gomez-Leon J, Villamil L, Lemos M L, Novoa B, Figueras A. Isolation of Vibrio457

alginolyticus and Vibrio splendidus from aquacultured carpet shell clam (Ruditapes458

decussatus) larvae associated with mass mortalities. Appl Environ Microbiol. 2005;459



23

71: 98-104.460

14. Balebona M C, Andreu M J, Bordas M A, Zorrilla I, Morinigo M A, Borrego J J.461

Pathogenicity of Vibrio alginolyticus for cultured gilt-head sea bream (Sparus462

aurata L.). Appl. Environ. Microbiol. 1998; 64: 4269-4275.463

15. Chao G X, Jiao X A, Zhou X H, Yang Z Q. Distribution, prevalence, molecular464

typing, and virulence of Vibrio parahaemolyticus isolated from different sources in465

coastal province Jiangsu, China. Food Control. 2009; 20: 907-912.466

16. Liao Y, Li Y, Wu S, Mou J, Xu Z, Cui R, Klena J D, Shi X. Risk factors for Vibrio467

parahaemolyticus infection in a southern coastal region of China. Foodborne468

Pathog. Dis. 2015; 12: 881-886.469

17. Buchanan R E, Gibbons N E. Bergey’s manual of determinative bacteriology.470

1974; 8th edn. Williams & Wilkins, Baltimore471

18. Wang JJ, Sun WS, Jin MT, Liu HQ, Sun XH. Fate of Vibrio parahaemolyticuson472

shrimp after acidic electrolyzed water treatment. Int. J. Food Microbiol. 2014; 179:473

50-56.474

19. Fernandez-Piquer J, Bowman J P, Ross T. Predictive models for the effect of475

storage temperature on Vibrio parahaemolyticus viability and counts of total viable476

bacteria in Pacific oysters (Crassostrea gigas). Appl. Environ. Microbiol. 2011; 77:477

8687-8695.478

20. Khalil H R, Diab A M, Abdelhamed H, Shakweer M S, Gohary M S E, Rashed M479

A. Molecular characterization of Vibrio Harveyi and Vibrio alginolyticus with the480

impact of stressful environment on some naturally infected marine fish. Alexandria481

http://www.medsci.cn/sci/submit.do?id=b69f582


24

Journal of Veterinary Sciences. 2019; 60: 71-83.482

21. Ahmed R, Rafiquzaman S, Hossain M, Lee J M, Kong I S. Species-specific483

detection of Vibrio alginolyticus in shellfish and shrimp by real-time PCR using the484

groEL gene. Aquacult. Int. 2016; 24: 157-170.485

22. Chen X Y, Li J, Pang H Y, Chang Y S, Huang Y C, Wu Z H, Jian J C. Molecular486

cloning, bioinformatics analysis and expression analysis of Type III secretion487

system (T3SS) injectisome gene vscX from Vibrio alginolyticus. Agricultural488

Biotechnology. 2017; 6: 41-45.489

23. Xie J, Sun X, Pan Y, Zhao Y. Combining basic electrolyzed water pretreatment490

and mild heat greatly enhanced the efficacy of acidic electrolyzed water against491

Vibrio parahaemolyticus on shrimp. Food Control. 2012; 23: 320-324.492

24. McKellar R C, Odumeru J, Zhou T, Harrison A, Mercer D G, Young J C, Lu X.493

Influence of a commercial warm chlorinated water treatment and packaging on the494

shelf-life of ready-to-use lettuce. Food Res. Int. 2004; 37: 343-354.495

25. Baranyi J, McClure P J, Sutherland J P, Roberts T A. Modeling bacterial growth496

responses. Int. J. Food Microbio. 1993; 12(3-5): 190-194.497

26. García-Gimeno R M, Barco E, Rincón F, Zurera-Cosano G. Response surface498

model for estimation for Escherichia coli O157: H7 growth under different499

experimental conditions. J. Food Sci. 2005; 70(1): 30-36.500

27. Ross T. (1996). Indices for performance evaluation of predictive models in food501

microbiology. J. Appl. Bacteriol. 1996; 81(5): 501-508.502

28. Wang H Y, Ni Y Y, Hu,X S, Wu J H, Liao X J, Chen F, Wang Z F. Kinetics of503



25

amino acid loss in carrot juice concentrate during storage. LWT-Food Sci.Technol.504

2007; 40: 785-792.505

29. Zhong K, Chen F, Wang Z F, Wu J H, Liao X J, Hu X S. Inactivation and kinetic506

model for the Escherichia coli treated by a co-axial pulsed electric field. Eur. Food507

Res. Technol. 2005; 221: 472-478.508

30. Takeda Y. Thermostable direct hemolysin of Vibrio parahaemolyticus. Pharmacol509

Ther. 1982; 19: 123-146.510

31. Wadström T, Möllby R M. Studies on extracellular proteins from Staphylococcus511

aureus VI. production and purification of β-haemolysin in large scale. Biochim512

Biophys Acta. 1971; 242: 288-307.513

32. Sganga G, Cozza V, Spanu T, Spada P L, Fadda G. Global climate change and514

wound care: case study of an off-season Vibrio alginolyticus infection in a healthy515

man. Ostomy Wound Manag. 2009; 55: 60-62.516

33. Chien J Y, Shih J T, Hsueh P R, Yang P C. Vibrio alginolyticus as the cause of517

pleural empyema and bacteremia in an immunocompromised patient. Eur. J. Clin.518

Microbiol. Infect. Dis. 2002; 21: 401-403.519

34. Lopez S, Prieto M, Dijkstra J, Dhanoa M S, France J. Statistical evaluation of520

mathematical models for microbial growth. International J. Food Microbio. 2004;521

96: 289-300.522

35. Pal A, Labuza T P, Diez-Gonzalez F. Evaluating the growth of Listeria523

monocytogenes in refrigerated ready-to-eat frankfurters: influence of strain,524

temperature, packaging, lactate and diacetate, and background microflora. J.Food525



26

Protect. 2008; 71: 1806-1816.526

36. Yang Z Q, Jiao X A, Li P, Pan Z M, Huang J L, Gu R X. Predictive model of527

Vibrio parahaemolyticus growth and survival on salmon meat as a function of528

temperature. Food Microbiology, 2009; 26: 606-614.529

37. Slongo A P, Rosenthal A, Quaresma Camargo L M, Deliza R, Pereira Mathias S,530

Falcao de Aragao G M. Modeling the growth of lactic acid bacteria in sliced ham531

processed by high hydrostatic pressure. Food Sci. Tech. 209; 42: 303–306.532

38. Ma F L, Liu H Q, Wang J J, Zhang Z H, Sun X H. Behavior of Vibrio533

parahaemolyticus cocktail including pathogenic and nonpathogenic strains on534

cooked shrimp. Food Control. 2016; 68: 124-132.535

39. Yang Z Q, Jiao X A, Li P, Pan Z M, Huang J L. Predictive model of Vibrio536

parahaemolyticus growth and survival on salmon meat as a function of temperature.537

Food Microbiol. 2009; 26: 606–614.538

40. Mejlholm O, Gunvig A, Borggaard C, Blom-Hanssen J, Mellefont L, Ross T.539

Predicting growth rates and growth boundary of Listeria monocytogenese an540

international validation study with focus on processed and ready-to-eat meat and541

seafood. Int. J. Food Microbiol. 2010; 141: 137-150.542

41. Gunvig A, Hansen F, Borggaard C. A mathematical model for predicting543

growth/no-growth of psychrotrophic C. botulinum in meat products with five544

variables. Food Control. 2013; 29: 309-317.545

42. Delibato E, Auricchio B, Anniballi F, Bifolchi S, Filetici E, De Medici D. A one546

day diagnostic real-time PCR for detection of Salmonella in meat. J. Biotechnol.547



27

2010; 150: 131.548

43. Alam M J, Tomochika K I, Miyoshi S I. Environmental investigation of549

potentially pathogenic Vibrio parahaemolyticus in the Seto Inland Sea, Japan.550

FEMS Microbiol. Lett. 2002; 208: 83-87.551

44. Broberg C A,Calder T J, Orth K. Vibrio parahaemolyticus cell biology and552

pathogenicity determinants. Microb. Infect. 2011; 13: 992-1001.553

45. Raghunath P. Roles of thermostable direct hemolysin (TDH) and TDH-related554

hemolysin (TRH) in Vibrio parahaemolyticus. Front. Microbiol. 2014; 5: 805.555

46. Saito S, Iwade Y, Tokuoka E, Nishio T, Otomo Y, Araki E. Epidemiological556

evidence of lesser role of thermostable direct hemolysin (TDH)-related hemolysin557

(TRH) than TDH on Vibrio parahaemolyticus pathogenicity, Foodb. Pathog. Dis.558

2015; 12: 131-138.559

47. Kim N J, Sugano Y, Hirai M. Removal of a high load of ammonia gas by a560

marine bacterium, Vibrio alginolyticus. J Biosci Bioeng. 2000; 90: 410-415.561

48. Jayaprakash N S, Pai S S, Philip R. Isolation of a pathogenic strain of Vibrio562

alginolyticus from necrotic larvae of Macrobrachium rosenbergii (de Man). J. Fish563

Dis. 2006; 29: 187-191.564

49. Baffone W, Pianetti A, Bruscolini F, Barbieri E. Occurrence and expression of565

virulence-related properties of Vibrio species isolated from widely consumed566

seafood products. Int. J. Food Microbiol, 2000; 54: 9-18.567

50. Wong S K, Zhang X H, Woo N Y S. Vibrio alginolyticus thermolabile hemolysin568

(TLH) induces apoptosis, membrane vesiculation and necrosis in sea bream569



28

erythrocytes. Aquaculture. 2012; 330-333: 29-36.570

51. Vongxay K, Wang S, Zhang X, Wu B, Hu H, Pan Z, Chen S, Fang W.571

Pathogenetic characterization of Vibrio parahaemolyticus isolates from clinical and572

seafood sources. Int. J. Food Microbiol. 2008; 126:71-75.573

52. Johnson M K, Boese-Marrazzo D. Production and properties of heat-stable574

extracellular hemolysin from Pseudomonas aeruginosa. Infect Immun. 1980; 29:575

1028-1033.576

53. Jia A, Woo N Y S, Zhang X H. Expression, purification, and characterization of577

thermolabile hemolysin (TLH) from Vibrio alginolyticus. Dis Aquat Organ. 2010;578

90: 121-127.579

54. Wang R D, Sun L J, Wang Y L, Deng Y J, Liu Y, Xu D F, Liu H M, Gooneratne R.580

Pathogenicity of Vibrio parahaemolyticus in different food matrices. J. Food581

Protect. 2016; 79: 288-293.582

55. Wang R D, Sun L J, Wang Y L, Deng Y J, Liu Y, Deng Q, Gooneratne R. Growth583

and hemolysin production behavior of Vibrio parahaemolyticus in different food584

matrices. J. Food Protect. 2018; 81: 246-253.585

586

FIGUR LEGENDS587

Fig. 1 Growth curves of V. alginolyticus HY9901 in seafood (A) and non-seafood (B)588

at 30 oC.589

Fig. 2 Hemolytic zone diameter of V. alginolyticus HY9901 in different food matrix590

filtrates. Means with different lowercase letters are significantly different (p < 0.05)591
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among different food matrices.592

Fig. 3 Hemolytic titers of V. alginolyticus HY9901 in different food matrix filtrates.593

Means with different lowercase letters are significantly different (p < 0.05) between594

different food matrix types.595


